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1.0 INTRODUCTION
1.1 Purpose

The purpose of this technical memorandum is to document the results of field measurements
performed to identify radionuclides and determine radioactivity levels in six articles collected at
Great Kills Park (GKP). Measurements were performed using a lanthanum bromide (LaBr)
probe.

1.2 Background Information

The U.S. Army Corps of Engineers (USACE) is currently implementing a Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) Time Crilical Removal
Action (TCRA) at GKP to mitigate short term risk by removal of significant radioactive
contaminants. This work is being performed under an Interagency Agreement between the USACE
and the land manager, the National Park Service (NPS). During performance of the removal
action, a number of small articles were excavated/removed and exhibited elevated levels of
gamma radioactivity. These articles were packaged and stored in accordance with applicable
laws, regulations, and industry practices to ensure protection of human health and the
environment.

1.3 Problem Identification
Knowledge of the types and quantities of radioactive materials in the articles is necessary to:

o suppbrt collection of small aliquots of the articles for off-site radiochemical and possible
chemical analysis;

e ensure articles are appropriately packaged and stored while awaiting disposition; and

e provide necessary information to support transport and disposal of the articles.

Prior to performance of this effort, information regarding the specific types and quantities of
radioactive materials in the articles was not available. Gamma dose rate was available and
provided sufficient information for safe, short-term, storage of the materials.
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2.0 METHODOLOGY
This section describes the approach implemented during the action.
2.1 System Description

An in situ gamma spectroscopy system was used to perform measurements to identify and
quantify radionuclides in the articles. The system consisted of a handheld multichannel analyzer
with a 1.5 inch by 1.5 inch LaBr gamma detection probe.

The LaBr system was selected for this effort because it has adequate sensitivity and resolution to -
accurately identify and quantify radionuclides in the articles (based on gamma radioactivity
levels and suspected contaminants). Whilc the system has poorer resolution than a high purity
germanium detector (HPGe), it is much easier and economical to field (no liquid nitrogen
requirements) and data generated with the detector is of sufficient quality to meet the objectives
outlined in Section 1.3.

Specific system hardware and software components that were utilized include:

e InSpector 1000 Digital Hand-Held Multichannel Analyzer

e [PROL-1 - Intelligent LaBr Probe with Sourceless Stabilization for the InSpector™ 1000
e (Genie2K gamma analysis software

e [SOCS efficiency calibration software with characterization for LaBr probe

2.2 Initial System Setup and Testing

Prior to performance of measurements on articles, it was necessary to perform initial setup and
testing of the system.

2.2.1 Initial Resolution Calibration

In order to accurately quantify radionuclides when multiple peaks across the energy spectrum are
expected, it is appropriate to perform a resolution calibration with test sources of known
energies. Peak resolution is a measurement of the width (or fatness) of a peak. Resolution
changes as a function of energy and is used in the Genie2K software to interpret data collected
by the detector.

A ten minute count was performed with bartum-133 (Ba-133), cesium-137 (Cs-137), manganese-
54 (Mn-54), and cobalt-60 (Co-60) sources positioned approximately six inches from the
detector face. Table 1 identifies the specific sources used and the gamma energies used for the
resolution calibration (see Appendix D for source calibration certificates). The resolution
calibration was performed after downloading the measurement spectra into the Genie2K
software. This resolution calibration was saved and was loaded into all measurement spectra
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collected prior to quantitative analysis. Appendix A provides the analytical results of the
analysis and Appendix B provides a screen shot of the spectra.

Table 1: Initial Energy and Shape Calibration Sources

Nucide | e | CarDate | SO | Erargy | Itnsity | Emisson Rate
(years) (keV)
Ba-133 10.51 9/2/2011 | 9021110 80.1 34.06 13106
Ba-133 10.51 9/2/2011 | 9021110 276.4 7.16 2755
Ba-133 10.51 9/2/2011 | 9021110 302.9 18.33 7053
Ba-133 10.51 9/2/2011 | 9021110 356 62.05 23877
Cs-137 30.07 9/2/2011 | 902113 661.66 85.1 34006
Mn-54 0.855 9/2/2011 | 902119 834.8 ' 99.98 42172
Co-60 52714 | 9/2/2011 | 902118 | 1173.24 99.97 34658.6
Co-60 5.2714 | 9/2/2011 | 902118 1332.5 99.99 34665.5

2.2.1 System ISOCS Efficiency Check

The ISOCS efficiency calibration software parameters are detector-specific and are based on
numerous measurements performed with radioactive sources by the manufacturer at the time of
ISOCS calibration. These measurements are used, along with Monte Carlo simulations, to
describe the detector’s efficiency as a function of incident photon energy and angle of incidence
on the detector.

Detector response characteristics can change over time due to environmental factors, misuse, or
physical damage to the system. In order to ensure the system used in this action could accurately
quantify radionuclides across the energy spectrum, an evaluation was performed using
radioactive calibration sources with known quantities traceable to the National Institute of
Standards and Technology (NIST).

In accordance with American National Standard for Calibration and Use of Germanium
Spectrometers for the Measurement of Gamma-Ray Emission Rates of Radionuclides (ANSI
42.14-1999), the system was evaluated at low and high gamma energies. Specifically, the
Ba-133 and Co-60 sources listed in Table 1 were measured.
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Each source was positioned 6.5 inches from the face of the detector and counted for 300 seconds
(five minutes). The ISOCS software does not allow the user to specifically model a point source.
- Instead, the configuration is approximated using available ISOCS geometry templates. This
specific configuration was modeled in the ISOCS software using the circular plane geometry.
The source itself was modeled as a right circular cylinder of air with a diameter of 0.01 cm,
height of 0.01 cm, and density of 0.0012 g/em’. This small size, low atomic number, and low
density approximates a point source with virtually no self-attenuation properties. Appendix C
shows the ISOCS Geometry Composer Report (Point _at 6.5"), which identifies the specific
modeling parameters used in the ISOCS model.

The Ba-133 source has a certified radioactivity level of 1.04 nCi = 5% as of 09 September 2011
(see Appendix D for certificate). The BaBr measurement estimated the activity to be 1.03 nCi
(decay corrected) based on a weighted average of all gamma lines identified. Ba-133 was
specifically selected to evaluate the low energy response based on its 80 keV peak. The activity
estimate based on that peak was 1.38 + 0.35 uCi. This result is equivalent to the certified source
activity when total propagated analysis uncertainty and certified source uncertainly are
considered. Appendix A provides the analytical results of the analysis and Appendlx B provides
a screen shot of the spectra.

The Co-60 source has a certified radioactivity level of 0.937 uCi + 5% as of 09 September 2011
(see Appendix D for certificate). Co-60 was specifically selected to evaluate the high energy
response based on its 1332.5 keV peak. The LaBr activity estimate based on that peak was 0.860
+ 0.06 uCi. This result is equivalent to the certified source activity when total propagated
analysis uncertainty and certified source uncertainly are considered. Appendix A provides the
analytical results of the analysis and Appendix B provides a screen shot of the spectra.

The results of these evaluations indicate that the ISOCS efficiency calibration is accurate at low
and high gamma energies. As a result, the system is considered acceptable to provide reasonably
accurate activity estimates across the energy spectrum. It should be noted that the efficiency
check was performed with the sources positioned in a geometry that results in source gammas
being normally incident to the detector face and did not evaluate other incident gamma angles.
Based on this consideration, measurements performed on articles, discussed in Section 2.3, were
performed in a similar geometry.

2.3 Measurements Performed on Articles

The intent of this action was to perform measurements on articles with unknown radionuclides
and radioactivity levels to identify and quantify radionuclides in the articles.

Articles were positioned in front of the detector face and counted for durations ranging from one
minute to 30 minutes. Articles were brought into the counting area one at a time to minimize the
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potential for interferences. Table 2 lists the six articles that were evaluated and lists some
parameters used in their evaluation.

Table 2: Article Measurement Parameters

Count les::ll:lce Estimated | Estimated Estimated
Article ID Time Diameter Thickness Density
(seconds) 'LaBr (inches) (inches) (g/cm’)
(inches)

D-05-04 1800 6 0.2 0.20 1.6
D-08-07 1800 1 0.2 0.04 0.1
H-12-26 1800 1 1.2 0.39 1.6
1-13-31 1800 6 0.8 0.79 4
N-20-29 1800 6 1.5 1.50 2.5
Cabrera Bag 60 1 1.2 0.10 1.6

When analysis count times were complete, the analyses was saved on the Inspector 1000 and
transferred to a laptop computer for analysis with the Genie2K and ISOCS software. The
resolution calibration was loaded to each analysis and saved in Genie2K for determination of
radionuclide activity using Genie2K and ISOCS software. '

2.3.1 1ISOCS Efficiency Modeling and Determination of Radioactivity Levels

The ISOCS software is used to translate detector response into radionuclide activity levels. This
is accomplished by developing an article-specific model in the ISOCS software and loading the
mode] into Genie2K. The ISOCS software circular plane geometry template was used to model
each of the six items evaluated. Specific parameters what were entered into the software include
the distance from the article to the detector face, approximate diameter and thickness of the
article, and the approximate density of the article. ISOCS models were refined, as necessary, by
modifying the assumed density to ensure activity estimates for radionuclide with multiple
gamma energies did not vary significantly.

Table 2 lists the modeling assumptions used for each article. The specific entries into the ISOCS
software mode] are provided for each article in Appendix C.
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3.0 RESULTS

Once ISOCS models were finalized, they were loaded into the Genie2K software and the spectra
were analyzed. The analysis results (Appendix A) list peaks identified, radionuclides identified,
and provide activity estimates for all radionuclides identified in units of uCi. Screen shots of
spectra are provided in Appendix B. The following subsections provide brief summaries of the
results of each article analysis. ‘

It should be noted that potassium-40 (K-40) results are provided on some analyses as a quality
contro] point. The K-40 results are not representative of radioactivity in the samples.

3.1 . D-05-04 Results

Article D-05-04 was counted for 30 minutes. The analysis results identified Ra-226 and its
progeny, bismuth-214 (Bi-214) and lead-214 (Pb-214). The progeny activities were slightly less
than secular equilibrium indicating that some radon-222 (Rn-222) is likely escaping the article
container. This is expected as radon is a noble gas and airborne Rn-222 has been identified in the
article/waste storage container.

Uranium was not identified in the article. The analysis had adequate sensitivity to identify
uranium at secular equilibrium concentrations via thorium-234 (Th-234).

Article D-05-04 contains approximately 7 puCi of Ra-226. No other significant radionuclides
were identified.

3.2 D-08-07 Results

Article D-08-07 was counted for 30 minutes. The analysis results identified Ra-226 and its
progeny, Bi-214 and Pb-214. The progeny activities were less than secular equilibrium
indicating that Rn-222 is likely escaping the article container.

Uranium was not identified in the article. The analysis had adequate sensitivity to identify
uranium at secular equilibrium concentrations via thorium-234 (Th-234).

Article D-08-07 contains approximately 0.02 uCi of Ra-226. No other significant radionuclides
were identified.

3.3 H-12-26 Results

Article H-12-26 was counted for 30 minutes. The analysis results identified actinium-228
(Ac-228) and other Thorium Series progeny, lead-212 and bismuth-212. The analysis also
identified Pb-214 (a Ra-226 progeny). However, it is suspected that the Pb-214 result may be a
false positive due to interferences from overlapping Thorium Series radionuclide gammas.
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Article H-12-26 contains approximately 0.01 uCi of Ac-228. The presence of Ac-228 indicates
that radium-228 (Ra-228) and possibly thorium-232 (Th-232) are present in the article. Ra-226
may also be present in the article, but observed progeny peaks appear to be interferences from
Thorium Series radionuclides.

No other significant radionuclides were identified.
3.4 1-13-21 Results

Article 1-13-21 was counted for 30 minutes. The analysis results identified Ra-226 and its
progeny, Bi-214 and Pb-214. The progeny activities appeared to be in secular equilibrium.

Uranium was not identified in the article. The analysis had adequate sensitivity to identify
uranium at secular equilibrium concentrations via thorium-234 (Th-234).

Article I-13-21 contains approximately 1 uCi of Ra-226. No other significant radionuclides
were identified.

3.5 N-20-29 Results

Article N-20-29 was counted for 30 minutes. The analysis results identified Ra-226 and its
progeny, Bi-214 and Pb-214. The progeny activities were less than secular equilibrium
indicating that Rn-222 is likely escaping the article container.

Uranium was not identified in the article. The analysis had adequate sensitivity to identify
uranium at secular equilibrium concentrations via thorium-234 (Th-234).

Article N-20-29 contains approximately 7 uCi of Ra-226. No other significant radionuclides
were identified.

3.6 “Cabrera Bag” Results

Article “Cabrera Bag” was counted for one minute. The count time was reduced from other
analyses due to the high dose rate the article exhibited. The analysis results identified Ra-226
and its progeny, Bi-214 and Pb-214. The progeny activities were slightly less than secular
equilibrium indicating that some Rn-222 is likely escaping the article container. :

Uranium was not identified in the article. The analysis had adequate sensitivity to identify
uranium at secular equilibrium concentrations via thorium-234 (Th-234).

Article “Cabrera Bag” contains approximately 6 uCi of Ra-226. No other significant
radionuclides were identified.

7
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4.0 CONCLUSION

The LaBr system was capable of identifying and accurately quantifying radionuclides in the
articles. The results reported herein can be used to: ‘

e support collection of small aliquots of the articles for off-site radiochemical and possible
chemical analysis;
‘e ensure articles are appropriately packaged and stored while awaiting disposition; and
¢ . provide necessary information to support transport and disposal of the articles.

The majority of the articles contained Ra-226 and its radioactive progeny. One article, H-12-26,
contained Ac-228 (Thorium Series radionuclide) with no conclusive evidence of Ra-226. The
presence of Ac-228 indicates that Ra-228 and possibly Th-232 are present in article H-12-26.
Uranium was not positively identified in any of the articles.
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A KA AR A A A A A A A A AAAA A A IR A A A I A A AR kT hhhhhkhhkhk ok ko hkhkhkhkkhkkhkhhkhhkkhdkhkkhkkhhkkhkkhhkkhkdxkixx

GAMMA SPECTRUM ANALYSTIS whxxK

AAKAKRKFIKNRAK AT A XA KRIA I IA A I A A A A Ik kA kA hk ok dhkkhhhkhhhkhhkhkh bk kA hkhhhxhxhhkdrhkhhkkdhhrhdkdx

* Kk kK

Filename: C:\GENIE2K\CAMFILES\GKP\Initial Shape Cal.CNF

Report

Sample
Sample
Sample
Sample
Sample

Generated On

Title
Description
Identification
Type

Geometry

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels)
Identification Energy Tolerance

Sample

Sample

Size

Taken On

Acquisition Started

Live Time
Real Time

Dead Time

8/4/2014 1:38:59 PM
Initial Shape Calibration

Shape Cal

3.00
1 - 512
1 - 512
0.500 FwWHM

1.000E+000

7/17/2014 2:50:04 PM
7/17/2014 2:50:04 PM

600.0 seconds
604.2 seconds

0.70 %
Energy Calibration Used Done On : 7/17/2014

Efficiency Calibration Used Done On : 10/14/2004

Efficiency ID

2X2 UNSHIELDED

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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LR e I S R I I I I I I I I R R R e e I I S I I i i i i i S i I

Hdk kK PEAK ANALYGSTIS REPORT Hokkox ok

KA KKK KRR R A I AR I KRR T A A A A AR A R AR KRR A AR R A AR A AT AT A AR A dhkhhhkhkhk bk hkhkhhdhhkdxhhkhkdhhhhrokkhdhxk

Detector Name: Sgc LaBr 1R5x1R5

Sample Title: Initial Shape Calibration
Peak Analysis Performed on: 8/4/2014 1:38:59 PM
Peak Analysis From Channel: 1
Peak Analysis To Channel: 512
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 10- 18 14.69 48.64 3.37 3.71E+002 365.36 1.62E+004
2 21- 32 26.86 84.76 9.94 4.52E+004 ©85.60 3.09E+004
3 11~ 58 51.66 158.36 20.11 4.65L1003 616.44 3.28E+004
M 4 85- 109 92.10 278.40 15.34 5.05E+003 269.50 2.14E+004
m 5 85- 109 100.98 304.76 16.22 1.21E+004 336.64 2.41E+004
6 109- 128 118.75 357.53 18.52 3.63E+004 693.55 2.54E+004
7 144~ 163 152.01 456.25 17.59 B8.56E+002 382.33 1.06E+004
8 207- 234 221.22 661.70 27.11 1.85E+004 471.44 8.74E+003
9 264- 294 279.42 834.46 28.95 8.75E+003 421.00 7.67E+003
10 375- 411 393.71 1173.72 34.06 8.26E+003 314.94 3.12E+003
11 428- 466 447.29 1332.78 39.31 7.75E+003 210.42 6.44E+002
12 467- 503 487.08 1450.87 53.56 1.47E+003 124.064 4 .58E+002

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

= 3
I

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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* ok Kk K GAMMA SPECTRUM

ANALYSTIS

* K ok k ok

kA KA RAAAIRA KR I I A A A A AR A d A A Ak kA A bk hhkhhhhkhkhkhhhkhkhkhhkhhhhhkhhohhkhhhhrhrrkhdhhx

Filename: C:\GENIE2K\CAMFILES\GKP\Ba-133 Check.CNF

Report Generated On

Sample Title

Sample Description
Sample Identification
Sample Type

Sample Geometry

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels)
Identification Fnerqgy Tolerance

Sample Size

Sample Taken On
Acquisition Started

Live Time
Real Time

Dead Time

Energy Calibration Used Done On
Efficiency Calibration Used Done On

Efficiency ID

8/4/2014 1:14:15 PM

Ba-133 Source Check
Source at 6.5"

1.04 uCi on 02 SEP 2011
SN 9021110

3.00
1 - 512
1 - 512
0.500 FWHM

1.000E+000

9/2/2011 12:00:00 PM
7/17/2014 3:24:20 PM

300.0 seconds
301.0 seconds

0.32

oP

7/17/2014
7/18/2014
POINT AT 6.5"

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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IR SRS R RS EEESE RS SR EEESEEEEEEEE R RS SRR R R T EEEE R I S b e Ik Y

*kokokok PEAK ANALYSTIS REPORT ' oAk ok

PR R RS SR RS E SR ES SRR EEEEEEEEESEEREEEEEESE SRR SRR EE IR I I e e i I S 2b ki I I kY

Dctector Name: Syc LaBr 1R5x1R5

Sample Title: InSpector 1000 spectrum
Peak Analysis Performed on: 8/4/2014 1:14:15 PM
Peak - Analysis From Channel: 1
Peak Analysis To Channel: 512
Peak ROI ROI Peak Energy FWHM Net Peak ©Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 21- 32 26.91 84.91 10.05 9.14E+003 308.80 6.27E+003
2 45— 59 52.85 161.90 23.70 1.49E+003 270.01 6.08E+003
M 3 84- 109 92.70 280.18 14.77 9.03E+002 97.39 2.61E+003
m 4 84- 109 100.90 304.52 15.60 2.38E+003 129.80 2.43E+003
5 109- 128 118.77 357.58 18.60 7.31E+003 261.37 2.99E+003
6 466- 503 486.48 1449.09 47.93 8.35E+002 81.03 1.52E+002

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

= 3
|

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES. A
Total propagated error is much greater than reported.
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AA AR AR AT A A A A A A A AR A A I A A I AR AR A KA A A A A I AT AR A A A A AT A AAAA AR A * AR A A kA Ak h kA Ak, hx

xR KKK NUCLTITPDE IDENTIFICATTION REPORT KERF KK

IR SRS S S SR L L SRS SRS EESTEEEEEEREESSE SR SRS SRR EEEEEE LR SRR R SRR E RS EEEEEE SRR RS

Sample Title: . InSpector 1000 spectrﬁm
Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Co60 Bal33.NLB

.................... IDENTIFIED NUCLIDES et e e

Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) (uCi/ ) Uncertainty
BA-133 0.899 81.00%* 35.55 1.38154E+000 3.47336E-001
276.40% 6.90 9.19713E-001 1.97780E-001
302.84% 17.80 1.00396E+000 1.85181E-001
356.01% 60.00 1.05424E+000 1.80193E-001
383.85 8.70
* = Energy line found in the spectrum.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 0.500 FWHM
Nuclide confidence index threshold = 0.30

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report

8/4/2014 1:14:15 PM

Page

KK AKIAIA KA KR A R Ik Ak Ak ok hhhkhkkkhkhkhkhkhkhk kA kA hkhkhhhhkdhkrkhhhkhkdkhhdxxrkkhkrrhkrkhhhhdrkx

kkkhkk*k

INTERTFERENCE

CORRECTETD

REPORT

*k kKK

I EE R R RS R TR ST S S S SRS LTSI LSS RS LSS SR SR SRR SRS SRS R EE LSRR S S SRR SR S

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/ ) Uncertainty
BA-133 0.899 1.030870E+000 1.032917E-001
? = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis

@

Errors quoted at 1.960 sigma

kkkkkkkkkhk U N I D E N T I F I E D P E A K S *khkhkkhkxkkKh*k%k
Peak Locate Performed on: 8/4/2014 1:14:15 PM
Peak Locate From Channel: 1
Peak Locate To Channel: 512
Peak Energy Peak Size in Peak CPS Péak
No. (keV) Counts per Second % Uncertainty Type
2 161.90 4,9683E+000 18.12 Sum
6 1449.09 2.7833E+000 9.70
M = First peak in a multiplet region

I

Other peak in a multiplet region
= Fitted singlet

=
|

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Ak hkhhkhkdhhkhhkhhkrdhhdhhhkdrodhdhhkhhkdhhhkhhhhkhddhkhkhkhhhkhkhhkkhhkkhkdhkkhkhdhdok ko kkkkkkkkkxk

el NUCLTITDE MDA REPORT Kok Kk ok

hhkkhkhkkkkhkhhkhkhhhhhhhbhkhhdhhkhhhkhhhhhhhhkhkhhkhdhhhhhkdhhhdrhhhrbhkhdhdrhbkhhdrhrhkxkhkkhhx

Detector Name: Sgc_LaBr_1R5x1R5
Sample Geometry:
Sample Title: InSpector 1000 spectrum

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Co60 Bal33.NLB

Nuclide Energy Yield Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (%) (uCi/ ) (uci/ ) (uci/ ) (uCi/ )
C0-60 1173.22 100.00 4.304E-002 4.20E-002 8.459E-002 2.108E-002

1332.49 100.00 4.203E-002 -1.102E-001 2.052E-002

= Nuclide identified during the nuclide identification

Energy line found in the spectrum

MDA value not calculated

= Half-life tooc short to be able to perform the decay correction

® VvV * +
Il

~ ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Ahkkhkkhhkhkhkhkhk kA AAdhhdhrAr A b kA kbbb dhhkhkh bk kb hkhhhhhhkhdhhkhkhhhkhhhhrkhhhdhhrhhhrhhhritd

Fokok kK GAMMA S PECTRUM ANALYZSTIS *x XK K

AR AKFI KA IX A IA I A I A A A A AR A A Ak Ak dhkh ko hkhkhkhkkkhdhhkdhkdkhkhkhkhdkhkddhdhhkdhkrhhkhkkkkk

Filename: C:\GENIE2K\CAMFILES\GKP\Co-60 Check.CNF

Report Generated On : 8/4/2014 1:15:01 PM
Sample Title : Co~-60 Check

Sample Description : Source at 6.5"

Sample Identification : 0.937 uCi on 02 SEP 2011

Sample Type : SN 902118
Sample Geometry :

Peak Locate Threshold ¢ 3.00

Peak Locate Range (in channels) : 1 - 512

Peak Area Range (in channels) : 1 - 512

Identification Energy Tolcrance : 0.500 I'WIIM

Sample Size : 1.000E+000

Sample Taken On : 9/2/2011 12:00:00 PM

Acguisition Started : 7/17/2014 3:13:16 PM

Live Time : 300.0 seconds

Real Time : 300.9 seconds

Dead Time : 0.29 %
Energy Calibration Used Done On : 7/17/2014
Efficiency Calibration Used Done On : 7/18/2014
Efficiency ID ’ : POINT AT 6.5"

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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KR A KA KA A A A KA AR I A A I AR A AR AR A R KT A AN AT A Ak A h Ak hkdkhhkhkhk A Ak dkh Ak drhkhkhh kA kA hdkxhkhhkkk Kk

Cokokkkok PEAK ANALYSTIS REPORT ok

hhkhhkhkhkhkhkhkkhkrAhAkkhhkhkhhhhhkhhhhhAdhhhhbhhhdhhhhhhhhhhkhdhhkhdhkhkhkrhrhbhhdhhhkhkhhkrhhhhk

Detector Name: Sgc LaBr 1R5x1R5

Sample Title: Co-60 Check
Peak Analysis Performed on: 8/4/2014 1:15:01 PM
Peak Analysis From Channel: 1
Peak Analysis To Channel: 512 7
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 11- 17 14.01 - 46.60 4.86 1.02E+003 99.50 8.32E+002
2 375- 411 393.56 1173.26 35.27 2.64E+003 182.82 1.08E+003
3 428- 466 447.32 1332.86 38.69 2.3bE1003 122.41 2.63E+002
4 466- 503 486.34 1448.67 49.08 8.48E+002 86.34 1.90E+002

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

Il

A=
|

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report 8/4/2014 1:15:01 PM Page

LR SRS SR SR SR RS RS R RS SRR EEE SRR EEEEEEEEEEEEEEEEEEEEEEEE R RS IS S I I I I S

el NUCLTIPDE IDENTIFICATTION REPORT xR KKK

LRSS R AR RS ESEEEEE LRSS RS RS R RS RS E S EEREREEEEE RS SRR RS R RS E R R R R R R R R

Sample Title: Co-60 Check
Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Co60 Bal33.NLB

IDENTIFIED NUCLIDES = . ...ttt eeennnn e

Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) (uCi/ ) Uncertainty
C0O-60 0.998 1173.22% 100.00 8.55583E-001 7.29499E-002

1332.49* 100.00 8.60178E-001 5.93985E-002

* = Energy line found in the spectrum.

@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 0.500 FWHM '
Nuclide confidence index threshold = 0.30

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.

APPENDIX A: page 10 of 43

3



Interference Corrected Activity Report

8/4/2014 1:15:01 PM Page 4

KA A A A A KR A IR A KR A A AT A AR AA A A A AR R AR A A AR A AR AT A A AR R A AR A AR AR Ak hhk Ak hkhk bk kh kR Ak koA hhhx

* ok k ok ok

kKK k ok

INTERFERENTCE CORRECTETD REPORT

LRSS SRS ER SR ESEESSES SRS SR E SRS RS ERESEESE SRS SEEEEEEEEEEE SRS SR RS SR

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/ ) Uncertainty
C0O-60 0.998 8.583464E-001 4.606090E-002

V)
|

= nuclide is part of an undetermined solution
nuclide rejected by the interference analysis
= nuclide contains energy lines not used in Weighted Mean Activity

I

Errors quoted at 1.960 sigma

hkhkhkhkkkkkk*k

UNIDENTTIPFTIETD

Peak Locate Performed on:
Peak Locate From Channel:
Peak Locate To Channel:

Peak Energy Peak Size in
No. (keV) Counts per Second
1 46.60 3.3896E+000
4 1448.67 2.8267E+000

P E A K S *khkkkkk kK%
8/4/2014 1:15:01 PM
1
512
Peak CPS Peak Tol.
% Uncertainty Type Nuclide
9.78
10.18

M = First peak in a multiplet region

= 38
|

= Fitted singlet

Errors quoted at 1.960 sigma

Other peak in a multiplet region

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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‘k*********k*'k*******************k******************************4*************

Fok kK NUCLTITPDE MDA REPORT KE KKK

LR R SRR RS SRS S EESEEEEEE RS EEE R SRR SRS E e RS SRR R R R R R R R R R R i

Detector Name: Sgc LaBr 1R5x1R5
Sample Geometry:
Sample Title: Co-60 Check

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Co60 Bal33.NLB

Nuclide Energy Yield Line MDA Nuclide MDA Activity Dec. Level

Name (kev) (%) (uCi/ ) (uCi/ ) (uCi/ ) (uCi/ )
+ CO-60 1173.22* 100.00 8.394E-002 4.83E~002 8.556E-001 4.153E-002

1332.49* 100.00 4.827E-002 8.602E-001 2.364E-002

+ = Nuclide identified during the nuclide identification

* = Energy line found in the spectrum

> = MDA value not calculated

@ = Half-life too short to be able to perform the decay correction

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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AAKA K AR KA I AA I A I AN AR ARk A Ak hk ko ko k ko kh ok ok hkhhkhkhk Ak ko hkhkhk ko khkhkhkhkhkkhkdkhkhhkhddhdrhxhkx

* ok K Kok GAMMA S PECTRUM

ANALYOSTIS FrxKK

LR R RS S S S SSESRESE RS ES SRR RS SRS E SRR R R S R R R R R R R R R R R R

Filename: C:\GENIE2K\CAMFILES\GKP\D-05-04.CNF

Report Generated On

Sample Title

Sample Description
Sample Identification
Sample Type

Sample Geometry

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels)
Identification Energy Tolerance

Sample Size

Sample Taken On
Acquisition Started

Live Time
Real Time

Dead Time

8/4/2014 1:20:12
D-05-04
D-05-04
3.00
1 - 512
1 - 512
0.500 FwWHM
1.000E+00O0

7/17/2014 5:10:30
7/17/2014 5:10:30

1800.0 seconds
1821 .6 seconds

1.18 %

Energy Calibration Used Done On
Efficiency Calibration Used Done On

Efficiency ID

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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EEE R i e I I R R I R S e S R S S R R S R R R R R R R R I I i S S

wkkk ok PEAK ANALYGSTIS REPORT FH KKK

AhkhkAA Ak A hdhhkdhhhhhdhhbhdhhhdhbhhhhbhkhkhhhhhhdhhhkhhkhdhhkhrhkhdhrhkrhhhrhhhkhhkhhixk

Detector Name: Sgc_LaBr 1R5x1R5

Sample Title: D-05-04
Peak Analysis Performed on: 8/4/2014 1:20:12 PM
Peak Analysis From Channel: 1
Peak Analysis To Channel: 512
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 11- 19 15.12 49.92 6.79 8.57E+003 971.86 1.12E4+005
2 20- 30 25.50 80.72 11.87 2.04E+005 1572.4¢9 1.85E+005
3 43- 56 50.50 154.93 20.30 7.56E+003 1476.94 2.04E+005
4 56- 69 62.39 190.21 13.95 3.31E+004 1461.73 1.90E+005
5 75- 89 80.89 245.14 15.06 4.79E+004 1394.84 1.60E+005
6 91- 108 99.29 299.76 16.72 1.03E+005 1517.95 1.53E+005
7 108- 148 117.56 353.98 18.58 1.88E+005 2359.24 2.06E+005
8 190~ 244 203.94 610.39 25.19 1.46E+005 1838.48 9.32E+004
9 247- 272 257 .64 769.81 29.12 1.24E+004 813.91 3.77E+004
10 300- 329 313.05 934.27 28.04 5.64E+003 776.63 3.19E+004
11 358- 393 376.14 1121.57 35.41 2.73E+004 824.70 2.72E+004
"12 400- 434 416.04 1240.00 35.86 9.12E+003 695.66 2.17E+004
13 446- 485 466.10 1388.59 46.17 8.45E+003 749.76 2.30E+004

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

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report . 8/4/2014 1:20:12 PM

Page

kR S SR RS S SRS SRS SRS E RS ESEEEE SRR R TR EEEEEREESERREEREEEEEEREE SRR SRR R RS

Kok okokk NUCLTTDE IDENTIFICATTION REPORT

LR E RS SR SRR RS R ES SR TS EEEEEEEEEEEESESEEEEEEEEEEEEEEEEEEEEEEEEEE SIS S S SRS RS S

Sample Title: D-05-04

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

-k k ok ko

e et e e e e IDENTIFIED NUCLIDES = ........... e e e

Nuclide Id Energy Yield Activity
Name Confidence (keV) (%) (uCi/ )
BI-214 0.917 609.31* 46.30 5.80382E+000
768.36* © 5.04 5.65670E+000
806.17 1.23
934.06% 3.21 4,83386E+000
1120.29* 15.10 5.90070E+000
1155.19 1.69
1238.11~* 5.94 5.49540E+000
1280.96 1.47
1385.31%* 8.76 3.83545E+000
1509.19 2.19
1661.28 1.15
1729.60 3.05
1764.49 15.80
1847.44 2.12
2118.54 1.21
PB-214 0.981 79.00% 21.80 6.56446E+000
241.98%* 7.49 5.25212E+000
295.21% 19.20 5.11655E+000
351.92%* 37.20 5.53335E+000
785.91 1.10
RA-226 0.988 186.21%* 3.28 7.31159E4+000

* Energy line found in the spectrum.

Activity

Uncertainty

4.
5.

7.
3.

~]

38745E-001
04298E-001

18733E-001
50913E-001

.94147E-001

.81127E-001

.69926E+000
.72787E-001
.51517E-001
.57068E-001

.97175E-001

@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 0.500 FWHM
Nuclide confidence index threshold = 0.30

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.

APPENDIX A: page 15 of 43

3
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IE R SRR RS EE SR LSRR RS S EEESTESEE R SRR EEEESEEEE R SR SRS R R R R R RS R I I i i I

olalalaid INTERFERENTCE CORRECTETD REPORT wkkox K

R RS S e RS RS SRR S SRR SRS ST EE SRR EEEEEEE R SRR SRR R R R

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/ ) Uncertainty

X PB-212 0.970

BI-214 0.917 5.257351E+000 1.820795E-001
PB-214 0.981 5.379487E+000 4.250068E-001
RA-226 0.988 7.311594E+000 9.971753E-001
? = nuclide is part of an undetermined solution
X = nuclide rejected by thc intcrference analysis

@

nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 1.960 sigma

*khkhkkhkkhkkkkk UNIDEDNTTIU FTIZETD P E A K S kkkkkhkkhkkkx

Peak Locate Performed on: 8/4/2014 1:20:12 PM
Peak Locate From Channel: 1
Peak Locate To Channel: - 512
Peak Energy Peak Size in Peak CPS Peak Tol.
No. (keV) Counts per Second % Uncertainty Type Nuclide
1 49.92 4.7596E+000 11.34
3 154.93 4_.1999E+000 .19.54 Sum
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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hkhkkhkhkhhkhAhkhkhhhrhkdhhhdhhhhhkhkhhAhhhdhhkhdhhhkhhkhkrbhhhdhhhhkhhhhkkhhhhhkkhhhdrhhohkhkhhkhdk ks

NUCLTITPDE MDA REPORT

hhkhkhkhkhkhkhkhkhhkhhhkhddhdhdhhkhkhhhhhhhhdhhhdhhkhdhhhhkhhkrhkhkhhkhkhkhkhhhkhkhhdhhhhhhrkhkhdhkhkkk

* Kk kk ok * Kk kkk

Detector Name:
Sample Geometry:
Sample Title: D-05-04

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

Sgc_LaBr_ 1R5x1R5

Nuclide Energy Yield Line MDA ©Nuclide MDA Activity Dec. Level
Name (keV) (%) (uCi/ Y (uCi/ ) (uCi/ ) (uCi/ )
K-40 1460.81 10.67 3.894E-001 3.89E-001 4.245E-001 1.942E-001

+ BI-214 609.31%* 46.30 1.122E-001 1.12E-001 5.804E+000 5.605E-002
768.36% 5.04 6.011E-001 5.657E+000 2.999E-001

806.17 1.23 2.841E+000 3.151E+001 1.418E+000

934.06%* 3.21 1.100E+000 4.834E+000 5.489E-001

1120.29%* 15.10 2.754E-001 5.901E+000 1.374E-001

1155.19 1.69 2.732E4+000 5.753E+001 1.363E+000

1238.11%* 5.94 6.789E-001 5.495E+000 3.387E-001

1280.96 1.47 2.812E+000 1.917E+001 1.402E+000

1385.31%* 8.76 5.557E-001 3.835E+000 2.772E-001

1509.19 2.19 1.647E+000 2.133E+000 8.209E-001

> 1661.28 1.15 0.000E+000 0.000E+000 0.000E+000
> 1729.60 3.05 0.000E+000 0.000E+000 0.000E+000
> 1764.49 15.80 0.000E+000 0.000E+000 0.000E+000
> 1847.44 2.12 0.000E+000 0.000E+000 0.000E+000
> 2118.54 1.21 0.000E+4000 0.000E+000 0.000E+000
+ PB-214 79.00%* 21.80 7.018E-002 7.02E-002 6.564E+000 3.504E-002
241.98%* 7.49 2.447E-001 5.252E+000 1.222E-001

295.21* 19.20 1.151E-001 5.117E+000 5.747E-002

351.92+* 37.20 1.091E-001 5.533E+000 5.451E-002

785.91 1.10 3.131E+000 . 3.402E+001 1.562E+000

PA-234M 766.36 0.29 1.135E+001 4.27E+000 1.206E+002 5.665E+000
1001.03 0.84 4.268E+000 -5.081E+000 2.129E+000

TH-234 63.29 4.50 5.260E-001 5.26E-001 5.093E+001 2.628E-001
92.38 2.60 9.586E-001 4.930E+001 4.789E-001

92.80 2.60 9.553E-001 4.973E+001 4.773E-001

112.81 0.26 9.312E+000 -2.968E+002 4.652E+000

I

® VvV * +
Il

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Nuclide identified during the nuclide identification
= Energy line found in the spectrum
MDA wvalue not calculated

= Half-1life too short to be able to perform the decay correction



LRSS RS S S EEEESEEESE SRR SR EEEEE S SRS S SR EEEEEEEEEE R R R R SRR EEE R R SR S

xH KKK GAMMA SPECTRUM ANALYSTIS ek ko

IR E R E RS S S SRR LS L SRS EESEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SIS

Filename: C:\GENIE2K\CAMFILES\GKP\D-08-07.CNF

Report Generated On : 8/4/2014 1:20:55 PM
Sample Title : D-08-07

Sample Description :

Sample Identification : D-08-07

Sample Type
Sample Geometry

Peak Locate Threshold : 3.00

Peak Locate Range (in channels) : 1 - 512

Peak Area Range (in channels) : 1 - 512

Identification Energy Tolerance : 0.500 FWHM

Sample Size : 1.000E+000

Sample Taken On : 7/17/2014 5:49:56 PM

Acquisition Started : 7/17/2014 5:49:56 PM

Live Time : 1800.0 seconds

Real Time : 1804 .3 seconds

Dead Time : 0.24 %
Energy Calibration Used Done On : 7/17/2014
Efficiency Calibration Used Done On : 7/18/2014
Efficiency ID : D-08-07

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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KAhkhhhkhkhkhkdhhkhk A Ak kA AR A A AT A A A AR Ak kA ko ko ko hkh ko ko hk kA A Ak AR A A d Ak A dhhk bk kd kb hkhhhhh ki

kKK ok PEAK ANALYSTIS REPORT kKKK K

KA K AA A A A A IR AT A IR A A A A I AR A A A Ak kA kb ko Ak hk ok hkh ko ko ko hkhhkhkdhkkhkhkhkdkhkkhdkkhkkhkkkhkhxxx

Detector Name: Sgc LaBr 1R5x1R5

Sample Title: D~-08-07
Peak Analysis Performed on: 8/4/2014 1:20:55 PM
Peak Analysis From Channel: 1
Peak Analysis To Channel: 512
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 10~ 18 14.06 46.76 4.49 5.41E+003 274.63 6.69E+003
2 20- 30 25.71 81.34 12.81 6.49E+003 416.27 1.63E+004
3 58— 70 62.50 190.53 11.18 1.19E41003 361.37 1.25E+004
4 16— 89 80.66 244,45 14.13 1.18E+003 312.93 8.84E+003
5 90- 108 99.45 300.24 16.89 2.39E+003 349.07 8.69E+003
6 108- 127 117.65 354.26 18.07 4.63E+003 329.63 6.76E+003
7 191- 217 203.96 610.46 25.08 3.47E+003 292.64 4.30E+003
8 253- 278 268.81 802.96 9.69 4.31E+002 256.43 3.93E+003
9 359- 390 375.85 1120.69 21.04 5.13E+002 237.42 2.83E+003
10 467- 503 487.50 1452.13 47.51 4.70E+003 232.26 1.66E+003

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

=t
I

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported. -
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LR SR SRR R R i i o R R R i I I R I 3

NUCLTITDE IDENTIFICATTION REPORT

AR A KA AR AR AT KA A A R IR AR AT A A Ak ko hkhk ok ko ko hk ko ko hkk ok ko hhk kA hhkh kA hkhkhkkhkkhkkdkhkhkhx X

* Kk ok kk * Kk ok kok

Sample Title: D-08-07
Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

IDENTIFIED NUCLIDES

Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) (uci/ ) Uncertainty
K-40 0.944 1460.81% 10.67 1.49906E-001 1.04610E-002
BI-214 0.643 609.31%* 46.30 1.08549E-002 1.22232E-003
768.36 5.04
806.17* 1.23 6.72131E-002 4.01858E-002
934.06 3.21
1120.29% 15.10 9.01834E-003 4.19927E-003
1155.19 1.69
1238.11 5.94
1280.96 1.47
1385.31 8.76
1509.19 2.19
1661.28 1.15
1729.60 3.05
1764.49 15.80
1847 .44 2.12
2118.54 1.21
PB-214 0.981 - 79.00%* 21.80 1.18382E-002 3.08217E-003
241.98* 7.49 8.94302E-003 2.6%9427E-003
295.21%* 19.20 8.52184E-003 1.76085E-003
‘ 351.92* 37.20 1.01029E-002 1.55221E-003
‘ 785.91 1.10
1 RA-2206 0.986 186.21* 3.28 1.71724E-002 5.66377E-003

|

* = Energy line found in the spectrum.

@ = Energy line not used for Weighted Mean Activity
Energy Tolerance 0.500 FWHM

Nuclide confidence index threshold = 0.30

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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hAhkhhkhkdhkkhkhhAAdhddAh A bk b AT Ak bk hkhkhk kA kA AR Ak kA A Ak k Ak hkhkhk A Ak dhhhhkhhhhhhkhkhkhhkkkhkkrAkhk

i INTERFERENTCE CORRECTETPD REPORT FrREKK

AAAKRKAAA KA A A A I A AR A A A AT AR A A A A kA AR Ak kdkhkhk kA dkhk kA dkhkhkhkhkkhhhhhhhkhrhrh kit hrhkhk

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/ ) Uncertainty
K-40 0.944 - 1.499063E-001 1.046097E-002

X PB-212 0.976

BI-214 0.643 1.075963E-002 1.173113E-003
PB-214 0.981 9.606211E-003 1.009847E-003
RA-226 0.986 1.717241E-002 5.663774E-003
? = niclide is part of an undctermined soclution
X = nuclide rejected by the interference analysis

@

nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 1.960 sigma

kkhkkhkkhkkhkkhkhkhk*k UNIDENTTIUVFIUETD PEAIKS X kkkhkkkkkk*k

Peak Locate Performed on: 8/4/2014 1:20:55 PM
Peak Locate From Channel: 1
Peak Locate To Channel: 512
Peak Energy Peak Size in Peak CPS Peak Tol.
No- (keV) Counts per Second % Uncertainty Type Nuclide
1 46.76 3.0034E+000 5.08
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet '

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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5

AhkkhkhkhkhhhhhkhhkkhhhkhkhhhhhhhhhhhkhkhhhhhdhhhhhhhkhhkhrhhhkhdhhrhkhdhhkhhArhhkhkhbhdhrkhhkhxkkk

kkkkk

NUCLTIDE

MDA

REPORT

* Kk k ok k

R R R 2 R R R R R R R R R R R R R RS SRS

+

VvV VV VYV

Detector Name:
Sample Geometry:

Sample Title:

D-08~07

Sgc_LaBr 1R5x1R5

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

Nuclide

Name

K-40
BI-214

PB-214

PA-234M

TH-234

@V * +
Il

Energy

(kev)

1460.
609.
768.
806.
934.

1120.

1155.

1238.

1280.

1385.

1509.

1661.

1729.

1764.

1847.

2118.

79.
241.
295.
351.
785.
766.

1001.

63.

92.

92.
112.

81*
31%
36
17%*
06
29%
19
11
96
31
19
28
60
49
44
54
00*
o8+
21*
92*
91
36
03
29
38
80
81

Yield

(%

10.
46.

5

=

N
ONDNNPMOOR,R JWOWTIEFEENOWRNORE ORE O W

w

)

67
30

.04
.23
.21
.10
.69
.94
.47
.76
.19
.15
.05
.80
.12
.21
.80
.49
.20
.20
.10
.29
.84
.50
.60
.60
.26

(

HFRPRPRPJIRPNJIEDNWPRPOCOOOOOORFEF O OO WO R = =

Line MDA Nuclide MDA Activity
(uci/ )

ucCi/ )

.022E-002
.422E-003
.595E-002
.670E-002
.181E-002
.930E-003
.239E-002
.6560E-002
.090E-002
.528E-002
.143E-002
.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.184E-003
.899E-003
.020E-003
.109E-003
. 748E-002
.718E-001
.173E-001
.781E-003
.480E-002
.485E-002
.542E-001

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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(uCi/ )

1.02E-002
1.42E-003

1.11E-003

1.17E-001

7.78E-003

2
2
2
2

1.
1.
6
7
9
7
1
0
0
0
0
0.
1
8
8
1
1
7
6
1
1
1
5

499E-001
085E-002

.950E-002
.721E-002
.519E-002
.018E-003
.497E-001
.988E~-004
.383E-001
.364E-001
.261E-002
.000E+000
.000E+000
.000E+000
.000E+000

000E+000

.184FE-002
.943E-003
.522E-003
.010E-002
.493E-001
.584E-001
.231E-002
.585E-001
.462E-001
.510E-001
.373E-001

= Nuclide identified during the nuclide identification
= Enerqgy line found in the spectrum
MDA value not calculated

= Half-life too short to be able to perform the decay correction

Dec.

Level

(uci/ )

N WO WORRPRPRUODOOOOOWJWoWwWwEF W-d-Jwu

.068E-003
.067E-004
.924E-003
.314E-002
.581E-002
.441E-003
.098E-002
.211E-003
.017E-002
.592E-003
.050E-002
.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.897E-004
.939E-003
.005E-003
.517E-004
.851E-002
.351E-001
.827E-002
.878E-003
.377E-003
.405E-003
.690E-002



Fhh kA h kXA AT A AT AN AT AN A Ak hkdr bk kA rhhkhkhkhkhhkhkhkdhkhhkhkhhkrkhkhkhkhkhkhhkhhkrhkdhdhhhkrhbrxkkk

Kk kK GAMMA S PECTRUM ANALYOSTIS FrE KK

kR AR KA AR A A AR A A AR A IR A AR A IR AR AR A AR A AR A AR A A AR A AT AR TR A kA bk A Ak hkhkhkhkhkhkhkhkhkxk*k

Filename: C:\GENIE2K\CAMFILES\GKP\H-12-26.CNF

Report Generated On

Sample Title

Sample Description
Sample Identification
Sample Type

Sample Geometry

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels)
Identification Energy Tolerance

Sample Size

Sample Taken On
Acquisition Started

Live Time
Real Time

8/4/2014 1:21:39 PM
H-12-26
H-12-26
3.00
1 - 512
1 - 512
0.500 FWHM
1.000E+000

7/17/2014 6:26:49 PM
7/17/2014 6:26:49 PM

1800.0 seconds
1804.1 seconds

Dead Time 0.23 %
Energy Calibration Used Done On : 7/17/2014
Efficiency Calibration Used Done On : 7/18/2014

Efficiency ID

H-12-26

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Peak Analysis Report 8/4/2014 1:21:39 PM Page 2

KKK KA A A KA kI hhhdAhkkdhkhk kA hkhk bk kA hk kA hkhhkdhhkhhkdhhhhhhhkhdhrhkhhhhrrhhhkhkdhbhbhkhkhkhdhhhkhhsk

kKKK PEAK ANALYOSTIS REPORT Fh Kk %

KA KK KA A KRA I IR A A A A I AR A A h kA Ak Ak dr ko hkdhkkhkhkhkhkhkhhhkhkhkdhkkhdhhkhhhhkhhkhhhhhhhkhkkhddxx

Detector Name: Sgc LaBr 1R5x1R5

Sample Title: H-12-26
Peak Analysis Performed on: 8/4/2014 1:21:39% PM
Peak Analysis From Channel: 1
Peak Analysis To Channel: 512
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 21- 31 26.19 82.78 17.37 4.96E+003 414.22 1.67E+004
2 36- 49 42.95 132.51 9.34 4.71E+002 488.71 2.24E+004
3 13- 88 79.97 242.40 13.87 6.00E+003 425.73 1.37E+004
4 106- 124 114.31 344.33 26.68 2.22E+003 328.73 7.68E+003
M 5 143- 180 155.11 465.44 15.47 2.34E+002 16.01 3.95E+003
m 6 143- 180 171.40 513.82 28.49 8.54E+002 24.24 5.38E+003
7 183~ 209 196.34 587.84 29.21 3.19E+003 318.13 5.29E+003
8 236- 253 243.12 726.70 14.40 2.08E+002 177.57 2.46E+003
9 253- 274 266.87 797.20 5.27 3.30E+002 232.62 3.67E+003
10 295~ 317 305.46 911.74 25.17 5.15E+002 255.75 4.26E+003
11 318- 342 326.08 972.96 10.37 6.01E+002 229.50 3.18E+003
12 367- 387 376.25 1121.88 5.59 1.91E+002 157.56 1.73E+003
13 467~ 503 487.02 1450.70 51.40 4.62E+003 224.76 1.52E+003

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

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report

8/4/2014

1:21:40 PM

Page

A A KKK KK AR AR IR I A IR AR KA A I A A AR Ak kA hkhhk ko hk Ak ko hkhkhkhkhk Ak A hhk kA hkhkdhhhkhdkhdkhkhkhhkkhhkhkkkk

IDENTIFICATTION

AhkkhkhkhrAhkhkhkhkhhkhkdkhhdhhhhhhkhkhkhhhhhhhhhkrrhkhhkhhhdhhhhhhkdhhkhhhhkhhhrhrhhhhdhhhkxxx

* Kk k Kk k

NUCULTIDE

Sample Title:
Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

H-12-26

IDENTIFIED NUCLIDES

Nuclide Id Energy Yield Activity
Name Confidence (keV) (%) (uCi/ )
K~-40 0.924 1460.81%* 10.67 1.85219E-001
BI-212 0.987 727.17%* 11.80 3.94056E-003
785.42%* 2.00 4,03420E-002
1620.56 2.75
PB-212 0.886 238.63%* 44 .60 1.04587E-002
300.09 3.41
PB-214 0.634 79.00%* 21.80 1.35325E-002
241.,98~* 7.49 6.22776E-002
295.21 19.20 , :
351.92% 37.20 6.36622E-003
785.91+% 1.10 7.33491E-002
AC-228 0.463 89.95 2.10
93.35 3.50
129.08%* 2.80 9.96172E~-003
209.28 4.40
270.23 3.60
327.64 3.20
338.32% 11.40 2.07740E~002
409.51 2.13
463.00%* 4.40 7.64558E-003
794.70% 4.60 1.75400E-002
911.60%* 27.70 5.16998E-003
964.60 5.20
969.11%* 16.60 1.06901E-002
1587.90 3.71
* = Energy line found in the spectrum.

REPORT

Activity

Uncertainty

w =

.28305E-002
.38112E-003
.85815E-002
.67587E-003

.41004E-003
.97916E-003

.28962E-003
.19663E-002

.04242E-002

.20822E-003
.61294E-004
.24267E-002
.58262E-003

.12523E-003

@ = Energy line not used for Weighted Mean Activity
Energy Tolerance

1.960 sigma

0.500 FWHM
Nuclide confidence index threshold = 0.
.Errors quoted at

30

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report 8/4/2014 1:21:40 PM Page

dohkhkkhhkhdkhkdhkxdA kA dhhd A hhdh b rdhkhkhhkhhkhkhkhkhhhkhhkhkhhhhkhkhdkhdkhhkdhdkhhkhkhkhkdhhdrhxhhhkkdhixk

INTERFERENTCE CORRECTETD REPORT

hhhkhhhkhkdhdh kA I r A A A h A Ak Ak ko hkhkhhk ko hkhkhkdkhhkhhkhk A hkhkhhkhhhkhkdkhhkhhkdhkhhhkhkhrhxhkdkx*

* Kk ok ok k * kK k ok

4

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/ ) Uncertainty
K-40 0.924 1.852186E-001 1.283047E-002
BI-212 0.987 4.168455E-003 3.357819E-003
PB-212 0.886 9.568609E-003 1.688530E-003
PB-214 0.634 5.300264E-003 1.228760E-003
AC-228 0.463 7.379895E-003 8.728054E-004
? = nuclide is part of an undelermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 1.960 sigma

KKk kkkk kK U N I D E N T I F I E D P E A K S khkkhkkkhkkkk*k
Peak Locate Performed on: 8/4/2014 1:21:39 PM
Peak Locate From Channel: 1
Peak Locate To Channel:: 512
Peak Energy Peak Size in Peak CPS Peak Tol.
No. (keV) Counts per Second % Uncertainty Type Nuclide
m 6 513.82 4.7424E-001 2.84
7 . 587.84 1.7733E+000 9.97 Sum
12 1121.88 1.0618E-001 82.44
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Nuclide MDA Report 8/4/2014 1:21:40 PM Page 5

IR R R SRS RS S S S S SRR TSRS E RS RS SRR R R R SRR R R R R R R R R R R RS S

NUCLTITPDE MDA REPORT

hhkA KA I AAA KR A AA AR A I A KA ARk kA kAR Ak Ak A h Ak kb kA hhkhk bk hhh kA dkhhhrhkhhkrhkkdhhhkrhkhhrhksk

* ok k kK kk kKK

Detector Name:
Sample Geometry:
Sample Title: ‘H-12-26

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

Sgc_LaBr_ 1R5x1R5

Nuclide Energy Yield Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (%) (uCi/ ) (uCi/ ) (uCi/ ) (uci/ )
+ K-40 1460.81~* 10.67 1.230E-002 1.23E-002 1.852E-001 6.096E-003
BI-214 609.31 46.30 2.179E-003 2.18E-003 1.506E~002 1.084E-003
768.36 5.04 2.207E-002 -2.561E-002 1.09Y/E-002
806.17 1.23 9.915E-002 -7.659E-002 4.931E-002
934.06 3.21 4.453E-002 1.561E-001 2.215E-002
1120.29 15.10 8.077E-003 -4.046E~003 4.008E-003
1155.19 1.69 7.348E-002 1.948E-001 3.646E-002
1238.11 5.94 1.989E-002 3.253E-002 9.862E-003
1280.96 1.47 7.410E-002 -1.128E-001 3.670E-002
1385.31 8.76 1.902E-002 1.751E-001 9.448E-003
1509.19 2.19 7.602E-002 -2.780E-002 3.774E-002
> 1661.28 1.15 0.000E+000 0.000E+000 0.000E+000
> 1729.60 3.05 0.000E+000 0.000E+000 0.000E+000
> 1764.49 15.80 0.000E+000 0.000E+000 0.000E+000
> 1847.44 2.12 0.000E+000 0.000E+000 0.000E+000
> 2118.54- 1.21 0.000E+000 0.000E+000 0.000E+000
+ PB-214 79.00%* 21.80 1.795E-003 1.52E-003 1.353E-002 8.937E-004
241.98%* 7.49 6.955E-003 6.228E-002 3.464E-003
295.21 19.20 3.820E-003 1.082E-003 1.904E-003
351.92%* 37.20 1.524E-003 6.366E-003 7.579E-004
785.91%* 1.10 8.650E~-002 7.335E~002 4.295E-002
PA-234M 766.36 0.29 3.765E-001 1.62E-001 -6.917E-001 1.872E~001
1001.03 0.84 1.623E-001 -3.573E-001 8.065E-002
TH-234 63.29 4.50 1.179E-002 1.18E-002 8.545E-002 5.876E-003
92.38 2.60 2.166E-002 ~-2.538E-002 1.080E-002
92.80 2.60 2.177E-002 1.488E~001 1.086E-002
112.81 0.26 2.257E-001 -9.880E-002 1.126E-001
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated
@ = Half-life too short to be able to perform the decay correction

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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kA kA kA A KA KA AR T A A A I A I A A A Ak d ok d kb hkh ko kA h kA Ak hkhkdhhhhhh A hkhkhkhhhdhhhkhhkxhkxdhk

olialaialal GAMMA S PECTRUM ANALYOSTIS KKK K

KAhkhkIAAKA K I I IA A A A A I AT AR R A AR A A ARk Ak Ak bk hhkkhkhhh bk kb hkhhhkhkhhhhkhrhkhhkhdk

Filename: C:\GENIE2K\CAMFILES\GKP\I-13-21.CNF

Report Generated On : 8/4/2014 1:25:40 PM
Sample Title : I-13-21

Sample Description :

Sample Identification : I-13-21

Sample Type
Sample Geometry

Peak Locate Threshold : 3.00

Peak Locate Range (in channels) : 1 - 512

Peak Area Range (in channels) : 1 - 512

Identitication Energy Tolerance : 0.500 FWHM

Sample Size : 1.000E+000

Sample Taken On : 7/17/2014 4:36:19 PM

Acquisition Started : 7/17/2014 4:36:19 PM

Live Time _ : 1800.0 seconds

Real Time : .1806.3 seconds

Dead Time : 0.35 %
Energy Calibration Used Done On : 7/17/2014
Efficiency Calibration Used Done On : 7/18/2014
Efficiency ID : I-13-21

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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A A A A KK A KR KA AR I A IR A A AR A A A A AR A AR A KA AR A A IR AR I Ak hhkhk A Ak A A Ak Ak dkdA Ak dd Ak kA xhkkkkhk

Fh KKK PEAK ANALYOSTIS REPORT Hk KKk

AA KA A AR A AAAAAKIRA A AR R AR AT Ak hhA A A A A A bk bk Ak Ak Ak Ak hk Sk hkhkhhhhhh kA kb dkdhhkhkhkhkhhhkhhk

Detector Name: Sgc LaBr 1R5x1R5

Sample Title: I-13-21
Peak Analysis Performed on: 8/4/2014 1:25:40 PM
Peak Analysis From Channel: 1 '
Peak Analysis To Channel: 512
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 10- 18 14.20 47.17 3.97 4.13E+003 343.34 1.25E+004
M 2 19~ 37 25.02 79.29 16.47 8.94E+003 406.62 3.94E+004
m 3 19- 37 31.80 99.41 17.60 1.20E+004 457.39 4.47E+004
4 45- 56 49.98 153.39 16.45 6.67E+002 560.061 3.25E+004
5 58- 69 62.28 189.91 13.57 1.64E+003 533.41 2.90E+004
6 76— 89 80.71 -244.61 13.57 1.45E4+003 b542.16 2.73E+004
7 90- 108 99.36 299.98 16.04 6.91E+003 641.65 2.97E+004
8 109- 127 117.57 354.02 18.63 1.77E+004 593.79 2.19E+004
M 9 190- 231 203.78 609.93 25.26 2.08E+004 346.55 1.17E+004
m 10 190- 231 223.29 667.85 26.46 3.40E+002 154.67 8.93E+003
11 245- 273 258.41 772.09 19.99 1.25E+003 450.16 1.11E+004
12 302- 328 312.64 933.08 17.92 9.60E+002 372.03 8.02E+003
13 358- 393 375.96 1121.02 34.27 4.70E+003 408.95 7.06E+003
14 400- 434 415.78 1239.24 39.76 1.73E+003 340.23 5.29E+003
M 15 446- 503, 467.99 1394.20 51.29 1.34E+003 149.89 6.06E+003
m 16 446- 503 490.99 1462.49 52.25 3.94E4+003 200.47 5.69E+003

M

I

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

Errors quoted at 1.3960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report

8/4/2014

1:25:41 PM

Page

A A KA KA AAANKAIA A A A A A A A A AR A Ik A A F A A A A AR A ARk A Ak A A dkhkhdh kA khkd Ak hkkhkkhhhhkhhkkxx

IDENTIFICATTION

AA KA A KA AT T A A AT A AR A A A AR KA I A A AR A A I AT AR A AT A AR Ak Ak kA hkhkhkr bk kA kb rdhhkx*k

* Kk kK

NUCLTITDE

Sample Title:
Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

I-

IDENTIFIED NUCLIDES

13-21

Nuclide Id Energy Yield Activity
Name Confidence (keV) (%) (uCi/ )
K-40 0.998 1460.81%* 10.67 1.99543E+000
BI-214 0.912 609.31* 46.30 1.16320E+000
768.36% 5.04 7.81171E-001
8U06.17 1.23
934.06% 3.21 1.10871E+000
1120.29%* 15.10 1.34384E+000
1155.19 1.69
1238.11* 5.94 1.36305E+000
1280.96 1.47
1385.31~* 8.76 7.95674E-001
1509.19 2.19
1661.28 1.15
1729.60 3.05
1764.49 15.80
1847.44 2.12
2118.54 1.21
PB-214 0.992 79.00% 21.80 5.55893E-001
241.98% 7.49 2.49211E-001
295.21% 19.20 5.24618E-001
351.92%* 37.20 7.83363E-001
785.91% 1.10 3.57918E+000
RA-226 0.990 186.21% 3.28 5.84698E-001
*¥ = Energy line found in the spectrum.

REPORT

Activity

Uncertainty

o0}

N - = oo

.41496E-001
.89199E-002
.86349E-001

.33944E-001
.35701E-001

.76588E-001

.55651E-002

.54278E-001
.98937E-002
.08135E~-002
.0989%E-001
.31200E+000
.05010E-001

@ = Energy line not used for Weighted Mean Activity
Energy Tolerance

Nuclide confidence index threshold =

Errors quoted at

0.500 FWHM

1.960 sigma

0.30

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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IR R S SRS SRS EE LRSS SR EESEEEEEEER SRR RS ST RS SRR R EEEEEEEEE RS S SRR SRS e I

* A KKk INTERFERENCE CORRECTETD REPORT bl

Ahkhkhkhkhkhkhkhhkdhhkhkdhkhdhhhkdhhhhhhhkhkhkdhhhkhhhhhhhhkdhhdhkhhhkhhbrhkhkdhdhhhdhhdhhbhkrhkhhbxrdrx

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/ ) Uncertainty
K-40 0.998 1.995432E+000 1.414961E-001

X PB-212 0.975

BI-214 0.912 1.056858E+000 5.582909E-002
PB-214 0.992 5.076060E-001 5.369541E-002
RA-226 0.990 5.846980E-001 2.050100E-001
? = nuclide is part of an undetermined solution

nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity

@

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report 8/4/2014 1:25:41 PM
***7\-;\-***** UNIDENTTIT FTIETD PEAIKS Kk hkkhkhkkkkhkkkk
Peak Locate Performed on: 8/4/2014 1:25:40 PM
Peak Locate From Channel: 1
Peak Locate To Channel: 512
Peak Energy Peak Size in Peak CPS Peak
No. (keV) Counts per Second % Uncertainty Type
1 47.17 2.2935E+000 8.32
m 3 99.41 6.6787E+000 3.80 D-Esc.
4 153.39 3.7056E-001 84.05 Sum
m 10 667.85 1.8897E-001 45.47

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

It

|3
|

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.

Total propagated error is much greater than reported.
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Nuclide MDA Report

8/4/2014

1:25:41 PM

Page

6

hkhkhkhkkkkhdhhkhhhhkhkhkhhhhhhhhhkhhhhhhhhhkhhhhhkhhrhhhkdrhhhhhhohohhkhkhhhkhkhhkhhkhkhkkhkkhkikx

* kk k)

NUCLTITPDE

MDA

REPORT

* k k ok k

AAAKA KNI AAAKX AKX KA AR A A A I A ARk AR A A Ak hhhkhk bk ok hhhkhk Ak hhkhhhkhkhkhkhhdhrhdhhhkhhhhhrdhkkkkxxx

Detector Name:
Sample Geometry:

Sample Title:

I-13-21

Sgc_LaBr_ 1R5x1R5

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

vV V.V VYV

Nuclide

Name

K-40
BI-214

PB-214

PA-234M

TH-234

®V %+
o

Energy

(keV)

1460.
609.
768.
806.
934.

1120.

1155.

1238.

1280.

1385.

15009.

1661.

1729.

1764.

1847.

2118.

79.
241.
295.
351.
785.
766.

1001.

63.

92.

92.

.81

112

81*
31%*
36%*
17
06*
29%*
19
11~*
96
31*
19
28
60
49
44
54
00*
98*
21%
92%
91+*
36
03
29
38
80

N
ONNPOOFR,RJOUNREREENUOWERENDNORE O RE O W

Yield

(°/

w =

5)

.67
.30
.04
.23
.21
.10
.69
.94
.47
.76
.19
.15
.05
.80
.12
.21
.80
.49
.20
.20
.10
.29
.84
.50
.60
.60
.26

(

AN WNINWNPFPUTOOOOOOHFHMNMESREPEREJdEPE SRR

Line MDA Nuclide MDA Activity
(uCi/ )

ucCi/ )

. 789E-001
.828E-002
.702E-001
.933E+000
.144E-001
.861E-001
.712E+000
.403E-001
.727E+000
.160E-001
.233E+000
.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.761E-002
.554E-001
.926E-002
.971E-002
.154E+000
.645E+000
.933E+000
.877E-001
.859E-001
.878E-001
.678E+000

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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(uci/ )

1.79E-001
2.83E-002

3.97E-002

2.93E+000

3.88E-001

1.
1.
7.
5.
1.
1.
1.
1.
2.
7.
-2.
0.
0.
0.
0.
0.
5.
2.
5.
7.
3.
3.
-3.
3.
9.

-1.
-9.

995E+000
163E+000
812E-001
931E+000
109E+000
344E+000
246E+001
363E+000
996E+000
957E-001
941E-001
000E+000
000E+000
000E+000
000E+000
000E+000
559E-001
492E-001
246E-001
834E-001
579E+000
234E+001
433E-001
684E+000
238E+000
666E-001
152E+000

= Nuclide identified during the nuclide identification
Energy line found in the spectrum
MDA value not calculated

Half-1ife too short to be able to perform the decay correction

Dec.

Level

(uCi/ )

WWWwEHE PP WRERFRPWS\INOOODOOOWRE 0N WWWNERE

.878E~-002
.405E~002
.342E-001
.627E-001
.556E-001
.268E-002
.525E-001
.191E-001
.590E~001
.072E-001
.132E-001
.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.872E-002
.749E-002
.953E-002
.980E~002
.073E+000
.808E+000
.460E+000
.934E-001
.423E-001
.432E-001
.333E+000



KhhAhkkhkhhkhkhkhkrhkrAArhAhkdArhAAAhhkhhAhhhkkhkhhrAhkkhkkhhhdhhhkdhhkdhhhhhkhkrdhrrhhrdhhhhrrkkhkhxkx

KKk ok ok GAMMA SPECTRUM ANALY

hhkkhkkhhhhkhkhhhkhkhhhkdkdkhkhhkhhkA kA A hkhk A b dhkhkhkhhkhkhhhhhhhhrhhrhhhhhhkhkhhkhhhrhhhhrkkhkdhhx

Filenamc: C:\GENIE2K\CAMFILES\GKP\N-20-29.CNF

Report ‘Generated On

Sample Title

Sample Description
Sample Identification
Sample Type

Sample Geometry

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels)
Identification Energy Tolerance

Sample Size

Sample Taken On
Acquisition Started

Live Time
Real Time

~

Dead Time

8/4/2014 1:26:44
N-20-29
N-20~-29
3.00
1 - 512
1 - 512
0.500 FWHM
1.000E+000

7/17/2014 3:44:40
7/17/2014 3:44:40

1800.0 seconds
1814.5 seconds

0.80

oP

Energy Calibration Used Done On
Efficiency Calibration Used Done On

Efficiency ID

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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7/17/2014
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Peak Analysis Report

8/4/2014

1:26:44 PM

***~k*-k-k******‘k******************************‘k‘k*****o***********************

*hkkk*k PEATK
KAANhkhhhddrhhhhhhrkrhhdkhkhhhkhhhhkhhkhkhhhhhhhhhhhkhhkhdrhrhhhhhrhhdhhkhdhhohkhkxkdrhkhhhk

Detector Name
Sample Title:

Peak ROI ROI
No. start end

1 20- 30
2 43- 56
3 58- 69
4 74- 89
5 90~ 108
6 108- 127
7 190- 216
8 244- 272
) 301- 328

11 402- 434
M 12 447- 503

ANALYSTIS

REPDO

Sgc LaBr 1R5x1R5

N-20-29
Peak Analysis ‘Performed

on: 8/4/2014 1:26:44
Peak Analysis From Channel: 1
Peak Analysis To Channel: 512
Peak Energy FWHM Net Peak
centroid (keV) (keV) Area
25.33 -80.22 12.80 7.55E+4+004
49.97 153.35 20.70 9.93E+003
62.29 189.94 14.74 1.57E+004
80.86 245.04 14.71 2.17E+004
99.21 299.51 16.61 4.79E+004
117.51 353.84 18.57 9.60E+004
203.89 610.25 25.31 7.85E+004
257.62 769.74 26.79 5.59E+003
312.78 933.49 31.34 3.82E+003
10 358 393 375795—1123-00—34.36__ 1.58F+004
415.69 1238.97 40.08 5.39E+003
467.13 1391.66 50.58 5.43E+003
491.31 1463.42 51.50 2.92E+003

m 13 447- 503

M = First peak in a
Other peak in a

m
F

Fitted singlet

Errors quoted at

1.

multiplet region
multiplet region

960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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R T

PM

Net Area

Uncert.

1118
1307
1116
1243
1295
1198

927.
721.
585.
654.
522.

273

241.

.14
.21
.65
.79
.37
.19
77
01
64
69
84
.24
11

PR R R R NW PR PR e

* Xk kK

Continuum

Counts’

.05E+005
.58E+005
.24E+005
.27E+005
.15E+005
.93E+004
.33E+004
.81E+004
.90E+004
. 74E+004
.28E+004
.57E+004
.45E+004

*



Interference Corrected Activity Report

8/4/2014

1:26:44 PM

Page

IR E R E S S EEESEEEE SR EEEESESETEEEEEEEEEEE SRR R TSRS EEEEEREEEEEREREEEEE RS SR

REPORT

KA A KA A AR A AT AA A A A KA I A LT A F A A Ak kA A A Ak Ak A A Ak Ak hk ok ko hkhkkhhkhkhkhhhkhhkhkdhkhhkhkkhhkxhkhkkk

* Kk Kk Kk

NUCLTIDE

Sample Title:
Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

Nuclide
Name

K-40
BI-214

PB-214

RA-226

* =

@

Id
Confidence

0.995
0.914

1460
609
768

806.
934.

1120

1155.
1238.
1280.

1385

15009.

1661

1729.
1764.
1847.
2118.
79.
241.

0.981

295

351.
785.
186.

0.989

N-20-29

IDENTIFIED NUCLIDES

Energy
(keV)

.81*
.31*
.36*
17
06*
.29%*
19
11*
96
.31%*
19
.28
60
49
44
54
00*
98 *
L21%
92*
91
21%

Yield

(

=

[

N
WHE JOOU-JdFPEFEFENMNUTOWERERENORE U= OWw

w

)

.67
.30
.04
.23
.21
.10
.69
.94
.47
.76
.19
.15
.05
.80
.12
.21
.80
.49
.20
.20
.10
.28

w =

(&)

SO On

6.

IDENTIFICATTION

Activity
(uCi/ )

.67165E+000
.02152E+000
.98722E+000

.01274E+4000
.10905E+000

.82051E+000

.62731E+000

.59901E+000
.34724E+000
.20532E+000
.90203E+000

55012E+000

Energy line found in the spectrum.
Energy line not used for Weighted Mean Activity

Energy Tolerance

Errors quoted at

0.500 FWHM
Nuclide confidence index threshold =
1.960 sigma-

'0.30

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Activity

Uncertainty

Ul W

[o0}

.60739%9E-001
.79080E-001
.A7890E-001

.18173E-001

3.37064E-001

Oy O)

.21082E-001

.44175E-001

.48025E+000
.74579E-001
.25122E-001
.70803E-001

.65378E-001

* Kk kkk

3




Interference Corrected Activity Report 8/4/2014 1:26:44 PM Page 4

Ahkhkhkdhkdhhkdhhhhhhhhkhdkdhh bk Ak kb kA khkhkhhkhk kA hkhdhkhhkdhkhkhhkrdhhkhhdkhhhkhAhhkkkhkhkkhdkkhhdkdx*k

*kok kK INTERFERENTCE CORRECTETD REPORT koK kok

KAKAKAKRKIA KA AT A AR KA AT A F A AT A ok ko hhhk Ak hk kb ko ko hkhkhkh ok hkhkhkhkkhkkhkhkhkhkhhhhkhhkxhkhdxhkkkhk

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (uCi/ ) Uncertainty
K-40 0.995 1.671650E+000 1.607392E-001

X PB-212 0.971 '

BI-214 0.914 4.370355E+000 1.565356E-001
PB-214 0.981 4.541052E+000 3.667351E-001
RA-226 0.989 6.550122E+000 9.653777E-001
? = nuclide is part of an undetermined solution

nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity

@

Errors quoted at 1.960 sigma

khkkkkkhkkhkxkx UNIDENTTIU FTITETD P EAK S kkkkkkhkhkkkk

Peak Locate Performed on: 8/4/2014 1:26:44 PM
‘ Peak Locate From Channel: 1

Peak Locate To Channel: 512
Peak Energy Peak Size in Peak CPS Peak Tol.
No. (keV) Counts per Second % Uncertainty Type Nuclide

2 153.35 5.5163E+000 13.17 Sum

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

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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KAk kA ARk R AT AR I AR R AR TR AR A A A A A A A Ak A AT A A A AR KA A kAR A hkhhkhkhkhhkhkhkkdk Ak Ak kA Ak drA ki xk%

NUCLTIDE MDA REPORT

AhkhkhkhkhkkhhkdhkAAhAAr AR XA LA R T EF A A A A A kA A Ak bk kA dkhkhkhkhkhkhkhhhhkhkhdhhkhkhhkhhhkhbrdhkhrhkhtx

Kk ok kkk * Kk kkk

Detector Name:
Sample Geometry:
Sample Title: N-20-29

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

Sgc_LaBr 1R5x1RS

Nuclide Energy Yield Line MDA ©Nuclide MDA Activity Dec. Level

Name (keV) (%) (uCi/ )y (uCi/ ) (uCi/ ) (uCi/ )

| K-40 1460.81* 10.67 3.218E-001 3.22E-001 1.672E+000 1.601E-001
+ BI-214 609.31%* 46.30 8.050E-002 @8.05E-002 5.022E+000 4.016E-002
. 768.36%* 5.04 8.472E-001 3.987E+000 4.226E-001

806.17 1.23 3.523E+000 2.737E+001 1.757E+000

934.06%* 3.21 1.266E+000 5.013E+000 ©6.312E-001

1120.29% 15.10 3.308E-001 5.109E+000 1.650E-001

1155.19 1.69 3.209E+000 4 ,515E+001 1.601E+000

1238.11%* 5.94 7.570E-001 4.821E+000 3.773E-001

1280.96 1.47 3.266E+000 1.207E+001 1.628E+000

1385.31%* 8.76 3.912E-001 3.627E+000 1.947E-001

1509.19 2.19 1.968E+000 -8.184E-002 9.802E-001

> 1661.28 1.15 0.000E+000 0.000E+000 0.000E+000
> 1729.60 3.05 0.000E+000 0.000E+000 0.000E+000
> 1764.49 15.80 0.000E+000 0.000E+000 0.000E+000
> 1847.44 2.12 0.000E+000 0.000E+000 0.000E+000
> 2118.54 1.21 0.000E+000 0.000E+000 0.000E+000
+ PB-214 79.00% 21.80 1.222E-001 8.87E-002. 5.599E+000 6.098E-002
: 241.98% 7.49 4.073E-001 4.347E+000 2.034E-001

295.21+% 19.20 1.805E-001 4.205E+000 9.013E-002

351.92%* 37.20 8.866E-002 4 .902E+000 4.426E-002

785.91 1.10 3.893E+000 3.583E+001 1.942E+000

PA-234M 766.36 0.29 1.415E+001 ©5.25E+000 6.778E+001 7.057E+000
1001.03 0.84 5.247E+000 ~5.373E+000 2.616E+000

TH~-234 63.29 4.50 9.432E-001 9.43E-001 -1.171E-001 4.710E-001

92.38 2.60 1.53%E+000 4_.288E+001 7.689E-001

92.80 2.60 1.544E+000 4.757E+001 7.710E-001

112.81 0.26 1.497E+001 -1.972E+002 7.476E+000

@V * +
o

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Nuclide identified during the nuclide identification
Energy line found in the spectrum
MDA value not calculated

Half-life too short to be able to perform the decay correction




hhkhkhkhdhhhkhkkhkhdrhkhkdrhbrbdbhhkdhhkhhhhkhhhhhdh kA hhhhkhkhdrdhhhdhhhhhhhhhkhhtrhdhhhtx

*kkkk

GAMMA

S PECTRUM

* ok Kk kK

ANALYOSTIS

KA KA R R AR R A AR A AR A AR AR AR A AR AR R I A A A A Ak A A A AR AR A AR A A AR A hA Ak kkd Ak kA hh kA h kK%

Filename: C:\GENIE2K\CAMFILES\GKP\Cabrera Bag.CNF

Report Generated On

Sample Title

Sample Description
Sample Identification
Sample Type

Sample Geometry

Peak Locate Threshold

Pcak Locate Range (in channels)
Peak Area Range (in channels)
Identification Energy Tolerance

Sample Size

Sample Taken On
Acquisition Started

Live Time
Real Time

Dead Time

Energy Calibration Used Done On
Efficiency Calibration Used Done On

Efficiency ID

8/4/2014 1:18:56 PM

Cabrera Bag

Cabrera Bag

3.00
1 - 512
1 - 512

0.500 FWHM

1.000E+000

7/17/2014 7:03:25 PM
60.0 seconds
65.8 seconds

7/17/2014
7/18/2014
CABRERA_BAG

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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KhkKkkhhhkhkhAhkhdhhhkhkhkhkrkhkhhAAhkhkhhkhkhddhArhhh ok hkhdhkhkhhkhhkhhkhhkhhhdhkhkhohhhkkhhhrhhkhkhhhhkk

el PEAK ANALYSTIS REPORT * kok Kok

*_*********)\'k'k**‘,‘r*******‘k***k*****************'k*****************************

Detector Name: Sgc LaBr 1R5x1R5

Sample Title: Cabrera Bag
Peak Analysis Performed on: 8/4/2014 1:18:56 PM
Peak Analysis From Channel: 1
Peak Analysis To Channel: 512
Peak ROI ROI Peak Energy FWHM Net Peak Net Area Continuum
No. start end centroid (keV) (keV) Area Uncert. Counts
1 20- 30 25.60 81.01 12.36 5.31E+004 829.18 5.30E+004
2 42— 56 49.69 152.53 20.061 4.35E+003 904.05 7.25E+004
3 57- 70 62.54 190.67 14.28 1.12E+004 846.67 6.38E+004
4 75- 89 80.99 245.43 15.10 1.69E+004 813.14 5.40E+004
5 90- 108 99.40 300.08 16.90 3.42E+004 922.72 5.55E+004
M 6 108- 148 117.67 354.33 18.07 6.60E+004 624.73 3.99E+004
m 7 108- 148 138.68 416.68 19.56 4.14E+002 249.00 2.98E+004
M 8 190- 236 203.88 610.22 25.32 5.06E+004 308.69 1.66E+004
m 9 190- 236 225.05 673.07 26.59 3.10E+002 99.90 1.46E+004
10 244- 272 258.08 771.12 25.94 4.01E+003 526.26 1.47E+004
11 297- 329 313.94 936.93 32.70 2.47E+003 484.94 1.15E+004
12 358- 393 376.27 1121.95 32.14 9.39E+003 487.08 9.52E+003
13 399- 434 416.14 1240.29 38.94 2.83E+003 429.98 8.24E+003
14 447- 485 466.50 1389.78 53.35 3.70E+003 412.4¢6 6.91E+003

=<
|

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

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Interference Corrected Activity Report

8/4/2014

1:18:57 PM

Page

KR K I A IR FI A I AT A A A A A A A AT A A A A AR AR A A A AR AR IR A bk kA hk kA dk kA h A Ak bk hkhkhh bk hh k%

REPORT

hhhhkkkkhhkhkkhhhhkhkhhkhkhkhkhkkhkhhhhrdrhkhkdhrhhkrdhddrhhhhA b hrdhhhhhkhhdhhhkhhhhrhhrhhhkhhk*k

* ok ok k ok

NUCULTITDE
Sample Title:

Id

Cabrera Bag
Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

IDENTIFIED NUCLIDES

IDENTIFICATTION

Activity

Nuclide Energy Yield Activity
Name Confidence (keV) (%) (uCi/ ) Uncertainty
BI-214 0.916 609.31% 46.30 5.23707E+000 3.91803E-001
768.36% 5.04 4.81800E+000 6.96371E-001
806.17 1.23
934.00% 3.21 5.62389%E+000 1.14938E+000
1120.29% 15.10 5.39637E+000 3.93510E-001
1155.19 1.69 . .
1238.11+* 5.94 4,.54895E+000 7.23664E-001
1280.96 1.47
1385.31% 8.76 4.48496E+000 5.38608E-001
1509.19 2.19
1661.28 1.15
1729.60 3.05
1764.49 15.80
1847.44 2.12
2118.54 1.21
PB-214 0.981 79.00% 21.80 3.39087E+000 8.68618E-001
241.98%* 7.49 4_.34168E+000 6.60288E-001
295.21%* 19.20 4.10490E+000 6.09909E-001
351.92% 37.20 4.82800E+000 6.58935E~-001
785.91 1.10
RA-226 0.985 186.21% 3.28 5.51254E+000 8.24567E-001
* = Energy line found in the spectrum.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance 0.500 FWHM
Nuclide confidence index threshold = 0.30

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.

APPENDIX A: page 41 of 43

*kkkk

3



Interference Corrected Activity Report 8/4/2014 1:18:57 PM Page 4

R R RS S LSS RS R EREREEEEEEE R SRR R SRS R R R R R R R R R R R R X R R R R

Hk kK% INTEREFETRENTCE CORRECTETD REPORT folalalal

RS S SR A EEEERRESEEE SRR SR REEEEE R R EEER R R R R R R R R I I i

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name - Confidence (uCci/ ) Uncertainty

X PB-212 0.967

BI-214 0.916 5.073970E+000 2.174538E-001
PB-214 0.981 4.251480E+000 3.407905E-001
RA-226 0.985 5.512542E+000 8.245674E-001
? = nuclide is part of an undetcrmined solution

nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity

@

Errors quoted at 1.960 sigma

*kkkkkkkkk UNIDENTTITUVFTITI E D PEAK S * ok k ok ok kkkkk

Peak Locate Performed on: 8/4/2014 1:18:56 PM
Peak Locate From Channel: 1
) Peak Locate To Channel: 512
Peak Energy Peak Size in Peak CPS Peak Tol.
No. (keV) Counts per Second % Uncertainty Type Nuclide
2 152.53 7.2556E+001 20.77 Sum
m 7 416.68 6.8968E+000 60.17 Tol. AC-228
m 9 673.07 5.1702E+0Q0 32.20
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.960 sigma

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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Nuclide MDA Report

8/4/2014

1:18:57 PM

Page

5

KKK A KKK A I AR A A I A A A AR A A AR R AT A AR A A AR A A A A A AR A A Ak bk hkhkhkhkhkddd bk kdh bk hk Ak hkxhhhhdkx*d

* Kk Kk ok k

NUCLTITDE

MDA

REPORT

Kk Kk kkk

KK AIAAKAR KA K AR A A A KA I AT A A AT I AT A AR AT AR A A A A A A AR Ak Ak ok kA Ak khkhk kA h ok dkkhkhkhkhkdhkkdhhkd

+

+

VVVYVYV

Detector Name:
Sample Geometry:

Sample Title:

Sgc LaBr 1R5x1R5

Cabrera Bag

Nuclide Library Used: C:\GENIE2K\CAMFILES\GKP Library.NLB

Nuclide

Name

K-40
BI-214

PB-214

PA-234M

TH-234

Il

® V * +
Il

Energy

(keV)

1460.
609.
768.
806.
934.

1120.

1155.

1238.

1280.

1385.

1509.

1661.

1729.

1764.

1847.

2118

79.
241
295.
351.
785.
766.

1001.

63.

92.

92.
112.

81
31%
36%
17
06*
29%
19
11
96
31*
19
28
60
49
44

.54

00*

.98%

21%
92%
91
36
03
29
38
80
81

Yield

(%

N

w
ONNDDOORFR JONPFPFRERFNOOWERENORF OGTRE UOrWw

)

.67
.30
.04
.23
.21
.10
.69
.94
.47
.76
.19
.15
.05
.80
.12
.21
.80
.49
.20
.20
.10
.29
.84
.50
.60
.60
.26

(

P RRPRPOUOOORSORE WO OOOONOB R N B OB YU

Line MDA Nuclide MDA Activity
(uci/ )

uci/ )

.883E~001
.240E-002
.036E+000
.386E+000
.824E+000
.344E-001
.293E+000
.129E+000
.477E+000
.064E-001
.424E+000
.000E+000
.000E+000
.000E+000
.000E+0Q00
.000E+000
.467E-002
.334E-001
.713E-001
.813E-002
.838E+000
.762E+001
.623E+4+000
.343E-001
.014E+4+000
.013E+4+000
.023E+001

ALL ACTIVITY RESULTS ARE ESTIMATES.
Total propagated error is much greater than reported.
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(uCi/ )

5.88E-001
6.24E-002

6.81E-002

6.62E+000

5.34E-001

-3.
5.237E+000
4.818E+000
2.218E+001
5.624E+000
5.396E+000
5.401E+001
4.549E+000
1.425E+001
4.485E+000

-1.
0
0
0
0
3
4
4
4
2

-4

0
8
-5
3

726E-001

872E+000

.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.391E+000
.342E+000
.105E+000
.828E+000
.687E+001"
.908E+001
.577E+000
.353E-001
.057E+001
2.
-1.

874E+001
435E+002

Nuclide identified during the nuclide identification
= Energy line found in the spectrum
MDA value not calculated

= Half-life too short to be able to perform the decay correction

Dec.

Level

(uci/ )

GO OUODNWONWORE WOOOOORLBNOUONNWOUDNOIWN

.927E-001
.106E-002
.161E-001
.186E+000
.091E-001
.164E-001
.139E+000
.621E-001
.229E+000
.016E-001
.205E+000
.000E+000
.000E+000
.000E+000
.000E+000
.000E+000
.725E-002
.664E-001
.550E-002
.396E-002
.411E+000
.781E+000
.299E+000
.667E-001
.065E-001
.060E-001
.109E+000
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Gamma Spectra Screen Shots



B Gamma - Initial Shape Cal. CNF* EEX
Fle MCA Calbrate Display Analyze Edit Options Datasource Help

s = Y N R e e =
Idle Channel: 190 : 569.0 keV Counts: 403 Preset: 600/600.00
Acquire [l
o ] (5555
Expand On
ROl Index:
23
Datasource
e
-
TIME INFO
Acq. Start:  7/17/2014 250:04 PM Elapsed Preset
Next Dead Time: 0.70% Live [secs ) 600.000 600
Prev Comp. Preset Region: Real (secs.) 604.200 0
0 - 0 [channels) Total [ents.): 0.00 0
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Fle MCA Calbrate Display Analyze Edt Options Datasource Help

e | 7] ¢ |QIE| o|o| | ultu|Q=]+] —|o]5|H

=l

Idle Channel: 251 750.1 keV Counts: 14 Preset: 300{300.00
Acquire -
o] (5
Expand On
ROl Index:
23
Datasource
TIME INFO
Acq. Stait: 7/17/2014 32420 PM Elapsed Preset
Next Dead Time: 0.32% Live [secs.] 300.000 300
5 Comp. Preset Region Real [secs ) 300970 0
ey 0- 0 channels) Total {ents. ) 0.00 i
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¥ Garmma - Co-60 Check. CNF
File MCA Calbrate Display Analyze Edit Options Datasource Help

20 =Tt I N T N [

Idle Channel: 512 : 1524.8 keV
Acquire

Expand On

Counts: 1

ROl Index:

=l B

Datasource

TIME INFO
Acq. Start: 7/17/2014 31316PM Elapsed
[Next | Dead Time: 0.29% Live (secs ] 300000
[Frev] Comp. Preset Region:  Real (secs ) 300 880
i 0 -0 [channels) Total [ents. ) 0.00

Preset: 300/300.00

-

Technical Memorandum — Appendix B
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8 Gamma - D-05-04, CNF

Fle MCA Cabrate Display Analyze Edt Optons Datasource Help
S| F| 4R o|o] | wwale]] -|o|5] 4|8

Idle Channel: 172 : 515.6 keV Counts: 2339
Acquire
tart ” Stop

Expand On

ROI Index:
=3
Datasource

TIME INFO
Acq. Start: 7/17/2014 510:30 PM Elapsed
Next Dead Time: 1.18% Live (secs.) 1800.000
e Comp. Preset Region’ Real (secs ) 1821570

0- 0 [channels) Total [cnts.): 0.00

Preset: 1800/1800.00

Preset
1800

0

0

Technical Memorandum — Appendix B
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M Gamma - D-08-07. CNF

File MCA Calbrate Display Analyze Edit Options Datasource Help
o FFQE| o|o] | wiw|ale] -|ols]uE8]

Idle Channel: 512
Acquire

| ws-a |-
tarl | [Biop
Expand On

T

: 1524.8 keV

Counts: 13

Preset: 1800/1800.00

ROl Index:
)

Datasource

o - |
TIME INFO
Acq. Stat: 7/17/2014 54356 PM Elapsed Preset
Next Dead Time: 0.24% Live (secs ) 1800000 1800
Prev Comp. Preset Region: Real [secs.) 1804 260 0
0- 0 [channels) Total [cnts ) 0.00 0
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Fle MCA Calbrate Display Analyze Edit Options Datasource Help
Slei|F] 3 |QE| o[o] | Www|alel] -|0l6] 0|4

Acquire
1] [5top

Expand On

ROl Index:
&3

Datasource

TIME INFO
Next
Prev

Idle Channel: 224 :

669.9 keV

Acq. Start
Dead Time:
Comp. Preset Region
0 - 0 [channels)

Counts: 164 Preset: 1800/1800.00

717/2014 6:26:43 PM Elapsed Preset
Live [secs.) 1800.000 1800
Real (secs.): 1804.140 0
Total [cnts. ) 0.00 0

Technical Memorandum — Appendix B

6 0f 9




B Gamma - 1-13-21.CNF

Fle MCA Calbrate Display Analyze Edt Optons Datasource Help
o || [WE| o] | wua]=]] -|o|s]|6E]

Idle Channel: 173
Acquire
tart | [ Stap

Expand On

ROl Index:
E3

Datasource

(] (b

: 518.6 keV

TIME INFO
Acqg. Start
Next Dead Time
Pl;v Comp. Preset Region:

0 - 0 [channels)

Counts: 663 Preset: 1800/1800.00

717/2014 43613PM Elapsed Preset
Live (secs.) 1800.000 1800
Real (secs 1806.340 0
Total (cnts ) 0.00 0
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e E QB oo [ wkalels] <|ols| B8]

Idle Channel: 165
Acquire

] [

Expand On

ROl Index:
=3

Datasource

Nt

TIME INFO
Next
Prev

494.8 keV

Acq. Start:

Dead Time: 080%
Comp. Preset Region:
0 - 0 (channels)

Counts: 1752 Preset: 1800/1800.00

71772014 34440 PM Elapsed Preset
Live [secs ) 1800.000 1800
Real (secs.) 1814510 0
Total [ents. ) onn 0

Technical Memorandum — Appendix B
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M Gamma - Cabrera Bag. CNF
Fle MCA Calbrate Display Analyze Edt Options Datasource Help

led || 0 QB olo] |0 wikale|s] =|ole] 88

Idle Channel: 339 : 1011.3 keV Counts: 282
Acquire
Expand On
ROl Index:
&3
Datasource
TIME INFO
Acq. Start: 7/17/2014 7:0325FPM Elapsed
Next Dead Time: 8 Live (secs.) £0.000
Comp. Preset Region Real (secs.] 685810
it 0-0channels) Total (cnts } 000

Preset: 60/60.00

Preset
B0

0

0

Technical Memorandum - Appendix B
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APPENDIX C

ISOCS Models



A Geometry Composer Report

Date: Monday, August 04, 2014
Description: Point at 6.5"
Comment: Point at 6.5" ,
File Name: c:\genie2k\isocs\datalgeometry\in-situlcircular pl
ane\gkp point at 6.75 in.geo
Software: IS0OCS ]
Template: CIRCULAR PLANE, Version: default
Detector: LaBr_ s
Environment: Temperature= 22 C, Pressure= 760 mmHg, Rel.Humidity= 30%
Integration: Convergence= 1.00%, MDRPN= 2" (4) CRPN= 2" (4)

Dimensions (cm) :

# Geometry Compon. dl d2 d3 d4 d5 do Material D(g/cm3) R.Conc.
1 Side Walls 0.10 0.01 acrylic 1.17

2 Layer 1 0.00 csteel 7.86 1.00
3 Layer 2 none

4 Layer 3 none

5 Layer 4 none

6 Layer 5 none

7 Layer 6 none

8 Layer 7 none

9 Layer 8 none

10 Layer 9 none

11 Layer 10 none

12 Absorberl ‘ none

13 Absorber2 none

14 Source-Detector 16.51

List of energies for efficiency curve generation:

59.5 88.0 122.1 165.9 391.7 e661.7 898.0 1173.2 1332.5 1836.0

ERCULAR PLANE |

1.1 wall thickness

21-11.4
Typical each layer

D
(19
©
®
@
O

1 4."( @/ Direction d
A @ Convenlion
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A Geometry Composer Report

Date: Monday, August 04, 2014
Description: D-05-04
Comment: D-05-04
File Name: c:\genie2k\isocs\data\geometry\in-situlcircular pl
ane\gkp d-05-04.geo
Software: ISOCS
Template: CIRCULAR_ PLANE, Version: default
Detector: LaBr_ s
Environment: Temperature= 22 C, Pressure= 760 mmHg, Rel.Humidity= 30%
Integration: Convergence= 1.00%, MDRPN= 2" (4) CRPN= 2" (4)

Dimensions (cm) :

# Geometry Compon. dl d2 d3 d4 d5 d6 Material D(g/cm3) R.Conc.
1 Side Walls 0.50 none

2 Layer 1 0.50 dirtl 1.60 1.00
3 Layer 2 : none

4 Layer 3 none

5 Layer 4 none

6 Layer 5 none

7 Layer 6 none

8 Layer 7 none

9 Layer 8 none

10 Layer 9 none

11 Layer 10 none

12 Absorberl none

13 Absorber? none

14

Source-Detector 15.24

List of energies for efficiency curve generation:

59.5 88.0 122.1 165.9 391.7 661.7 898.0 1173.2 1332.5 1836.0

| creusr PLane |

1.1 wall thickness:l\

P

2.1-11.1
Typical each layer

__________ !—-‘/' 141 X {

| ®
R | @ 14.2
14.{ @ | Direction e
Convenlion
TL— ©
14.5
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_e(_ Geometry Composer Report

Date: Monday, August 04, 2014
Description: D-08-07
Comment: D-08-07
File Name: c:\genie2k\isocs\data\geometry\in-situlcircular pl
ane\gkp d-08-07.geo
Software: ISOCS
Template: CIRCULAR PLANE, Version: default
Detector: LaRr_s
Environment: Temperature= 22 C, Pressure= 760 mmHg, Rel.Humidity= 30%
Integration: Convergence= 1.00%, MDRPN= 2" (4) CRPN= 2" (4)

Dimensions (inch):

# Geometry Compon. dl d2 d3 d4 d5 d6 Material D(g/cm3) R.Conc.
1 Side Walls 0.20 none

2 Layer 1 0.04 dirtl 0.10 1.00
3 Layer 2 none

4 Layer 3 none

5 Layer 4 none

6 Layer 5 none

7 Layer 6 none

8 Layer 7 none

9 Layer 8 none

10 Layer 9 none

11 Layer 10 none

12 Absorberl none

13 Absorber2 none

14 Source-Detector 1.00

List of energies for efficiency curve generation:

59.5 88.0 122.1 '165.9 391.7 661.7 898.0 1173.2 1332.5 1836.0

FuRCULAR PLANE 1

I 12.1
z1-111 | X == 134
ypical each layer ié/

Reference
Plane

~ 141 , 14.3
] @ _
RI B 14.2
@ | 8irectio1{j e
@ onvention
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A Geometry Composer Report

Date: Monday, August 04, 2014
Description: H-12-26
Comment: ' H-12-26
File Name: c:\genie2k\isocs\data\geometry\in-situlcircular pl

ane\gkp h-12-26.geo
Software: ISOCS
Template: CIRCULAR PLANE, Version: default
Detector: LaBr_s
Environment: Temperature= 22 C, Pressure= 760 mmHg, Rel.Humidily= 230%
Integration: Convergence= 1.00%, MDRPN= 27 (4) CRPN= 2" (4)

Dimensions (cm):

# Geometry Compon. dil d2 d3 d4 d5 do Material D(g/cm3) R.Conc.
1 Side Walls 3.00 ‘ none /
2 Layer 1 1.00 dirtl 1.60 1.00
3 Layer 2 none
4 TLayer 3 none
5 Layer 4 none
6 Layer 5 none
7 Layer 6 none
8 Layer 7 none
9 Layer 8 none
10 Layer 9 none
11 Layer 10 ' none
12 Absorberl - none
13 Absorber2 : none
14 Source-Detector 2.54

List of energies for efficiency curve generation:

58.5 88.0 122.1 165.9 391.7 661.7 898.0 1173.2 1332.5 1836.0

] CIRCULAR PLANE |

2.1-11.1

1.1 wall thickness
. Typical each layer

@
(9
®
®
@
(&)

@ o {
RI | @ 14.2
1 4.7( @ | Direction -~
S @ Convention
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A Geometry Composer Report

. Date: Monday, August 04, 2014
Description: I-13-21
Comment: I-13-21

File Name:

c:\genie2k\isocs\data\geometry\in-situlcircular pl

ane\gkp 1-13-21.geo

Software: IS0CS
Template: CIRCULAR PLANE, Version: default
Detector: LaBr_ s
Environment: Temperature= 22 C, Pressure= 760 mmHg, Rel.Humidity= 30%
Integration: Convergence= 1.00%, MDRPN= 2" (4) CRPN= 2" (4)
Dimensions (cm) :

# Geometry Compon. dl dz d3 d4 d5 de6 Material D(g/cm3): R.Conc.
1 Side Walls 2.00 none
2 Layer 1 2.00 dirtl 4.00 1.00
3 Layer 2 none
4 Layer 3 none
5 Layer 4 none
6 Layer 5 B none
7 Layer 6 none
8 Layer 7 none,
9 Layer 8 none
10 Layer 9 none
11 Layer 10 none
12 Absorberl none
13 Absorber?2 none
14 Source-Detector 15.24
List of energies for efficiency curve generation:

59.5 88.0 122.1 165.9 391.7 661.7 898.0 1173.2 1332.5 1836.0

‘ CIRCULAR PLANE

1.1 wall thickness

D
(9
O
(&)
@
(&

2.1—-11.1
Typicol each layer
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A Geometry Composer Report

Date: Monday, August 04, 2014
Description: N20-29
Comment: ' N20-29
File Name: c:\genie2k\isocs\data\geometry\in-situl\circular pl

ane\gkp n-20~29.geo
Software: IsoCs
Template: CIRCULAR PLANE, Version: default
Detector: LaBr_s
Environment: Temperature= 22 C, Pressure= 760 mmHg, Rel.Humidity= 30%
Integration: Convergence= 1.00%, MDRPN= 2" (4) CRPN= 2" (4)

Dimensions (inch):

# Geometry Compon. d1 d2 d3 d4 ds de6 Material D(g/cm3) R.Conc.
1 Side Walls 1.50 none .
2 Layer 1 1.50 dirtl 2.50 1.00
3 Layer 2 none
4 Layer 3 none
5 Layer 4 none
6 Layer 5 none
7 Layer 6 none
8 Layer 7 none
9 Layer 8 none
10 Layer 9 none
11 Layer 10 none
12 Absorberl none
13 Absorber2 ’ none
14 Source-Detector 6.00

List of energies for efficiency curve generation:

59.5 88.0 122.1 165.9 391.7 661.7 898.0 1173.2 1332.51836.0

[ CIRCULAR PLANE \

21-11.1

1.1 wall thickness
Typical each layer

(@
(19
®
®
@
O

® __Aii
RI | @ 14.2
1 4.{ @ I Direction e
S @ Convention
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A Geometry Composer Report

Date: Monday, August 04, 2014

Description: Cabrera Bag

Comment: ' Cabrera Bag

File Name: c:\genie2k\isocs\data\geometry\in-situlcircular pl

‘ ane\gkp cabrera bag.geo

Software: Is0cCs

Template: CIRCULAR PLANE, Version: default

Detector: LaBr s

Environment: Temperature= 22 C, Pressure= 760 mmHg, Rel.Humidity= 30%
Integration: Convergence= 1.00%, MDRPN= 27 (4) CRPN= 2" (4)

) Dimensions (cm):

# Geometry Compon. dl d2 d3 d4 d5 dé Material D{(g/cm3) R.Conc.
1 Side Walls 3.00 none

2 Layer 1 0.25 . dirtl 1.60 1.00
3 Layer 2 ) none

4 TLayer 3 none

5 Layer 4 none

6 Layer 5 none

7 Layer 6 none

8 Layer 7 none

9 Layer 8 none

10 Layer 9 none

11 Layer 10 ) none

12 Absorberl none

13 Absorber?2 b . none

14 Source-Detector 2.54

List of energies for efficiency curve generation:

58.5 88.0 122.1 165.9 391.7 661.7 898.0 1173.2 1332.5 1836.0

‘ CIRCULAR PLANE ]

2.1-11.1
Typical each layer

12.1
X A[ H [=— 13.1

® |
RI | @ 14.2
A —
o e,
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APPENDIX D

Source Calibration Certificates



M, S . S RSpew . g —
e — S A— — — e o  —

F—— e — A ——— e — i

SPEC TRUM TECHNIQUES, L.L.C.

106 Union Valley Road

Oak Ridge, TN 37830

Tel: (865) 482-9937 Fax: (865) 483-0473
Email: sales@spectrumtechniques.com
Web: www.spectrumtechniques.com

@ertificate of Calibration

Radioactive material, Limited Quantity NOS UN2910,
Exempt Quantity 10CFR30.18, BS 5288/C11111

This source has been calibrated using a HPGe detector whose efﬁciency was
established with the NIST traceable mixed nuclide standard SRS: 80899-854.
The stated activity is the weighted average of the measured gamma lines with

an estimated uncertainty of 5%.

Radionuclide: Ba-133

Half-Life:

10.51 years

Decay Constant: 0.0001808

Serial Number: - 9021110

Calibratio

nDate:  September 2, 2011

Photon Energy (keV)

80.1
276.4
302.9
356.0
383.9

Certified

by:

APPENDIX D Page 1 of 4

Activity:

Intensity (%)

34.06

7.16
18.33
62.05

8.94

1.04 uCi. ; 38,480 Bgq.

Emission Rate (sec-1)

13,106
2,755
7,053

23,877
3,440

| Date: Sepfember 6, 2011



L . S— S ——— —— . - —
———

E e — SPECTRUM TECHNIQUES, L.L.C.

106 Union Valley Road

Oak Ridge, TN 37830

Tel: (865) 482-9937 Fax: (865) 483-0473

Email: sales@spectrumtechniques.com
Web: www.spectrumtechnigues.com

Uertificate nf alibration

Radioactive material, Limited Quantity NOS UN2910,
Exempt Quantity 10CFR30.18, BS 5288/C11111

This source has been calibrated using a HPGe detector whose efficiency was
established with the NIST traceable mixed nuclide standard SRS: 80899-854.
The stated activity is the weighted average of the measured gamma lines with

an estimated uncertainty of 5%.

Radionuclide: Co-60

Half-Life: 5.2714 Years
Decay Constant:  0.0003604

Serial Number: 902118

Calibration Date: ~ September2, 2011 Activity: = 0.937 uCi. . . 34,669.0 Bq.
Photon Energy (keV) Intensity (%) Emission Rate (sec-1)
1173.24 99.97 34658.6
1332.5 99.99 34665.5

Certified by: Qa% Date: September 6, 2011
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SPECTRUM TECHNIQUES, L.L.C.

106 Union Valley Road

Oak Ridge, TN 37830

Tel: (865) 482-9937 Fax: (865) 483-0473
Email; sales@spectrumtechniques.com
Web: www.spectrumtechniques.com

ertificate of Q‘Lalihraﬁnn

Radioactive material, Limited Quantity NOS UN2910,
Exempt Quantity 10CFR30.18, BS 5288/C11111 -

This source has been calibrated using a HPGe detector whose efficiency was
established with the NIST traceable mixed nuclide standard SRS: 80899-854.
The stated activity is the weighted average of the measured gamma lines with

an estimated uncertainty of 5%.

Radionuclide: Cs-137
Half-Life: 30.07 years

Decay Constant: 0.02305

Serial Number: 902113

Calibration Date: = September 2, 2011 Activity:

Photon Energy (keV) Intensity (%)
661.66 - 85.1

Y
Certified by: M

APPENDIX D.Page 3 of 4 -

1.08 uCi. 39,960 Bg.

Emission Rate (sec-1)

34,006

Date: September 6, 2011



SPECTRUM TECHNIQUES, L.L.C.

106 Union Valley Road

Oak Ridge, TN 37830

Tel: (865) 482-9937 Fax: (865) 483-0473
Email: sales@spectrumtechniques.com
Web: www.spectrumtechniques.com

@ertiticate of Qulibration

Radioactive material, Limited Quantity NOS UN2910,
Exempt Quantity 10CFR30.18, BS 5288/C11111

This source has been calibrated using a HPGe detector whose efficiency was
established with the NIST traceable mixed nuclide standard SRS: 80899-854.
The stated activity is the weighted average of the measured gamma lines with

an estimated uncertainty of 5%.

Radionuclide: Mn-54
Half-Life: 312.3 Days
Decay Constant:  0.00221934

Serial Number: 902119

Calibration Date: = September 2, 2011

Photon Energy (keV)

834.3

Intensity (%)

Certified by:

\
APPENDIX D Page 4 of 4

1.14 uCi 42,180 Bq.

Emission Rate (sec-1)

- 42,172

Date: September 6, 2011



