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ABSTRACT

This report describes the April 2011 calibration of the Accuscan Il HpGe In
Vivo system for high energy lung counting. The source used for the calibration
was a NIST traceable lung set manufactured at the University of Cincinnati
#UCLL43AMEU & UCSL43AMEU containing Am-241 and Eu-152 with
energies from 26 keV to 1408 keV. The lung set was used in conjunction with a
Realistic Torso phantom. The phantom was placed on the RMC II counting table
(with pins removed) between the v-ridges on the backwall of the Accuscan II
counter. The top of the detector housing was positioned perpendicular to the
junction of the phantom clavicle with the sternum. This position places the
approximate center line of the detector housing with the center of the lungs. The
energy and efficiency calibrations were performed using a Realistic Torso
phantom (Appendix ) and the University of Cincinnati lung set. This report
includes an overview introduction and records for the energy/FWHM and
efficiency calibration including performance verification and validation counting.
The Accuscan II system was successfully calibrated for high energy lung
counting and verified in accordance with ANSI/HPS N13.30-1996 criteria.
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ACRONYMS

ANSI. American National Standard Institute
ASF. Analysis Sequence File

BE. Broad Energy

CFA Central Facility Area

CPS. Counts per second

FWHM. Full With at Half Maximum

HpGe. High Purity Germanium —also HPGe

HPL. Health Physics Laboratory

HPS. Health Physics Society

INL. Idaho National Laboratory

MDA. Minimum Detectable Activity

NIST. National Institute of Standards and Testing
PC. Personal Computer

RMC. Radiation Management Corporation

WBC Whole Body Counting
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Calibration of the Accuscan Il IN Vivo System for High
Energy Lung Counting

1. INTRODUCTION

This document describes the April 2011 calibration of the Accuscan II in vivo system for high energy
lung counting. The new calibration files were stored on the system disk and made available for high
energy (HE) lung counting after all verification counts were completed. This is the initial calibration of
the Accuscan II for personnel HE lung counting.

The energy/FWHM-Low Tail calibration was performed on April 5, 2011 and is documented in
Appendix C. A University of Cincinnati manufactured (NIST traceable) lung set containing Am-241 and
Eu-152 was used together with a Realistic Torso phantom to perform the calibration. This source
(UCLL43AMEU and UCSL43AMEU) is NIST traceable and is documented in Appendix A. The source
has a reference date of June 24, 1996 with the current activity documented in Appendix B. The Realistic
Torso phantom was used for both the energy and efficiency calibrations. The lung set was positioned in
the Realistic Torso phantom and counted for 7228 seconds for the energy calibration and 7226 seconds
for the efficiency calibration with the top of the detector housing position perpendicular to the junction of
the phantom clavicle with the sternum.

An efficiency calibration was performed subsequent to the energy/FWHM calibration on
April 5, 2011 and is documented in Appendix D. To calibrate this counting geometry, a mathematical
function relating efficiency versus photopeak energy was created. The mathematical efficiency function
generated on April 5, 2011 is expressed as a Dual fit using a 5™ order polynomial with no cross over. The
efficiency is determined empirically by measuring known standards and using least squares fitting
techniques. The efficiency function is stored as a calibration file, which is used to analyze spectra,
collected under the same counting conditions.

Replicate performance (verification) counts (using the new calibration files) were performed to
confirm that the accuracy and precision of the calibration satisfied ANSI/HPS N13.30-1996 (see
Reference 1) performance criteria and are documented in Appendix E.

In addition to the performance tests, a set of 5 validation counts were performed using a DOE
manufactured NIST traceable Lung Set # MFP-1-001. The validation counts Relative Bias and Relative
Precision were tested to ANSI/HPS N13.30-1996 criteria. The results are documented in Appendix H.



2. COUNTING SYSTEM DESCRIPTION

The Accuscan II system contains two broad energy BE type HpGe detectors used for both low and
high energy photon counting. This would include Whole Body, High Energy Lung, Thyroid, and Low
Energy Lung (although at this time the system is not calibrated for energies <26 keV). The Canberra
Apex-InVivo software system, supported by Genie 2000 Spectroscopy software, operates on a Dell
Optiplex 780 PC. The counter system is located in a 9’4" high x 8°71/2” wide X 11°5” deep counting
vault constructed of concrete and masonry blocks. The counting system is standup with the detectors
scanning from head to foot for whole body counting. For Lung and Thyroid counting the detectors are
stationary at fixed counting positions. Personnel are positioned in a counting shield (tub) constructed of
4” of low background steel and face the detectors which are “shadow shielded” with both lead and
copper. The counting vault is located on the INL site at HPL-1618. The detectors are cooled to -185°C by
an electrically refrigerated cryostat system.



3. CALIBRATION SOURCES AND PHANTOMS

A NIST traceable lung set manufactured by the University of Cincinnati # UCLL43AMEU &
UCSL43AMEU was used for both the energy and efficiency calibrations. The lung set contains uniformly
distributed Am-241 and Eu-152 and is described in Appendix A. The source activity was decayed to the
efficiency calibration date of April 5, 2011 by the Apex-InVivo software. The Apex-InVivo software also
decayed the source for verification testing and displayed the results in gammas per second.

A Realistic Torso Phantom was used with the University of Cincinnati lung set to perform both the
energy and efficiency calibrations. The phantom is described in Appendix I.

Validation counting of the calibration was performed using a NIST traceable DOE manufactured lung
set # MFP-1-001 containing Co-57, Co-60, CS-134 and Cs-137. This source certificate is documented in
Appendix A. The source was decayed to the validation count date and is documented in Appendix B.



4. DETECTOR AND LYNX DIGITAL AMPLIFIER TESTING

A Pole Zero was performed in accordance with MCP-3336 for both detectors during the [-131
calibration of March 1, 2011. No pole zero was performed for this calibration.



5. ENERGY/FWHM CALIBRATION

On April 4, 2011 the CWI Realistic Torso Phantom was used together with the lung set
#UCLL43AMEU and UCSL43AMEU to obtain a calibration count to be used for the High Energy Lung
(energy) calibration. The RMC-II counting stand and table were mounted in the Accuscan Il counter with
the pins removed. The Realistic phantom was placed on the table with the shoulder of the phantom
between the v-ridges on the counter rearwall. The phantom chest plate was removed for the energy
calibration. The Accuscan Il detector housing was positioned such that the top of the detector housing
was perpendicular to the junction of the phantom clavicle and sternum. This placed the center of the
housing at the approximate midpoint of the phantom lungs. The calibration count was collected for
7228 seconds real time (2 hours).

The energy calibration was performed on April 5, 2011 for both the left, right and summed detectors.
The energy calibration is documented in Appendix C.



6. EFFICIENCY CALIBRATION

Subsequent to the High Energy Lung (energy) calibration, a calibration count was collected for the
efficiency calibration. The CWI Realistic Torso Phantom was used together with the lung set
#UCLL43AMEU and UCSL43AMEU to obtain the calibration count. The RMC-II counting stand and
table were mounted in the Accuscan II counter with the pins removed. The Realistic phantom was placed
on the table with the shoulder of the phantom between the v-ridges on the counter rearwall. The phantom
chest plate was reinstalled and the detector housing aligned such that the top of the housing was
positioned perpendicular to the junction of the phantom clavicle and sternum. This placed the center of
the housing at the approximate midpoint of the phantom lungs. The calibration count was collected for
7226.91 seconds real time (2 hours).

The efficiency calibration was performed on April 5, 2011 at 4:05 PM for the summed detector. The
efficiency calibration is documented in Appendix D.



7. CALIBRATION COUNT REANALYSIS

The calibration count collected 4/5/2011 at 2:02 PM was reanalyzed using the new energy and
efficiency calibration dated 4/5/2011 8:18 AM and 4/5/2011 4:05 PM respectively. The results of the
reanalysis indicated a Relative bias within 0.06 to -0.03 with an average bias of 0.012. This result is well
within the bias criteria of ANSI/HPS N13.30-1996. The results also indicated an excellent calibration.
The summary result and supporting documentation is attached as Appendix E.



8. PERFORMANCE (VERIFICATION) TESTING

Verification testing was conducted subsequent to the High Energy Lung efficiency calibration and
was performed using the CWI Realistic Torso Phantom together with the lung set #UCLL43AMEU and
UCSL43AMEU to obtain a set (5) of verification counts. The RMC-II counting stand and Table were
mounted in the Accuscan II counter with the pins removed. The Realistic phantom was placed on the
table with the shoulder of the phantom between the v-ridges on the counter rearwall. The phantom chest
plate was installed. The Accuscan II detector housing was positioned such that the top of the detector
housing was perpendicular to the junction of the phantom clavicle and sternum. This placed the center of
the housing at the approximate midpoint of the phantom lungs. The verification counts were collected for
600 seconds real time (10 minutes). The Apex software verification provision was used to collect the
5 counts on 4/6/2011. The Lung Set contained the radionuclides Am-241 and Eu-152. The result of the
verification testing is summarized in Appendix F and indicates a Relative Bias between +5.14% and
-14.80% (1086 keV peak of Eu-152). The average Relative Bias was 4.23%. The Relative Precision
indicated 1.03% to 24.56% (444 keV peak of Eu-152) with an average Relative Precision of 9.45%.



9. MDA CALCULATIONS

MDA testing was conducted on April 6, 2011. The Realistic Torso phantom was counted three times
with a blank (no activity) set of lungs installed. The counts were performed using the ROUNPPGE.ASF
file which contained the Detection Limit — Curie MDA equation (4.65*S, +3)/KT. The
INLPLANTLIB.NLB library was installed which contains the radionuclides of interest at the INL. The
MDA summary and supporting documentation are attached as Appendix G.



10. VALIDATION TESTING

High Energy Lung validation testing was conducted on 4/5/2011 and 4/6/2011 using the DOE Lung
set # MFP-1-001 and CWI Realistic Torso phantom. The RMC-II counting stand and Table were
mounted in the Accuscan II counter with the pins removed. The Realistic phantom was placed on the
table with the shoulder of the phantom between the v-ridges on the counter rearwall. The phantom chest
plate was installed and the detector housing aligned such that the top of the housing was positioned
perpendicular to the junction of the phantom clavicle and sternum. This placed the center of the housing
at the approximate midpoint of the phantom lungs. The validation counts were collected for the normal
chest counting time of 10 minutes. The MFP-1-001 phantom contained the radionuclides Co-57, Co-60,
Cs-134 and Cs-137. The lung set also contained Mn-54; however, the activity was well below minimum
testing detection levels. The results of the validation testing is summarized in Appendix H with a Relative
Bias of 0.3% to -3.6% and a Relative Precision of 1.1% to 18%. Testing results are within the acceptance
criteria of ANSI/HPS N13.30-1996.
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11. SUMMARY AND CONCLUSION

Final review of all calibration and verification count results confirmed that the high energy lung
calibration created on April 5, 2011 for the Accuscan II counter is satisfactory for counting high energy
photons when the detectors are positioned in-accordance-with Reference 2 (top of the detector housing is
perpendicular to the junction of the individual’s clavicle and sternum) — TEV-1273 - Basis for
Positioning of the In Vivo Accuscan II Detectors. A summary of current calibration files for this
counter geometry is shown in Table 1.

The INLPLANTLIB.NLB nuclide library file is the default for high energy lung counting.
Non-systematic and systematic errors for the in vivo system are described and quantified in Reference 3 -

TEV-1275 (INL In Vivo System Counting Uncertainty).

The overall percent (%) counting uncertainty using the Accuscan II for high energy lung counting is:

Total % Uncertainty (Accuscan II) for High Energy Lung =\/ (% counting uncer‘[ainy)2 + (6.7)2 +(1 8.0)2

11



Table 1. Calibration summary table.

Facility: Idaho National Laboratory, Building HPDL CFA-1618
Counting System: Accuscan II High Energy Lung Stationary Position
Counter Arrangement: Accuscan Il for High Energy Lung

Detector Energy Calibration Date Time
Accuscan II BE Detectors 04/05/2011 8:18 AM

Efficiency Calibration:

Detector Energy Calibration Date Time

Accuscan II BE Detectors 04/05/2011 4:05 PM

12
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Appendix A
Source Certificate

UCLL43AMEU & UCSL43AMEU

University of Cinsinnati Deparlment of Mechanical, Industrial
and Nuclear Engineering

Center for Radialoglcal Assessment
and Measurement

University of Cincinnati
FQO Box 210072
Cincinnati OH 43221-0072
3 June, 1996 Phone (513) 656-2003
. . Lab (513) 556-2062
M. Patrick Riclly Fax (513) 555-3390
U. S. Department of Enerpy Email hspilz@uceng.uc.edu
Lockheed Idatio Technologies Co.
Idaha National Engineering Lab
CF-630
Scoville, ldaho 83415
Dear Mr. Rielly,

Calibration Certificates. for Colibetion Phantom Lunes PO# C96-540439

Enclosed please find the calibration certificates for the phantom fungs UCLLA3AMEU and
UCSLA3AMEU containing 2¥1Am and '%2Eu, There are four sels of certificates: Each fung phantom has one
certificate for 241 Atn and one for 2By,  The final certified value of activity cantent is given on the thind page
of each certificnle in the blocks lobeled comected ectivity of lung und error in corrected ativity of horg, The
comection is nssociated with the change in mass during foaming as a result of the loss of CO,.  The pammeters
atlopled for lung density, volume, and sttenuation coefficient ore the same ps those used for the original
Livermare Mational Laboratary lung phantoms and eited in ICRU publication #44.

The sum of activity contained in the lorge and smull lung phantoms combined is 1,247.33 nCl == 10.91
nCi 2'Am end 543.05 nCi £ 1.45 nCi "2Eu. The total propagated uncertainty reported for the lung phantom
represents | standard devistion and amounts to approximately 1% to 2% of the total aclivity. Factors for
radipactive decay were oblnined from Table of [solgpes by Browne, Firestone, Shirley (1986). Copies of the
certificales for the criginal radioactive malerials used in canstruction of the phantom have also been included 1o
demanstrate traceability of these solutions to the Nationa! Institute for Standards and Technology,

“The matzrinls used to fabricate these lung phantoms exnctly duplicate the aripinal materials used in the
construction of the Livenmore Notional Laboratary phantom lungs, including the epoxy coating used cn the
surfince of the lung phantams. ‘This epoxy resin conting requires @ long time 1o become [ully cured and hard.
Curing is eahanced by removing the lung phantoms from the plastic bags used in shipping and allowing the
phantoms to be open fo the air. It is possible that this coating will become damaged with use and cun easily be
reapplied ot any time in the future,

IT you have any questions regarding the ealibration phantom lunps or the ealibration documentation,
pleases do not hesitate to contoct me,

Very truly yours,
5
MQLU.U{dEEB
Henry B, Spitz, Ph. D.
Associnte Professor of Nuclear Engineering
Health Physics Program Direclor

encl Certificates

175 YEARS OF CREATINE FUTURES TUBETHER
An affigmative aslicn/equal oppartunity Institullen
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al -
kll.l:.luu Conmens

rmst w0} Tna i
l-aﬂn.“-_-

- National Buresn of Standards

THIS i A FADTOCOPY OF THE CERTIRCATE
- e WHICH 15
Wertificate e a0 1000 teh

Standard Reference Material 4370C Becen

-.‘.'“'f
gias
Radicactivity Solution Standard
Radicnuclide EZuropium-152
Sousca identification &370C
Source daseristisn Liguid i{n S-al H.F-ﬂmled
glass ampouln (
Source mass 5.0338 + 0.0015 grams (2)
Solution compositicn 277 ug Bu per grazm of L ¥ EGCL
) Raddcactivity cor ratica 9.390 x 10% 3q g°t
1" ) Referance time 1200 EST February 2, 1987
Overall uncsctainty 1.1 parcant (3)
Photon=emitting impuritins 1565,/ 1525y: (2.940.3)xr073 (4)
{activity zatio at teference time)
Half life 13.55 £ 0.06 years (3}
Heasuring inscrumenc 4wy prassurized lonizaction-chanter

YA" praviocusly standardized by 4wy
councing with the NBS 8"x8" NaI(TL)
crystals

This Seandard Refersncs Matatial vas prepared in tha Canter for Radiation
Research, Ionizing Radistion Division, Radicactivity Geoup, Dale D. Hoppes,

Group Leadar.
Gaithersburg, MD 20899 Stanley 0. Rasbegty, Chiel
March, 1987 Office of Standard Reforunce Materials

*Nores on back
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NOTES

(1) Approxicately five millilicers of solucion. Ampouls specificacions:

body diameter 16.5 £ 0.5 =
wall ghickness 0.60 £ 0.04 =
barium content less than 2.5 parcenc
lead oxide ceatent less than 0.02 percent
other heavy elements - trace quantities

(2) 1Tna seamdasé deviation is 0.0019 grass based on pess peasurmcents of LS

(3

(a)

(s)

ampoules.

The overall uncertaincy vas formed by taking three tizes the quadracic
ceabination of standard deviaztions of the asan, or approxisations
thereof, for the following:

a) 1987 ionizacion-chasber

saasurements on 17 sources 0.01 pareanc
b) eriginal fonizacion-chamber

calibracion using 7 sources 0.08 percent
c) racio of radium zeforence

soureas 0.05 parcenc
d) soluction attenuation of

y=rays 0.10 percanc
@) gravizetric peasuressnts 0.15 percenc
£) inpuritiss 0.10 parcsse
g) decay correction 0,02 percent
h) NaI{Tl) measuremants on

& sources 0.02 peccenc
4) MaI(Tl) datecrer afficiancy 0.27 peccent
j) fluorescence yield 0,10 percent

Combined 0.37 percanc

=3
Overall 1.1 peceant

The linit of detection, exprossed as a peccantage of tha gaxma-ray-
emission rata of tha lAOB-keV gasmma vays emitted i(n the decay of eurspium-
uzl h

D.1 percent betusen 90 and 1900 keV,

provided chat the impurity photona ate separatad in energy by 5 keV or
more [rom photons emitted im tha decay of curopium=152 and europium=154.

NBS-poasured half-life value. NCR? Repoct Mo. 58, Ind edition, L985,
p. 48L& liscs a value of 11.4 £ 0.1 years.

For further informarion please contact Hs. J.M. Calhoun ac (301) 975-5538 ot
Dr. Bert H. Coursay at (3JOL) 975-5539.

4370C
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Certified Reference Haterial

Certificate of Traceability

U.S. Department of Energy
Radiological and Environmental Sciences Laboratory

Standard Identification: MFP-1-001

Radionuclide Activity
Mn-54 5.44+/-0.04 E2 nCi
Co-57 4.39+/-0.04 E3 nCi
Co-60 3.53+/-0.03 E2 nCi
Cs-134 3.92+/-0.03 E2 nCi
Cs-137 4.56+/-0.04 E2 nCi

This Certified Reference Material (CRM) contains a known quantity of racionuclides in a
stable and homogeneous matrix. This material is intended for the calibration of instruments and
for the verification of the accuracy and precision of analytical radiochemistry measurements,
The activities listed for each radionuclide are traceable to NIST through an unbroken chain of
comparisons, all having stated vncertainties (k=1) calculated according to ISC and NIST
Guidelines.

This material was prepared by the Radiological and Environmental Sciences Laboratory
(RESL). RESL maintains direct traceability to NIST through successful participation in the
NIST/RESL Radiological Traceability Program and is accredited to ISO 17043 as a
Performance Testing Provider and ISO 17025 as a Chemical Testing Laboratcry by The

American Association for Laboratory Accreditation.
oud ¢ 2

David S. Sill
Senior Technical Manager - Chemistry

April 22, 2005
Reference Date
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Supplemental Information

Density(g/cm3)

Activity(nCi)
Mn-54
Co-57

Co-60
Cs-137
Cs-137

Left Lung

0.269+/-0.002

2.504/-0.04 E2
2.02+/-0.03 E3
1.62+/-0.03 E2
1.80+/-0.03E2
2.09+/-0.03E2

Reference Date April 22, 2005

Right Lung

0.259+/-0.001

2.94+/-0.01 E2

2.370+/-0.011 E3

1.91+/-0.01E2
2.12+/-0.01E2
2.47+/-0.01 E2

37

Total

0.263+/-0.001

5.44+/-0.04 E2
4.39+/-0.04 E3
3.53+/-0.03 E2
3.92+/-0.03 E2
4.56+/-0.04 E2



DOE Source Certificate 1-125 BEA Thyroid 002

Certified Weference Material

Certificate of Traceability

U.S. Department of Energy
Radiological and Environmental Sciences Laboratory

Standard Identification: I-125 BEA Thyroid 002

Radionuclide Activity

I1-125 (1.33£ 0.02) E2 nCi

This Certified Reference Material (CRM) contains a known quantity of radionuclides in a
stable and homogeneous matrix. This material is intended for the calibration of instruments and
for the verification of the accuracy and precision of analytical radiochemistry measurements.
The activities listed for each radionuclide are traceable to NIST through an unsroken chain of
comparisons, all having stated uncertainties (k=1) calculated according to ISO and NIST
Guidelines.

This material was prepared by the Radiological and Environmental Sciences Laboratory
(RESL). RESL maintains direct traceability to NIST through successful participation in the
NIST/RESL Radiological Traceability Program and is accredited to ISO 17043 as a
Performance Testing Provider aad 1SO 17025 as a Chemical Testing Laboratory by The
American Association for Laboratory Accreditation.

- B Rl
D AS LAY
David S. Sill
Senior Technical Manager - Chemistry

February 28, 2011
Reference Date
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Supplemental Information

I-125 BEA Thyroid 002

Final weight of vial with sticker and tape: 38.885 grams
Weight of solution in vial: 29.955 +/- 0.002 grams
Solution Used: 1-125-80943-370

Solution in vial: Solidified with 0.432 grams of WaterWorks Crystal
SP400.

Half life: 59.40 days
Certificate and dilution irformation attached.

Prepared by Guy Backstrom, 2/28/201 1
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Appendix B

Source Decay
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Reference Date
5/24/1996 0:00

Radionuclide
Eu-152
Am-241

Appendix B
Source Decay

UCLL43AMEU & UCSL43AMEU Lung Set

Eu-152, Am-241 Source Decay
Source ID - UCLL43AMEU, UCSL43AMEU
Accuscan Il Calibration for High Energy Lung Geometry

Calibration date Decay Time in Days
4/5/2011 0:00 5429.00

Half Life (days) Initial Activity (uCi)  New Activity (uCi)
4946 0.5431 0.2538
157760.3 1.2475 1.2181
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DOE Manufactured Lung Set # MFP-1-001 Decay

Reference
Date

Current Date
Elapsed Time

Identity

Co-60

Cs-137

Cs-134

Co-57

Mn-54

DOE Manufactured Source MFP-1-001

4/4/2011

4/5/2011

1

Reference
Energy Activity Yield
(keV) (nCi) % T1/2 G/nCi Reference
Days GPS

1173.2 161 99.9 1925 37 5.95E+03
1332.5 161 100 1925 37 5.96E+03
661.7 398 85.1 10980.00 37 1.25E+04
123 53.2 2.47 752.6 37 4.86E+01
475 53.2 1.46 752.6 37 2.87E+01
563 53.2 8.38 752.6 37 1.65E+02
604 53.2 97.6 752.6 37 1.92E+03
795.8 53.2 85.4 752.6 37 1.68E+03
801.9 53.2 8.73 752.6 37 1.72E+02
122.06 16.9 85.6 270.9 37 5.35E+02
834.8 4.4 100 312.5 37 1.63E+02

44

Current

Activity
(nCi)

1.61E+02
1.61E+02

3.98E+02

5.32E+01
5.32E+01
5.32E+01
5.32E+01
5.32E+01
5.32E+01

1.69E+01

4.40E+00



Appendix C

Energy/FWH and Low Tail Calibration Documentation
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Appendix C
Energy/FWH and Low Tail Calibration Documentation

Eé‘Apex-anivo

Energy Calibration
Calibration Information
Calibration Title Energy Calibration (HE Lung) 4/5/2011 8:17 AM
Calibration Date 4/5/2011 8:17:58 AM
Performed By David Georgeson
Count Used Calibration Count 4/4/2011 4:49 PM
Is Default Yes
Counter Information
Counter Name Accuscan II
Counter Location Battelle
Detector Group Information
Detector Group Name Left
Calibration Source Am241/Eu152 CWI Lung Set
Analysis Sequence File QCPEAKBE.ASF

Nuclide Library
Peak Search Library

Energy Calibration Coefficients
Energy = - 0.236715 + 0.461979 * ch + 1.14186e-08 * ch”2

FWHM = 1.22288 + 0.0195807 * E~1/2
LOW TAIL = 0.864533 + 0.000833452 * E

Energy Calibration Results Table

Centroid Channel Centroid Error Ener keV
57.49 0.19 26.34
129.53 0.02 59.54
264.11 0.01 121.78
530.10 0.03 244.70
745.63 0.02 344.28
890.15 0.04 411.10
961.30 0.07 443.97
1686.35 0.06 778.00
1877.80 0.08 867.40
2086.97 0.05 964.10
2350.42 0.11 1086.00
2407.45 0.05 1112.00
2625.97 0.20 1213.00
2812.33 0.23 1299.00
3047.92 0.05 1408.00

Approved by:

47



Date:

User: David Georgeson

Energy Calibration

Energy
1500
1250
-~
= 1000
o~
St 3
>
S 750 .
]
c
wi
cnn
Energy Calibration Results Table
Ener keV FWHM Channels FWHM Error
26.34 2.61 0.47
59.54 3.07 0.04
121.78 3.14 0.02
244.70 3.21 0.07
344.28 3.38 0.04
411.10 3.09 0.06
443.97 3.80 0.14
778.00 3.75 0.12
867.40 4.07 0.17
964.10 4.11 0.10
1086.00 3.65 0.23
1112.00 4.28 0.12
1213.00 3.22 0.31
1299.00 4.00 0.49
1408.00 4.59 0.09
User: David Georgeson
Energy Calibration
Shape
Cll LN
FWHM Low Tail

15.0
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User: David Georgeson
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% - Created 4/5/2011 8:55:43 AM
_=Apex-InVivo

Page 1 of 3

Battelle Energy Alliance LLC

Energy Calibration

Calibration Information

Calibration Title
Calibration Date
Performed By
Count Used

Is Default

Energy Calibration (HE Lung) 4/5/2011 8:13 AM
4/5/2011 8:13:56 AM

David Georgeson

Calibration Count 4/4/2011 4:49 PM

Yes

Counter Information

Counter Name

Accuscan II

Counter Location Battelle

Detector Group Information

Detector Group Name Right

Calibration Source Am241/Eu152 CWI Lung Set
Analysis Sequence File QCPEAKBE.ASF

Nuclide Library
Peak Search Library

Energy Calibration Coefficients

Energy = - 0.244432 + 0.461855 * ch + 3.89635e-08 * ch”2
FWHM = 0.577324 + 0.0294204 * E~1/2
LOW TAIL = 0.726181 - 0.000167099 * E

Energy Calibration Results Table

Centroid Channel Centroid Error Ener keV
57.61 0.09 26.34
129.57 0.02 59.54
264.23 0.01 121.78
530.24 0.02 244.70
745.81 0.01 344.28
890.50 0.03 411.10
961.61 0.03 443.97
1686.55 0.04 778.00
1878.09 0.04 867.40
2087.36 0.03 964.10
2350.75 0.16 1086.00
2407.67 0.03 1112.00
2626.15 0.23 1213.00
2813.14 0.30 1299.00
3048.21 0.04 1408.00

Approved by:

Date:

User: David Georgeson

Database: InVivo Server: 127.0.0.1
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Energy Calibration

Created 4/5/2011 8:55:43 AM Page 2 of 3

1500

1250

1000

750

Energy (kev)

500

250

Energy Calibration Results Table

keV
26.34
59.54
121.78
244.70
344.28
411.10
443.97
778.00
867.40
964.10
1086.00
1112.00
1213.00
1299.00
1408.00

Ener

Energy
L ]
L ]
L ]
..
L ]
L
.
.
.
-
-
L
L
500 1000 1500 2000 2500 3000
Channel
FWHM Channels FWHM Error TAIL Channels TAIL Error
1.61 0.27 0.72 0.37
1.82 0.03 1.16 0.12
1.97 0.02 1.67 0.18
2.21 0.04 1.60 0.19
2.39 0.02 2.09 0.18
2.63 0.07 6.42 1.00
2.46 0.06 1.49 0.20
2.99 0.08 2.28 0.48
2.85 0.08 2.04 0.48
3.31 0.06 18.97 1.00
3.06 0.36 1.78 0.86
3.47 0.06 2.69 0.38
2.84 0.53 0.88 0.46
2.68 0.31 0.56 0.11
3.90 0.07 3.12 0.39

User: David Georgeson
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Created 4/5/2011 8:55:43 AM Page 3 of 3

Energy Calibration
Shape
[e] -
FWHM Low Tail
10.0
7.5
>
< 5.0
2.5 !
g . . o: -4 : :. : . L

250 500 750 1000 1250 1500
Energy (kev)

User: David Georgeson Database: InVivo Server: 127.0.0.1
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% - Created 4/5/2011 8:55:43 AM
_=Apex-InVivo

Page 1 of 3

Battelle Energy Alliance LLC

Energy Calibration

Calibration Information

Calibration Title
Calibration Date
Performed By
Count Used

Is Default

Energy Calibration (HE Lung) 4/5/2011 8:13 AM
4/5/2011 8:13:56 AM

David Georgeson

Calibration Count 4/4/2011 4:49 PM

Yes

Counter Information

Counter Name

Accuscan II

Counter Location Battelle

Detector Group Information

Detector Group Name Right

Calibration Source Am241/Eu152 CWI Lung Set
Analysis Sequence File QCPEAKBE.ASF

Nuclide Library
Peak Search Library

Energy Calibration Coefficients

Energy = - 0.244432 + 0.461855 * ch + 3.89635e-08 * ch”2
FWHM = 0.577324 + 0.0294204 * E~1/2
LOW TAIL = 0.726181 - 0.000167099 * E

Energy Calibration Results Table

Centroid Channel Centroid Error Ener keV
57.61 0.09 26.34
129.57 0.02 59.54
264.23 0.01 121.78
530.24 0.02 244.70
745.81 0.01 344.28
890.50 0.03 411.10
961.61 0.03 443.97
1686.55 0.04 778.00
1878.09 0.04 867.40
2087.36 0.03 964.10
2350.75 0.16 1086.00
2407.67 0.03 1112.00
2626.15 0.23 1213.00
2813.14 0.30 1299.00
3048.21 0.04 1408.00

Approved by:

Date:

User: David Georgeson

Database: InVivo Server: 127.0.0.1
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Energy Calibration

Created 4/5/2011 8:55:43 AM Page 2 of 3

Energy
1500
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1250 g
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> 1000 y
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500 1000 1500 2000 2500 3000
Channel
Energy Calibration Results Table
Ener keV FWHM Channels FWHM Error TAIL Channels TAIL Error
26.34 1.61 0.27 0.72 0.37
59.54 1.82 0.03 1.16 0.12
121.78 1.97 0.02 1.67 0.18
244.70 2.21 0.04 1.60 0.19
344.28 2.39 0.02 2.09 0.18
411.10 2.63 0.07 6.42 1.00
443.97 2.46 0.06 1.49 0.20
778.00 2.99 0.08 2.28 0.48
867.40 2.85 0.08 2.04 0.48
964.10 3.31 0.06 18.97 1.00
1086.00 3.06 0.36 1.78 0.86
1112.00 3.47 0.06 2.69 0.38
1213.00 2.84 0.53 0.88 0.46
1299.00 2.68 0.31 0.56 0.11
1408.00 3.90 0.07 3.12 0.39
User: David Georgeson Database: InVivo Server: 127.0.0.1
Energy Calibration Created 4/5/2011 8:55:43 AM Page 3 of 3
Shape
a M m |
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User: David Georgeson Database: InVivo Server: 127.0.0.1
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% - Created 4/5/2011 8:56:19 AM
_—=Apex-InVivo

Page 1 of 3

Battelle Energy Alliance LLC

Energy Calibration

Calibration Information

Calibration Title
Calibration Date
Performed By
Count Used

Is Default

Energy Calibration (HE Lung) 4/5/2011 8:18 AM
4/5/2011 8:19:05 AM

David Georgeson

Calibration Count 4/4/2011 4:49 PM

Yes

Counter Information

Counter Name

Accuscan II

Counter Location Battelle
Detector Group Information
Detector Group Name Summed

Calibration Source
Analysis Sequence File
Nuclide Library

Peak Search Library

Am241/Eu152 CWI Lung Set

Am241/Eu152 CWI Lung Set
Am241/Eu152 CWI Lung Set

Energy Calibration Coefficients

Energy = - 0.0852164 + 0.461564 * ch + 1.38308e-07 * ch”2
FWHM = 0.790531 + 0.0308963 * E~1/2
LOW TAIL = 0.590587 + 0.000758722 * E

Energy Calibration Results Table

Centroid Channel Centroid Error Ener keV
57.59 0.09 26.34
129.53 0.03 59.54
264.16 0.02 121.78
530.11 0.02 244.70
745.63 0.02 344.28
890.24 0.03 411.10
961.37 0.03 443.97
1686.31 0.02 778.00
1877.81 0.05 867.40
2087.02 0.03 964.10
2350.40 0.12 1086.00
2407.40 0.04 1112.00
2625.58 0.14 1213.00
2812.33 0.11 1299.00
3047.92 0.02 1408.00

Approved by:

Date:

User: David Georgeson

Database: InVivo Server: 127.0.0.1
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Energy Calibration

Created 4/5/2011 8:56:19 AM Page 2 of 3

Energy
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500 1000 1500 2000 2500 3000
Channel
Energy Calibration Results Table
Ener: keV FWHM Channels FWHM Error TAIL Channels TAIL Error
26.34 1.96 0.23 0.70 0.23
59.54 2.37 0.06 1.42 0.18
121.78 2.46 0.05 1.52 0.16
244.70 2.75 0.04 1.84 0.19
344.28 2.91 0.05 2.17 0.24
411.10 2.99 0.06 6.12 1.00
443.97 3.17 0.06 1.96 0.22
778.00 3.47 0.05 2.58 0.26
867.40 3.55 0.11 2.45 0.55
964.10 3.77 0.05 5.69 1.00
1086.00 3.46 0.27 2.74 1.62
1112.00 3.93 0.08 2.55 0.25
1213.00 4.34 0.32 3.36 2.44
1299.00 3.89 0.24 3.81 6.09
1408.00 4.33 0.04 3.83 0.32
User: David Georgeson Database: InVivo Server: 127.0.0.1
Energy Calibration Created 4/5/2011 8:56:19 AM Page 3 of 3
Chane
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User: David Georgeson Database: InVivo Server: 127.0.0.1
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Appendix D
Efficiency Calibration Documentation

Page 1 of 5

e A ex— I nViVO Created 4/26/2011 4:56:05 PM
B p Idaho Falls Id.

Battelle Energy Alliance LLC

Efficiency Calibration

Calibration Information

Calibration Title Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM
Calibration Date 4/5/2011 4:03:37 PM

Performed By David Georgeson

Count Used Calibration Count 4/5/2011 2:02 PM

Approved 4/7/2011 9:16:28 AM by David Georgeson

Is Default Yes

Is Multi Curve No

Counter Information

Counter Name Accuscan II
Counter Location Battelle
Counter Configuration Lung - High Energy

Detector Group Information

Detector Group Name Summed

Calibration Source Am241/Eu152 CWI Lung Set
Analysis Sequence File ROUNPPGE.ASF

Nuclide Library Am241/Eu152 CWI Lung Set
Peak Search Library Am241/Eu152 CWI Lung Set

Approved by:

Date:

User: David Georgeson Database: InVivo Server: 127.0.0.1
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Efficiency Calibration Created 4/26/2011 4:56:06 PM Page 2 of 5

Efficiency Triplets
Energy Efficiency Error Dual Difference Empirical Difference Linear Difference

2.634E+001 1.047E-003 1.464E-005 |1.047E-003 0.03 % |1.047E-003 0.04 % |1.047E-003 0.00 %
5.954E+001 1.275E-003 4.390E-006 |1.275E-003 -0.02 % | 1.275E-003 -0.02 % |1.275E-003 0.00 %
1.218E+002 1.595E-003 1.499E-005 |1.589E-003 0.38 % |1.588E-003 0.39 % |1.593E-003 0.09 %
2.447E+002 1.105E-003 2.485E-005 |1.151E-003 -4.18 % | 1.151E-003 -4.17 % | 1.143E-003 -3.41 %
3.443E+002 8.668E-004 8.175E-006 |8.654E-004 0.17 % |8.653E-004 0.17 % |8.626E-004 0.49 %
4.111E+002 8.097E-004 5.015E-005 |7.390E-004 8.74 % | 7.390E-004 8.74 % | 7.424E-004 8.32 %
4.440E+002 7.315E-004 3.472E-005 |6.903E-004 5.63 % |6.903E-004 5.63 % |6.961E-004 4.85 %
7.780E+002 4.318E-004 8.934E-006 |4.382E-004 -1.48 % | 4.382E-004 -1.47 % |4.446E-004 -2.95 %
8.674E+002 4.180E-004 2.106E-005 |4.053E-004 3.04 % |4.052E-004 3.04 % [4.091E-004 2.12 %
9.641E+002 3.794E-004 7.380E-006 |3.762E-004 0.84 % |3.762E-004 0.84 % |3.775E-004 0.50 %
1.086E+003 3.435E-004 7.133E-006 |3.457E-004 -0.64 % | 3.457E-004 -0.64 % |3.447E-004 -0.34 %
1.112E+003 3.373E-004 7.344E-006 |3.399E-004 -0.76 % | 3.399E-004 -0.76 % | 3.385E-004 -0.36 %
1.408E+003 2.830E-004 4.676E-006 |2.821E-004 0.30 % |2.821E-004 0.30 % |2.815E-004 0.52 %

Dual

In(eff) = 125.58 - 132.962 * In(E) + 51.6697 * (In(E))"2 - 9.71828 * (In(E))"3 + 0.887749 * (In(E))"4 -
0.0316986 * (In(E))"5
where E = Energy in keV

Dual
101 |°

w 8107 ¢

}\ L]

5

G 6*107

;,"E

wi

4+102 8\
LN
102 103
Energy (kev)
User: David Georgeson Database: InVivo Server: 127.0.0.1
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Efficiency Calibration Created 4/26/2011 4:56:06 PM Page 3 of 5

Interpolated

Interpolated

10-1

8*10-2

iency %

User: David Georgeson Database: InVivo Server: 127.0.0.1
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Efficiency Calibration

Created 4/26/2011 4:56:06 PM Page 4 of 5

Linear

log(eff) = - 0.000149837 * E - 3.48852 + 226.571 / E - 24386.4 / E~2 + 999396 / E~3 - 1.32987e+07 /

EA4

10-1

*

1ciency

10~

Eff

10-3

LLinear

102
Energy (kev)

103

User: David Georgeson

Database: InVivo Server: 127.0.0.1
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Efficiency Calibration

Created 4/26/2011 4:56:06 PM Page 5 of 5

Empirical

In(eff) = - 7.6726 + 0.751366 * x + 0.143931 * x~2 + 0.0741517 * x~3 - 0.154391 * x4 + 0.0316986 *

X5
where x =1In(717.17 /E)

Empirical
101 | °

e 8¥10°2 ’

iy }

=

G 6*1072

£

4*10-2 S\
\

10? 10°

Energy (kev)

User: David Georgeson

65

Database: InVivo Server: 127.0.0.1



66



Appendix E

High Energy Lung Calibration Count Reanalysis
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Appendix E
High Energy Lung Calibration Count Reanalysis

Summary

Reanalysis of the Calibration Count
Arrangement/Geometry: High Energy Lung
Analysis Library: Am241/Eul52 CWI Lung Set.NLB
Energy Calibration Time: 4/5/2011 8:18 AM
Efficiency Calibration Time: 4/5/2011 4:05 PM
Count Type/Live Time: 7226.91 seconds

Count Start Times: 4/5/2011 2:02 PM
Nuclide Expected
Energy  Energy  Activity Count Results ~ Relative
(keV) keV (nCi) (nCi) Bias
Am-241 26.44 1218.1 1242 0.02
59.69 1218.1 1256.6 0.03
Eu-152 121.84  253.78 256.6 0.01
244.61 253.78 245.9 -0.03
344.18 253.78 257.1 0.01
410.97 253.78 265.9 0.05
443.78 253.78 267.9 0.06
778.69  253.78 250.9 -0.01
867.1 253.78 263.4 0.04
963.82 253.78 254.9 0
1085.67 253.78 251.5 -0.01
1111.89  253.78 248.7 -0.02
1408.06 ~ 253.78 254.4 0

Average 0.011538
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Eé‘Apex-anivo

Page 1 of 6

Created 4/27/2011 9:25:21 AM
Idaho Falls Id.

Battelle Energy Alliance LLC

Analysis Report - Calibration Count 4/5/2011 2:02 PM

COUNTER INFORMATION

Counter Name
Counter Location
Configuration Name

Accuscan II
Battelle
Lung - High Energy

COUNT INFORMATION

Count Operation
Comment

Intake Date
Acquisition Started
Acquisition Time
Operator Name
Count Status
Primary Review
Secondary Review

Calibration Count

4/5/2011 2:02:02 PM
7226.91

David Georgeson
Not Reviewed

No

No

DETECTOR COUNT RATE REPORT

Detector Name c;at::';t c;:t:t Live Time| Analyzed Analyzed Date File Name
Left 80.44 | 1-4096 | 7200.0 Yes 4/5/2011 2:01:56 PM b35455fe1401.cnf
Right 83.42 | 1-4096 7200.0 Yes 4/5/2011 2:01:56 PM 44abf7001401.cnf
Summed 0.00 | 1-4096 | 7200.0 Yes 4/27/2011 9:25:00 AM  |0514db5c1401.cnf

Primary Review by:

Date:

Secondary Review by:

Date:

User: David Georgeson
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Analysis Report - Calibration Count 4/5/2011 2:02 PM Created 4/27/2011 9:25:21 AM Page 2 of 6

DETECTOR GROUP INFORMATION

Left
Lung Screening
4/5/2011 2:01:56 PM

Detector Group Name
Detector Group Configuration
Analysis Date
Energy Calibration
Efficiency Calibration
Multi Curve
Source Distribution
Analysis Sequence File
Bkg Acq used for area correction
Nuclide Identification
Nuclide Identification Library
Tentative NID Library
Peak Search Library
Analysis Limits (channels)
Energy Tolerance (FWHM)
Comment

PEAK SEARCH RESULTS FOR Accuscan II <Left>

Lung
QCPEAKBE.ASF
Not Performed

100 - 4095
0.40

Peak Analysis Nuclide Information
No Peak Energy Net Peak Continuum |Nuclide Activity (nCi)Error (1SD) |Yield
Centroid (keV) Area Counts Name (%)
F 1 108.12 49.71 2.08E+003 | 2.56E+004 [Unknown 100.00
F 2 129.50 59.59 7.31E+004 2.32E+004 |Unknown 100.00
F 3 264.14 121.79 1.52E+004 | 8.98E+003 [Unknown 100.00
F 4 530.00 244.62 | 2.80E+003 | 2.70E+003 |Unknown 100.00
F 5 745.65 344.24 7.70E+003 1.14E4+003 |Unknown 100.00
F 6 796.44 367.71 2.24E+002 | 7.03E+002 [Unknown 100.00
F 7 890.29 411.07 5.64E+002 8.11E+002 [Unknown 100.00
F 8 961.43 443.93 | 7.56E+002 | 6.63E+002 [Unknown 100.00
F 9 1686.45 778.90 1.91E+003 | 4.52E+002 [Unknown 100.00
F 10 1877.88 867.34 | 5.96E+002 | 3.68E+002 |Unknown 100.00
F 1 2087.03 963.98 1.85E+003 | 2.47E+002 [Unknown 100.00
F 12 2350.58 1085.75 1.06E+003 | 3.40E+002 [Unknown 100.00
F 13 2407.37 1111.98 1.53E+003 | 2.86E+002 [Unknown 100.00
F 14 2625.26 1212.66 1.38E+002 1.40E+002 [Unknown 100.00
F 15 2812.42 1299.13 1.88E+002 6.15E+001 [Unknown 100.00
F 16 3047.97 1407.97 1.94E+003 | 6.77E+001 [Unknown 100.00
F 17 3162.47 1460.87 | 2.69E+002 | 7.77E+001 [Unknown 100.00

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

User: David Georgeson Database: InVivo Server: 127.0.0.1
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Analysis Report - Calibration Count 4/5/2011 2:02 PM

Created 4/27/2011 9:25:21 AM Page 3 of 6

Left
10
10¢ 'I
10
| |
].0‘2 M [
ihia LT Y) b, |
. " A U L .!}
10 Ly ) Wi, |
! “ j‘.n{l‘:“ {1y I I]- '
250 500 750 1000 1250 1500 1750
Energy
(=]
ROI Type: 1
DETECTOR GROUP INFORMATION
Detector Group Name Right
Detector Group Configuration Lung Screening
Analysis Date 4/5/2011 2:01:56 PM
Energy Calibration
Efficiency Calibration
Multi Curve
Source Distribution Lung
Analysis Sequence File QCPEAKBE.ASF
Bkg Acq used for area correction Not Performed
Nuclide Identification
Nuclide Identification Library
Tentative NID Library
Peak Search Library
Analysis Limits (channels) 100 - 4095
Energy Tolerance (FWHM) 0.40
Comment
PEAK SEARCH RESULTS FOR Accuscan II <Right>
Peak Analysis Nuclide Information
No Peak Energy Net Peak Continuum |Nuclide Activity (nCi)|Error (1SD) |Yield
Centroid (keV) Area Counts Name (%)
F 1 129.55 59.59 7.46E+004 1.46E+004 [Unknown 100.00
F 2 264.22 121.79 1.54E+004 5.59E+003 [Unknown 100.00
F 3 530.27 244.67 2.91E+003 1.67E+003 [Unknown 100.00
F 4 745.83 344.24 7.80E+003 8.75E+002 [Unknown 100.00
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F 5 796.65 367.72 2.41E+002 5.92E+002 |[Unknown 100.00
F 6 890.47 411.06 5.37E+002 6.35E+002 |Unknown 100.00
F 7 961.68 443.95 7.01E+002 5.89E+002 |Unknown 100.00
F 8 1686.74 778.90 1.86E+003 3.38E+002 |Unknown 100.00
F 9 1878.07 867.29 5.88E+002 4.16E+002 [Unknown 100.00
F 10 2087.42 964.01 1.83E+003 2.25E+002 [Unknown 100.00

User: David Georgeson
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Analysis Report - Calibration Count 4/5/2011 2:02 PM

Created 4/27/2011 9:25:21 AM Page 4 of 6

PEAK SEARCH RESULTS FOR Accuscan II <Right>

Peak Analysis Nuclide Information

No Peak Energy Net Peak Continuum |Nuclide Activity (nCi)|Error (1SD) |Yield

Centroid (keV) Area Counts Name (%)
M 11 2351.06 1085.82 1.14E+003 1.49E+002 [Unknown 100.00
m 12 2359.42 1089.68 2.06E+002 1.89E+002 |Unknown 100.00
F 13 2407.79 1112.03 1.50E+003 | 2.24E+002 [Unknown 100.00
F 14 2626.12 1212.91 1.76E+002 1.12E+002 [Unknown 100.00
F 15 2812.93 1299.23 1.79E+002 6.25E+001 [Unknown 100.00
F 16 3048.57 1408.12 1.94E+003 | 8.45E+001 [Unknown 100.00
F 17 3162.79 1460.90 2.88E+002 7.21E+001 [Unknown 100.00

For unknown peaks we assume yield to be 100% and no decay correction is performed.

M = First peak in a multiplet region

m = Other peak in a multiplet region

F = Fitted singlet

Right
10°
104 |
.*I ‘
100 i ||
» W ‘
Ay o ”"l"'.'._l_ |-n._4 |
sl bk
"IN
100 . . | _ RS R
250 500 750 1000 1250 1500 1750
=] o =
ROI Type: 1 ROI Type: 2

DETECTOR GROUP INFORMATION

Detector Group Name
Detector Group Configuration
Analysis Date
Energy Calibration
Efficiency Calibration
Multi Curve
Source Distribution
Analysis Sequence File
Bkg Acq used for area correction

Summed

Lung Screening

4/27/2011 9:25:00 AM

Energy Calibration (HE Lung) 4/5/2011 8:18 AM

Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)
No

Lung

ROUNPPGE.ASF

Not Performed
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Nuclide Identification
Nuclide Identification Library
Tentative NID Library
Peak Search Library
Analysis Limits (channels)
Energy Tolerance (FWHM)
Comment

Am241/Eu152 CWI Lung Set
Am241/Eu152 CWI Lung Set
Am241/Eu152 CWI Lung Set
40 - 4095

1.20

User: David Georgeson
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Analysis Report - Calibration Count 4/5/2011 2:02 PM Created 4/27/2011 9:25:21 AM Page 5 of 6

PEAK SEARCH RESULTS FOR Accuscan II <Summed>

Peak Analysis Nuclide Information
No |Peak Energy Net Peak Continuum |Nuclide Activity (nCi) Error (1SD) |Yield
Centroid (keV) Area Counts Name (%)

1| 4585 21.08 | 571E+002 | 6.96E+003Unknown | 1.527294E+ 100.00

M 2 57.47 26.44 | 8.29E+003 7.74E+003||Am-241 1.241986E+ 1.99% | 240
m 3 6533 30.07 | 175E+003 | 1.13E+004Unknown | 6.689168E+ 100.00
M 4 79.65 36.68 | 4.52E+003 2.68E+004||Unknown 1.713211E+ 100.00
m 5| 86.83 39.99 | 37564004 |  4.27E+004unknown | 1.378703E+ 100.00
M of 9891 4557 | 7.636+003 | 3.92E+004Unknown | 2631127+ 100.00
m 7 107.47 49.52 | 3.31E+003 6.13E+004||Unknown 1.089826E+ 100.00
8  129.51 50.69 | 1.48E+005 |  3.44E+004/Am-241 1.215659E+ 0.52% | 3570

o 26414 121.84 | 3.08E+004 |  1.37E+004[EU-152 2.565976E+ 145% | 28.40

10 530.07 244.61 | 5.65E+003 3.79E+003||EU—152 2.458505E+ 311% | 7.49

11 74570 | 34418 | 1.58E+004 | 1.74E+003EU-152 2.570705E+ 138% | 26.60

12 796.56 367.67 | 3.74E+002 1.42E+003||Unknown 1.718182E+ 100.00

13 80033 | 41097 | 1.15E+003 | 1.44E+003EU-152 2.648766E + 747% | 2.1

14 961.39 443.78 | 1.53E+003 1.20E+003||EU-152 2.678836E+ 539% | 3.1

15| 1221.52 563.93 | 3.18E+002 1.11E+003{Unknown 2.123933E+ 100.00

16|  1469.08 678.29 | 2.18E+002 6.50E+002[Unknown 1.685309E+ 100.00

17| 1491.10 688.46 | 3.17E+002 9.26E+002jUnknown 2.477440E+ 100.00

18  1557.36 719.07 | 1.08E+002 6.56E+002[Unknown 8.741767E- 100.00

19 1686.41 778.69 | 3.81E+003 8.08E+002|FU-152 2.509298E+ 2.56 % | 13.00

20  1822.56 841.60 | 1.20E+002 5.68E+002[Unknown 1.091253E+ 100.00

21| 1877.75 867.10 | 1.18E+003 8.03E+002/EU-152 2.633928E+ 6.08% | 4.16

22| 1990.44 919.18 | 9.74E+001 3.74E+002JUnknown 9.402959E- 100.00

23| 2087.04 963.82 | 3.70E+003 5.12E+002|EU-152 2.548510E+ 240 % | 14.50

24| 2176.36 1005.10 | 1.92E+002 4.42E+002/Unknown 1.978180E+ 100.00

M 25 2350.69 1085.67 | 2.36E+003 3.19E+002|EU-152 2.515171E+ 2.31% | 10.20
26| 2358.89 1089.46 | 4.06E+002 3.42E+002JUnknown 4.418480E+ 100.00

27| 2407.42 1111.89 | 3.05E+003 5.11E+002|EU-152 2.486969E+ 2.64% | 13.55

28 2625.59 1212.75 | 3.02E+002 2.96E+002/Unknown 3.553563E+ 100.00

29| 2812.20 1299.02 | 3.49E+002 1.77E+002{Unknown 4.340987E+ 100.00

30 3048.02 1408.06 | 3.99E+003 1.17E+002|EU-152 2.542381E+ 2.33% | 20.90

31| 3162.42 1460.95 | 6.27E+002 1.41E+002{Unknown 8.631526E+ 100.00

32| 3308.00 1528.28 | 3.68E+001 4.92E+001{Unknown 5.281573E- 100.00

33 3820.02 1765.11 | 7.85E+001 4.85E+001{Unknown 1.319411E+ 100.00

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
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NUCLIDE RESULTS FOR Accuscan II <Summed>

Nuclide Id Wt Mean Error (1SD) |Action Level 1 |Action Level 2 MDA (nCi)
Name Confidence |Activity (nCi)

EU-152 0.999 |2.545804E+00 0.70 % 3.770E+000
Am-241 0.999 |1.217271E+00 0.50 9 | ot Performed Not Performed—2= "~~~

User: David Georgeson
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Analysis Report - Calibration Count 4/5/2011 2:02 PM

Created 4/27/2011 9:25:21 AM Page 6 of 6

? = Nuclide is part of an undetermined solution
X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity

I = Nuclide was corrected for parent/daughter

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)
+ |[EU-152 121.78 * 28.40 | 5.7831E+000 3.7696E+000 2.5660E+002
+ 24470 * 7.49 1.5430E+001 2.4585E+002
+ 34428 * 26.60 | 4.3428E+000 2.5707E+002
+ 41110 * 2.21 4.1981E+001 2.6488E+002
+ 44397 * 3.1 2.9096E+001 2.6788E+002
+ 77890 * 13.00 9.5153E+000 2.5093E+002
+ 867.40 * 4.16 3.2034E+001 2.6339E+002
+ 964.13 * 14.50 8.1094E+000 2.5485E+002
+ 1086.00 * 10.20 6.2626E+000 2.5152E+002
+ 111212 * 13.55 9.6235E+000 2.4870E+002
+ 1408.01 * 20.90 | 3.7696E+000 2.5424E+002
+ |Am-241 26.30 * 240 | 4.3428E+001 8.2644E+000 1.2420E+003
+ 59.54 * 35.70 8.2644E+000 1.2157E+003
+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
Summed
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ROI Type: 1 ROI Type: 2

User: David Georgeson
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Appendix F
Accuscan-li High Energy Lung Calibration Verification

Page 1 of 2

% - Created 4/26/2011 4:35:40 PM
_—=Apex-InVivo

Battelle Energy Alliance LLC

Efficiency Verification

Calibration Information

Calibration Title Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM
Calibration Date 4/5/2011 4:03:37 PM

Operator Name David Georgeson

Detector Group Summed

Detector Group Lung Screening

Source Distribution Lung

Counter Information

Counter Name Accuscan II

Counter Location Battelle

Counter Lung - High Energy

Count List

Num Date Name

1 4/6/2011 Verification Count 4/6/2011 11:57 AM (1/5)
2 4/6/2011 Verification Count 4/6/2011 11:57 AM (2/5)
3 4/6/2011 Verification Count 4/6/2011 11:57 AM (3/5)
4 4/6/2011 Verification Count 4/6/2011 11:57 AM (4/5)
5 4/6/2011 Verification Count 4/6/2011 11:57 AM (5/5)
User: David Georgeson Database: InVivo Server: 127.0.0.1
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Efficiency Verification Created 4/26/2011 4:35:40 PM Page 2 of 2

Source Certificate Am241/Eu152 CWI Lung Set

Certificate Relative | Relative

Nuclide | Energy | Activity | Half Life | Count 1 | Count 2 | Count 3 | Count 4 | Count 5 Bias Precision
(g9/s) (%) (%)

Am-241 26.34 1110.00 | 432.19y 1016.09 | 1145.33 | 1307.94 ) 1073.65 | 1154.98 5.14% | 9.06 %

1083.84 1083.84 1083.84 1083.84 1083.84

Am-241 59.54 | 16500.00 | 432.19y 16413.18 | 16023.05 | 16366.68 | 16520.87 | 16322.24 1.35 % 1.03 %
16111.21 | 16111.21 | 16111.21 | 16111.20 | 16111.20

EU-152 | 121.83 | 5710.00 | 4946.22 d 2641.9% | 2646.89 | 2518.99 | 283734 | 2652.13 -031% | 3.82%
2667.67 | 2667.67 | 2667.66 | 2667.66 | 2667.65

EU-152 | 244.70 1510.00 | 4946.22 d 836.12 744.21 679.54 695.02 608.73 1.03 % | 10.69 %
705.46 705.46 705.46 705.46 705.46

EU-152 | 344.28 | 5350.00 | 4946.22d 2460.29 | 2579.14 | 2169.32 | 2454.12 | 237846 -3.65% | 543 %
2499.48 | 2499.48 | 2499.48 | 2499.47 | 2499.47

EU-152 | 411.10 444.00 | 4946.22 d 151.16 268.12 265.65 168.20 17247 -1.12 % | 24.56 %
207.43 207.43 207.43 207.43 207.43

EU-152 | 443.97 625.00 | 4946.22 d 232.98 33983 283.14 364.50 305.83 4.54 % | 15.63 %
292.00 292.00 291.99 291.99 291.99

EU-152 | 778.00 2610.00 | 4946.22 d 1389.23 998.63 | 1182.95 | 1345.13 | 1284.97 1.71% | 11.41 %
1219.37 | 121937 | 121937 | 121937 | 1219.37

EU-152 | 867.40 836.00 | 4946.22 d 371091 25338 | 41266\ 42877 296.17 -9.77 % | 17.28 %
390.57 390.57 390.57 390.57 390.57

EU-152 | 964.10 2910.00 | 4946.22 d 151645 | 1431.85 | 137608 | 1396.82 | 1305.95 3.38% | 5.08 %
1359.53 | 1359.53 | 1359.53 | 1359.52 | 1359.52

EU-152 11086.00 2050.00 | 4946.22 d 808.41 907.99 698.91 772.01 892.63 -14.80 % | 8.09 %
957.75 957.74 957.74 957.74 957.74

EU-152 {1112.00 | 2720.00 | 4946.22 d 1177.78 | 120634 | 1325.15 | 1123.22 | 1067.97 -7.14% | 6.82%
1270.77 | 127076 | 1270.76 | 1270.76 | 1270.76

1976.29 | 2032.22 | 2067.48 | 2005.11 | 1839.92

EU-152 |1408.00 4200.00 | 4946.22 d 112% | 3.98 %
1962.21 1962.21 1962.21 1962.20 1962.20

|xbar| = 4.23 % 9.45 %

For each count, the number on the top is the observed activity and the number on the bottom is the expected activity.

References:
Draft American National Standard, Performance Criteria for Radiobioassay, ANSI N13.30
Certificate of Calibration, Standard Radionuclide Source, Analytics

User: David Georgeson Database: InVivo Server: 127.0.0.1
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Appendix G

MDA Determination

MDA Calculations for High Energy Lung
Arrangement Geometry: High Energy Lung
Analysis Library: INLPLANTLIB.NLB
Energy Calibration Time: 4/5/2011 8:18 AM
Efficiency Calibration Time: 4/5/2011 4:05 PM
Count Live Time: 600 Seconds
Count Start Times:

1. 4/6/11 4:13 PM
2. 4/6/11 4:25 PM
3. 4/6/11 4:36 PM

MDA = (4.65Sb + 3)/KT

Where:

Sb = Standard deviation of the blank phantom counts = SQRT

(gross rate (CPS) xroutine counting time)

K = Efficiency X Abundance X 37 Bq/nCi

T = Routine counting time in seconds = 600 seconds

MDA Calculated From Phantom Data
Nuclide Count #1 Count #2 Count #3 Average MDA
nCi nCi nCi nCi

K-40 42.501 50.186 4.641 324
Cr-51 16.81 15.347 14.957 15.7
Mn-54 2.207 2.207 2.0673 2.2
Co-57 3.2975 3.1373 3.0256 32
Co-58 2.6436 2.4218 2.3016 2.5
Fe-59 4.4446 3.757 3.2915 3.8
Co-60 1.9839 1.8735 1.6957 1.9
Zn-65 3.77664 6.2281 5.9488 53
Nb-95 2.199 1.8024 2.0767 2.0
Zr-95 3.9342 3.4803 3.4803 3.6
Ru-106 23.623 24415 24415 24.2
Ag-110m 1.8338 2.6492 2.5633 2.3
I-131 2.4636 2.4197 2.5067 2.5
[-133 1.9027 2.4317 2.2709 2.2
Cs-134 1.8758 1.761 2.6834 2.1
Cs-137 2.8555 3.304 2.6524 2.9
Ba-140 6.9931 9.5074 8.2184 8.2
La-140 1.8059 2.3195 1.8059 2.0
Ce-141 5.0959 5.4244 5.2862 53
Ce-144 23.401 2541 25.596 24.8
Eu-152 8.01 6.6483 6.2201 7.0
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Eé‘Apex-anivo

Page 1 of 4

Created 4/26/2011 4:44:46 PM

Idaho Falls Id.

Battelle Energy Alliance LLC

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID
Last Name

First Name
Height (in)
Weight (Ib)

Chest Wall Thickness (cm)

999-99-9996
Test
Lung

COUNTER INFORMATION

Counter Name
Counter Location
Configuration Name

Accuscan II
Battelle
Lung - High Energy

COUNT INFORMATION

Count Operation
Count Reason
Frequency
Comment

Intake Date
Acquisition Started
Acquisition Time
Operator Name
Count Status
Primary Review
Secondary Review

Individual 10 minutes
Routine operation

Lung MDA Count #1

4/6/2011 4:13:10 PM
601.47
David Georgeson

Not Reviewed

No
No

DETECTOR COUNT RATE REPORT

Count

Count

Analyze

Detector Name Rate Rate Live Time d Analyzed Date [File Name
Left 16.12 | 1 -4096 600.0 No ef0a51021613.cnf
Right 17.30 | 1-4096 600.0 No @ac71c231613.cnf
Summed 33.37 | 1-4096 600.0 Yes |4/6/2011 4:13:01 PM|5b8312b31613.cnf

Primary Review by:

Date:

Secondary Review by:

Date:

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996] Created 4/26/2011 4:44:46 PM Page 2 of 4

DETECTOR GROUP INFORMATION

Summed

Lung Screening

4/6/2011 4:13:01 PM

Energy Calibration (HE Lung) 4/5/2011 8:18 AM

Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)

Detector Group Name
Detector Group Configuration
Analysis Date

Energy Calibration

Efficiency Calibration

Multi Curve No
Source Distribution Lung
Analysis Sequence File ROUNPPGE.ASF

Bkg Acq used for area correction Not Performed
Nuclide Identification
Nuclide Identification Library
Tentative NID Library

Peak Search Library

INLPLANTLIB.NLB
INLPLANTLIB.NLB
INLPLANTLIB.NLB

Analysis Limits (channels) 40 - 4095
Energy Tolerance (FWHM) 1.20
Comment
PEAK SEARCH RESULTS FOR Accuscan II <Summed>
Peak Analysis Nuclide Information
No Peak Energy Net Peak Continuum | Nuclide |Activity (nCi) Error (1SD) |Yield
Centroid (keV) Area Counts Name (%)
1 3162.11 1460.82 5.25E+001 6.50E+000 |K-40 8.121071E+001 17.19 % 10.67
For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
NUCLIDE RESULTS FOR Accuscan II <Summed>
Nuclide Id Wt Mean Error (1SD) |Action Level 1 |Action Level 2 MDA (nCi)
Name Confidence |Activity (nCi)
K-40 1.000 | 8.121071E+001 17.19 % | Not Performed| Not Performed |  4.250E+001

? = Nuclide is part of an undetermined solution

X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity
I = Nuclide was corrected for parent/daughter

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA  |Activity (nCi)
Name (nCi) (nCi)

+ [K-40 1460.81 * 10.67 | 4.2501E+001 4.2501E+001 8.1211E+001
CR-51 320.08 9.83 | 1.6810E+001 1.6810E+001 -3.3864E+000
MN-54 834.83 99.97 | 2.2070E+000 2.2070E+000 -8.9644E-001
CO-57 122.06 85.51 | 3.2975E+000 3.2975E+000 -1.9838E-001

136.48 10.60 | 2.3105E+001 -1.1639E+001

CO-58 810.76 99.40 | 2.6436E+000 2.6436E+000 2.0342E-001
FE-59 142.65 1.03 | 2.3890E+002 4.4446E+000 2.8436E+001
192.34 3.1 6.8361E+001 -2.1492E+001

1099.22 56.50 | 4.4446E+000 -4.6520E-001
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1291.56 43.20 | 6.5678E+000 5.1558E-001

CO-60 1173.22 100.00 | 1.9839E+000 1.9839E+000 -6.8933E-002
1332.49 100.00 | 2.4602E+000 -4.1886E-001

ZN-65 1115.52 50.75 | 3.7664E+000 3.7664E+000 -1.5704E+000
NB-95 765.79 99.81 2.1990E+000 2.1990E+000 -6.0447E-001
ZR-95 724.18 43.70 | 5.5354E+000 3.9342E+000 -3.8537E-001
756.72 55.30 | 3.9342E+000 -2.7321E-001

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

Created 4/26/2011 4:44:46 PM Page 3 of 4

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)
RU-106 621.84 9.80 | 2.3623E+001 2.3623E+001 7.4155E+000
1050.47 1.73 1.1878E+002 2.5737E+001
AG-110M 446.80 3.64 6.2256E+001 1.8338E+000 -1.6419E+001
620.35 2.77 8.3417E+001 7.8075E+000
657.75 94.40 | 1.8338E+000 -5.0383E-001
677.61 10.68 | 2.5434E+001 2.4953E+000
686.99 6.47 | 2.9537E+001 -7.4467E+000
706.67 16.68 | 1.5326E+001 1.1917E+000
744.26 4.64 3.0857E+001 -6.4329E+000
763.93 22.28 1.0348E+001 9.1058E-001
818.02 7.30 | 3.1539E+001 1.3689E+000
884.67 72.60 3.3538E+000 -2.9113E-002
937.48 34.20 6.5604E+000 -5.1500E-001
1384.27 24.26 9.3312E+000 -5.4037E-001
1475.76 3.97 | 4.0190E+001 -1.4689E+001
1505.00 13.06 1.2444E+001 0.0000E+000
1562.27 1.18 1.4288E+002 -5.2223E+001
1-131 80.18 2.62 1.2173E+002 2.4636E+000 -6.9453E+000
284.30 6.05 | 2.9737E+001 1.0409E+001
364.48 81.20 2.4636E+000 1.3747E-001
636.97 7.26 | 2.4824E+001 -3.8246E+000
722.89 1.80 1.3421E+002 1.6965E+001
I-133 529.87 86.30 1.9027E+000 1.9027E+000 -3.0830E-001
875.33 4.47 | 5.6887E+001 9.8727E+000
CS-134 475.35 1.46 1.4287E+002 1.8758E+000 -2.2047E+001
563.23 8.38 | 2.8747E+001 4.7450E+000
569.32 15.43 1.5751E+001 4.3228E+000
604.70 97.60 1.8758E+000 -6.5132E-002
795.84 85.40 | 2.1666E+000 3.6713E-001
801.93 8.73 3.2147E+001 6.9899E+000
1038.57 1.00 | 2.5744E+002 -1.2620E+001
1167.94 1.80 1.7348E+002 1.7810E+001
1365.15 3.04 6.2894E+001 -5.3690E+001
CS-137 661.65 85.12 | 2.8555E+000 2.8555E+000 2.6726E-001
BA-140 162.64 6.70 3.7456E+001 6.9931E+000 4.7712E+000
304.84 450 | 4.1816E+001 1.3718E+001
423.70 3.20 5.2260E+001 3.3110E+000
437.55 2.00 8.8916E+001 -3.2670E+001
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537.32 25.00 | 6.9931E+000 -1.6923E+000
LA-140 328.77 20.50 | 8.5857E+000 1.8059E+000 2.7428E-001
432.53 2.94 | 5.9868E+001 1.0921E+001
487.03 45.50 | 5.1518E+000 1.3401E+000
751.79 440 | 3.2785E+001 -6.4552E+000
815.85 23.50 | 9.7791E+000 -1.9807E-001
867.82 5.63 | 3.1898E+001 -5.9245E+000
919.63 2.88 | 7.1209E+001 -1.4077E+001

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

Created 4/26/2011 4:44:46 PM Page 4 of 4

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)
LA-140 925.24 7.09 | 2.9048E+001 1.8059E+000 -3.2815E+000
1596.49 95.49 1.8059E+000 1.8858E-001
CE-141 145.44 48.40 | 5.0959E+000 5.0959E+000 7.1776E-002
CE-144 80.11 1.60 1.9941E+002 2.3401E+001 -1.1377E+001
133.54 10.80 | 2.3401E+001 1.2105E-001
EU-152 121.78 28.40 1.0016E+001 8.0100E+000 4.8692E+000
244.69 7.49 | 2.5366E+001 -1.5236E+000
344.27 26.50 | 8.0100E+000 -3.5716E-001
411.11 2.21 9.5256E+001 1.7387E+001
443.98 3.11 6.6431E+001 -1.0159E+001
778.89 12.74 1.6473E+001 1.6151E+000
867.32 416 | 4.3153E+001 -1.0019E+001
964.01 14.40 1.5889E+001 3.2568E+000
1085.78 10.00 | 2.4894E+001 3.2569E+000
1112.02 13.30 | 2.1522E+001 4.3592E+000
1407.95 20.70 | 9.4862E+000 -1.9281E+000

+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
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E#i‘Apex-anivo

Page 1 of 4

Created 4/26/2011 4:45:46 PM

Idaho Falls Id.

Battelle Energy Alliance LLC

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID 999-99-9996
Last Name Test

First Name Lung
Height (in)

Weight (Ib)

Chest Wall Thickness (cm)

COUNTER INFORMATION

Counter Name Accuscan II

Counter Location Battelle
Configuration Name Lung - High Energy
COUNT INFORMATION

Count Operation Individual 10 minutes
Count Reason Routine operation
Frequency

Comment Lung MDA Count #2

Intake Date
Acquisition Started

Acquisition Time 601.35
Operator Name David Georgeson
Count Status Not Reviewed
Primary Review No

Secondary Review No

4/6/2011 4:25:09 PM

DETECTOR COUNT RATE REPORT

Detector Name c:;:t Co;::‘:eate Live Time| Analyzed | Analyzed Date [File Name
Right 17.65 1 -4096 600.0 No 7bf99bdf1625.cnf
Left 15.93 1-4096 600.0 No d129dcf51625.cnf
Summed 33.57 1-409 | 600.0 Yes 4/6/2011 4:25:01 7ba6552a1625.cnf

Primary Review by:

Date:

Secondary Review by:

Date:

User: David Georgeson

Database: InVivo Server: 127.0.0.1
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Analysis Report - Lung Test [999-99-9996] Created 4/26/2011 4:45:46 PM Page 2 of 4
DETECTOR GROUP INFORMATION

Detector Group Name Summed

Detector Group Configuration Lung Screening

Analysis Date 4/6/2011 4:25:01 PM

Energy Calibration Energy Calibration (HE Lung) 4/5/2011 8:18 AM

Efficiency Calibration Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)
Multi Curve No

Source Distribution Lung

Analysis Sequence File ROUNPPGE.ASF

Bkg Acq used for area correction Not Performed

Nuclide Identification
Nuclide Identification Library INLPLANTLIB.NLB

Tentative NID Library INLPLANTLIB.NLB
Peak Search Library INLPLANTLIB.NLB
Analysis Limits (channels) 40 - 4095
Energy Tolerance (FWHM) 1.20
Comment
PEAK SEARCH RESULTS FOR Accuscan II <Summed>
Peak Analysis Nuclide Information
No Peak Energy Net Peak Continuum | Nuclide Activity (nCi)Error (1SD) |Yield
Centroid (keV) Area Counts Name (%)
1 3161.97 1460.75 | 3.85E+001 | 9.51E+000 |K-40 5.953245E+0 23.13% | 10.67

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

NUCLIDE RESULTS FOR Accuscan II <Summed>

Nuclide Id Wt Mean Error (1SD) |Action Level 1 (Action Level 2 MDA (nCi)
Name Confidence |Activity (nCi)
K-40 1.000f 5.953245E+001 23.13 %| Not Performed| Not Performed|  5.019E+001

? = Nuclide is part of an undetermined solution

X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity
I = Nuclide was corrected for parent/daughter

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA  |Activity (nCi)
Name (nCi) (nCi)

+ [K-40 1460.81 * 10.67 5.0186E+001 5.0186E+001 5.9532E+001
CR-51 320.08 9.83 | 1.5347E+001 1.5347E+001 -1.9591E+000
MN-54 834.83 99.97 | 2.2070E+000 2.2070E+000 -3.7867E-001
CO-57 122.06 85.51 | 3.1373E+000 3.1373E+000 5.0330E-001

136.48 10.60 | 2.4432E+001 -2.2843E+000

CO-58 810.76 99.40 | 2.4218E+000 2.4218E+000 2.1311E-001
FE-59 142.65 1.03 | 2.4776E+002 3.7570E+000 2.4033E+001
192.34 3.1 6.7599E+001 2.1597E+001

1099.22 56.50 3.7570E+000 1.1630E-001
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1291.56 43.20 | 4.9461E+000 -1.1457E+000

CO-60 1173.22 100.00 | 2.8123E+000 1.8735E+000 7.3857E-001
1332.49 100.00 | 1.8735E+000 -3.8079E-001

ZN-65 1115.52 50.75 | 6.2281E+000 6.2281E+000 2.8791E-001
NB-95 765.79 99.81 1.8024E+000 1.8024E+000 -1.2217E+000
ZR-95 724.18 43.70 | 5.7518E+000 3.4803E+000 2.2311E+000
756.72 55.30 | 3.4803E+000 -1.8214E-001

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

Created 4/26/2011 4:45:46 PM Page 3 of 4

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)
RU-106 621.84 9.80 | 2.4415E+001 2.4415E+001 4.4221E-001
1050.47 1.73 1.5000E+002 3.3091E+001
AG-110M 446.80 3.64 5.1317E+001 2.6492E+000 1.3159E+001
620.35 2.77 8.3417E+001 -1.4414E+000
657.75 94.40 | 2.6492E+000 5.0383E-001
677.61 10.68 1.7705E+001 -2.1079E+000
686.99 6.47 3.2910E+001 -4.7462E+000
706.67 16.68 | 1.4236E+001 1.7475E+000
744.26 464 | 4.6317E+001 -1.0185E+001
763.93 22.28 9.8342E+000 9.1058E-001
818.02 7.30 | 2.5852E+001 -1.4164E+001
884.67 72.60 2.9669E+000 8.1516E-001
937.48 34.20 7.0036E+000 1.1771E+000
1384.27 24.26 1.0474E+001 -8.1056E-002
1475.76 3.97 5.1622E+001 5.2461E+000
1505.00 13.06 1.8700E+001 -7.7972E+000
1562.27 1.18 2.1471E+002 1.4921E+001
1-131 80.18 2.62 1.2795E+002 2.4197E+000 9.8526E+000
284.30 6.05 | 2.9317E+001 9.1842E+000
364.48 81.20 2.4197E+000 3.0751E-001
636.97 7.26 | 3.5661E+001 -3.7268E+000
722.89 1.80 1.1684E+002 -2.0285E+000
I-133 529.87 86.30 | 2.4317E+000 2.4317E+000 -1.2521E+000
875.33 4.47 5.6887E+001 1.4739E+001
CS-134 475.35 1.46 1.2231E+002 1.7610E+000 7.1166E+000
563.23 8.38 | 2.7177E+001 -5.1231E+000
569.32 15.43 1.4890E+001 1.1507E+000
604.70 97.60 | 2.1546E+000 3.4737E-001
795.84 85.40 | 1.7610E+000 -1.2034E+000
801.93 8.73 3.1028E+001 4.8142E+000
1038.57 1.00 1.5523E+002 -4.1016E+001
1167.94 1.80 1.2329E+002 1.3358E+001
1365.15 3.04 9.7705E+001 3.0680E+001
CS-137 661.65 85.12 3.3034E+000 3.3034E+000 4.2762E-001
BA-140 162.64 6.70 3.5275E+001 9.5074E+000 3.1119E+000
304.84 4.50 3.6632E+001 7.3680E+000
423.70 3.20 5.7335E+001 3.9131E+000
437.55 2.00 8.6033E+001 9.6628E+000
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537.32 25.00 | 9.5074E+000 7.9485E-001
LA-140 328.77 20.50 | 8.9064E+000 2.3195E+000 8.0642E-001
432.53 2.94 | 7.3399E+001 -2.2673E+000
487.03 45.50 | 4.5561E+000 -8.5998E-001
751.79 440 | 5.4213E+001 1.1392E+000
815.85 23.50 | 1.0773E+001 5.8856E-001
867.82 5.63 | 3.7735E+001 6.5828E+000
919.63 2.88 | 7.1209E+001 -5.6309E+000

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

Created 4/26/2011 4:45:46 PM Page 4 of 4

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)
LA-140 925.24 7.09 3.7291E+001 2.3195E+000 1.2944E+001
1596.49 95.49 2.3195E+000 -4.7145E-001
CE-141 145.44 48.40 5.4244E+000 5.4244E+000 1.3594E-001
CE-144 80.11 1.60 2.0959E+002 2.5410E+001 1.6140E+001
133.54 10.80 | 2.5410E+001 7.4528E+000
EU-152 121.78 28.40 9.3976E+000 6.6483E+000 -2.9954E-001
244.69 7.49 2.4353E+001 -1.0519E+001
344.27 26.50 | 6.6483E+000 6.4288E-001
411.11 2.21 9.1388E+001 -1.3790E+001
443.98 3.1 6.3178E+001 9.3174E+000
778.89 12.74 1.5431E+001 1.0767E+000
867.32 4.16 5.7708E+001 2.1373E+001
964.01 14.40 2.2955E+001 8.1964E+000
1085.78 10.00 2.6575E+001 -8.8403E+000
1112.02 13.30 1.6094E+001 -1.6191E+000
1407.95 20.70 | 1.3654E+001 2.0052E+000
+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
Summed
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User: David Georgeson Database: InVivo Server: 127.0.0.1
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E#i‘Apex-anivo

Page 1 of 4

Created 4/26/2011 4:46:14 PM

Idaho Falls Id.

Battelle Energy Alliance LLC

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID
Last Name

First Name
Height (in)
Weight (Ib)

Chest Wall Thickness (cm)

999-99-9996

Test
Lung

COUNTER INFORMATION

Counter Name
Counter Location
Configuration Name

Accuscan II
Battelle
Lung - High Energy

COUNT INFORMATION

Count Operation
Count Reason
Frequency
Comment

Intake Date
Acquisition Started
Acquisition Time
Operator Name
Count Status
Primary Review
Secondary Review

Individual 10 minutes

Routine operation

Lung MDA Count #3

4/6/2011 4:36:01 PM
601.49

David Georgeson
Not Reviewed

No
No

DETECTOR COUNT RATE REPORT

Detector Name C;:t:t Co;::‘:eate Live Time | Analyzed Analyzed Date [File Name
Left 16.01 1 - 4096 600.0 No 7bb7cef01635.cnf
Right 17.54 1 - 4096 600.0 No cbaalb691635.cnf
Summed 33.52 1 - 4096 600.0 Yes 4/6/2011 4:35:53 PM |6c28bbdd1635.cnf

Primary Review by:

Date:

Secondary Review by:

Date:

User: David Georgeson

Database: InVivo Server: 127.0.0.1
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Analysis Report - Lung Test [999-99-9996] Created 4/26/2011 4:46:15 PM Page 2 of 4

DETECTOR GROUP INFORMATION

Detector Group Name Summed
Detector Group Configuration Lung Screening
Analysis Date 4/6/2011 4:35:53 PM
Energy Calibration Energy Calibration (HE Lung) 4/5/2011 8:18 AM
Efficiency Calibration Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)

Multi Curve No
Source Distribution Lung
Analysis Sequence File ROUNPPGE.ASF
Bkg Acq used for area correction Not Performed
Nuclide Identification

Nuclide Identification Library INLPLANTLIB.NLB

Tentative NID Library INLPLANTLIB.NLB

Peak Search Library INLPLANTLIB.NLB

Analysis Limits (channels) 40 - 4095

Energy Tolerance (FWHM) 1.20
Comment
PEAK SEARCH RESULTS FOR Accuscan II <Summed>

Peak Analysis Nuclide Information
No Peak Energy Net Peak Continuum Nuclide |Activity (nCi) Error Yield
Centroid (keV) Area Counts Name (1sb) (%)
1 3162.20 1460.85 6.10E+001 0.00E+000 | K-40 9.436748E+001 | 12.98 % 10.67

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

NUCLIDE RESULTS FOR Accuscan II <Summed>

Nuclide Id Wt Mean Error (1SD)  |Action Level 1 |Action Level 2 MDA (nCi)
Name Confidence |Activity (nCi)
K-40 1.000 | 9.436748E+00 12.98 % | Not Performed | Not Performed | 4.641E+000

? = Nuclide is part of an undetermined solution

X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity
I = Nuclide was corrected for parent/daughter

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)

+ |K-40 1460.81 * 10.67 4.6410E+000 4.6410E+000 9.4367E+001
CR-51 320.08 9.83 1.4957E+001 1.4957E+001 -4.3824E-001
MN-54 834.83 99.97 2.0673E+000 2.0673E+000 -4.8686E-001
CO-57 122.06 85.51 | 3.0256E+000 3.0256E+000 -1.2972E+000

136.48 10.60 2.5101E+001 -2.8910E+000

CO-58 810.76 99.40 2.3016E+000 2.3016E+000 -7.3255E-001
FE-59 142.65 1.03 2.7126E+002 3.2915E+000 1.1047E+002
192.34 3.1 7.6221E+001 2.4573E+001

1099.22 56.50 4.7448E+000 4.8182E-001
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1291.56 43.20 | 3.2915E+000 -8.5929E-001

CO-60 1173.22 100.00 1.6957E+000 1.6957E+000 -8.9613E-001
1332.49 100.00 | 2.9104E+000 9.1389E-001

ZN-65 1115.52 50.75 | 5.9488E+000 5.9488E+000 4.2168E-001
NB-95 765.79 99.81 2.0767E+000 2.0767E+000 -4.7267E-001
ZR-95 724.18 43.70 | 5.0708E+000 3.4803E+000 8.1806E-001
756.72 55.30 | 3.4803E+000 -8.1962E-001

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

Created 4/26/2011 4:46:15 PM Page 3 of 4

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)
RU-106 621.84 9.80 | 2.4415E+001 2.4415E+001 7.7386E+000
1050.47 1.73 1.0582E+002 -1.2256E+001
AG-110M 446.80 3.64 5.8419E+001 2.5633E+000 1.1717E+001
620.35 2.77 7.7483E+001 -3.1230E+001
657.75 94.40 | 2.5633E+000 1.3288E-001
677.61 10.68 1.9727E+001 -3.6164E+000
686.99 6.47 3.1276E+001 -2.8960E+000
706.67 16.68 | 1.0964E+001 -2.1039E+000
744.26 4.64 5.3201E+001 2.3392E+000
763.93 22.28 1.0348E+001 2.5041E+000
818.02 7.30 | 2.5852E+001 -1.5770E+001
884.67 72.60 2.7490E+000 -3.5712E-001
937.48 34.20 7.0036E+000 0.0000E+000
1384.27 24.26 1.2391E+001 9.7267E-001
1475.76 3.97 8.5611E+001 1.9486E+001
1505.00 13.06 3.8986E+000 0.0000E+000
1562.27 1.18 1.8353E+002 1.1191E+001
1-131 80.18 2.62 1.2392E+002 2.5067E+000 2.8936E+001
284.30 6.05 | 2.5682E+001 7.1104E+000
364.48 81.20 2.5067E+000 1.3263E+000
636.97 7.26 | 2.3253E+001 -5.4762E+000
722.89 1.80 1.1684E+002 -6.0854E+000
I-133 529.87 86.30 | 2.2709E+000 2.2709E+000 4.4043E-002
875.33 447 | 4.0428E+001 1.0012E+001
CS-134 475.35 1.46 1.4660E+002 2.6834E+000 5.2715E-001
563.23 8.38 | 2.7177E+001 -2.5456E+000
569.32 15.43 1.2446E+001 -8.3686E-001
604.70 97.60 | 2.6834E+000 7.0439E-001
795.84 85.40 | 3.0362E+000 6.6194E-001
801.93 8.73 2.5997E+001 1.5044E+000
1038.57 1.00 | 2.8684E+002 3.0149E+001
1167.94 1.80 1.2329E+002 -7.6329E+001
1365.15 3.04 8.2591E+001 -1.9175E+001
CS-137 661.65 85.12 | 2.6524E+000 2.6524E+000 1.8465E-001
BA-140 162.64 6.70 3.2369E+001 8.2184E+000 -9.1150E+000
304.84 4.50 | 2.8715E+001 -6.2411E+000
423.70 3.20 5.8919E+001 -4.7762E+000
437.55 2.00 1.2759E+002 4.6496E+001
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537.32 25.00 | 8.2184E+000 1.0651E-001
LA-140 328.77 20.50 | 7.1444E+000 1.8059E+000 -8.2283E-001
432.53 2.94 | 7.1861E+001 2.7367E+000
487.03 45.50 | 4.5561E+000 2.7208E-001
751.79 440 | 4.9212E+001 1.3385E+001
815.85 23.50 | 9.2352E+000 8.0846E-001
867.82 5.63 | 3.4964E+001 2.3698E+000
919.63 2.88 | 6.4966E+001 -4.0221E+000

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

Created 4/26/2011 4:46:15 PM Page 4 of 4

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA Nuclide MDA Activity (nCi)
Name (nCi) (nCi)
LA-140 925.24 7.09 | 3.9042E+001 1.8059E+000 4.9222E+000
1596.49 95.49 1.8059E+000 1.8858E-001
CE-141 145.44 48.40 | 5.2862E+000 5.2862E+000 2.4244E-001
CE-144 80.11 1.60 | 2.0299E+002 2.5596E+001 4.7400E+001
133.54 10.80 | 2.5596E+001 9.9842E+000
EU-152 121.78 28.40 | 9.3976E+000 6.2201E+000 2.8961E+000
244.69 7.49 | 2.6575E+001 4.1789E+000
344.27 26.50 | 6.2201E+000 -3.1430E+000
411.11 2.21 8.3055E+001 -1.2330E+001
443.98 3.11 5.6038E+001 -2.3400E+000
778.89 12.74 | 2.1570E+001 2.2984E+000
867.32 416 | 4.3153E+001 -8.0149E+000
964.01 14.40 | 2.1437E+001 4.4348E+000
1085.78 10.00 | 2.9610E+001 5.2835E+000
1112.02 13.30 1.6094E+001 1.9928E+000
1407.95 20.70 1.2457E+001 -3.8562E-001
+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
Summed
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User: David Georgeson Database: InVivo Server: 127.0.0.1
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Appendix H

Calibration Validation Using a
DOE Manufactured BOMAB #MFP-1-001
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Appendix H

Calibration Validation Using a

DOE Manufactured BOMAB #MFP-1-001

SUMMARY

Calibration Validation Counts
Accuscan Il High Energy Calibration for Lung Geometry

Arrangement/Geometry: Fixed Detectors
Analysis Library: Am-241/Eu-152 CWI Lung Set
Energy Calibration Date: 4/5/2011 8:18
Efficiency Calibration Date: 4/5/2011 4:05
Live Time: 600 seconds
Count Start Times:
Count # 1 - 4/5/2011 4:18 PM

Count # 2 - 4/6/2011 8:24

Count # 3 - 4/6/2011 8:47

Count # 4 - 4/6/2011 9:13

Count # 5 - 4/6/2011 9:35

Nuclide/ Expected Observed Activity (nCi)

Energy Activity Relative Relative

(keV) (nCi) #1 #2 #3 #4 #5 Bias Precision
Co-60 161.0000 162.53 162.91 162.86 160.15 159.3 0.003 0.011
Cs-137 398.0000 407.9 392.6 397.97 382.6 391.51 -0.009 0.023
Cs-134 53.2000 51.33 52.73 53.83 48.64 50.44 -0.034 0.038
Co-57 16.9000 11.690 19.140 16.530 15.220 18.880 -0.036 0.180
Mn-54 4.4000

Average -0.036 0.180
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COUNT 1

E#E‘Apex-anivo

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID 999-99-9996
Last Name Test

First Name Lung
Height (in)

Weight (Ib)

Chest Wall Thickness (cm)

COUNTER INFORMATION

Counter Name
Counter Location
Configuration Name

Accuscan II
Battelle
Lung - High Energy

COUNT INFORMATION

Count Operation
Count Reason
Frequency
Comment

Intake Date
Acquisition Started

Individual 5 minutes
Routine operation

4/5/2011 11:00:51 AM

Acquisition Time
Operator Name

301.21
David Georgeson

Count Status Not Reviewed
Primary Review No
Secondary Review No

DETECTOR COUNT RATE REPORT

Detector Name |Count Rate Co:ral:‘:eate Live Time Analyzed
Right 84.73 1 - 4096 300.0 No
Left 81.53 1 - 4096 300.0 No
Summed 166.31 1 - 4096 300.0 Yes

Primary Review by:

Date:

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

DETECTOR GROUP INFORMATION

Detector Group Name Summed

Detector Group Configuration Lung Screening

Analysis Date 4/5/2011 11:00:42 AM

Energy Calibration Energy Calibration (HE Lung) 4/5/2011 8:18 AM

Efficiency Calibration HE Lung Realistic Summed Eff Cal 4/5/2011 10:43 AM (Dual)
Multi Curve No

Source Distribution Lung

Analysis Sequence File ROUNPPGE.ASF

Bkg Acq used for area correction Not Performed

Nuclide Identification
Nuclide Identification Library INLPLANTLIB.NLB

Tentative NID Library INLPLANTLIB.NLB
Peak Search Library INLPLANTLIB.NLB
Analysis Limits (channels) 40 - 4095
Energy Tolerance (FWHM) 1.20

Comment

PEAK SEARCH RESULTS FOR Accuscan II <Summed>

Peak Analysis
No Peak Energy Net Peak Continuum
Centroid (keV) Area Counts
1 69.76 32.12 1.56E+002 | 3.30E+002
2 264.85 122.17 2.77E+002 6.90E+002
3 1309.67 604.65 3.04E+002 | 8.62E+001
4 1432.89 661.57 1.87E+003 | 6.63E+001
5 1723.32 795.75 2.04E+002 | 4.92E+001
6 2540.05 1173.20 5.28E+002 | 6.69E+001
7 2884.51 1332.45 5.49E+002 4.27E+000
8 3162.18 1460.85 2.55E+001 | 2.48E+000

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

NUCLIDE RESULTS FOR Accuscan IT <Summed>

Nuclide Id Wt Mean Activity|Error (1SD)
Name Confidence |(nCi)

K-40 1.000 | 1.619072E+002 23.13 %
CO-57 1.000 | 3.872478E+001 23.24 %
CO-60 1.000 | 3.387544E+002 3.55%
CS-134 0.880 | 1.063828E+002 6.67 %
CS-137 1.000 | 8.208113E+002 2.72 %

? = Nuclide is part of an undetermined solution

X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity
I = Nuclide was corrected for parent/daughter
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NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA
Name (nCi)

+ |K-40 1460.81 * 10.67 1.0766E+002
CR-51 320.08 9.83 1.5974E+002
MN-54 834.83 99.97 | 1.7832E+001

+ |CO-57 122.06 * 85.51 4.0816E+001

+ 136.48 10.60 1.5067E+002

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) Yield (%) Line MDA (nCi)
Name

CO-58 810.76 99.40 1.5478E+001
FE-59 142.65 1.03 1.4739E+003
192.34 3.11 5.6446E+002

1099.22 56.50 2.7983E+001

1291.56 43.20 1.4145E+001

+ |CO-60 1173.22 100.00 5.3892E+001
+ 1332.49 100.00 1.6286E+001
ZN-65 1115.52 50.75 3.7810E+001
NB-95 765.79 99.81 1.5238E+001
ZR-95 72418 43.70 3.2542E+001
756.72 55.30 2.0945E+001
RU-106 621.84 9.80 1.5947E+002
1050.47 1.73 7.9329E+002
AG-110M 446.80 3.64 5.1419E+002
620.35 2.77 5.5632E+002

657.75 94.40 1.8557E+001
677.61 10.68 1.1309E+002
686.99 6.47 2.2170E+002

706.67 16.68 9.1072E+001
744.26 4.64 3.1978E+002

763.93 22.28 6.0116E+001
818.02 7.30 2.0812E+002

884.67 72.60 2.0945E+001

937.48 34.20 5.3882E+001

1384.27 24.26 3.3547E+001
1475.76 3.97 2.1055E+002

1505.00 13.06 1.5712E+001
1562.27 1.18 8.4290E+002
[-131 80.18 2.62 4.4673E+002
284.30 6.05 2.4532E+002

364.48 81.20 2.1755E+001
636.97 7.26 2.2738E+002
722.89 1.80 7.0932E+002

I-133 529.87 86.30 1.7857E+001
875.33 4.47 2.8436E+002
+ |CS-134 475.35 1.46 1.4419E+003
+ 563.23 8.38 2.2787E+002
+ 569.32 15.43 1.4267E+002
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+ 604.70 * 97.60 3.4462E+001
+ 795.84 * 85.40 3.6731E+001
+ 801.93 8.73 2.3311E+002
+ 1038.57 1.00 1.8555E+003
+ 1167.94 1.80 1.2143E+003
+ 1365.15 3.04 5.5737E+002
+ |CS-137 661.65 * 85.12 3.6557E+001

BA-140 162.64 6.70 2.4230E+002

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA
BA-140 30484 450 | 3.2793E+002
42370 320 | 6.1478E+002
437 55 2.00 | 8.9001E+002
537.32 25.00 | 6.8449E+001
LA-140 328.77 20.50 | 7.2270E+001
43253 2.94 | 6.4535E+002
487.03 4550 | 3.6939E+001
751.79 440 | 3.6418E+002
815.85 2350 | 5.7389E+001
867.82 5.63 | 3.4215E+002
919.63 2.88 | 7.4100E+002
925.24 7.09 | 3.0255E+002
1596.49 95.49 | 8.9436E+000
CE-141 14544 48.40 | 3.4561E+001
CE-144 80.11 1.60 | 7.3105E+002
133.54 10.80 | 1.4124E+002
EU-152 121.78 28.40 | 7.2607E+001
244,69 749 | 2.2678E+002
34427 26.50 | 6.0718E+001
411.11 221 | 8.8878E+002
443.98 3.11| 6.1895E+002
778.89 12.74 | 1.0943E+002
867.32 416 | 4.8187E+002
964.01 14.40 | 1.2863E+002
1085.78 10.00 1.5157E+002
1112.02 13.30 | 1.1601E+002
1407.95 20.70 | 4.6360E+001

+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
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Analysis Report - Lung Test [999-99-9996]
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COUNT 2

E#E‘Apex-anivo

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID 999-99-9996
Last Name Test

First Name Lung
Height (in)

Weight (Ib)

Chest Wall Thickness (cm)

COUNTER INFORMATION

Counter Name Accuscan II

Counter Location Battelle
Configuration Name Lung - High Energy
COUNT INFORMATION

Count Operation Individual 10 minutes
Count Reason Routine operation
Frequency

Comment MFP-1-001 Validation Count 2
Intake Date

Acquisition Started 4/6/2011 8:24:09 AM
Acquisition Time 602.21

Operator Name David Georgeson
Count Status Not Reviewed
Primary Review No

Secondary Review No

DETECTOR COUNT RATE REPORT

Detector Name CRoautzt Co;:::‘:eate Live Time | Analyzed
Left 82.01 1 -4096 600.0 No
Right 83.62 1 -4096 600.0 No
Summed 165.08 1 -4096 600.0 Yes

Primary Review by:

Date:

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

DETECTOR GROUP INFORMATION

Detector Group Name Summed

Detector Group Configuration Lung Screening

Analysis Date 4/6/2011 8:23:58 AM

Energy Calibration Energy Calibration (HE Lung) 4/5/2011 8:18 AM

Efficiency Calibration Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)
Multi Curve No

Source Distribution Lung

Analysis Sequence File ROUNPPGE.ASF

Bkg Acq used for area correction Not Performed

Nuclide Identification
Nuclide Identification Library INLPLANTLIB.NLB

Tentative NID Library INLPLANTLIB.NLB
Peak Search Library INLPLANTLIB.NLB
Analysis Limits (channels) 40 - 4095
Energy Tolerance (FWHM) 1.20

Comment

PEAK SEARCH RESULTS FOR Accuscan II <Summed>

Peak Analysis
No Peak Energy Net Peak Area |Continuum
Centroid (keV) Counts

1 69.84 32.15 1.64E+002 8.35E+002

2 264.74 122.12 5.77E+002 1.52E+003

M 3 1220.16 563.30 6.12E+001 1.34E+002
4 1232.70 569.09 1.14E+002 1.90E+002

5 1309.73 604.67 6.15E+002 1.65E+002

6 1432.94 661.59 3.67E+003 1.12E+002

7 1723.48 795.82 4.25E+002 8.97E+001

8 1736.87 802.01 2.77E+001 1.10E+002

9 2540.08 1173.22 1.16E+003 5.40E+001

10 2884.62 1332.50 1.09E+003 1.27E+001

11 3161.97 1460.75 6.55E+001 2.52E+000

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

NUCLIDE RESULTS FOR Accuscan IT <Summed>

Nuclide Id Wt Mean Error (1SD)
Name Confidence |Activity (nCi)

K-40 1.000 | 1.012900E+00 13.36 %
CO-57 1.000 1.914159E+06 17.75 %
CO-60 1.000 1.629071E+OE) 239 %
CS-134 1.000 5.272515E+0(3 3.66 %
CS-137 1.000 3.925997E+0£) 2.07 %

? = Nuclide is part of an undetermined solution

X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity
I = Nuclide was corrected for parent/daughter
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NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) Yield (%) Line MDA (nCi)
Name
+> |K-40 1460.81 * 10.67 0.0000E+000
> |CR-51 320.08 9.83 0.0000E+000
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA (nCi)

Name
> |MN-54 834.83 99.97 0.0000E+000
+> |CO-57 122.06 85.51 0.0000E+000
+> 136.48 10.60 0.0000E+000
> |CO-58 810.76 99.40 0.0000E+000
> |FE-59 142.65 1.03 0.0000E+000
> 192.34 3.1 0.0000E+000
> 1099.22 56.50 0.0000E+000
> 1291.56 43.20 0.0000E+000
+> [CO-60 1173.22 100.00 0.0000E+000
+> 1332.49 100.00 0.0000E+000
> |ZN-65 1115.52 50.75 0.0000E+000
> [NB-95 765.79 99.81 0.0000E+000
> |ZR-95 72418 43.70 0.0000E+000
> 756.72 55.30 0.0000E+000
> |RU-106 621.84 9.80 0.0000E+000
> 1050.47 1.73 0.0000E+000
> |AG-110M 446.80 3.64 0.0000E+000
> 620.35 2.77 0.0000E+000
> 657.75 94.40 0.0000E+000
> 677.61 10.68 0.0000E+000
> 686.99 6.47 0.0000E+000
> 706.67 16.68 0.0000E+000
> 744.26 4.64 0.0000E+000
> 763.93 22.28 0.0000E+000
> 818.02 7.30 0.0000E+000
> 884.67 72.60 0.0000E+000
> 937.48 34.20 0.0000E+000
> 1384.27 24.26 0.0000E+000
> 1475.76 3.97 0.0000E+000
> 1505.00 13.06 0.0000E+000
> 1562.27 1.18 0.0000E+000
> 1131 80.18 2.62 0.0000E+000
> 284.30 6.05 0.0000E+000
> 364.48 81.20 0.0000E+000
> 636.97 7.26 0.0000E+000
> 722.89 1.80 0.0000E+000
> [I-133 529.87 86.30 0.0000E+000
> 875.33 4.47 0.0000E+000
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+>

CS-134

+>

+>

+>

+>

+>

+>

+>

475.35 1.46 0.0000E+000
563.23 8.38 0.0000E+000
569.32 15.43 0.0000E+000
604.70 97.60 0.0000E+000
795.84 85.40 0.0000E+000
801.93 8.73 0.0000E+000
1038.57 1.00 0.0000E+000
1167.94 1.80 0.0000E+000
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Name |Energy (keV) Yield (%) Line MDA (nCi)
+> |CS-134 1365.15 3.04 0.0000E+000
+> |CS-137 661.65 85.12 0.0000E+000
> [BA-140 162.64 6.70 0.0000E+000
> 304.84 4.50 0.0000E+000
> 423.70 3.20 0.0000E+000
> 437.55 2.00 0.0000E+000
> 537.32 25.00 0.0000E+000
> |LA-140 328.77 20.50 0.0000E+000
> 432.53 2.94 0.0000E+000
> 487.03 45.50 0.0000E+000
> 751.79 4.40 0.0000E+000
> 815.85 23.50 0.0000E+000
> 867.82 5.63 0.0000E+000
> 919.63 2.88 0.0000E+000
> 925.24 7.09 0.0000E+000
> 1596.49 95.49 0.0000E+000
> |CE-141 145.44 48.40 0.0000E+000
> |CE-144 80.11 1.60 0.0000E+000
> 133.54 10.80 0.0000E+000
> |[EU-152 121.78 28.40 0.0000E+000
> 244.69 7.49 0.0000E+000
> 344.27 26.50 0.0000E+000
> 411.1 2.21 0.0000E+000
> 443.98 3.11 0.0000E+000
> 778.89 12.74 0.0000E+000
> 867.32 4.16 0.0000E+000
> 964.01 14.40 0.0000E+000
> 1085.78 10.00 0.0000E+000
> 1112.02 13.30 0.0000E+000
> 1407.95 20.70 0.0000E+000

* +
LI

\%
I

Nuclide Identified during the nuclide identification
Energy Line found in the spectrum
MDA Value not calculated
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Analysis Report - Lung Test [999-99-9996]
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COUNT 3

_.g-i‘Apex—anivo

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID 999-99-9996
Last Name Test

First Name Lung
Height (in)

Weight (Ib)

Chest Wall Thickness (cm)

COUNTER INFORMATION

Counter Name Accuscan II

Counter Location Battelle
Configuration Name Lung - High Energy
COUNT INFORMATION

Count Operation Individual 10 minutes
Count Reason Routine operation
Frequency

Comment MFP-1-001 validation count 3
Intake Date

Acquisition Started 4/6/2011 8:47:28 AM
Acquisition Time 602.21

Operator Name David Georgeson
Count Status Not Reviewed
Primary Review No

Secondary Review No

DETECTOR COUNT RATE REPORT

Detector Name c;al:::t c::t:t Live Time | Analyzed
Left 80.44 | 1 -4096 600.0 No
Right 83.32 | 1-4096 600.0 No
Summed 163.23 | 1-4096 600.0 Yes

Primary Review by:

Date:

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

DETECTOR GROUP INFORMATION

Detector Group Name
Detector Group Configuration
Analysis Date
Energy Calibration
Efficiency Calibration
Multi Curve
Source Distribution
Analysis Sequence File
Bkg Acq used for area correction
Nuclide Identification
Nuclide Identification Library
Tentative NID Library
Peak Search Library
Analysis Limits (channels)
Energy Tolerance (FWHM)
Comment

Summed

Lung Screening

4/6/2011 8:47:08 AM

Energy Calibration (HE Lung) 4/5/2011 8:18 AM

Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)
No

Lung

ROUNPPGE.ASF

Not Performed

INLPLANTLIB.NLB
INLPLANTLIB.NLB
INLPLANTLIB.NLB
40 - 4095

1.20

PEAK SEARCH RESULTS FOR Accuscan II <Summed>

Peak Analysis
No Peak Energy Net Peak Continuum
Centroid (keV) Area Counts

1 69.80 32.13 2.91E+002 7.27E+002

2 264.54 122.03 5.11E+002 1.36E+003

M 3 1219.99 563.22 7.70E+001| 9.96E+001
4 1233.07 569.27 1.15E+002 1.58E+002

5 1309.78 604.70 5.94E+002 1.47E+002

6 1433.00 661.62 3.72E+003 1.19E+002

7 1723.39 795.78| 4.36E+002| 8.77E+001

8 1807.73 834.75 3.23E+001| 8.07E+001

9 2539.98 1173.17 1.18E+003 | 3.58E+001

10 2884.51 1332.45 1.08E+003 | 8.50E+000

For unknown peaks we assume yield to be 100% and no decay correction is performed.

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

NUCLIDE RESULTS FOR Accuscan IT <Summed>

Nuclide Id Wt Mean Error (1SD)
Name Confidence |Activity (nCi)

MN-54 1.000 |3.497251E+000 57.13 %
CO-57 1.000 |1.695289E+001 18.27 %
CO-60 1.000 | 1.628637E+002 2.34 %
CS-134 0.941 |5.382743E+001 4.03 %
CS-137 1.000 |3.979652E+002 2.07 %

? = Nuclide is part of an undetermined solution
X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity
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NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

I = Nuclide was corrected for parent/daughter

Nuclide Energy (keV) |Yield (%) Line MDA
Name (nCi)
> [K-40 1460.81 10.67|  0.0000E+000
> |CR-51 320.08 9.83|  0.0000E+000
+> [MN-54 834.83 * 99.97|  0.0000E+000
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA
Name (nCi)
+> [CO-57 122.06 85.51 0.0000E+000
+> 136.48 10.60 | 0.0000E+000
> |CO-58 810.76 99.40 | 0.0000E+000
> |FE-59 142.65 1.03 | 0.0000E+000
> 192.34 3.11 | 0.0000E+000
> 1099.22 56.50 | 0.0000E+000
> 1291.56 43.20 | 0.0000E+000
+> |CO-60 1173.22 100.00 | 0.0000E+000
+> 1332.49 100.00 | 0.0000E+000
> |ZN-65 1115.52 50.75 | 0.0000E+000
> [NB-95 765.79 99.81 | 0.0000E+000
> |ZR-95 72418 43.70 | 0.0000E+000
> 756.72 55.30 | 0.0000E+000
> |RU-106 621.84 9.80 | 0.0000E+000
> 1050.47 1.73 | 0.0000E+000
> |AG-110M 446.80 3.64 | 0.0000E+000
> 620.35 2.77 | 0.0000E+000
> 657.75 94.40 | 0.0000E+000
> 677.61 10.68 | 0.0000E+000
> 686.99 6.47 | 0.0000E+000
> 706.67 16.68 | 0.0000E+000
> 744.26 4.64 | 0.0000E+000
> 763.93 22.28 | 0.0000E+000
> 818.02 7.30 | 0.0000E+000
> 884.67 72.60 | 0.0000E+000
> 937.48 34.20 | 0.0000E+000
> 1384.27 24.26 | 0.0000E+000
> 1475.76 3.97 | 0.0000E+000
> 1505.00 13.06 | 0.0000E+000
> 1562.27 1.18 | 0.0000E+000
> 11131 80.18 2.62 | 0.0000E+000
> 284.30 6.05 | 0.0000E+000
> 364.48 81.20 | 0.0000E+000
> 636.97 7.26 | 0.0000E+000
> 722.89 1.80 | 0.0000E+000
> [I-133 529.87 86.30 | 0.0000E+000
> 875.33 4.47 | 0.0000E+000
+> |CS-134 475.35 1.46 | 0.0000E+000
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+>

+>

+>

+>

+>

+>

+>

+>

563.23 8.38 | 0.0000E+000
569.32 15.43 | 0.0000E+000
604.70 97.60 | 0.0000E+000
795.84 85.40 | 0.0000E+000
801.93 8.73 | 0.0000E+000
1038.57 1.00 | 0.0000E+000
1167.94 1.80 | 0.0000E+000
1365.15 3.04 | 0.0000E+000
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA (nCi)
Name
+> |CS-137 661.65 * 85.12 0.0000E+000
> [BA-140 162.64 6.70 0.0000E+000
> 304.84 4.50 0.0000E+000
> 423.70 3.20 0.0000E+000
> 437.55 2.00 0.0000E+000
> 537.32 25.00 0.0000E+000
> [LA-140 328.77 20.50 0.0000E+000
> 432.53 2.94 0.0000E+000
> 487.03 45.50 0.0000E+000
> 751.79 4.40 0.0000E+000
> 815.85 23.50 0.0000E+000
> 867.82 5.63 0.0000E+000
> 919.63 2.88 0.0000E+000
> 925.24 7.09 0.0000E+000
> 1596.49 95.49 0.0000E+000
> |CE-141 145.44 48.40 0.0000E+000
> |CE-144 80.11 1.60 0.0000E+000
> 133.54 10.80 0.0000E+000
> [EU-152 121.78 28.40 0.0000E+000
> 244.69 7.49 0.0000E+000
> 344.27 26.50 0.0000E+000
> 411.11 2.21 0.0000E+000
> 443.98 3.11 0.0000E+000
> 778.89 12.74 0.0000E+000
> 867.32 4.16 0.0000E+000
> 964.01 14.40 0.0000E+000
> 1085.78 10.00 0.0000E+000
> 1112.02 13.30 0.0000E+000
> 1407.95 20.70 0.0000E+000

+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
> = MDA Value not calculated
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Analysis Report - Lung Test [999-99-9996]

Summed
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COUNT 4

_Apex-InVivo

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID 999-99-9996
Last Name Test

First Name Lung
Height (in)

Weight (Ib)

Chest Wall Thickness (cm)

COUNTER INFORMATION

Counter Name
Counter Location
Configuration Name

Accuscan II
Battelle
Lung - High Energy

COUNT INFORMATION

Count Operation
Count Reason
Frequency
Comment

Intake Date
Acquisition Started
Acquisition Time
Operator Name
Count Status
Primary Review
Secondary Review

Individual 10 minutes
Routine operation

MFP-1-001 Validation count #4

4/6/2011 9:13:21 AM
602.28

David Georgeson

Not Reviewed

No

No

DETECTOR COUNT RATE REPORT

Detector Name c;at::';t Co:;:::te Live Time| Analyzed
Right 83.80 1-4096 600.0 No
Left 80.31 1-4096 600.0 No
Summed 164.16 1-4096 600.0 Yes

Primary Review by:

Date:
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Analysis Report - Lung Test [999-99-9996]

DETECTOR GROUP INFORMATION

Summed

Lung Screening

4/6/2011 9:13:11 AM

Energy Calibration (HE Lung) 4/5/2011 8:18 AM

Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)

Detector Group Name
Detector Group Configuration
Analysis Date

Energy Calibration

Efficiency Calibration

Multi Curve No
Source Distribution Lung
Analysis Sequence File ROUNPPGE.ASF

Bkg Acq used for area correction Not Performed
Nuclide Identification
Nuclide Identification Library
Tentative NID Library
Peak Search Library
Analysis Limits (channels)
Energy Tolerance (FWHM)

Comment

PEAK SEARCH RESULTS FOR Accuscan II <Summed>

INLPLANTLIB.NLB
INLPLANTLIB.NLB
INLPLANTLIB.NLB
40 - 4095

1.20

Peak Analysis
No Peak Energy Net Peak Continuum
Centroid (keV) Area Counts
1 70.15 32.29 3.04E+002 | 6.40E+002
2 264.64 122.07 4.59E+002 1.32E+003
3 1232.74 569.11 1.11E+002 1.45E+002
4 1309.64 604.63 5.69E+002 1.68E+002
5 1432.96 661.60 3.58E+003 1.81E+002
6 1723.50 795.83 3.83E+002 1.09E+002
7 2539.95 1173.16 1.16E+003 5.88E+001
8 2884.31 1332.36 1.06E+003 | 2.12E+001
9 3161.83 1460.68 5.65E+001 1.15E+001

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

NUCLIDE RESULTS FOR Accuscan II <Summed>

Nuclide Id Wt Mean Error (1SD)
Name Confidence |Activity (nCi)

K-40 0.999 | 8.732788E+00 18.93 %
CO-57 1.000 1.522031E+OE) 19.29 %
CO-60 1.000 1.601501E+OE) 2.43 %
CS-134 0.935 4.864050E+0(3 4.88 %
CS-137 1.000 3.825975E+0£) 2.15%

? = Nuclide is part of an undetermined solution

X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity

! = Nuclide was corrected for parent/daughter
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NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA
+> ;(-—40 1460.81 * 10.67 ) (IE)‘OOOE+OOO
> |CR-51 320.08 9.83 | 0.0000E+000
> |MN-54 834.83 99.97 | 0.0000E+000
+> |CO-57 122.06 * 85.51 0.0000E+000
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA
Name (nCi)
+> [CO-57 136.48 10.60 | 0.0000E+000
> |CO-58 810.76 99.40 | 0.0000E+000
> |FE-59 142.65 1.03 | 0.0000E+000
> 192.34 3.11 0.0000E+000
> 1099.22 56.50 | 0.0000E+000
> 1291.56 43.20 | 0.0000E+000
+> |CO-60 1173.22 100.00 | 0.0000E+000
+> 1332.49 100.00 | 0.0000E+000
> |ZN-65 1115.52 50.75 | 0.0000E+000
> [NB-95 765.79 99.81 0.0000E+000
> |ZR-95 724.18 43.70 | 0.0000E+000
> 756.72 55.30 | 0.0000E+000
> |RU-106 621.84 9.80 | 0.0000E+000
> 1050.47 1.73 | 0.0000E+000
> |AG-110M 446.80 3.64 | 0.0000E+000
> 620.35 2.77 | 0.0000E+000
> 657.75 94.40 | 0.0000E+000
> 677.61 10.68 | 0.0000E+000
> 686.99 6.47 | 0.0000E+000
> 706.67 16.68 | 0.0000E+000
> 744.26 4.64 | 0.0000E+000
> 763.93 22.28 | 0.0000E+000
> 818.02 7.30 | 0.0000E+000
> 884.67 72.60 | 0.0000E+000
> 937.48 34.20 | 0.0000E+000
> 1384.27 24.26 | 0.0000E+000
> 1475.76 3.97 | 0.0000E+000
> 1505.00 13.06 | 0.0000E+000
> 1562.27 1.18 | 0.0000E+000
> [I-131 80.18 2.62 | 0.0000E+000
> 284.30 6.05 | 0.0000E+000
> 364.48 81.20 | 0.0000E+000
> 636.97 7.26 | 0.0000E+000
> 722.89 1.80 | 0.0000E+000
> [I-133 529.87 86.30 | 0.0000E+000
> 875.33 4.47 | 0.0000E+000
+> |CS-134 475.35 1.46 | 0.0000E+000
+> 563.23 8.38 | 0.0000E+000
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+> 569.32 15.43 | 0.0000E+000
+> 604.70 97.60 | 0.0000E+000
+> 795.84 85.40 | 0.0000E+000
+> 801.93 8.73 | 0.0000E+000
+> 1038.57 1.00 | 0.0000E+000
+> 1167.94 1.80 | 0.0000E+000
+> 1365.15 3.04 | 0.0000E+000
+> |CS-137 661.65 85.12 | 0.0000E+000
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA
> |BA-140 162.64 6.70 | 0.0000E+000
> 304 84 450 | 0.0000E+000
> 423.70 320 | 0.0000E+000
> 43755 200 | 0.0000E+000
> 537.32 25.00 | 0.0000E+000
> |LA-140 328.77 2050 | 0.0000E+000
> 43253 294 | 0.0000E+000
> 487.03 4550 | 0.0000E+000
> 751.79 440 | 0.0000E+000
> 815.85 2350 | 0.0000E+000
> 867.62 563 | 0.0000E+000
> 919.63 288 | 0.0000E+000
> 92524 7.09 | 0.0000E+000
> 1596.49 9549 | 0.0000E+000
> [CE-141 14544 4840 | 0.0000E+000
> |CE-144 80.11 160 | 0.0000E+000
> 133.54 10.80 | 0.0000E+000
> [EU-152 12178 2840 | 0.0000E+000
> 244.69 7.49 | 0.0000E+000
> 34427 26.50 | 0.0000E+000
> 41111 221 | 0.0000E+000
> 44398 311 | 0.0000E+000
> 778.89 12.74 | 0.0000E+000
> 867.32 416 | 0.0000E+000
> 964.01 14.40 | 0.0000E+000
> 1085.78 10.00 | 0.0000E+000
> 1112.02 13.30 | 0.0000E+000
> 1407.95 20.70 | 0.0000E+000

+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
> = MDA Value not calculated
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Analysis Report - Lung Test [999-99-9996]
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COUNT 5

_Apex-InVivo

Analysis Report - Lung Test [999-99-9996]

SOURCE INFORMATION

Primary ID

Last Name

First Name

Height (in)

Weight (Ib)

Chest Wall Thickness (cm)

999-99-9996
Test
Lung

COUNTER INFORMATION

Counter Name
Counter Location
Configuration Name

Accuscan II
Battelle
Lung - High Energy

COUNT INFORMATION

Count Operation
Count Reason
Frequency
Comment

Intake Date
Acquisition Started
Acquisition Time
Operator Name
Count Status
Primary Review
Secondary Review

Individual 10 minutes
Routine operation

MFP-1-001 validation count #5

4/6/2011 9:35:00 AM
602.3099999

David Georgeson

Not Reviewed

No

No

DETECTOR COUNT RATE REPORT

Detector Name c::t:t C;aut:t Live Time| Analyzed
Left 81.57 | 1-4096 600.0 No
Right 82.33 | 1-4096 600.0 No
Summed 163.63 | 1-4096 600.0 Yes

Primary Review by:

Date:

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

DETECTOR GROUP INFORMATION

Summed
Lung Screening
4/6/2011 9:34:50 AM
Energy Calibration Energy Calibration (HE Lung) 4/5/2011 8:18 AM
Efficiency Calibration Eff. Calibration (HE Lung Realistic)4/5/2011 4:05 PM (Dual)
Multi Curve No
Source Distribution Lung
Analysis Sequence File ROUNPPGE.ASF
Bkg Acq used for area correction Not Performed
Nuclide Identification
Nuclide Identification Library
Tentative NID Library
Peak Search Library
Analysis Limits (channels)
Energy Tolerance (FWHM)
Comment

PEAK SEARCH RESULTS FOR Accuscan II <Summed>

Detector Group Name
Detector Group Configuration
Analysis Date

INLPLANTLIB.NLB
INLPLANTLIB.NLB
INLPLANTLIB.NLB
40 - 4095

1.20

Peak Analysis
No Peak Energy Net Peak Continuum
Centroid (keV) Area Counts
1 264.76 122.13 5.69E+002 1.18E+003
2 1233.05 569.25 8.47E+001 1.45E+002
3 1309.72 604.67 5.93E+002 1.74E+002
4 1433.03 661.64 3.66E+003 1.09E+002
5 1723.48 795.82 | 4.06E+002 | 8.82E+001
6 2539.80 1173.09 1.18E+003 | 3.64E+001
7 2884.44 1332.42 1.02E+003 1.27E+001
8 3161.76 1460.65 5.30E+001 | 7.00E+000

For unknown peaks we assume yield to be 100% and no decay correction is performed.
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

NUCLIDE RESULTS FOR Accuscan IT <Summed>

Nuclide Id Wt Mean Error (1SD)
Name Confidence |Activity (nCi)

K-40 0.999 | 8.196945E+00 17.52 %
CO-57 1.000 1.888056E+06 14.85 %
CO-60 1.000 1.592995E+OE) 2.37 %
CS-134 1.000 5.044263E+06 4.65 %
CS-137 1.000 3.915122E+0£) 2.07 %

? = Nuclide is part of an undetermined solution

X = Nuclide rejected by the interference analysis

@ = Nuclide contains energy lines not used in Weighted Mean Activity

I = Nuclide was corrected for parent/daughter
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NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA
Name (nCi)
+> |K-40 1460.81 * 10.67 0.0000E+000
> |CR-51 320.08 9.83 0.0000E+000
> |MN-54 834.83 99.97 | 0.0000E+000
+> [CO-57 122.06 * 85.51 0.0000E+000
+> 136.48 10.60 0.0000E+000

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA (nCi)
Name
> |CO-58 810.76 99.40 0.0000E+000
> |FE-59 142.65 1.03 0.0000E+000
> 192.34 3.11 0.0000E+000
> 1099.22 56.50 0.0000E+000
> 1291.56 43.20 0.0000E+000
+> [CO-60 1173.22 * 100.00 0.0000E+000
+> 133249 * 100.00 0.0000E+000
> |ZN-65 1115.52 50.75 0.0000E+000
> [NB-95 765.79 99.81 0.0000E+000
> |ZR-95 724.18 43.70 0.0000E+000
> 756.72 55.30 0.0000E+000
> |RU-106 621.84 9.80 0.0000E+000
> 1050.47 1.73 0.0000E+000
> |AG-110M 446.80 3.64 0.0000E+000
> 620.35 277 0.0000E+000
> 657.75 94.40 0.0000E+000
> 677.61 10.68 0.0000E+000
> 686.99 6.47 0.0000E+000
> 706.67 16.68 0.0000E+000
> 744.26 4.64 0.0000E+000
> 763.93 22.28 0.0000E+000
> 818.02 7.30 0.0000E+000
> 884.67 72.60 0.0000E+000
> 937.48 34.20 0.0000E+000
> 1384.27 24.26 0.0000E+000
> 1475.76 3.97 0.0000E+000
> 1505.00 13.06 0.0000E+000
> 1562.27 1.18 0.0000E+000
> |I-131 80.18 2.62 0.0000E+000
> 284.30 6.05 0.0000E+000
> 364.48 81.20 0.0000E+000
> 636.97 7.26 0.0000E+000
> 722.89 1.80 0.0000E+000
> [I-133 529.87 86.30 0.0000E+000
> 875.33 4.47 0.0000E+000
+> |CS-134 475.35 1.46 0.0000E+000
+> 563.23 8.38 0.0000E+000
+> 569.32 * 15.43 0.0000E+000
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+> 604.70 97.60 0.0000E+000
+> 795.84 85.40 0.0000E+000
+> 801.93 8.73 0.0000E+000
+> 1038.57 1.00 0.0000E+000
+> 1167.94 1.80 0.0000E+000
+> 1365.15 3.04 0.0000E+000
+> |CS-137 661.65 85.12 0.0000E+000
> [BA-140 162.64 6.70 0.0000E+000

User: David Georgeson
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Analysis Report - Lung Test [999-99-9996]

NUCLIDE MDA RESULTS FOR Accuscan II <Summed>

Nuclide Energy (keV) |Yield (%) Line MDA (nCi)

Name
> [BA-140 304.84 4.50 0.0000E+000
> 423.70 3.20 0.0000E+000
> 437.55 2.00 0.0000E+000
> 537.32 25.00 0.0000E+000
> [LA-140 328.77 20.50 0.0000E+000
> 432.53 2.94 0.0000E+000
> 487.03 45.50 0.0000E+000
> 751.79 4.40 0.0000E+000
> 815.85 23.50 0.0000E+000
> 867.82 5.63 0.0000E+000
> 919.63 2.88 0.0000E+000
> 925.24 7.09 0.0000E+000
> 1596.49 95.49 0.0000E+000
> |CE-141 145.44 48.40 0.0000E+000
> |CE-144 80.11 1.60 0.0000E+000
> 133.54 10.80 0.0000E+000
> |[EU-152 121.78 28.40 0.0000E+000
> 244.69 7.49 0.0000E+000
> 344.27 26.50 0.0000E+000
> 411.11 2.21 0.0000E+000
> 443.98 3.11 0.0000E+000
> 778.89 12.74 0.0000E+000
> 867.32 4.16 0.0000E+000
> 964.01 14.40 0.0000E+000
> 1085.78 10.00 0.0000E+000
> 1112.02 13.30 0.0000E+000
> 1407.95 20.70 0.0000E+000

+ = Nuclide Identified during the nuclide identification
* = Energy Line found in the spectrum
> = MDA Value not calculated

User: David Georgeson

139




Analysis Report - Lung Test [999-99-9996]
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CWI Realistic Torso Phantom
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Appendix |
CWI Realistic Torso Phantom

IAE A-SM-229/ 86

: A TISSUE-EQUIVALENT TORSO PHANTOM*

For intercalibration of in-vivo,
transuranic-nuclide counting facilities

RV, GRIFFITH, PN, DEAN,

A L. ANDERSON, J.C, FISHER
Lawrence Livermore Laboratery,
University of Calitornia, '
Livermore, Califernia,

United States of America

Abstrace

A TISSUEEOUIVALENT TORSO PHANTOM FOR INTERCALIBRATION OF IN-VIVO,
TRANSURANIC-NUCLIDE COUNTING FACILITIES

A tissue-cquivalent human-torso phantom has been constouezed for calibralion of 1he
counting sysems waed o1 (nviva mezsurement of tarsuranic nuclides. The phantam conlzin
3 husmen male rib cape. removable model organs. sid mciedes sissue-equivalent chest plares
that caz be placed over the Lorso to simulate peaple wilh o wade range of statures. The wigsns
included are Jungs, heart, lives, kidneys, spisen, and tracheo-vzoneihial lymph nodss, Toly-
urethane with differect concentrations of celesim carranaze was used 1o sanulate the Jnear
phator-atteraation propertics of various human ussues — lean muscle, adipose-Lissucmisele
muxiuees and cartilage. Foamed polyurethane witk calvivan pibonate simuistes lang Lassue.
Transuzuzic isolupes ¢an be inzorparited unifornly in the phantocs lungs anc ather
palyurethane-based onging by dissolution of the mtrate farm i acetane wilh lanthanem e
casrier, Organs have cow been Jabelied witk higy pue ;. 2 py aed Vo fon calibration
measusements This phartom s e Trst of thres gl will e wsad in @ Lnited Stzles Dupait-
merl of Encsgy programme =f intercompirisons invabiang more than ten abontores. The
tesulis of the intersomparison will sllew pazhicipating laboratores 1o prepare SH14 of rans
missior curves that can be used to predicl die peclermanse of their counlieg
wide rorge of sabject builds snd organ deposilions. 1he Diersomparson will also pruvion
valuahle infarmation on the relalive pErTQIMAnCes o2 # Viooly af derecrar sysiems aic CoLrhing
teshnl J= 85

syatams fora

1. INTRODUCIION

One of the most ditlicull healti-physics prollems is the accurate anid

aqurement of 237y and other

senalive iIpwvve cunsuranic tuclides in thy

neman padv. Low photon-emission ratzs, abscrpren o the low-cnergy paotens

Work perfarmed undes the suspices of she United States Depsriment of Eavngey o
1he Lawzence Livarmare Laboratery undes contiact rurmoaer W- 5402 =Ecg-=s
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FIC.l. Bcanve Nray sremceninien survugh dumcogvimlent marerals’ (i P46 Ae i Foays
from NN, b [ 2RV I Koars from "M,

by bone and 50t tissie, undertuia ey n estimate of internal deposition patierms,
and lom permiscible argan burdens { foc example, 16 o€l (502 Ry) 2Py in lung)
maxe detectien and quanhiicaton of 'ranseranic elements al healih-profection
levels difficals.

A key aypet of the Invive assay prob e is the peed for 3 sealistic phantam
that (2) reprodec by simulites the coantmz geometry of intemally depoaited
nionuclales, (b) b e of matenals shat siow ke the photoa-alteneation
propartun of humun tisw re (maschs, bone, adipose tivsve, cartdoge snd lhaag)
at enemes bedow M k=¥, and (¢! 5 rugeedd 2noush 10 be used m comparnt
e perfommance Cf SOURWNG SYSIEMS 1L & umbeT of witely sepurted labostoric.

Thue fiest of theve phartorms ha row bear completed ot the Lawrence o 1
Livermere Laborstosy {1 L1} Phuntem-constniztion critena are based on equirs
menis established by i United Stales Department of Erengy [niercalibraton
Committes for Low-Eacrgy Phuton Messuremients [ 1] This committes is
compesenl of whinle-hady counting specialists lrom Angorne= National Laboraory,
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BIG.2. Corspevasn of reziand flisusigengion: v ‘) dver. ) e, eINSTeTs Ing
‘d) lamg iy ekl apad for nanting

Rattelie Pacilic Northwes! Lahoritenes, Liwsonoe Lvsimere Labosiory,
Los &lanos Scientific Lavoraiaey, Mound Laborstery (Nunsento), Rocky Flats
Plat IRoukwell Intemational), aad Ssvanzak River Flant (D2 Pont)

Th: phanterm simulates & humar ale terse wathout head or arms 213 1S
terminzied fst above tie pelms The 1ature ts Pat of amiaa 157 0 tad,
weighing 76 ks. The plastom comu st of a tizaze-erpznaleat (1) polyurethare
torsa shell with @ human make rid cagge snbisadid theicm Twicoquivulent
lungs, heaet, lver, kidneys snd splesr. wehaddiional TR matena: smukarg
int=stmes and Lady Moids, 0 Yi phaatem sodominal cavily. Wa nive made
chedd phies of TF materia! (hat can be oveland 00 The phaniom (o sinale e
Eoometry and dieatwall alwnuwthon af the rongs o7 AlATUres Sam ir M2
raciation workers Tao sots of chest plates Zare beea iwade tnorcer 10 smclate
tiswe attcnuelion providad o oar incle or by o pambinaton of alpese Tisoe
ard muscle {30 of each by weghil )
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TAEA-SM-22950

Fle. Comeleted phenfu®. () wad 17 mmalid shan pizie o plmew, (B) erk oheat plete

remored, sasd [, with D0TEo O NEE FETR siea shoainf CFx I

Unform depasition A ranwratic solopes 1a an IR0 uil opIn can be
arovdated by 2belling the TE urpiaz with (he eppropriate matensle We hive

aow rmade sets of lungs and Iymph nodes that are esch abelled wmith b a.l.]}' pu

T

130y, %Py or “V'Am (Tahie 1), By pRACING L lalicd vigans iz ke phastom

we car mike memurcrents Mihand sahoat choet plate: and adquue data thal

tat e used Lo develep counter cubl rstios curves far cach ©F The Belopes
mieresd. The phisttom inciudese | cm iz, channel belund the tracheo
sroaciial plane so that alibratiers 22n e made with ocsophageal dels Lo

BSULEQUIVALENT MATERIAL

Radiolagnts and whele- b y=-countog pecalisns v used sanous mate

te simulate tissae. The selectinn molades soadily availabic ynaterius  #u20 ds
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Lucite, Peaspex, Presiwodd. pelyeihy ke, aad even walsz P Howewer, wieh
Jowentmpy Xerays &% rofved. e méistivn-stteTaling propeitics of Juman
L sigwulated mane carctully. Tver cifferences = il e nRnCn
peswaen sofl fissACs SUCE i maacle, udiposs 1nsue 29 cary aze Lowa s impartnt
Tosruie Liex At nuations precsey, vl sewearsher have doveloped sant
o TE material [oy mulations. These inclede: Mix-D), 1 rikiuk of pasailie.

potyethylent, {itaniars oxide, wnd MAPREIUI gxide (25 Teznx.d depclymenzed
bier (3 and Kande rrusthe eguivaion mevagal 2 rgid filled sjesy resn”

Nepe of e matenaly wene sahisfactony (CX eotistruction el she inler
calbraton praniomnm hocatse we Jequirsd reat 1a) 1 Dhasar spadation e accenie
al enerpies 1s bow ai 15 ke for tisuie (RBNESES prEaet thand em, (oo the
TE neatenal be v 10 form inno gl dnoe and {c} the TE matenad bo
duradle &né not delorm signTicantly oveg maty veam, 1n addition, we mud ke
sbe tovary 1he compost jon of 1l materialto simulute Lae a0 feent suf Lsries =
anescle, 24 PO lisue a0 cartilipe, W dbv peed o lonp-tieae gmujan: 1has azs
adeasity of Q.25 10 030 prom?, Finali. itivasemens 1o 1421 e TE maresivls
aniSormly wits plitonurt. sincticiven, aramum N elLer Leavy clomente

Ponuretianc proved te e wn APCIORNLTE DISS for eva faxily of 1 F otcsalb.
With o compaxition of %, 2% PYOTOREE, 0898 wrbon L7% nitrogen ans ib 25
crygen (Y wegghehand & dersity ol (06 s.'m'.‘.pn‘.lrum!mr.: s imear
attenzarion proseries it appruxmate Lhoee of nasue Wil 82 Wi adipose
tigsne and 13 wils my weie By adiag wralicu srailies of muterals ol tiger
atois LMt il cobchur, we S simulate mers o=y sessuchas
rrusde azd cartibige. Beoals chere o corumarsil polyus=t i formiz.alons
that mrclve mmmg Lwe (juié components, this TL mateidvancesly e ot in
quite dreagular shapes. here po wse conemerasl [eemuiauors ihat caf b e
o produce foanes polywedens nilh dopsitizs tn e Tance ned ded 1o s lute
ag lesas.

Ajthaun ve huve siosted ca® synmercial pelyarciuns iSootchiast by
e Wmnescta Nazing and Mane FicTunE LORpanyt: hoore are otlier praducis
thet woeld e saitable 35 slis TE maeal. We bagin woking the TE plavic by
usire a traal, ladzretory roiling jzill *2 incorparate Lt powds ate
compozwt A af 1he polyurethane. 0w proxmt TE miater al fermunicuons aall
far? | wis Lal0; to sisulane chest LA Jaring squai welghts of adiyos Listie
and rrscle, 4,1 witk Cal'0;, 131 ascle yovutation 2l 3.8 wii for caribiege
amelaloen.

®

| Rofirewer |0 company & produst ramme Jaus el wple ippratin R i e
37 e producs by the Leivendry 23 Calforniz o7 Lke L. pized Sistes Drpurinsnt of Ty o S
waiiuainrs oof o ihvers ThaY 239% D saltalte.

T g puaciired by Audanas Rewrecl |ason 20s, LA
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Ovr formulaton ot the lung=cquivident matenial abe nvelses @ tworeanpunint
polyucetiane, 15400 (bladk ), availlabic from the CER distavn of Upgahn
Corporitaona. A wnall quanzity of water & addes to penerate foaming. The
specilic tomrulatzom o MOOE 15400 campoaent A 48 45 compon=al 1
0.1 %3 HO, and QUL S% acelone ( By weghth, with ransuraaic tracer, we adc
0. 2% Cii05 ta corzponent A to achixve the proper X-ray lrnsmmission, Usider
proper condilons, ilve foan espands caiformly aad s can conloul bang doazily
by the tmeunt of polyurstuure poursd inle tie rmowd, We usd lanthaaur
aifrate cariar far the tanauranic nuclides 1o achisve uniform disteibation o the
radaactive mgtesial in the model lunzs Xy (lucresvence measuements of the
Janttunure cooeamatine chowed that tre carerdid rrhution in savgbe lungs
wis unifenm o within L 4% of the averast value.

W have messuesd the phaton transmissions of varons tewoss and TF
waserisls usmg 106 keV Xemps Mrom KRG Lseries Krays from “®Tu anct
the () K2Y camma ray from *"Am.  [ramsmison cumves for *No™ and ™ Pu
ane shown in Fig ). The *am traasmission tirodgh soft tissue, excuding lung,
s @ very marrow spread, through 4.0 mm of sample, 6308 foc ek and
mucle squivalent polyurethune fo &6, 7% far adipose fisue and anloaded
polypursthans. Tre YPr tnnomisdon ¢ata show carvatone becauss the three
1-senes Xergys i 1300, 17.2 and 20,2 keV have Joffergnt stt2nuaton ooeflicicnis,

1. FABRICATION TECHUNIQUES

Tite 1oesn and organ moalds are all baged on 1olid pliser 2tz made fram
a rmale cadaver paonided By e Anatomy Department at tie Univenicy of
Colifornia, $an Franance. The cadaree wis 177 m tull, weighad 75 ks, and had
achest circemberencr of LBL m. In camparron, 1 andom sample of 300 nale
LLL and Los Alammos daeniilic Lasoratorny empioyccs on (he IR were
177 m all, welgnad 7o Kz, anc had o chuest circuzference of 1 m. Theoigans
ad I'E replicas e shown in Fig 2. Organ-replica volumes ame presenied in |
Takle (1, tagather witk values for Reference Man [4].

Animporiant part ol (e praniom armraction was medilication of the
enrmo carts o thet the phanters shwst wal overlying the lazgs would be as thin
az poatible while ctill sccommedating the sih cage. 1 This allows us 1 meisare
aftEaistion o e widest fange of ghest-will thicknesses) We made a this
plisiic 22procucion of the chest exerior by vacuum forziing a plastic shest o0
tiae plaater torso cast, We marked this chest plate witiva gad, drilled helesat
the gnd pomts, mnd placed the plare cver a cast ol the organ cavity. From
ulirisorscscan da b taken on the chasts nd abdamens of o lasee group of
raditon workers and from puslished anatomical data [3), We labulited the
thimnest e alstic proldes of dhest-wall @nd abdoninl-wall thicknesos for the
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o
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FMGT Sy of 1w H00cm’ phogwicd detectors o iapn, sofvrende depositod n
pheilte e Mang1

A% ma with the tozaeat platss This mege incudes mare Than 95 of the male
rudution workens ionitorzd in the USA Two scix of pliies bawe now been cat:
ane with muilcequivelens aaterial tod ane wilk pelyusetiune 1o simulae
tissa s composed of 3% nuaccle and §0% cdipose tissar. Figuod (1) shows the
phantom msemdlec with e |1 mm thick ches phite in place. Figure 3(2) stows
the phantor. and Shest plate apat, and Fig.3(c) shows the phaztom with Both
Whe chest plate and o cover reiroved.

4 PUHANTOM E¥ALUATIONS

The sucoess of the phantom ie an istercabibration progran me dependson
how faithfislly i sisvelaczs human mophelogy azd radiation transmisdon of
hman tisss, We used 3 corrpuie naed axial tomormphic (CAT) scanacrata r
lecal hostal 19 help eviluaie Uiese qualities. The CAT scanaer yields exccllent
norphobogicd daia Tuoueh arossscctional wazs 1t asa prosides duta on the f
dsasity of tiaaus nench seatisn, Ligure €c) shows 3 typreul sean of Uye phanton
Caroguh the long region, The sthe matic in Fig5ib) thows contoue of o typical
section of 1e phuntam chesd and the relatire profiles af the four chest phtes
Comparetve tissue e tes neasured with the CAT scanner tor Lypical bunan.
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and pRantom tissies are dhown in Tabie [11. The CAT sseaner data glepandds an

the radiation f razginisson of L lissi¢, 10 the agreemert T Tatle bl lndicotes

fhst The phastenm will provide an goculalg Masuement of miemal attennalon
Wa hugve made prelinunary mody-atienuanon smessurements with (e plisnisen

asing two 127 mm da phoswich scintilnion delectoo plaged awer the lunes

Dty for attennation of L Xyt dreen P8Py me presenfiec tn Fig.?, For

compaziren, we give dats Srom Both musdocquivalant chest plates and chesl

plates sinaliting combinazion of musile gl adipdss [ISLE
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LV GRIFFITH: [n answes 1o yous Birst question, ve needed a material
Erore which il v be wasy to maks ieregular chapes such as thase of a2 1ors)
shell and omzams Ako, w2 warted & marerial whose composition could ensily
be chanzod 19 Snulate 1ne radil lon enuation properues of tsesathe: tun
muscle, Fizally, the retzed of meceporston of the madionuckdet inthe ergais
bad to be fairly simple. “The Shonka plastic dogs pot meel lhese requiremens.

We Q12 00T L&t sHndand man” duneesions becwuwe Uhe Ly pical worker was
fourd feon our stadies 3t Los Alamos snd the Lawirease Livermoce Laburatory
1o be somewast lazps. A Cslandand o™ phastom would than hava boan
srealler thaa the avecage person we winted to vinehite,

DI COULSTON: What is the cost and petential avalsbiay ol the
phantom described?

RY GRIFTITH: A sery rosghestimuie ul sust based on the labowr
wwvolved 5 $178 000 The mwateris] coses are incidental. The cest of fue

mioms would, 0] aoare, e rach 168 38 we now have all the moslds rovessey
for the casting

Ne do et inlend 1o mistprecuce Clese plantoms and tave not yot decidal
what tu du with t3e moulds when the last ono s finished. Howevas, anyore
wsirg the moulds would have 1o fac the practical problem of obtaming the
rih caze. The phantome will be used in an IntertOMPInsan progrumne sporsertd
by ihz Unked States Department of Frergy. The protocul fur the fint mand of
the progranme Aes now been establithed. However, aftertiat part of the work
hes bren complited, it inquite possble that intercompancas wadies could ke
aatemdad ta ather qualifisd laberatories.

P, KUTRAPPA: | should like to put a general quedion, We bare beand
stveral papers loay on e mesucement of **Pu i lvngs. [f une has o choox
belweaen dil fereat delection sy sean, which sy 2em do you think would give the
best performance for the investment®  Also, what is the minimum *#Pu that
van bedetected ix iz lungs of 2 atendard maa at the preatnt time?

RN, GRIFFITH: To my mund, the phoswich or dual santilation detector
Is boih the cheapest and most sensitive Yevice available for “*Pu lung sounting.
The situstion could of courss ctange in two or thrve yaun.

CJ UMRBARGFR: The troed in the United States of Amenca ind the
Uniled Kizpdom ic 1o e phoxws-h detectons far the smilvss of *PPuin e use
Cn 11 Basis of most sersitivity Far the dollar, this sysiem would seem 1o De the
best available to date, On Lhe question ot derection limits for ™*Pu in the lazg,
we tend Lo ayold staliog a univessal cous ing lowes Limit, Howsves, our opiniod
af Lus Alamas m Chat, in the geesent state of the art, only approximately one
penrisible lung buzde {~ 15 aCu) B detectadie in @ Wandard-sized worker with
asmple sounl T |
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and phantom tis=acs are chown in Vbl (1. The CAT scanner dats deprnds an

{he radiation {razsmissoa of Lhe Lisyac, 10 the agreement T Tatle V1 indicates
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Ceater, to7 Uielr help with she anstomical work: RobeTl Joaes in the U.C. Berknkey
Zooogy Department for s holp prepesing Lhe Sleleton: and Patrch Anderson
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REALISTIC PIANTOM

~ 5 _ ,
mple Serial No. A l 58 {01 €aco;) L e

Mean Dizmeter L!D’n - VSAGE e
Hean Thickness - 7731 Chest Plate Sexial Ko. A (3% -1
Volusme [6]. 7266 Chest Plate Serial No. A 133 -2
LLNL Sample Volure: 156.39 cc . . . ]
ELyL 57 Sle thickne 75E in 465 Chest Plate Serial ¥o. A 139 -3
ume l\-e‘c T} 2éju =t fzcter _‘_jn__ Chest Plaze Serizl Ko. A (3] s
(Note: This is to 2djust szmple voleme to LLNL, .
sample velume. Since variatiens are iz~ Lﬁ} 3 |
metsical, this will .‘.:-.c re effcct €n count- ﬁ/

LInL Samsle Weighz: 16%5.33 gms ErTer =.767 A

‘ GriST AWJ’*’“/;
Lryo & Mumancid Sample Counting Time: <EO secs /3 > 160 sec ) :
Coun: cazte 12"5_"?‘1’

LLIL {cecuntsz at center) Eac-ground 4E
Counz $1973%12 Q58S SAGT /%Y
Less i‘.-ackg:::::.:‘ SRR P A ! yy p

et Ccunt o2 97552 BS01 g1 T34

"jan Q%R Deviazies fres mean : {.7'—;_ +A '—11(‘.7 -3

HUMRBOID {2 ze=izie=s In line) _. Count dazte f2~f§"§q
Ceniex ) 5}'_?‘_""_'_"3g

Thickness: . Pcz. 1. 1717 Pcs. 'J'J"ﬁ res. $3_. ] 746 5

Count Poz. i1_9iYy Pos. n Sap(; Pos. 11__EA%6
Less Back. Pecs. [l Bt Pes. 12 4% Pos. 12 uy

Net Counc  Pos. 1l_9087  Pos. 1z__O 1S3 Pos. 13__JANC
Adj. for Pes. t1_A427Y Pes. 12 \d Pos. $3___ 2337
thicknesz+ Result 81 97 o qtn(. : 11 %2 g0 -
Hean qj.?j-é Deviation from Mean QZ 3 _.-l_-fjg__'\‘

:\ Error _1-3?<T (H;!nsi H.S. to ILNL)

e

inc.)
- - —_— gy T e
Humsacié Weight V7Y . Adjusted Weighs “DS.’, ; U/ fj{:nf 7% _}/L’ ko A= F/"’

-
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SNy CRIFFITH# 6

LV, GRIFFITH: [r answes 1o your lirst question, we nceded a malerul
frore which it wowld be wagy to mabes ieregulay chapes such s thase of 1 1ors)
shell and omzams. Ao, w2 warted a macerial whose compaait:on could easly
be chanzed O sinulite 12 sl lon stieaualion properues of tsaucs athe: tan
mussle. Fizally, the reet2ed ol meoeposston of the adionuckiet in the orgaas
had ta be Fiirly simple. “The Shonica plastic dnes not meel (hese regquirtmens.

We 212 00T LS shedard man” dumeesions because the Ly plial worker was
fourd feumn our stadies a1 Los Alamos snd the Lawiease Livenmoce Labontory
o be wmewast lares. A “slandand oaa™ phastam would than have baan
snualler thaa the avecaze person we wanted to simalite,

DJ. COUTLSTON: What is the cosl and potennal avadsbilsy of 1oe
plantom Secsibed?

RY GRIFTITH: A very torgh estimaie ul’ cual based @a the leboer
mvolwed 3175000 The materis ] costs are incidental. The cos1 of futare
phanioms would, ol cume, B¢ riuch S a8 we now have all the moslds povessary
for the casiing

NE 20 BCL IS LD rusEpreduce Diese plantoms ud fuve ot yet decicied
whut tu Ju with tae muulds when the last ong is finished. Howevar, anyore
wsirg the moulds weuls have 1o face the practical problem af obianng the
rih caze. [he phantoms will be used in an INTCICOMPANISOE PrOETMILG sporserd
by 1he Unied Stes Depaniment of Eregy. The protocdd for the fist oond of
the progranme hes now been cslablished. Howaver, after tkat part of the work
hes bren completed, it in quite possble that intercompanas itzdies could ke
aatendad 1o ather qualified laboratories,

P, KUTRAPPA: | should like to put a general guesdion. We bave boand
stveral papers Loy on Tie mestsugernent of *™Pu inlungs, [f one has to choose
belween dil fereat Ueleclion sy sieamn, which sy 2om da you think would give the
bhest performance for the investment®  Also. what 1 the minimum *7Pu that
van bedetected jx iz lungs of 1 atandacd mas at the present time?

RV, GRIFFITH: Tu my mind, the phoswich or dual santulatioz detector
Is beih (e cheapest 40d most sensillve Ueviee availsble for Py lung souating.
The situation could of course ctange in Iwe or three yoin.

Cl UMRARGER: Tha trord in the United States of America and the
Uniled Kizpdom is to 15= phoswich detectons far the amlysis of *Pu in thie usg
On 11 Bagis oF most sersitivity Far the gollar, (s system would seem L De e
Lest available to date, On tie question ot detection Linits for ™"Pu in the lazg,
we tend to avoid staling a univessal cous ng lower Limit, Howswor, our opinioa
ot Los Alarmos w that, in the prescat state off the arl, omly approsimately ore |
permisibl2 lung busden {~ 15 aCi) B detectasie 1n @ Mandard-sized worker with
a sangle sount - !

B
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Sample S“cxial Bo. € —} P 51 (4.3% Cacey) . Parc Serial ma.,

Mean Diameter - 9!_0';? Torso Ci-13y
! Bean Thickness 75773
- Volume [oY K6

LLNL ‘Sample Volume: 162.27 cc

LLNL Sample Thickness: .790 in ‘73’%
Volume  {weight) adjustment factor b

!
{Note: This ix to adjust sample volume to LLNL

i sample volume. Since variations are dia-
" metrical, this will have no effect on count-

ing.}
Bumanoid Weight { § 1,7 Adjusted weight 114.9
LLNL Sample Weight: 180.92 gms Error - 1.l
LLNL & Humanoid Sarple Cmul\g Time : 1200 sec 3 y 400 sec
LLNL (counts at center) Barkground= 120 sec Count bate /2-/S- 5y

Count N3 129%¢T 13 e By g

less Background 11 -AX 2 {.. §3 12,

Net Count 119583 02-93%5 13_G912
Mean: c'lf? "> 3 Deviation from Mean: ,75‘}fg~-\. L: 9 (;cf - .
HUMANOID (3 positions in line) . Count pate /Z2-17- SV

_ Thickness: Pos §1.J§)j Pos VT Jyf Pos 13_757! B s
] Count : Pos 1192¥ Pos £2 G7vSos 13 964G -
less Back.:Pos 11 1] Pos §2 17" Pos #3 1
- P . - i
Net count: Pos #1%)f Pos 12 I-E)Pns 11 1S
Mj. for Pos 11744 Y5Pos 12° ¥7§Pos 13 ML T

thickness* Result #1 ¢ !5 i I2m3 33 2 S
i Eﬁ {!be\ult.:.nn from Mean _ 4 H 33 ,;; 3 72\"50‘_)
\I:..xof "“32 é (Mean : H.5. to LINL)

*Based on plot of number of counts vs thickness : 35/.001 in
de\ri.lt_im ﬁ:l:n LINL sample -
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sarple Suzial Fo. F 180 - - 6.2n cacoy)
_\ica:\ Diamcter 3 -7]"1.!‘

ican Thickness | SIe%y”
“Volume ' _?71 A §4 { e

Livn Sample Volume: 226.47 cc-

LLyL Sarple Thicknesz: 1.390 in
volume {veighi) adjusizent facties . E}l

is to adiust sample velums te LLlT
Lume. ‘age vaziasicns aTe €li-
hizs W ‘e ne cffest en count-

ismancrd fomplc

Ceumz éxte [ =/ -§Y

Meaz: YAV X (s Dewiszics fzz= mean: L4977 =t 410(:2 -

sempmvm=~ (2 pesiticnz iz lin ¥
Ao c <l Coume gzre J -1 3- vy
Center 2 7Y%,

Mickness: Pes. #1 L3177 Pos. #2 L.S\b  Foz. £3_ .57
Ccunt Pos. §i  SoN~ Pos. ti__ Q€37 Pes.-#3__ 1o 99

Less Bacx. Fes. f2 & Pes. 2 N Pes. £3 - 1{
Net Ceunt  Pes. ii_ QEN% Pes. #I___ MECH Fes. d) 1ouv (-3
Adj. for Pec. 1= |4M7 SPes. #7434 Pos. #3_ 4 W4 T
thicknesst Result BIANGS e R 0T3S B3__\act

.

Fezn ][‘2| 1 Deviaticen from Mean ﬂf}! N ._ﬁi..ZL?_-\

Y E'_‘-:G:’ln H‘?lg‘c’/{_‘: {Hean: ‘KE.S5. to LINL)

.. “Based en plot of number of counts vs thickness: 9/.001 in. : . . . R
1| deviation-from LLNL sazple . . ot
B}“?h may represent vp to 5 pairs of lung kits molded at IPL. e
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Tabie i
Cl-134, Right Side

col. 5 col. 6 Col. 7 col. 8 Col. 9 col. 10 Col. 11 ]

rowd | 0000 | XOOXKXX | 1624 mm | 1663 mm | 1558 mm | XOOOKKK $.9.6.0.0.0.4

row 3 | XXXKXXX | 1665mm | 1517mm | 1459mm | 1471 mm | 14.54 mm KIHKXX

row6 | 16.12mm i455mm | 1446mm | 1328mm | 13.54mm | 1341 mm 12,70 mm

row?7 | 1524 mm 1323mm | 12.17mm | 12.90mm | [295mm | 12.88 mm 12.72 mm

row8 | XOCKXX [ 11 71mm | 12.65mm | 12 12mm | 12.62mm | 12.75 mm $.9.0.0.6.0 ¢

row 9 | XXXXXX | XX300O0 | 13.23mm | 1273 mm | 12.05 mm | XX0O0K XXXXXXI

Table 2
Cl-134, Right Side

col. 4 col. 5 Col. 6 col. 7 col. 8 col. 9
row 10 XXOCOOX | 300000 | 1371 mm 13.03 mm p0.6.0.6.0.0. 01N $.0.0.¢.6.0¢
row |1 XXXOOO( ] 13.20 mm 12.54 mm 12.14 mm 1321 mumn pO.0.6.0.0.¢ ¢
row 12 14.50 mum 1371 mm 12.77 mm 13.33 mm 13.33 mm 13.94 mm
row }3 13.76 mm, 13,34 mm 13,53 mm 13.90 wam | 4 35 mm 1357 mm
row 14 13.35 mm 13.38 mm 13.60 mm 1421 mm 16.02 mm 15.94 mm
row 15 KKK | 1359 mm 12.97 mm 1533 mm 16.22 mm 19,010 6.6.0.¢
row {6 KAXXOOL | 30003KK | 1391 mm 14.07 mm XGOS | 3000
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Table 3

Cl-134, Left Side
col. 19 col. 20 Col. 21 Col, 22 col. 23 Col. 24
row 4 XXX | 300000 | 14.39 mm 14.63 mm 10000000 1D.'6.6.:6.0.0.8.4
row 3 OOOXKXX | 11.76 mm 12.39 mm 12.23 mm 12.31 mm 0. 8.0.8:0.0.0.4
ow 6 14.2]1 mm 11.49 mm 11.55mm ~ {-11.76 mm 12.68 mm 14.14 mm
row 7 14.09 mm 12.72 mm 12.09 mm 12.15 mm 13.56 mm 15.17 mm
row 8 XXOXXXX | 1297 mm 12.55 mm 12.00 mm 12.47 mm 10.0.6.0.0.0.4
row 9 KXKXXX | XXXXXXH | 12.40 mm 11.70 mm $.0.6.0.0.0. 001D 9.0.0.0.0.0 4
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Average Thickness for Cl-134 = 1355 mm



Table 7
A-138-1, Lett Side

col. 19 col. 20 Col. 21 col. 22 col. 23 Col. 24
row 4 XOOGOKX | XXX | 6.06 mm 6.06 mm 1 0.0.6.00.0. 011D 6.0°6.0:¢.0¢
row 5 XXXXXXX | 6.03 mm 6.03 mm 6.01 mm 6.01 mm $,6.0.0,0.0.0.¢
row 6 53.29 mm 3.29 mm 5.29 mm 5.29 mm 529 mm 529 mm
ow 7 5.08 mm 5.08 mm 5.08 mm 3.05 mm 5.05 mm 5.05 mm
row 8 KOO | 546 mm 5.46 mm 5.87 mm 5.87 mm ) 9.0.6.0.0 0.4
Tow 9 MOCXXXX | XXXXXXX | 5.25mm 525 mm 1800000 0IN6.0.0.6.0.04
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Average Thickness for A-138-1 =6.10 mm




Table 9

A-138-2, Right Side

col. 5 col. 6 col. 7 col. 8 col. 9 col. 1O Col. 11
rowd | XXXXXX | XXXXXX | [1.05mm | 11.0Smm | 11.05mm | XXXXXX p8.0.0.6:0.4
row3 | XXXXXX | 11.12mm | 11.12mm | 11.12mm | 1047 mm | 1047 mm ).6.6,0.4.9.4
row6 | 1089mm | 10.89mm | -1089mm | 1106mm | J1.06 mm | [0.8] mm 10.81 mm
row7 | 11.00 mm 11.00mm | 11.00mm | 1130mm | 11.30mm | 1120 mm 11.20 mm
row 8 | XXXXXX 1104mm | 11.04mm [ 11.04mm | 1095 mm | 10.95 mm ).8.0.0.0.0.¢
row 9 | XXXXXX | XXXXXX | 1129mm | 1129 mm | 1129 mm | XXXXXX XOXKX

Table 10
A-138-2, Right Side
col. 4 col. 5 Col. 6 col. 7 col. 8 Col. 9
ow 10 HOKXXX | XXXXXXX | 11.06 mm 11.06 mm 1. 8.0.0.6.0.0.81150.0,0:0.¢.¢
row 11 XXX | 11.00 mm 11.00 mm 11.15 mm IL15mm | XXX{XXX
row 12 11.16 mm 11.16 mm 11.16 mm 11.49 mm 11.49 mm 11.49 mm
row 13 11.49 mm 11.49 mm 11.49 mm 11.38 mm 11.38 mm 11.38 mm
row J4 11.39 mm 11.39 mm 11.39 mm 11.33 mm 11.33 mm 11.33 mm
row 15 XOKXXXX | 11.38 mm 11.38 mm 1134 mm 1134 mm | XXXXXXX
row 16 FOOCOOCC | X308G030 | 11.32mm 11.32mm | 3OCR30000 | 3O00OKK
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Table 13

A-138-3, Right Side

col. 5 col. 6 col. 7 col. 8 col. 9 col. 10 Col. 11
rowd | XXNXXX [ XXXXXX | 1638mm | 1638 mm | 1638 mm | XXXXXX KHXXKX
row 5 | XOOIXXX [7.12mm | 17.12mm | 17.12mm | 1634mm | 16.34 mm 19.0:0.0.0.4
row6 | 17.0dmm | 17.0dmm | 1675 mm | 16.75mm | 1638 mm | 16.38 mm 16.38 mm
row 7 17.01 mm 17.02mm | 17.02mm | 1699 mm | 16.99mm | 17.04 mm 17.04 mm
row 8 | XXXXXX 1725mm | 1725mm { 17.25mm | 1725mm | 17.25 mm XXXXXX
row 9 | XXXXXX | XXXXXX | 17.18mm | 17.18mm | 17.18 mm | XOOOXXX NXXXKX

Table 14
A-138-3, Rught Side
col. 4 col. 5 Col. 6 col. 7 col. 8 Col. 9
row 10 O | 30000000 | 17.15 mm 1715 mm | XXXXXXX | X3000KX
row 11 XXXXXXX | 17.12 mm 17.12 mm 17.02 mm 17.02mm | XXXXXXX
row 12 17.19 mm 17.19 mm 17.19 mm 17.19 mm 17.19 mm 17.19 mm
row 13 17.81 mm 1781mm | 1781 mm 1?:3[ mm 17.81 mm 17.8]1 mm
raw 14 18.15 mm 18.15 mm 18.15 mm 18.15 mm 18.15 mm 18.15 mm
row 5 KUXXXXX | 1827 mm 18.27 mm 18.27 mm 18 27 mm 10.0.4.9.0.9.4
row 16 IO | X30OG0 | 18.06 mm [8.06 mm $.0.0.0.6.0.0.0I 15°6:09.0.0.4.¢
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Table 15

A-138-3, Left Side

col. 19 col. 20 Col. 21 col. 22 col. 23 Col. 24
row 4 JOXEXX | XXX | 16.49 mm 1649 mm | XXXXXXX | XXXXKX
row § XXXXXXX | 1629 mm 16.29 mm 16.57 mm 1657 mm | XXXXXXX
row 6 16.11 mm 16.11 mm 16.11 mm 16.25 mm 16.25 mm 16.25 mm
row 7 16.15 mm 16.15 min 16,15 mm 16,33 mm 16.33 mm 16.33 mm
row § KXXXKXXX | 1663 mm 16.63 mm 16.63 mm 16,54 mm | 3OCKXXX
row 9 XXX | XXOOXXX | 16.14 mm 1614 mm | X3OOOOX | XNXIXXX
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Average Thickness for A-138-3 = 17.02 mm




Table 17

A-138-4, Right Side

col. 5 col. 6 col. 7 col. 8 col 9 col. 10 Cal 11
rowd | XXXXXX [ XXXXXX | 216mm | 216mm | 216mm | XXXXXX XXX
ow S | XXXXXX | 21.82mm | 21.82mm | 2126 mm | 2126 mm | 21.84 mm XXXKHX
row6 | 2188 mm | 2188mm | 21.95mm | 21.95mm | 2188 mm | 2188 mm 21.88 mm
row 7 21.87 mm 21.87mm | 2187 mm | 2187 mm | 21.87 mm | 2296 mm 2296 mm
row§ | XXXXXX | 2228mm | 2228 mm | 2274 mm | 22.74mm | 2274 mm XXX
row 9 | XXXXXX | XXXXXX | 21.96mm | 21.96mm | 21.96 mm | XXXXNXX KXXXKX
Table 18
A-138-4, Right Side
col. 4 col. 5 Col. 6 col. 7 col. 8 col 9
row 10 XHKAXXX | XXXKXXX | 21.88 mm 2188 mm | XXXXXXX | XXXXXXX
row 11 KXXXXXX | 22,15 mm 2215 mm 21.56 mm 2156 mm | XXXXXXX
tow 12 2224mm | 2224mm | 2224mm | 2236mm | 223Gmm | 22.36 mm
row 13 22 84 mm 22,84 mm 22.84 mm 22.58 mm 22.58 mm 2258 mm
row 14 22.73 mm 22.73 mm 22.73 mm 23.00 mm 23.00 mm 23.00 mm
row 15 XXXXXXX | 22.78 mm 22.78 mm 22.92 mm 2292mm | XXXXXX
row 16 XOOOCOX | X000 | 2292 mm 22.92 mm XXX | XXX
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Table 19

A-138-4, Left Side

col. 19 col. 20 Col. 21 col. 22 col. 23 col. 24
row 4 JOOCKX | X0OXXXX | 21.85 mm 2185mm | XOOOOOX | XXXXHXX
row § XKXKXXXXX | 22.26 mm 22.26 mm 2227 mm 2227mm | XXXXXXX
row 6 21.48 mm 21.48 mm 21.48 mm 21.47 mm 21,47 mm 2147 mm
row 7 21.61 mm 2161 mm 21.61 mm 21.20 mm 2120 mm | 21.20 mm
row § XX3OOKK | 21.54 mm 21.54 mm 21.27 mm 21.27mm | XXXXXXX
row 9 XX | XXXXXXX | 2136 mm 2136 mm | XOOOOOX | XXX

Average Thickness for A-138-4 = 22.07 mm
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