facility 755652
facility 755653
project 10243

Gamma Spectroscopy
Case Narrative

COGCC
PW NORM 2017 — 10048
Work Order Number: 1706286

This report consists of analytical results and supporting documentation for two water samples
received by ALS on 06/13/2017.

These samples were prepared according to the current revision of SOP739.

The samples were analyzed for the presence of gamma emitting radionuclides according to the
current revision of SOP713. The analyses were completed on 06/18/2017.

The analysis results for these samples are reported in units of pCi/L. The samples were filtered
prior to analysis.

Technical considerations made in the creation of the gamma spectroscopy library used in this
analysis are detailed in the document “Technical Comments Regarding Gamma Spectroscopy
Libraries” found in Section 5.

Radium-226 quantification based on the 186.21 keV photon suffers from interference with the
185.72 keV photon emitted by **U. Due to the high abundance of this photon in >*U emissions,
even small amounts of *U may bias the **Ra results high. Thus, any measured activity for “°Ra
has been flagged with an “SI” qualifier, denoting spectral interference.

In cases where there are no peaks found in the peak search routine, the software performs a net
guantification. This indicates that nuclides are not detected or supported at any level above the
reported MDC. Consequently, these nuclides are flagged with an “NQ” qualifier on the final
reports. Please refer to the Technical Bulletin Addendum in section 5 of this report.

No further problems were encountered with either the client samples or the associated quality
control samples. All remaining quality control criteria were met.
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The data contained in the following report have been reviewed and approved by the personnel listed
below. In addition, ALS certifies that the analyses reported herein are true, complete and correct
within the limits of the methods employed.

@Muﬁm—p(um_, 7/24/17

Jedin Anderson Date
Radiochemis imary Data Reviewer

7/26/17
Radiochemistry Final Data Review: Date
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Section 1

CHAIN OF CUSTODY
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ALS -- Fort Collins

Sample Number(s) Cross-Reference Table

OrderNum:

Client Name:

Client Project Name:
Client Project Number:
Client PO Number:

1706286
COGCC

PW NORM 2017
10048

CT 2017-3066

Client Sample Lab Sample | COC Number Matrix Date Time
Number Number Collected | Collected
755652 Coalview 1706286-1 WATER  13-Jun-17 10:16
755652 Coalview 1706286-2 WATER  13-Jun-17 10:16
755653 Oscar Y 1706286-3 WATER  13-Jun-17 11:36
755653 Oscar Y 1706286-4 WATER  13-Jun-17 11:36

Page1of 1

ALS -- Fort Collins

LIMS Version: 6.843

Date Printed: Wednesday, July 05, 2017
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ALS Environmental - Fort Collins
CONDITION OF SAMPLE UPON RECEIPT FORM

Workorder No: \/‘]LOé Z(%

cie: . (X
<<

Project Manager: — Initials: | Jé S Date: i Q; / { TS’/ [

1. Does this project require any special handling in addition to standard ALS procedures? . YES é@
2. Are custody seals on shipping containers intact? &@ YES NO
3. Are Custody seals on sample containers intact? @KE YES NO
4. Is there a COC (Chain-of-Custody) present or other representative documents? &EY NO
5. Are the COC and bottle 1abels complete and legible? @S NO
6. Is the COC in agreement with samples received? (IDs, dates, times, no. of samples, no. of @ NO

containers, matrix, requested analyses, etc.)
7. Were airbills / shipping documents present and/or removable? ROP YES NO
8. Are all agueous samples requiring preservation preserved correctly? (excluding volatiles) N/A (YES) NO
5. Are all aqueous non-preserved samples pH 4-97 N/A @ NO
10. Is there sufficient sample for the requested analyses? (?@ NO
11, Were all samples placed in the proper containers for the requested analyses? @S NO
12. Are all samples within holding times for the requested analyses? @ NO
13. Were all sample containers received intact? (not broken or leaking, etc.) @8’ NO
14, Are all samples requiring no headspace (VOC, GRO, RSK/MEE, Rx CN/S, radon) N/A @ NO

headspace free? Size of bubble: < preen pea ___ > greenpea
15. Do any water samples contain sediment? o Amount >

. . : N/A YES NO

Amount of sediment: __ dusting hémoderate _____heavy O
t6. Were the samples shipped on ice? ’ Py @ NO
17. Were cooler temperatures measured at 0.1-6.0°C? o IR gun used®™  #2 / #4 ) | g;‘g, (fE@ NO

Cooler #: / Z 'j L‘IL ~ -
Temperature ("C): Mé d/V"G d N - é
No-of custody sealsomeooler————EF— ,é“’——/@ﬁ
DOT Survey
Acceplancs External pR/hr reading: /“. -
Background pR/hr reading: /)
Were extemnal pR/hr readings < two times background and within DOT acceptance criteia? YES /NO fNA. (If no, see Form 008.)

N
Additional Information: PROVIDE DETAILS BELOW FOR A NO RESPONSE TO ANY QUESTION ABOVE, EXCEPT #1 AND #16,

If applicable, was the client contacted? YES / NO

Project Manager Signature / Date:

*IR Gun #2: Oakton, SN 29922500201-0066
Form 201124.x1s (06/04/2012) *IR Gun #4: Oakton, SN 2372220101-0002

Date/Time:

Pagelof

7 of 148



Section 2 @

SAMPLE RESULTS SUMMARY
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Due to the nature of gamma spectroscopy data, a summary report is
not provided.

Please refer to the individual sample results in Section 4.
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Section 3

QC RESULTS SUMMARY 9
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Gamma Spectroscopy Results
PAI 713 Rev 14
Method Blank Results

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

ALS -- Fort Collins
1706286

COGCC

PW NORM 2017 10048

Sample Matrix: WATER
Prep SOP: PAI 739 Rev 12

Lab ID: GS170615-2AMB

Library: NATURAL+RA22 Date Collected: 15-Jun-17

Prep Batch: GS170615-2
QCBatchlID: GS170615-2-1
Run ID: GS170615-2A

Final Aliquot: 1000 ml
Result Units: pCi/l
File Name: 170665d07A

Date Prepared: 15-Jun-17
Date Analyzed: 18-Jun-17

Count Time: 500 minutes

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14596-10-2 Am-241 -7E+00 +/- 2.1E+01 3.7E+01 NA U
14913-49-6 Bi-212 3.3E+01 +/- 5.5E+01 9.1E+01 NA U
14733-03-0 Bi-214 5.7E+00 +/- 8.4E+00 1.38E+01 NA U
10198-40-0 Co-60 -2.5E+00 +/- 4.6E+00 8.3E+00 NA U
10045-97-3 Cs-137 -2.2E+00 +/- 3.6E+00 6.4E+00 1E+01 NA U
13966-00-2 K-40 -2.9E+01 +/- 8.7E+01 1.49E+02 NA U
15092-94-1 Pb-212 1.7E+00 +/- 8.9E+00 1.48E+01 NA U
15067-28-4 Pb-214 OE+00 +/- 1E+01 1.8E+01 NA U
13982-63-3 Ra-226 -5E+00 +/- 9.5E+01 1.59E+02 NA u,Sl
14331-83-0 Ac-228 7E+00 +/- 2.2E+01 3.6E+01 NA U
15100-28-4 Pa-234m 4.4E+02 +/- 6.9E+02 1.14E+03 NA U
15262-20-1 Ra-228 7E+00 +/- 2.2E+01 3.6E+01 NA U
15065-10-8 Th-234 -3.9E+01 +/- 8.7E+01 1.46E+02 NA U
15117-96-1 U-235 -8E+00 +/- 2.8E+01 4.7E+01 NA U
Comments:

Qualifiers/Flags: Abbreviations:

U - Resultis less than the sample specific MDC or less than the associated TP .

" TPU - Total Propagated Uncertainty

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed. o i

MDC - Sample specific Minimum Detectable Concentration
Y2 - Chemical Yield outside default limits.
BDL - Below Detection Limit

LT - Result is less than Requested MDC, greater than sample specific MDC.

SQ - Spectral quality prevents accurate quantitation.

Sl - Nuclide identification and/or quantitation is tentative.

TI - Nuclide identification is tentative.

R - Nuclide has exceeded 8 halflives.

M - Requested MDC not met.

B - Analyte concentration greater than MDC.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

DL - Decision Level
Data Package ID: GSW1706286-1

Date Printed: Wednesday, July 05, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.843
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

1706286
COoGcCC

Gamma Spectroscopy Results

ALS -- Fort Collins

PW NORM 2017 10048

PAI 713 Rev 14
Laboratory Control Sample(s)

Lab ID: GS170615-2LCS Sample Matrix: WATER Prep Batch: GS170615-2 Final Aliquot: 1000 ml
Prep SOP: PAI 739 Rev 12 QCBatchlID: GS170615-2-1 Result Units: pCi/l
Library: ANALYTICAL.LI Date Collected: 15-Jun-17 Run ID: GS170615-2A File Name: 170663d07
Date Prepared: 15-Jun-17 Count Time: 30 minutes
Date Analyzed: 18-Jun-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier

14596-10-2 Am-241 9.7E+04 +/- 1.2E+04 2E+03 9.960E+04 97.5 85-115 P

10198-40-0 Co-60 4.08E+04 +/- 4.8E+03 2E+02 4.120E+04 98.9 85-115 P

10045-97-3 Cs-137 3.83E+04 +/- 4.5E+03 2E+02 3.770E+04 101 85-115 P,M3

Comments:
Qualifiers/Flags: Abbreviations:
U - Resultis less than the sample specific MDC or less than the associated TP TPU - Total Propagated Uncertainty
II_IT - Result is less than Requested MDC, greater than sample specific MDC. MDC - Minimum Detectable Concentration
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
SQ - Spectral quality prevents accurate quantitation.
L - LCS Recovery below lower control limit. o o o .
Sl - Nuclide identification and/or quantitation is tentative.
H - LCS Recovery above upper control limit.
P - LCS Recovery within control limits. TI - Nuclide identification is tentative.
M - The requested MDC was not met. R - Nuclide has exceeded 8 halflives.
M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.
Data Package ID: GSW1706286-1
Date Printed: Wednesday, July 05, 2017 ALS -- Fort Collins Page 1of 1

LIMS Version: 6.843
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Section 4

INDIVIDUAL SAMPLE RESULTS

4
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

ALS -- Fort Collins
1706286

COGCC

PW NORM 2017 10048

Field ID: 755652 Coalview Sample Matrix: WATER Prep Batch: GS170615-2 Final Aliquot: 1000 ml
LabD:_7052se s Date Calected: T39um17 Fun 1D, QSLIORISSA  Molewne00 A
Library: NATURAL+RA22 Date Prepared: 15-Jun-17 Count Time: 500 minutes Result Units: pCill
Date Analyzed: 18-Jun-17 Report Basis: Filtered File Name: 170826d03
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier

14596-10-2 Am-241 -3E+00 +/- 3.4E+01 5.8E+01 NA U
14913-49-6 Bi-212 7E+00 +/- 6E+01 1.02E+02 NA U
14733-03-0 Bi-214 4.8E+01 +/- 1.4E+01 2.1E+01 NA

10198-40-0 Co-60 -1.9E+00 +/- 5E+00 9E+00 NA U
10045-97-3 Cs-137 -2.6E+00 +/- 4E+00 7.1E+00 1E+01 NA U
13966-00-2 K-40 9E+00 +/- 9.2E+01 1.56E+02 NA U
15092-94-1 Pb-212 -1.4E+00 +/- 7.7E+00 1.29E+01 NA U
15067-28-4 Pb-214 4.2E+01 +/- 1.3E+01 2.5E+01 NA

13982-63-3 Ra-226 6E+01 +/- 1.1E+02 1.9E+02 NA u,Sl
14331-83-0 Ac-228 2E+00 +/- 2.7E+01 4.6E+01 NA U
15100-28-4 Pa-234m 2.9E+02 +/- 6.9E+02 1.16E+03 NA U
15262-20-1 Ra-228 2E+00 +/- 2.7E+01 4.6E+01 NA U
15065-10-8 Th-234 8E+00 +/- 9.1E+01 1.52E+02 NA U
15117-96-1 U-235 1.2E+01 +/- 2.6E+01 5.1E+01 NA U

Comments: This sample was filtered prior to analysis.

Qualifiers/Flags:

U - Resultis less than the sample specific MDC or less than the associated TP SQ - Spectral quality prevents accurate quantitation.

IYll - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed. Sl - Nuclide identification and/or quantitation is tentative.

Y2 - Chemical Yield outside default limits. TI - Nuclide identification is tentative.

LT - Result is less than Requested MDC, greater than sample specific MDC. R - Nuclide has exceeded 8 halflives.

M3 - The requested MDC was not met, but the reported G - Sample density differs by more than 15% of LCS density.

activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

BDL - Below Detection Limit

DL - Decision Level

Data Package ID: GSW1706286-1

Date Printed: Wednesday, July 05, 2017 ALS -- Fort Collins Page 1 of 2

LIMS Version: 6.843
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Lab Name:
Work Order Number:

Client Name:
ClientProject ID:

Gamma Spectroscopy Results

PAI 713 Rev 14
Sample Results

ALS -- Fort Collins
1706286

COGCC

PW NORM 2017 10048

Field ID: 755653 Oscar Y Sample Matrix: WATER Prep Batch: GS170615-2 Final Aliquot: 1000 ml
LabD:_17062se 3 Date Calected: T39um17 Fun 1D, QSLIORISSA  Molewne00 A
Library: NATURAL+RA22 Date Prepared: 15-Jun-17 Count Time: 500 minutes Result Units: pCill
Date Analyzed: 18-Jun-17 Report Basis: Filtered File Name: 171129d04
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier

14596-10-2 Am-241 4E+00 +/- 4.2E+01 6.9E+01 NA U
14913-49-6 Bi-212 7.6E+01 +/- 6.9E+01 1.1E+02 NA U
14733-03-0 Bi-214 1.5E+01 +/- 1.1E+01 1.7E+01 NA U
10198-40-0 Co-60 -4.1E+00 +/- 6.4E+00 1.15E+01 NA U
10045-97-3 Cs-137 1.3E+00 +/- 5.2E+00 8.7E+00 1E+01 NA U
13966-00-2 K-40 1.86E+02 +/- 8.6E+01 1.26E+02 NA NQ
15092-94-1 Pb-212 2.4E+00 +/- 8.7E+00 1.44E+01 NA U
15067-28-4 Pb-214 6E+00 +/- 1.2E+01 2.1E+01 NA U
13982-63-3 Ra-226 2E+01 +/- 1.2E+02 2.1E+02 NA u,Sl
14331-83-0 Ac-228 -6E+00 +/- 3.4E+01 5.8E+01 NA U
15100-28-4 Pa-234m 7.8E+02 +/- 8.7TE+02 1.42E+03 NA U
15262-20-1 Ra-228 -6E+00 +/- 3.4E+01 5.8E+01 NA U
15065-10-8 Th-234 -8E+01 +/- 1.1E+02 1.8E+02 NA U
15117-96-1 U-235 9E+00 +/- 3E+01 5E+01 NA U

Comments: This sample was filtered prior to analysis.

Qualifiers/Flags:

U - Resultis less than the sample specific MDC or less than the associated TP

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed. S

Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reported G-

activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty

TI-

MDC - Sample specific Minimum Detectable Concentration

BDL - Below Detection Limit

DL - Decision Level

Data Package ID: GSW1706286-1

SQ - Spectral quality prevents accurate quantitation.

- Nuclide identification and/or quantitation is tentative.

Nuclide identification is tentative.

R - Nuclide has exceeded 8 halflives.

Sample density differs by more than 15% of LCS density.

Date Printed: Wednesday, July 05, 2017

ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.843
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Section 5

RAW DATA
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170826D03.SPC Analyzed bySGq)
khkkkkhkkkkhkhkkkkkkkkkhkhkkhkkhkhkkkkhkhkhkhhkhkhkkkikdkkk hkkkkkkkkhkhkhhhkhkhkhkkkhkhkkkhkkkkkkkkkkikk

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
*******************************************************************************

Geo 1 / Water

Sample ID: 1706286-1 GS170615-2

Sampling Start: 06/18/2017 11:00:00 | Counting Start: 06/18/2017 11:20:26

Sampling Stop: 06/18/2017 11:00:00 | Decay Time. . . . . . . 3.41E-001 Hrs

Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 30000 sec

Sample Size . . . . . . . 1.00E+000 L | Real Time . . . . . . . . 30086 Sec
l

Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .170826D03.8SPC
Detector #: 3 (Detector 3)
Energy(kev)= -1.70 + 0.501*Ch + 0.00E+00*Ch*2 + 0.00E+00*Ch-3 06/18/2017
FWHM(keV) = 0.73 + 0.017*En + 8.16E-04*En+2 + 0.00E+00*En+3 11/04/2016
Where En = Sqgrt (Energy in keV)

PK. ENERGY ADDRESS NET/MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 46.91 97.03 43 65 52 503 0.91 a NET< CL
2 53.34 109.87 82 95 77 822 1.63 a Wide Pk
3 65.96 135.05 130 88 70 779 1.25 a HiResid
4 66.72 136.58 142 48 34 292 0.51 b HiResid
5 68.94 141.00 1 42 34 292 0.46 ¢ NET< CL
HiResid
6 92.53 188.11 162 61 46 419 0.90 a
7 139.95 282.78 191 67 50 469 1.04 a
8 154.45 311.72 71 87 70 683 1.64 a
9 161.59 325.96 38 46 36 290 0.70 a
10 186.02 374.74 219 77 59 545 1.34 a
11 198.40 399.45 246 63 45 377 1.01 a
12 209.50 421.62 62 64 51 442 1.08 a
13 238.62 479.74 92 53 40 344 0.97 a
14 242.05 486 .58 69 52 40 344 1.05 b
15 295.05 592.39 175 57 42 343 1.18 a
16 351.87 705.82 368 61 39 288 1.35 a
17 510.97 1023.43 721 82 51 389 2.45 a Wide Pk
18 558.50 1118.31 181 49 33 206 1.57 a
19 583.45 1168.13 49 31 23 116 1.09 a
20 596.19 1193.55 94 49 37 250 1.63 a
Page 001
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170826D03.SPC Analyzed by

ENERGY ADDRESS NET /MDA UN-

609.38 1219.90 283 52

803.43 1607.27 64 37

911.12 1822.25 51 28

1120.31 2239.85 74 36

1461.24 2920.45 105 34

1764.82 3526.49 68 34
Page 002
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170826D03.SPC Analyzed by

Fededededdddeddededededkdkddk ok hdkddkddddodedededededededededededed o de o g ok gk gk g dode e d ke ke e de e o e o e e ek ek ek ke
SEEKER BACKGROTUND SUBTRACT RESULTS Vers. 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
khkhkkkhhkdkdhkdhkhhkhkhhkhkkhkkkdhkhkhkhhhkhhkhhhkhkhhhkhhkkhhkkhkhkhkhkhhkdhhkhkhhhkhhkdhkhhkkdkhhkdkkkdk

Background File:. . . . . . DET030614.BKG (061417-3 WEEKLY BKG)

Bkg.File Detector #: 3

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (keVv) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
3 65.96 130 88 70 31 124 101 NET<CL
5 68.94 1 42 34 -18 66 55 NET<CL
6 92.53 162 61 46 10 104 85 NET<CL
7 139.95 191 67 50 112 98 79
10 186.02 219 77 59 62 114 93 NET<CL
11 198.40 246 63 45 170 97 77
13 238.62 92 53 40 -15 81 67 NET<CL
15 295.05 175 57 42 144 76 60
16 351.87 368 61 39 323 107 83
17 510.97 721 82 51 -37 142 117 NET<CL
18 558.50 181 49 33 111 70 55
19 583.45 49 31 23 -11 68 56 NET<CL
20 596.19 94 49 37 62 66 53
21 609.38 283 52 33 238 74 55
22 803.43 64 37 27 1 59 49 NET<CL
23 911.12 51 28 20 5 57 47 NET<CL
25 1461.24 105 34 22 5 55 45 NET<CL
Page 003
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SEEKER

Sample ID:

170826D03.SPC Analyzed by

hkkkkhkkhdkhkhhkhhkdhhkhhhkhkhhkhhkhhkhhhkhhkhhhhkhhhkhhhhhkhhkhhkhkhkhhhhhkhhhhhkhhhhkrhhkhhkkhhhhs

FINAL

ACTIVITY

REPORT

ALS Laboratory Group - Fort Collins

GammaScan
*******************************************************************************

Geo 1 / Water

1706286-1 GS170615-2

Version 2.2.1

06/18/2017 11:00:00

Sampling Start:
Sampling Stop:

Buildup Time. .
Sample Size . .
Collection Efficiency . . .

Cr.

06/18/2017 11:00:00

Level Confidence Interval:

0.00e+000 Hrs
1.00e+000 L

1.0000
95 %

Counting Start:
Decay Time. . . .

Live Time
Real Time

. . . .

Spectrum File . .

Det. Limit Confidence

Interval:

06/18/2017 11:20:26
3.41e-001 Hrs
30000 Sec
30086 Sec
.170826D03.SPC

95 %

(Detector 3)

Efficiency File:

Eff=10*[-6.81E+01 +8.58E+01*L +-3.67E+01*L*2 +5.20E+00*L*3]
Eff.=104[-6.20E+00 +6.10E+00*L +-2.43E+00*L*2 +2.82E-01*LA3]

Detector #:
(D03) (Sh0l1) .EFF (Geo 1 Eff Cal)

3

11/04/2016
300.00 kev

Above

B i s a1

Nuclide

Critical
Level

Halflife
(hrs)

Th-234
U-235

Ra-226
Pb-212
Pb-214

Bi-214

Ra-228
K-40
Pb-210
Am-241
Th-227
T1-208
Cs-137
Bi-212
Pa-234m

N

ENERGY E Concentration
(keV) T (pCi/L )
92.50 N 8.46E+00 +- 9.13E+01
Average:x 1.20E+01 +- 2.56E+01
163.35 2.61E+01 +- 3.09E+01
143.76 N-1.85E+01 +- 4.56E+01
186.21 N 6.28E+01 +- 1.15E+02
238.63 N-1.41E+00 +- 7.68E+00
Average:x 4.16E+01 +- 1.18E+01
295.22 3.40E+01 +- 1.81E+01
351.99 4.73E+01 +- 1.56E+01
Average:x 4.82E+01 +- 1.29E+01
609.32 4.45E+01 +- 1.39E+01
1120.28 7.19E+01 +- 3.51E+01
911.07 N 2.28E+00 +- 2.73E+01
1460.75 N 9.13E+00 +- 9.21E+01
46.50 N 1.06E+03 +- 1.10E+03
59.54 N-3.21E+00 +- 3.40E+01
236.00 N-4.98E+00 +- 2.85E+01
583.14 N 4.33E+00 +- 3.86E+00
661.62 N-2.62E+00 +- 3.99E+00
727.17 N 7.22E+00 +- 6.00E+01
1001.03 N 2.95E+02 +- 6.87E+02

Page 004

1.52E+02

5.08E+01

7.63E+01b

1.90E+02
1.30E+01
2.89E+01
2.46E+01
2.13E+01
5.35E+01
4.60E+01
1.55E+02
1.80E+03
5.76E+01

4.82E+01R

6.24E+00
7.09E+00
1.02E+02
1.16E+03

7.50E+01
2.45E+01
3.77E+01
9.34E+01
6.35E+00
1.41E+01
1.21E+01
1.04E+01
2.54E+01
2.24E+01
7.55E+01
8.75E+02
2.81E+01
2.36E+01
2.99E+00
3.40E+00
4.90E+01
5.49E+02

3.92E+13
6.17E+12
6.17E+12
6.17E+12
1.40E+07
1.27E+14
1.40E+07
1.40E+07
1.40E+07
1.40E+07
1.40E+07
1.40E+07
5.04E+04
1.12E+13
1.95E+05
3.80E+06
1.90E+05
1.27E+14
2.64E+05
1.27E+14
3.92E+13

20 of 148



170826D03.SPC Analyzed by

N
ENERGY E Concentration Critical Halflife
Nuclide (kev) T (pCi/L ) MDA Level (hrs)
Co-60 1332.51 N-1.92E+00 +- 5.03E+00 8.95E+00 4.24E+00 4.62E+04

MEASURED TOTAL: 1.55E+03 +- 2.23E+03 pCi/L

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 46 .91 97.03 43 65 52 503 0.91 Deleted
2 53.34 109.87 82 95 77 822 1.63 TUnknown
3 65.96 135.05 31 124 101 779 1.25 Deleted
4 66.72 136.58 142 48 34 292 0.51 Unknown
5 68.94 141.00 -18 66 55 292 0.46 Deleted
7 139.95 282.78 112 98 79 469 1.04 Unknown
8 154.45 311.72 71 87 70 683 1.64 TUnknown
11 198.40 399.45 170 97 77 377 1.01 Unknown
12 209.50 421.62 62 64 51 442 1.08 TUnknown
14 242.05 486.58 69 52 40 344 1.05 Unknown
17 510.97 1023.43 -37 142 117 389 2.45 Deleted
18 558.50 1118.31 111 70 55 206 1.57 TUnknown
19 583.45 1168.13 -11 68 56 116 1.09 Deleted
20 596.19 1193.55 62 66 53 250 1.63 TUnknown
22 803.43 1607.27 1 59 49 132 2.12 Deleted
26 1764.82 3526.49 68 34 25 76 3.92 TUnknown

¢ :\SEEKER\BIN\170826d03.res Analysis Results Saved.

Page 005
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171129D04.SPC Analyzed by

o g de g de g g de de de de de de de de g de de g de de de T de ke de Ko ke g de ke ok koK Kk de ke ok ok ok k& hhkkhkdhkhkhkkkhkhkhkkkkhkhkkkkkdkkhkkhkkkkk

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
kkkdhkdkkkkhhkhhhhkhhkkhhkkkhhkhkhhdkhhhkhhhhkhhhkhkhkhkhhhhhkhhkhkkhkkhhkkkhkhhkhhkhkhkhkhkhkhhkkkkkkk

Geo 1 / Water

Sample ID: 1706286-3 GS170615-2

Sampling Start: 06/18/2017 11:00:00 Counting Start: 06/18/2017 11:20:38
Sampling Stop: 06/18/2017 11:00:00 Decay Time. . . . « . . 3.44E-001 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . « « ¢« « o o« . 30086 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .171129D04.8SPC
Detector #: 4 (Detector 4)

Energy(kev)= -1.53 + 0.501*Ch + 0.00E+00*Ch+2 + 0.00E+00*Ch*3 06/18/2017
FWHM (keV) = 0.80 + O0.010*En + 1.10E-03*En*2 + 0.00E+00*En+3 01/10/2017
Where En = Sqgrt(Energy in keV)

|
|
Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 30000 Sec
I
|

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 63.00 128.76 173 103 82 871 1.77 a wide Pk
2 66.18 135.10 260 83 63 633 1.34 b
3 92.39 187.40 219 70 52 497 1.03 a
4 122.59 247.67 36 37 29 204 0.52 a
5 139.80 282.02 175 70 53 478 1.18 a
6 174.77 351.80 37 49 39 309 0.84 a NET< CL
7 185.55 373.30 198 65 49 403 1.22 a
8 198.32 398.78 206 66 49 411 1.07 a
9 238.52 478.99 69 51 39 326 0.95 a
10 282.17 566.10 36 34 26 172 0.64 a
11 295.19 592.07 62 45 35 253 0.99 a
12 351.75 704.94 97 37 26 151 0.89 a
13 499.71 1000.18 40 28 21 108 0.81 a
14 510.97 1022.66 541 77 51 366 2.63 a Wide Pk
15 558.27 1117.04 123 42 29 163 1.49 a
le 596.04 1192.40 68 33 24 133 1.05 a wide Pk
17 597.48 1195.29 21 103 85 663 4.93 b NET< CL
18 609.17 1218.61 50 36 27 161 1.07 a
19 868.38 1735.83 13 20 16 61 1.02 a NET< CL
20 1460.43 2917.23 51 42 33 134 3.81 a HiResid
Page 001
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171129D04.SPC Analyzed by

LR AR R R R R R R T Ly L R R R g g A g v Ry
SEEKER BACKGROUND SUBTRACT RESULTS Vers. 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
kkkkhkhkhkkhkhkhkhkhkhkdkhkhkhkhkhkhkhkhkhhkhkhhkhhkrkkhkdhkhkhkhkdhkhkhkhkdhkhhkrkkhkhkhkrhkhkhkhkdhkhkrdhkhkdhkhkrdhkkhkhdhhkhdd

Background File:. . . . . . DET040614.BKG (061417-4 WEEKLY BKG)

Bkg.File Detector #: 4

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW

PK# (kev) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
1 63.00 173 103 82 45 127 104 NET<CL

2 66.18 260 83 63 183 110 88
3 92.39 219 70 52 -88 123 102 NET<CL

5 139.80 175 70 53 115 100 81
7 185.55 198 65 49 17 107 88 NET<CL

8 198.32 206 66 49 124 96 77
9 238.52 69 51 39 21 76 62 NET<CL
11 295.19 62 45 35 41 75 61 NET<CL
12 351.75 97 37 26 32 68 55 NET<CL
14 510.97 541 77 51 -146 143 119 NET<CL
15 558.27 123 42 29 53 67 54 NET<CL
18 609.17 50 36 27 -11 71 59 NET<CL
20 1460.43 51 42 33 -47 63 53 NET<CL

Page 002
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SEEKER

Sample ID:

171129D04.SPC Analyzed by
*******************************************************************************

FINAL

ACTIVITY

R E

PORT

ALS Laboratory Group - Fort Collins

GammaScan
*******************************************************************************

Geo 1 / Water

1706286-3 GS170615-2

Version 2.2.1

06/18/2017 11:00:00

Sampling Start:
Sampling Stop:

Buildup Time. .
Sample Size . .
Collection Efficiency . . .

Cr.

06/18/2017 11:00:00

Level Confidence Interval:

0.00e+000 Hrs
1.00e+000 L

1.0000
95 %

Counting Start:
Decay Time. . . .

Live Time
Real Time

Spectrum File . .

Det. Limit Confidence

06/18/2017 11:20:38

Interval:

3.44e-001 Hrs

30000 sec
30086 Sec

.171129D04.SPC

95 %

Efficiency File:

Eff.= EXP[-2.79E-01 + -5.09E-01 * En + -3.05E-02 * En“2] Above

Detector #:
(D04) (Sh0l1) .EFF (Geo 1 Eff Cal)
Eff=10+4[-6.94E+01 +8.84E+01*L +-3.82E+01*L*2 +5.45E+00*L~3] 03/20/2017

(Detector

4)

300.00 kev

Critical
Level

Halflife
(hrs)

N
ENERGY E Concentration

Nuclide (keV) T (pCi/L )
Th-234 92.50 N-7.70E+01 +- 1.07E+02
Ra-226 186.21 N 1.95E+01 +- 1.25E+02
Pb-212 238.63 N 2.40E+00 +- 8.65E+00
Pb-214 351.99 N 5.85E+00 +- 1.24E+01
Pb-210 46.50 N-2.57E+02 +- 1.79E+03
Am-241 59.54 N 4.29E+00 +- 4.16E+01
U-235 143.76 N 8.56E+00 +~ 3.03E+01
Th-227 236.00 N 5.59E+00 +- 3.22E+01
T1-208 583.14 N-6.50E-01 +- 9.12E+00
Bi-214 609.32 N 1.54E+01 +- 1.07E+01
Cs-137 661.62 N 1.30E+00 +- 5.16E+00
Bi-212 727.17 N 7.56E+01 +- 6.84E+01
Ra-228 911.07 N-6.08E+00 +- 3.43E+01
Pa-234m 1001.03 N 7.85E+02 +- 8.69E+02
Co~60 1332.51 N-4.07E+00 +- 6.33E+00
K-40 1460.75 N 1.86E+02 +- 8.34E+01

MEASURED TOTAL: 1.11E+03 +- 1.29E+03

Page 003

1.80E+02
2.08E+02
1.44E+01
2.06E+01
3.00E+03
6.94E+01R
5.05E+01b
5.36E+01R
1.54E+01
1.72E+01
8.75E+00
1.10E+02
5.84E+01
1.42E+03
1.15E+01
1.26E+02

pCi/L

8.90E+01
1.02E+02
7.07E+00
1.00E+01
1.48E+03
3.40E+01
2.48E+01
2.63E+01
7.52E+00
8.25E+00
4.19E+00
5.26E+01
2,84E+01
6.70E+02
5.44E+00
5.98E+01

3.92E+13
1.40E+07
1.27E+14
1.40E+07
1.95E+05
3.80E+06
6.17E+12
1.90E+05
1.27E+14
1.40E+07
2.64E+05
1.27E+14
5.04E+04
3.92E+13
4.62E+04
1.12E+13

24 of 148



171129D04.SPC Analyzed by

15
16
17
18
19
20

c:\SEEKER\BIN\171129d404.res Analysis Results Saved.

ENERGY ADDRESS

(keV)

66.18
122.59
139.80
174.77
198.32
282.17
295.19
499.71
510.97
558.27
596.04
597.48
609.17
868.38

1460.43

CHANNEL

128.76
135.10
247.67
282.02
351.80
398.78
566.10
592.07
1000.18
1022.66
1117.04
1192.40
1195.29
1218.61
1735.83
2917.23

Page 004

124

-146
53
68
21

-11
13
-47

28
143
67
33
103
71
20
63

54
24
85
59
16
53

BKG

Unknown
Unknown
Unknown
Deleted
Unknown
Unknown
Deleted
Unknown
Deleted
Deleted
Unknown
Deleted
Deleted
Deleted
Deleted
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170665D07 .SPC Analyzed by :S
khkhkkhkhkhkhkhkhhhkhkhkhkhkhhhkhkhkhkhkhkhhhkhkhkhhhkhhhkhkhkhkhhhkhXhhkhkhkhkhkhhhkhkhhhkhkhkhhkhhhkhkhkhkhkhkhkdhkhhhihhkkk

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
khkhkhkhkhkhkhkhhhhkhkhhkhkhhkhhkhkhkhkhkkhhkhhhkhhhkhkhkhkhhhkhkhkhkhhhhhhkhkhkhkhkhhhhkhkhkhkhhkhhhkhkhkhkhhkkhkrihhhkhk

Geo 1 / Water

Sample ID: GS170615-2AMB GS170615-2

Sampling Start: 06/18/2017 11:00:00 Counting Start: 06/18/2017 11:21:43
Sampling Stop: 06/18/2017 11:00:00 Decay Time. . . . . . . 3.62E-001 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . . . « .« . 30030 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .170665D07.SPC
Detector #: 7 (Detector 7)

Energy(keV)= -2.34 + 0.501*Ch + 0.00E+00*Ch*2 + 0.00E+00*Ch43 06/18/2017
FWHM(keV) = 0.65 + 0.008*En + 1.26E-03*En*2 + 0.00E+00*En+3 11/08/2016
Where En = Sqrt(Energy in keV)

l
|
Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 30000 Sec
I
|

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

1 46.57 97.64 52 32 23 148 0.39 a

2 53.02 110.51 79 53 41 334 0.82 a

3 63.25 130.93 126 60 45 416 0.80 a

4 66.22 136.88 246 64 45 416 0.89 b

5 74.87 154.15 46 39 31 230 0.45 a

6 77.01 158.40 60 40 31 230 0.41 b

7 87.07 178.48 25 38 30 218 0.47 a NET< CL
8 92.56 189.46 195 65 48 433 1.03 a

9 139.77 283.70 202 63 46 389 0.92 a
10 175.06 354.16 58 57 46 384 1.02 a
11 179.44 362.90 32 57 46 384 1.00 b NET< CL
12 185.66 375.31 161 55 41 331 0.90 a
13 198.41 400.77 203 55 39 308 0.87 a
14 238.50 480.80 151 63 48 391 1.22 a
15 352.18 707.73 76 36 26 157 0.78 a
16 392.76 788.75 43 37 29 176 0.95 a

17 511.18 1025.16 800 87 54 364 2.59 a Wide Pk
18 558.75 1120.13 192 42 26 144 1.25 a

19 569.86 1142.30 35 32 25 134 1.21 a
20 583.36 1169.25 57 32 23 125 0.92 a
21 596.38 1195.25 88 46 34 231 1.54 a

Page 001
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170665D07 .SPC Analyzed by

ENERGY ADDRESS NET /MDA UN-

BKG
COUNT'S

FWHM
(kev)

(keV) CHANNEL COUNTS CERTAINTY
609.31 1221.06 44 44
803.56 1608.85 44 36
911.29 1823.90 45 28

1461.12 2921.56 96 35
Page 002
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170665D07.SPC Analyzed by
khhkhhkhhkkhkhhhkhhhhkhhkhhkhkhkkhkhkkkkhkhkhkhkhkhhhkhhhhkhkhkhkhkhkhkkhkhkhkkkhkhhkhkhhkhhkhkhhhkhkhkhkdkhkkkkkk®

SEEKER BACKGROUND SUBTRACT RESULTS Vers. 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
khkhhkhhkdkhhkdkhkhhkhkhhkhdkkkhkkhkkkhkhhhkhhhhkhdhhkhhkkhhkkhhkkkkhkhhkhkhkhkhhkhkdhhhkhhhkkdhkkkdkdkkk

Background File:. . . . . . DET070614.BKG (061417-7 WEEKLY BKG)

Bkg.File Detector #: 7

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (keV) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
1 46 .57 52 32 23 29 61 49 NET<CL
2 53.02 79 53 41 57 85 69 NET<CL
3 63.25 126 60 45 59 88 72 NET<CL
4 66.22 246 64 45 170 91 72
5 74 .87 46 39 31 ~-16 76 62 NET<CL
6 77.01 60 40 31 11 93 76 NET<CL
8 92.56 195 65 48 -48 108 89 NET<CL
9 139.77 202 63 46 111 118 95
12 185.66 161 55 41 -5 101 83 NET<CL
13 198.41 203 55 39 96 99 80
14 238.50 151 63 48 19 97 79 NET<CL
15 352.18 76 36 26 -3 73 60 NET<CL
17 511.18 800 87 54 -19 153 126 NET<CL
18 558.75 192 42 26 98 70 56
19 569.86 35 32 25 4 68 56 NET<CL
20 583.36 57 32 23 -9 63 52 NET<CL
22 609.31 44 44 34 =27 71 59 NET<CL
23 803.56 44 36 28 -31 63 52 NET<CL
24 911.29 45 28 20 15 50 40 NET<CL
25 1461.12 96 35 24 -20 58 49 NET<CL
Page 003
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SEEKRER

Sample ID:

170665D07 .SPC Analyzed by
hkkkhkhhkhhkhhkhhkhhhhkhhhkhhkkhkhkhkkkhkhhhhkhhkhkhhhkhhkhhkhkhhkhhkhkhhhkkhkkhkhhkhhhkhhhhhhhkhhhkkhkhhkhkd®

FINAL

ACTIVITY

R E

PORT

ALS Laboratory Group - Fort Collins

GammaScan
hkhkhkhkhkhkhkhkhhkkhkhkhkhkhkkhkkkkkhkkhkhkkhkhhhhkhkhkhkhhhhhkhkhkhkhkkkkhkkhhhhkkhkhhkhhkhhkhkhkhhkhkhkhkhkkkkkk®k

Geo 1 / Water

GS170615-2AMB GS170615-2

Version 2.2.1

06/18/2017 11:00:00

Sampling Start:
Sampling Stop:

Buildup Time. . .
Sample Size . . .

06/18/2017 11:00:00

Collection Efficiency . . .

Cr.

Level Confidence Interval:

0.00e+000 Hrs
1.00e+000 L

1.0000
95 %

Counting Start:
Decay Time. . . .

06/18/2017 11:21:43

3.62e~-001 Hrs

Efficiency File:

Eff.=1/[3.90E-03*En+*-3.75E+00 + 1.34E+02*En*7.94E-01]

Detector #:
(D07) (Sh0l1) .EFF (Geo 1 Eff CalL)

7

Pa-234m 1001.03

Co-60

MEASURED TOTAL:

1.32E+03 pCi/L

N

ENERGY E Concentration
(kevV) T (pCi/L )
46.50 N 2.61E+02 +- 5.36E+02
92.50 N-3.86E+01 +- 8.69E+01
186.21 N-4.94E+00 +- 9.48E+01
238.63 N 1.75E+00 +- 8.85E+00
351.99 N-4.17E-01 +- 1.05E+01
583.14 N-7.97E-01 +- 5.88E+00
911.07 N 6.57E+00 +- 2.17E+01
1460.75 N-2.94E+01 +- 8.69E+01
59.54 N-7.13E+00 +- 2.14E+01
143.76 N-8.18E+00 +- 2.80E+01
236.00 N-2.34E+00 +- 2.91E+01
609.32 N 5.67E+00 +- 8.33E+00
661.62 N-2.15E+00 +- 3.61E+00
727.17 N 3.31E+01 +- 5.46E+01
N 4.40E+02 +- 6.89E+02
1332.51 N-2.53E+00 +- 4.64E+00

7.48E+02 +-
Page 004

Live Time . . . . « e e 30000 Sec
Real Time . . . . « . 30030 Sec
Spectrum File . . . . .170665D07.SPC
Det. Limit Confidence Interval: 95 %
(Detector 7)
11/08/2016
(Natural+Ra226 .LIB)
Critical Halflife
MDA Level (hrs)

8.92E+02 4.34E+02 1.95E+05
1.46E+02 7.21E+01 3.92E+13
1.59E+02 7.80E+01 1.40E+07
1.47E+01 7.25E+00 1.27E+14
1.76E+01 8.62E+00 1.40E+07
9.97E+00 4.86E+00 1.27E+14
3.64E+01 1.76E+01 5.04E+04
1.49E+02 7.23E+01 1.12E+13
3.68E+01B 1.79E+01 3.80E+06
4.71E+01b 2.32E+01 6.17E+12
4.90E+01R 2.40E+01 1.90E+05
1.38E+01 6.65E+00 1.40E+07
6.42E+00 3.07E+00 2.64E+05
9.07E+01 4.34E+01 1.27E+14
1.14E+03 b5.44E+02 3.92E+13
8.31E+00 3.95E+00 4.62E+04
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170665D07 .SPC Analyzed by

PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
2 53.02 110.51 57 85 69 334 0.82 Deleted
3 63.25 130.93 59 88 72 416 0.80 Deleted
4 66.22 136.88 170 91 72 416 0.89 TUnknown
5 74.87 154.15 -16 76 62 230 0.45 Deleted
6 77.01 158.40 11 93 76 230 0.41 Deleted
7 87.07 178.48 25 38 30 219 0.47 Deleted
9 139.77 283.70 111 118 95 389 0.92 TUnknown
10 175.06 354.16 58 57 46 384 1.02 TUnknown
11 179.44 362.90 32 57 46 384 1.00 Deleted
13 198.41 400.77 96 99 80 308 0.87 TUnknown
16 392.76 788.75 43 37 29 176 0.95 TUnknown
17 511.18 1025.16 -19 153 126 364 2.59 Deleted
18 558.75 1120.13 98 70 56 144 1.25 Unknown
19 569.86 1142.30 4 68 56 134 1.21 Deleted
21 596.38 1195.25 88 46 34 231 1.54 TUnknown
22 609.31 1221.06 -27 71 59 230 1.54 Deleted
23 803.56 1608.85 -31 63 52 141 1.98 Deleted

c:\SEEKER\BIN\170665d07A.res Analysis Results Saved.

Page 005
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170663D07.SPC Analyzed byﬁ\

khkkhkhkhkhhhkhhkhhhkhkhkhkhkhhhkhkhkkhkkkhkhkhhkhhkkhix khkhkhkkhkhkhkhhhkhhhkhhhhkhhkkhkhkhkhhkhkhhkkhhk

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
khkhhkhkhhkhkhhkhhhkhhhkhhhhkhhkhhkhkhhkhkhkhkhhhkhhhkhhhkhhhkhhhkhhhkhhkhkhhhhhhkhhhhhhkhhhkhhhhkhhhkihksd

Geo 1 / Water

Sample ID: GS170615-2LCS GS170615-2

Sampling Start: 06/18/2017 10:00:00 Counting Start: 0671872017 10:30:09
Sampling Stop: 06/18/2017 10:00:00 Decay Time. . . . . . . 5.02E-001 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . « « . « 1823 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .170663D07.SPC

|
|
Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 1800 Sec
|
|

Detector #: 7 (Detector 7)
Energy(kevV)= -2.34 + 0.501*Ch + 0.00E+00*Ch*2 + 0.00E+00*Ch~3 06/18/2017
FWHM(keV) = 0.65 + 0.008*En + 1.26E-03*En+2 + 0.00E+00*En+3 11/08/2016
Where En = Sqgrt (Energy in keV)

PK. ENERGY ADDRESS NET /MDA UN- C.L. BRKG FWHM

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

1 59.41 123.28 13883 274 115 2660 0.77 a

2 66.33 137.09 111 113 91 1668 0.83 a

3 87.94 180.23 10103 228 89 1602 0.80 a

4 99.02 202.35 84 70 56 765 0.43 a

5 118.53 241.30 69 86 70 1077 0.71 a NET< CL

6 121.89 248.01 2000 134 82 1347 0.84 b

7 136.26 276.70 211 88 68 1036 0.61 a

8 217.24 438.36 102 74 59 857 0.53 a

9 254.64 513.02 48 105 85 1343 0.99 a NET< CL
10 326.24 655.95 63 85 69 1005 0.99 a NET< CL
11 511.02 1024.84 91 104 84 1153 1.64 a

12 572.17 1146.92 50 83 67 835 1.65 a NET< CL
13 661.92 1326.09 22444 310 66 795 1.61 a HiResid
14 1173.42 2347.20 17715 274 55 511 2,37 a HiResid
15 1332.53 2664.83 16180 257 30 141 2.60 a HiResid

Page 001
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170663D07.SPC Analyzed by
*******************************************************************************

SEEKER BACKGROUND SUBTRACT RESULTS Vers. 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
*******************************************************************************

Background File:. . . . . . DET070614.BKG (061417-7 WEEKLY BKG)

Bkg.File Detector #: 7

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (kev) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
2 66.33 111 113 91 107 113 91
11 511.02 91 104 84 42 104 85 NET<CL
Page 002
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170663D07.SPC Analyzed by

khhkhkhhkhhhkhhhhkhhkhhhhhhhkhhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhrhhid

SEEKER FINAL ACTIVITY REPORT Version 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
*******************************************************************************

Geo 1 / Water

Sample ID: GS170615-2LCS GS170615-2

06/18/2017 10:00:00 06/18/2017 10:30:09
06/18/2017 10:00:00 Decay Time. . . . . . . 5.02e-001 Hrs

Sampling Start:
Sampling Stop:

Counting Start:

|

I
Buildup Time. . . . . . 0.00e+000 Hrs | Live Time . . . . . . . . 1800 Sec
Sample Size . . . . . . . 1.00e+000 L. | Real Time . . . . . . . . 1823 Sec
Collection Efficiency . . . . 1.0000 | Spectrum File . . . . . .170663D07.SPC
Cr. Level Confidence Interval: 95 % | Det. Limit Confidence Interval: 95 %

Detector #: 7 (Detector 7)

Efficiency File: (D07)(Sh0l1).EFF (Geo 1 Eff CalL)

Eff.=1/[3.90E-03*En4-3.75E+00 + 1.34E+02*En*7.94E-01] 11/08/2016
Library File: . . . .ANALYTICAL.LIB (Analytical)
MEASURED or MDA CONCENTRATIONS
N
ENERGY E Concentration Critical Halflife
Nuclide (kev) T (pCi/L ) MDA Level (hrs)
Am-241 59.54 9.71E+04 +- 1.92E+03 1.63E+03 8.03E+02 3.79E+06
cd-109 88.02 2.24E+05 +- 5.05E+03 4.01E+03 1.97E+03 1.11E+04
Co-57 122.07 1.25E+03 +- 8.37E+01 1.04E+02 5.12E+01 6.50E+03
Cs-137 661.62 3.83E+04 +- 5.29E+02 2.28E+02 1.12E+02 2.64E+05
Co-60 Average:x 4.08E+04 +- 4.52E+02 e o o . e o o + 4.62E+04
1173.21 4.06E+04 +- 6.29E+02 2.57E+02 1.25E+02 4.62E+04
1332.48 4.10E+04 +- 6.51E+02 1.58E+02 7.57E+01 4.62E+04
Ce-139 165.85 MDA e« « « +» 1.19E+02 5.85E+01 3.30E+03
Hg-203 279.18 MDA e ¢« o« « 1.78E+02 8.79E+01 1.12E+03
Sn-113 391.68 MDA e« ¢ o + 2.46E+02 1.21E+02 2.76E+03
Y-88 898.02 MDA e« o« « + 3.26E+02 1.60E+02 2,.56E+03
MEASURED TOTAL: 4.01E+05 +- 8.03E+03 pCi/L
UNKNOWN, SUM or ESCAPE PEAKS
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM
i (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (kev) FLAG
2 66.33 137.09 107 113 91 1668 0.83 Unknown
4 99.02 202.35 84 70 56 765 0.43 Unknown
Page 003
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170663D07 .SPC Analyzed by

ADDRESS
CHANNEL

BKG
COUNTS

FWHM

(keV)

PK. ENERGY
# (keV)
5 118.53
7 136.26
8 217.24
9 254.64

10 326.24
11 511.02
12 572.17

c:\SEEKER\BIN\170663d07.res Analysis Results Saved.

276.70
438.36
513.02
655.95
1024.84
1146.92

Page 004

102
48
63
42
50

Deleted
Unknown
Unknown
Deleted
Deleted
Deleted
Deleted
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Technical Comments Regarding Analysis using the
Natural+Ra226(SubRa228).REV1 Gamma Spectroscopy Library

Analysis using the Natural+Ra226(SubRa228).REV1 library is limited to the list of
gamma emitting radionuclides specified by ALS Laboratory Group. ALS Laboratory Group
specifies all values assigned to the nuclides in this library. In cases where multiple gamma
emissions are used to quantify activity, the most abundant emission is used for quantification in
the absence of any supporting gamma emissions. It should be noted that the current software
program used for gamma spectroscopic analysis is limited to a +/- 2.0 keV photo-peak resolution
tolerance. Thus, any gamma emissions occurring within the same +/- 2.0 keV range will suffer
interference, consequently preventing accurate quantification. Nuclide specific information
regarding analysis using the Natural+Ra226(SubRa228).REV1 library is as follows:

Nuclide: **Ra Energy: various Photon Abundance: various

All activity values for *Ra are calculated using the emissions of the 2 Ac daughter. It is
assumed that secular equilibrium is achieved between the 228Ra parent and the **Ac progeny.

Nuclide: 2?Bi, 2'?Pb, 2*T1 Energy: various - Photon Abundance: various

All activity values for mBi, 212pp and 287 are calculated using the half-life, t;,=1.45E+10 years,
of the long-lived *2Th parent. It is assumed that secular equilibrium is achieved between the
22Th parent and the 212g; 212pp, 2987 progeny.

Nuclide: ***Bi, 2'*Pb Energy: various Photon Abundance: various

All activity values for 21%Bj and 2*Pb are calculated using the half-life, t;,=1600 years, of the
long-lived *°Ra parent. It is assumed that secular equilibrium is achieved between the 2%Ra
parent and the *'*Bi and 24Pp progeny.

Nuclide: ®’Cs Energy: 661.62 keV Photon Abundance: 0.8512

7Cs does not emit any gamma photons useful for quantification. However, it can be assumed to
be in secular equilibrium with the short-lived B3'mBa daughter product. Therefore, the activity
for *'Cs is determined from the 661.62 keV gamma emission of the 137mBa daughter product.
The calculated gamma photon abundance used in the library is the product of the 0.8998
?Bundance of the 661.62 keV *"™Ba photon and the 0.946 branching ratio between *"Ba and
"Ba. L

Nuclide: “K Energy: 1460.75 keV ~ Photon Abundance: 0.1100 (y/dis)

The only gamma emission useful for quantification of this nuclide suffers from possible resolution
interference due to the *Ac gamma emission occurring at 1459.2 keV (0.0104, abundance).
Therefore, a possibility of a high bias to the K results may occur in the presence of elevated
28 A activity.

Nuclide: *Ra Energy: 186.21 Photon Abundance: 0.0359

Quantifying **°Ra activity using the 186.21 keV photo-peak is vulnerable to a significant high bias
due to interference from gamma emissions from 2*’U occurring at 185.72 keV (0.5720,
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abundance). Therefore this nuclide will be “SI” flagged, indicating that significant spectral
interference prohibits accurate quantification.

Nuclide: 2Th & **"Pa Energy: various Photon Abundance: various

24Th and **"Pa are assumed to be in secular equilibrium with their parent, **U. The activities
for these nuclides are therefore calculated using the half-life of the parent, which is
t1p=4.468E+9 years.

Nuclide: *’Th Energy: 236.00 Photon Abundance: 0.1230

All activity values for 22’Th are calculated using the half-life, t;,=21.7 yrs, of the long-lived *’Ac
parent. It is assumed that secular equilibrium is achieved between the 21 Ac parent and the
“ITh progeny.

Nuclide: Z*Th Energy: 92.50 Photon Abundance: 0.0553

The 92.50 keV photo-peak used in this library for 24Th quantification is actually two separate
photo-peaks, occurring at 92.4 keV and 92.8 keV. The current software used for gamma
spectroscopic analysis cannot resolve two photo-peaks that occur within the 2-keV resolution
tolerance. Therefore, these two photopeaks are observed as a single photo-peak. Therefore,
the average of the two photo-peak energies is used in this library. Also, the sum of the two
photo-peak abundances, 0.0553, is used in the act1v1ty calculations for this observed ‘single’
photo-peak.

All activity values for **Th are calculated using the half-life, t;,=4.468E+09 yrs, of the long-
lived 2*U parent. It is assumed that secular equilibrium is achieved between the 28U parent
and the 2*Th progeny.

Nuclide: 2°U Energy: 185.72 Photon Abundance: 0.5720

Quantifying 2°U activity using the 185.72 keV photo-peak is vulnerable to a significant high bias
due to interference from gamma emissions from “°Ra occurring at 186.21 keV (0 0328,
abundance). Therefore, this emission will be used as an identifier only and not in the activity
calculations for this nuclide.

o | 1057
Gamma S(eétr/ 0SCQ; 1st Date
Radloch istry Istrumentation Laboratory

%%7%— _/0-3-42

Radiochemistry Manager Date
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Library File: Natural+Ra226 (SubRa228) .REV1.LIB

File I.D.:
Pk. Energy
# (keV)
1 59.54
20 727.17
18 609.32
25 1120.28
26 1173.23
27 1332.51
19 661.62
28 1460.75
24 1001.03
4 115.18
11 238.63
14 300.09
13 295.22
16 351.99
8 186.21
15 338.40
22 911.07
23 968.90
10 236.00
2 63.29
3 92.50
12 277.36
17 583.14
21 860.47
5 143.76
6 163.35
7 185.72
9 205.31

Natural+Ra226.LIB

Isotope
Name

Page 001

2ndary
Pk #

Type

Gamma
Fraction

eReReRReReReReReNeNeolNeNeolNelNolNelNeoNeolNeolNolNeoNeo ol ololo o o
(o]
W
&)
Vo)

Halflife

AQNNNdRPRRABMNUUUURRPRREPRREPEPARWLWOURERERRA

.3310E+02
.4500E+10
.6000E+03
.6000E+03
.2721E+00
.2721E+00
.0104E+01
.2800E+09
.4680E+059
.4500E+10
.4500E+10
.4500E+10
.6000E+03
.6000E+03
.6000E+03
.7500E+00
.7500E+00
.7500E+00
.1700E+01
.4680E+09
.4680E+09
.4500E+10
.4500E+10
.4500E+10
.0379E+08
.0379E+08
.0379E+08
.0379E+08
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TECHNICAL BULLETIN ADDENDUM

The library used for analysis defines the gamma emission(s) to be used for
analysis of each nuclide. If multiple gamma emissions are used for quantification, then a
‘NET’ quantification emission (or peak) must be defined in the library. This designation
provides for the calculation of nuclide activity concentrations and detection limits in the
case of non-presence of the nuclide. When the nuclide is not present, or the software is
unable to resolve a peak at the library defined ‘NET’ energy, the software evaluates the
‘NET’ region of interest (‘NET’ peak energy +/- 2 keV) by performing a summation of
the net counts above the background level. This ‘NET’ quantification can result in net
negative, zero, or positive activity results, and is highly dependent on the spectral
distribution in the region of interest of the ‘NET’ peak. In cases where only the ‘NET’
peak is found, and the software performs a net quantification, the nuclide result will be
flagged with an ‘NQ’ qualifier on the final reports. This indicates that the nuclide is not
detected or supported at any level above the reported MDC. Results are submitted
without further qualification.

All nuclides specified in the library of analysis for gamma spectroscopy are

evaluated for positive OR tentative identification on the following criteria:

- The individual abundances for the gamma emissions specified for each
nuclide are summed to obtain a total nuclide abundance.

- From the total nuclide abundance, a positive identification criterion is set as
75% of this total nuclide abundance.

- For all nuclide peaks that are not net quantified, those peak abundances are
summed. The total non-net quantified peak sum is compared to the calculated
75% abundance criterion. If this sum is greater than the 75% criterion, the
nuclide is considered to be positively identified at the reported concentration.
If the sum is less than the 75% criterion, the nuclide is tentatively identified at
the reported concentration. These results will be flagged with a ‘“TT" qualifier
on the final reports to indicate that the 75% abundance criterion was not met.
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Section 6

QUALITY ASSURANCE
SUMMARY REPORTS
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No NON-CONFORMANCE REPORTS or QUALITY
ASSURANCE SUMMARY SHEETS are included in this data
package.
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Section 7

LABORATORY BENCH SHEETS

7,
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. Sample Condition Form (Liquid)
Analyst:v 'RVW S T T S

AnaysisDate: W/\SIV¥ e corep

' Sarhple Condition (Viéual Appearance of Analysis Al'iqu'ot at Time of Prep)
Work ] Sample _ B R R o ‘
Order D pH Color ' : ‘Remarks

IR VIS et | A eitend

3oL\ N y

12031 F
130319

l 2 : \ | l\/ )

—

/

[:\Oprins\RAD\FORMS\sample condition form (Liquid)
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o #
RS IZGCCNE'& 1380 Seaboard Industrial Blvd.

Atlanta, Georgia 30318

Eckert & Ziegler 177 Tlzelzoy s
Analyti TP Fax 404-352.2837
nalytics

www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

95548
1.0 Liter Solid in 138G GA-MA Beaker

Customer: ALS Laboratory Group
P.0O. No.: FC000236, Item 1 Product Code 8401-EG-SD

Reference Date: 01-Jan-2014 12:00PM EST Grams of Master Source: 0.011697

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray spectrometry, jonization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of calibration no interfering gamma-ray
emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines are
given. Eckert & Ziegler Analytics (EZA) maintains traceability to thie National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.15,
Revision 2, July 2007, and compliance with ANSI N 42.22-1995, "Traceability of Radioactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Custormers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, MclLean,
VA 22101.

Density of solid matrix 1.15 g/cc.

Master Uncertainty* , %
Gamma-Ray  Half-Life, Source* This Source Type Calibration
Nuclide  Energy (keV) Days yps/gram Yps U, u U Method*
Am-241 . 59.5 1.880E+08 ' 1.330E+03 0.1 16 3.2 anls
Cd-109 88.0 4.614E+02 1.627E+05  1.903E+03 0.5 2.0 4.1 HPGe
Co-87 122:1 2.7T1TE+02 8.918E+04 1.043E+03 04 1.7 35 HPGe
Ce-139 168.9 1.376E+02 1.228E+05 1.436E+03 04 17 338 HPGe
Hg-203 279.2 4.689E+01 2.636E+05 3.083E+03 03 1.7 3.5 HPGe
Sn-113 391.7 1.151E+02 1.736E+08 2.031E+03 0.4 19 39 HPGe
Cs-137 661.7 1.099E+04 1.100E+05 1.287E+03 07 19 4.0 HPGe
Y-88 898.0 1.066E+02 4.166E+05 4.873E+03 05 1.7 35 HPGe
Co-60 1173.2 1.925E+03 2.055E4705 2.404E+03 06 1.8 3.8 HPGe
Co-60 1332.5 1.928E+03 2.087E+05 2.406E+03 07 18 3.9 HPGe
Y-88 1836.1 1.066E+02 4.410E+05 5.158E+03 0.7 1.7 3.7 HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated quarterly.

Calibration Methods: 411 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
Ionization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for

Evaluating and Expressing the Unicertainty of NIST Measurement Resulis," A)
(Certificate continued on reverse side) Pe ’Véf ‘ tﬁly
2)21%17 Ik
New Ex
=) 0302|2012
MGS Certificate Rev 5, 1 October 2013

soeresL) Page 1 0f 2 J'
Corporate Office Laboratory ﬂ] ﬁ
142

- 24937 Avenue Tibbitts - Valencia; California 91355 e ' 1380 Seaboard Indistrial Blvd. Atlanta. Gearaia 'm&gz Of




This standard will expire one year after the reference date.

Source Prepared by: . W

Eafdley Radiochemist

QA Approved: ‘——:275/_9 K/—\ Date: 2 (= b ¥

].D. McCorvey, Counting Room Manager

MGS Certificate Rev 5, 1 October 2013 Page 2 of 2
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161700D03.SPC Analyzed ﬂ;:jzﬂ
khkhkhkhkhkkhkhkhkhkhkhhkhkhkhkhkkhkhkhkhkhhkkhkkkhkkkkk khhkhkhhkhkhkhkhkhkhkhhkhkhhkhkhkhkkhkhkhkhkhhhhhhhkkkkkkkk

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
khkkhhkhhhkrhkhhhdhhhkhhhhkhkhhkhhhkhhhkhhkhhhhkhhhhkhkhkhhhkhhkhhkhhkhhkhhkhkhhkhhkhhkhhhhhhhhhhkhhkhk

Geo 1 / Water

Sample ID: 110416-3 FWHM Cal (1040)

Sampling Start: 01/01/2016 10:00:00 Counting Start: 11/04/2016 07:22:48
Sampling Stop: 01/01/2016 10:00:00 Decay Time. . . . . . . 7.39E+003 Hrs

Sample Size . . . . « . . 1.00E+000 L Real Time . . « ¢ « « o o 3779 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . « « « . .161700D03.SPC
Detector #: 3 (Detector 3)

Energy(keV)= -1.63 + 0.501*Ch + 0.00E+00*Ch42 + 0.00E+00*Ch*3 11/04/2016
FWHM(keV) = 0.72 + 0.015*En + 8.18E-04*En*2 + 0.00E+00*En+3 11/04/2015
Where En = Sqrt (Energy in keV)

|
|
Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 3600 Sec
|
|

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 57.88 118.78 1792 501 406 20296 1.94 a Wide Pk
2 59.51 122.03 22695 415 234 10148 0.92 b
3 87.98 178.84 74430 633 263 12792 0.95 a
4 122.08 246.90 43952 489 207 7910 0.97 a HiResid
5 136.50 275.67 6001 276 188 6510 1.06 a
6 165.88 334.30 29625 423 202 6929 1.09 a
7 255.30 512.76 746 209 166 5438 1.08 a
8 279.26 560.56 2436 228 169 5306 1.30 a
9 350.61 702.96 134 268 219 6770 2.11 a NET< CL
wide Pk
10 391.80 785.16 17411 325 156 4258 1.41 a
11 511.55 1024.13 546 239 193 5016 2.36 a
12 651.53 1303.48 91 125 101 2227 1.13 a NET< CL
13 661.83 1324.05 44899 454 133 3283 1.70 a HiResid
14 814.09 1627.90 151 103 82 1569 0.96 a
15 898.29 1795.93 17857 318 141 3691 1.95 a HiResid
16 1173.51 2345.18 46888 451 103 1810 2.30 a HiResid
17 1332.74 2662.94 41512 423 93 1434 2.43 a HiResid
18 1836.30 3667.89 10546 211 41 249 2.99 a HiResid
Page 001
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161700D03.SPC Analyzed by
khkhkhkhhkhkhhhkhkhhhhkhkhhkhkhkhhhkhkhkhkhkhkhkhhkhkhkhhhkhkhkhkhhkhkhkhhhhhkhkhhhkhkhhhkhkhhhhkhhhhkhkhkhhkkhkhkhkkkkkk

SEEKER CALIBRATION RESULTS Version 2.0.4
R X IS 2 L L)

Sample ID: 110416-3 FWHM Cal (1040)
Stds. Match Tolerance: 2.00 kev

Detector Number: 03 Calibration Date. . . 11/04/2016 07:22:48

FWHM (keV) = 0.73 + 0.017*En + 8.16e-04*En*2 + 0.00e+00*En+3
(Where En = SQR(Energy in keV))

Pk. Energy Measured % Calculated % Prev.Calc.
# (kev) FWHM (keV) Diff. FWHM (keV) Diff. FWHM (kev)
1 59.50 0.923 -1.56 0.909 -2.32 0.888
2 88.04 0.949 1.29 0.961 -2.62 0.937
3 122.06 0.970 4.73 1.018 -2.87 0.990
4 165.85 1.091 -0.50 1.086 -3.10 1.053
5 279.00 1.304 -4.72 1.245 -3.45 1.203
6 391.68 1.409 -1.35 1.391 -3.62 1.342
7 661.64 1.695 1.10 1.714 -3.77 1.652
8 898.02 1.951 1.50 1.981 -3.76 1.909
9 1173.21 2.300 -0.87 2.280 -3.71 2.199

10 1332.48 2.426 0.95 2.450 -3.66 2.363

11 1836.01 2.987 -0.52 2.971 -3.51 2.870

mr i e

Page 002
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1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318
Tel 404:352-8677

i Fax 4043522837
alyti S www.ezag.com
ETIF AT OF A A 1O
Standard efer nce Source
SRS Number: 102366

ou Descri tion: 1.0 Liter Solid in 138G GA-MA Beaker
Pr uct Code: 8401-EG-SD
Customer: ALS Laboratory Group
P.O. Number: FC000928, Item 1
This standard radionuclide source was prepared from an ot measured gravimetrically from a master
radionuclide solution calibrated with a germanium gamma-ray spectrometer system. Additional radionuclides were
added gravimetrically from solutions calib ated by gamma-ray spectrometry, ionization chamber, or liquid
scintillation counting. Calibration and urity were checked using germanium gamma-ray spectrometry. At the time
of calibration no interfering gamma-ray emitting impurities were detected. The gamma-ray emission rates for the
mostinte e gamma-ray lines are given. Eck rt & Ziegler Analytics (EZA) maintains traceability to the National
Institute of Stan ards and Technology (NIST) through a Measurements Assurance Program as described in USNRC
Regulatory Guide 4.185, Revision 2, July 2007, and compliance with SI N42.22-1995, "Traceability of Radioactive
Sources to NIST."

Densi of solid matrix: 1.17 g/cm® £ 3 %.

¥1 AGN L0 ‘0 ASY ‘ZE-HO-3

Redste ¢ at : Ol-January-2018 12:00 PM EST
MGS ° e
Gamma-R y Un ertainty Cal'bration
Isoto e Energy, keV  Half Life, Activty, lux, s™ upn% up% U % Meh d**
Am-241 59.5 1.580E+05 3.768E+03 1.383E+03 0.1 1.8 3.6 4n LS
d-109 88.0 4.614E+02 5.186E+04 1.808E+03 0.5 2.0 1 HPGe
Co-87 122.1 2.717E+0 1. 65E+03 1.083 +03 0.4 1.7 3.4 Ge
C -139 165.9 1.376 +02 1.831E+03 1.465E+03 0.4 1.7 3.6 H Ge
Hg-203 279.2 4.659E+01 3,993E+03 3.267E+03 0.3 4 3.5 HPGe
Sn-113 391.7 1.1581E+02 3.124E+03 2.030E+03 0.4 1.9 3.9 HPGe
Cs-137 6 1.7 1 099E+04 1.5331E+03 1.303E+03 0.7 1.9 4.1 HPGe
Y-88 898.0 1.066E+02 5.356 +03 5.0 8E+03 0.7 1.7 3.7 HPGe
Y-88 1836.1 5.313E+03 0.7 1.7 3.7
Co-60 1173.2 1.925E+03 2.453 +03 2.480E+03 0.7 1.8 3.9 G
Co-60 1332.5 453E+03 0.7 8 RS

Mixed Gamma (MGS) master solution is EZA's eight isotope mixture which is calibrated qua erly and consists of
Cd-108, Co-57, Ce-139, Hg-203, Sn-113, Cs-1 7, Y-88, and Co-60. *U ertainty: U-Rel tive expanded uncertainty,
k = 2. See NIST Technical Note 1297, "Guidelin s for Evaluating and Express’ g the Uncertainty of NIST

Measurement Results." ¥*C ° ration Me

Germanium Gamma Ray Spectrometer, I - Ionization Chamber.

(Certificate continued on reverse side)

EZA Certificate Program Rev. 0, 07-DEC-2015

Corporate Office

94937 Avenue Tihhitts  Valencia. California 91355

Laboratory

ds: 41 LS - 411 Liquid Scintillation Counting, HPGe - High Purity

Page 1 of 2

1380 Seaboard Industrial Bivd. Atlanta, Georgiqséo.’solfe 148



SRS N er: 102366

Expiration Date: 24-February-2017

This source was wipe ested in its inactive areas with leak test results < 185 Bg (5 nCi) of removable activity per 1SO
9978:1992.

Source Prepared b :
. Herron, Radioch mist

QC Approved by: Date: _ 24/-FER-/&
J. Lahr, Spectroscopist

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 2 of 2
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170029D04.SPC Analyzed b;<]}(

AR R R YT I I 22 2 s s I I
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
*******************************************************************************

Geo.6 / Filter

Sample ID: 011017-4 FWHM Cal (1048) No Puck

Sampling Start: 07/01/2016 10:00:00 Counting Start: 01/10/2017 06:49:57
Sampling Stop: 07/01/2016 10:00:00 Decay Time. . . . . . . 4.63E+003 Hrs

Sample Size . . . . . 1.00E+000 SAMPLE Real Time . . . « ¢ « o 1931 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .170029D04.SPC
Detector #: 4 (Detector 4)

Energy(keV)= -1.60 + 0.501*Ch + 0.00E+00*Ch+2 + 0.00E+00*Ch+3 01/10/2017
FwHM(keV) = 0.88 + O0.001*En + 1.47E-03*En+2 + 0.00E+00*En+3 01/11/2016
Where En = Sqrt (Energy in keV)

|
|
Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 1800 Sec
|
|

PK. ENERGY ADDRESS NET/MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 59.53 122.00 28507 432 222 9099 0.92 a HiResid
2 70.87 144.63 515 258 209 8078 0.99 a
3 72.94 148.76 876 261 209 8078 1.06 b
4 86.53 175.87 4794 584 467 22979 2.51 a HiResid
Wide Pk
5 88.00 178.82 123495 745 204 7703 0.99 b HiResid
6 122.10 246.86 74178 593 192 6830 0.98 a HiResid
7 136.52 275.64 9633 300 186 5917 1.07 a
8 165.87 334.20 64935 554 179 5450 1.16 a HiResid
9 255.15 512.39 1524 176 129 3536 0.99 a
10 279.20 560.38 14670 306 154 4403 1.33 a HiResid
11 391.75 784.97 34637 412 145 3869 1.34 a HiResid
12 511.61 1024.17 130 122 98 2234 0.96 a
13 661.74 1323.78 42364 450 150 4316 1.83 a HiResid
14 684.80 1369.79 95 150 123 3182 1.54 a NET< CL
15 813.92 1627.46 471 145 114 2623 1.63 a
16 821.00 1641.60 234 181 147 3672 2.35 b
17 898.19 1795.63 29008 389 155 4249 2.08 a HiResid
18 1173.46 2344.97 34897 419 156 4001 2.42 a HiResid
19 1332.74 2662.84 30351 389 143 3352 2.51 a HiResid
20 1836.30 3667.75 14634 270 99 1364 3.28 a HiResid
Page 001
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170029D04.SPC Analyzed by
(A X2 X R E S X X2 R R R X 2 R E E X R R X X Y Y Y T Y Y Y TR LR TR LR E LR TR PR PP R

SEEKER CALIBRATION RESULTS Version 2.0.4
LR R Yy Y Y Y Y I TY Y Y Y S s s L]

Sample ID: 011017-4 FWHM Cal (1048) No Puck
Stds. Match Tolerance: 2.00 kev

Detector Number: 04 Calibration Date. . . 01/10/2017 06:49:57

FWHM (keV) = 0.80 + 0.010*En + 1.10e-03*En+2 + 0.00e+00*En+3
(Where En = SQR(Energy in keV))

Pk. Energy Measured % Calculated % Prev.Calc.
# (kev) FWHM (keV) Diff. FWHM (keV) Diff. FWHM (kev)
1 59.50 0.923 1.63 0.938 4.30 0.980
2 88.04 0.992 -0.66 0.986 3.76 1.024
3 122.06 0.982 5.52 1.039 3.44 1.076
4 165.85 1.160 -4.96 1.105 3.30 1.142
5 279.00 1.332 -5.24 1.266 3.59 1.313
6 391.68 1.345 5.27 1.420 4.24 1.482
7 661.64 1.834 -3.40 1.773 5.99 1.886
8 898.02 2,081 -0.35 2.074 7.37 2.239
9 1173.21 2.424 -0.25 2.418 8.73 2,649

10 1332.48 2,508 4.09 2.614 9.41 2,886

11 1836.01 3.282 -1.65 3.229 11.16 3.634

Calibration Results Saved.

Page 002
58 of 148



59 of 148



L ' , R;DOY% 1380 Seaboard industrial Blvd.
1 -Atlanta, Georgia 30318
Eckert & Zneg!er ERATT el 043524677
N , 'u& 3 'i— 3[ Fax 4043522837
Ana lytics ; ’ www.ezag.com

CERTIFICATE OF CALIBRATION

Standard Reference Source

SRS Number: 103837

Source Descriptxon 47 mm Diameter Sxmulated Fﬂter in Stamless Steel P!anchet
Product Code: 8401-GF-FP :

Customer: ALS Laboratory Group _ ,

P_.O. Number:_ FC001106, ltem 3 : E e

Tlus standard radlonuchde source was prepared from an ahquot measured grawmetncally from a master
radionuclide solutxon calibrated witha germa.mum gamma-ray spectrometer system. }demonal radionuclides were
added gravxmetnc ally from solutions calibrated by gamma-ray spectrometry, ionization chamber, or liquid
.. scintillation counting.. Cahbratlon and punty were checked using. germamum gamma-ray spectrometry Atthe time .
g :ci.'eallbra on noin erfermg gamma-ray emmmg urtpunues were detected The gamma—ray emissionrates. for the".
most mtense gamma-ray lines are given. Eckert & Zregler Analyncs (EZA) maintains traceablhty to the Natxonal
Institute of Standards and Technology (NIST) through a Measurements Assu.rance Progra.m as described in USNRC

Regulatory Guide 4.15, Revigion 2, ]uly 2007 and compha.nce with ANSI N42 22—1995 "Traceablhty of Radioactive
Sources to NIST." : S

Reference Date: 01-]uly—2016  12:00 PM EST
MGS Mixture : -

e i L uaxfﬂmasﬂay— — B e T RS -Unc:e_rta%rxffy_««m«é@eﬁs#ai{im'ar~»~~~»-~-v--'~»~~f
_ lotope Energy ke Half-Lnfe, d Actiwty, Bq : Flu_x, S uy%  un% U%  Method™

CO-GO  1173.2 1.928E+03  1.172E+03  1.170E+03 0.7 1.8 39 . HPGe

Mixed Gamma (MGS) master solution is EZA's eight isotope mixture which is calibrated quarterly and consists of
Cd-109, Co-87, Ce-139, Hg-203, Sn-113, Cs-131, Y-88, and Co-60. *Uncertainty: U - Relative expanded uncertainty,
k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results," **Calibration Methods; 417 LS - 417 Liquid Scintillation Counting, HPGe - High Purity
Germania.m Gamma-Ray Spectrometer, IC - Ionization Chamber.

(Certificate continued on reverse side)

1
Q
3
&
IS
pH
2
s
2
z EZA Certificate Program Rev. 0, 07-DEC-2015 Page 10of 2
b
Carporate Office Laboratory
14077 Avnamssa Tilkitbe  lindnenia Malifaenia 01768 1280 Saabnard inductrial Rivd  Atlanta Ganreaia I01R
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SRS Number: 103837
Comments:

Diameter of active area: 47 mm
Tall smooth bottom planchet

Expiration Date: 1 S-Audust-ZO 17

This source was wipe tested in its inactive areas with leak test resuits < 185 Bq (5 uCij of removable activity per IS0 -
9878:1992. |

2. Dimitrova, Radiochemist

/ 7 (—/
]. kahir, Spectroscopist

QC Bpproved by:

Date: 7§ ~ALl -6

EZA Certificate Program Rev. 0, 07-DEC-2015 Page20f2
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161193D07.SPC Analyzed by\JG

AR R R L e Y Y Y T Y Y Y R A R A I
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
EHEEEEEEREKEREEEEEREKEREEEEEEEREEEEEEEEEEEAEEEKEKEREEEEERRRREEET IRk hkhhkhkhkhhhkkkk

Geo.9 / CHARC. FLTR

Sample ID: 110816-7 FWHM CAL (1047)

Sampling Start: 07/01/2016 10:00:00 Counting Start: 11/08/2016 07:29:51
Sampling Stop: 07/01/2016 10:00:00 Decay Time. . . . . . . 3.12E+003 Hrs

Sample Size . . . . . 1.00E+000 SAMPLE Real Time . . . « . .« .« . 1938 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .161193D07.SPC
Detector #: 7 (Detector 7)

Energy(kev)= -2.38 + 0.501*Ch + 0.00E+00*Ch42 + 0.00E+00*Ch#+3 11/08/2016
FWHM(keV) = 0.66 + 0.004*En + 1.28E-03*En+*2 + 0.00E+00*En*3 11/11/2015
Where En = Sqgrt (Energy in keV)

Search Sensitivity: 1.00 | Sigma Multiplier: 2.00 | Search Start/End: 80/4000

|
|
Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 1800 Sec
|
|

PK. ENERGY ADDRESS NET/MDA UN- C.L. BKG FWHM

# (kev) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

1 59.41 123.38 31064 424 194 7609 0.78 a

2 70.73 145.99 953 210 165 6036 0.74 a

3 72.75 150.02 1603 216 165 6036 0.69 b

4 82.29 169.07 610 259 209 8823 0.76 a

5 87.95 180.37 124458 746 200 8074 0.84 a

6 121.93 248.23 75535 585 164 5410 0.89 a

7 136.35 277.02 9478 286 173 5505 0.92 a

8 165.77 335.78 74439 581 165 5035 0.97 a

9 255.10 514.15 2156 193 139 3593 1.06 a

10 279.18 562.24 32639 401 143 3480 1.14 a

11 391.74 787.02 46363 461 135 3360 1.28 a
12 461.38 926.07 89 120 98 2169 0.90 a NET< CL
13 509.16 1021.49 101 lel 131 2989 1.44 a NET< CL
14 511.46 1026.08 525 192 153 3653 1.86 b

15 661.87 1326.44 40139 435 139 3550 1.68 a

16 801.30 1604.87 148 175 143 3129 2.25 a

17 813.76 1629.75 668 150 116 2605 1.85 a

18 898.18 1798.33 45107 454 132 3225 2.01 a HiResid
19 1114.98 2231.26 127 148 120 2568 2.08 a

20 1173.30 2347.72 38669 416 110 1999 2.43 a HiResid
21 1324.69 2650.05 433 119 92 1446 2.23 a

Page 001
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161193D07.SPC Analyzed by

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
22 1332.43 2665.49 34714 389 92 1346 2.63 a HiResid
23 1835.37 3669.82 24873 323 59 480 3.29 a HiResid
Page 002
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161193D07.SPC Analyzed by
R R Y Y Y R Y Y Y Y X s i I

SEEKER CALIBRATION RESULTS Version 2.0.4
A XA XX R X X X Y Y Y Yy T Y T L1 ]

Sample ID: 110816-7 FWHM CAL (1047)
Stds. Match Tolerance: 2.00 kev

—— R —— T —— T - e S e e v S A S e A e e e e e S i o T T s

Detector Number: 07 Calibration Date. . . 11/08/2016 07:29:51

FWHM (keV) = 0.65 + 0.008*En + 1.26e-03*En*2 + 0.00e+00*En+3
(Where En = SQR(Energy in keV))

Pk. Energy Measured % Calculated % Prev.Calc.
# (kev) FWHM (keV) Dif€f. FWHM (keV) Diff. FWHM (kev)
1 59.50 0.782 0.45 0.785 -1.19 0.776
2 88.04 0.836 -0.15 0.835 -1.78 0.820
3 122.06 0.895 -0.38 0.891 -2.27 0.871
4 165.85 0.970 -0.88 0.961 -2.70 0.936
5 279.00 1.141 -0.57 1.135 -3.30 1.098
6 391.68 1.284 1.37 1.302 -3.54 1.257
7 661.64 1.677 0.75 1.689 -3.61 1.630
8 898.02 2.008 0.62 2.021 ~3.48 1.953
9 1173.21 2.432 -1.26 2.402 -3.27 2.326

10 1332.48 2.633 -0.49 2.620 -3.14 2.541

11 1836.01 3.289 0.48 3.305 -2.77 3.216

Calibration Results Saved.
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Atlanta, Georgia 30318
Tel 404.352-8677

Fax 404-352-2837
www.ezag.com

Eckert & Ziegler

Analytics
CERTIFICATE OF CALIBRATION

Standard Reference Source

1380 Seaboard industrial Bivd.

SRS Number: 103836

Source Description: Face Loaded Yeliow Plastic Hi-Q Charcoal Cartridge
Product Code: 8401-EG-CH

Customer: ALS Laboratory Group

P.0O. Number: FC0011086, item 2

This standard radionuclide source was prepared from an aliquot measured gravimetrically from a master
radionuclide solution calibrated with a germanium gamma-ray spectrometer system. }idditional radionuclides were
added gravimetrically from solutions calibrated by gamma-ray spectrometry, ionization chamber, or liquid
scintillation counting. Calibration and purity were checked using germanium gamma-ray spectrometry. At the time
of calibration no interfering gamma-ray emitting impurities were detected. The gamma-ray emission rates for the
most intense gamma-ray lines are given, Eckert & Ziegler Analytics (EZA) maintains traceability to the National
Institute of Standards and Technology (NIST) through a Measurements Assurance Program as described in USNRC
Regulatory Guide 4.15, Revision 2, July 2007, and compliance with ANSI N42,22-1995, "Traceability of Radioactive
Sources to NIST.”

Reference Date: 01-July-2018 12:00 PM EST
MGS Mixture
Gamma-Ray Uncertainty Calibration
Isotope Energy, keV Haif-Life,d Activity, Bq Flux, s™ wy, %  ug, % U, % Method**
Am-241: ..59.8. 1 -1.580E4+08 ' 1.873E+03 . 6.726E+02. .. 0.1 1800367 Y4 LS:
Cd-~109 - 88.0 4.614E+02 2.583E+04 9.5396E+02 0.5 2.0 4.1  HPGe
Co-51 1221 2.I1TE+02;  6.0T6E+02 . 8.201E+02: 0.4 1.7 34. - HPGe
Ce-139 165.9 1.376E+02 S.088E+02 7.2B4E+02 0.4 1.7 3.6  HPGe
Hg-203 279.2 4.669E+01  2.002E+03 . 1.633E+03 0317 3.5 HPGe /-
Sn-113 391.7 1.181E+02 1,575E+03 1.023E+03 0.4 1.9 3.9 HPGe
Cs-137 B6L1.7:5 0 1I099E+04 . T.742E+02 6.888E+02 ' 0.7 1.9 4.1 HPCe
Y-88 898.0 1,066E+02 2.619E+03 2.454E+03 0.7 1.7 3.7 HPGe
Y-88 - 1836.1 L 2.5898E+03 0.7 1.7 il s
Co-60 1173.2 1.928E+03  1.225E+03 1.223E+03 0.7 1.8 39 HPGe
Co-60:.5 . 11332.8 1.225E+03 . 0.7 +-1.8.. 3.9

Mixed Gamma (MGS) master solution is EZA's eight isotope mixture which is calibrated guarterly and consists of

Cd-109, Co-57, Ce-139, Hg-203, Sn-113, Cs-137, Y-88, and Co-80. *Uncertainty: U - Relative expanded uncertainty,

k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results.” **Calibration Methods: 417 LS - 4n1 Liquid Scintillation Counting, HPGe - High Purity
Germanium Gamma-Ray Spectrometer, IC - Ionization Chamber.

(Certificate continued on reverse side)

EZA Certificate Program Rev. §, 07-DEC-2015

Page 1of2

24937 Avenue Tibbitts

Corporate Office
Valencia, California 91355

1380 Seaboard Industrial Bivd. Atlanta, Georgi

Laboratory

a,30318
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SRS Number: 103836

Comments:
Active material deposited on first 5 mm

Expiration Date: 16-August-2017

This source was wipe tested in its inactive areas with leak test results < 185 Bq (5 nCi) of removable activity per ISO
9978:1992.

Source Prepared by:

7
Z. Dimitrova, Radiochemist

QC Approved by: /‘/5«//:;%4 - Date: /S-AV4-(€
J. , Spectroscopist
EZA Certificate Program Rev. 0, 07-DEC-2015 Page 2 of 2
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161700D03.SPC Analyzed by;a

hkhkdehhdhhkddhhhhhdhhhhdhdhhd bk dh ok ke ko ke ke hkhhhh ke k ke kR hkh kR dek ok hdde k& ok %ok % sk
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
khkkkk* *************************************************************************

Geo 1 / Water

Sample ID: 110416-3 Geo 1 Eff Cal (1040)

Sampling Start: 01/01/2016 10:00:00 ] Counting Start: 11/04/2016 07:22:48

Sampling Stop: 01/01/2016 10:00:00 | Decay Time. . . . . . . 7.39E+003 Hrs

Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 3600 Ssec

Sample Size . . . . . . . 1.00E+000 L | Real Time . . . . . . . . 3779 Sec
I

Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .161700D03.SPC
Detector #: 3 (Detector 3)
Energy (keV)= -1.63 + 0.501*Ch + 0.00E+00*Ch+2 + 0.00E+00*ChA3 11/04/2016
FWHM(keV) = 0.72 + O0.015*En + 8.18E-04*En“2 + 0.00E+00*En+3 11/04/2015
Where En = Sqrt (Energy in keV)

e b e e L P - - P+ T T F

PK. ENERGY ADDRESS NET /MDA UN- c.L. BKG FWHM

# (kev) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

1 57.88 118.78 1792 501 406 20296 1.94 a Wide Pk

2 59.51 122.03 22695 415 234 10148 0.92 b

3 87.98 178.84 74430 633 263 12792 0.95 a

4 122.08 246.90 43952 489 207 7910 0.97 a HiResid

5 136.50 275.67 6001 276 188 6510 1.06 a

6 165.88 334.30 29625 423 202 6929 1.09 a

7 255.30 512.76 746 209 166 5438 1.08 a

8 279.26 560.561& 2436 228 169 5306 1.30 a

9 350.61 702.96 134 268 219 6770 2.11 a NET< CL

Wide Pk
10 391.80 785.16 17411 325 156 4258 1.41 a
11 511.55 1024.13 546 239 193 5016 2.36 a
12 651.53 1303.48 91 125 101 2227 1.13 a NET< CL
13 661.83 1324.05 44899 454 133 3283 1.70 a HiResid
14 814.09 1627.90 151 103 82 1569 0.96 a
15 898.29 1795.93 17857 318 141 3691 1.95 a HiResid
16 1173.51 2345.18 46888 451 103 1810 2.30 a HiResid
17 1332.74 2662.94 41512 423 93 1434 2.43 a HiResid
18 1836.30 3667.89 10546 211 AJZ;‘ 249 2.99 a HiResid
A[@gsﬂm (0,090 Counly pchteve] Ave b grea 7)‘\&/\ y
Page 001 5 l/Z"'(VCS elay sed)-
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161700D03.SPC Analyzed by
(XXX SRR R R AR X AR XA t A o X A XXX XX XXX XXX YN XY

SEEKER BACKGROUND SUBTRACT RESULTS Version 1.8.2

ALS Laboratory Group - Fort Collins

GammaScan
(2222222222 R AR AR Rt ARt A AR A X XX AR X R X 2 X R X 2 XX X2 XX XXX XXX LYY XX XY

Background File:. . . . . . DET031103.BKG (110316-3 WEEKLY BKG)

Bkg.File Detector #: 3

RN S T SRS S S S S S S SN NN NN oo o S S S S S T ST S S S S S EEEEEE == ==s

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (keV) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
9 350.61 134 268 219 118 268 219 NET<CL
11 511.55 547 239 193 466 240 194
Page 002
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161700D03.SPC Analyzed by
EREEEEKEKEEKEKERKEERKEKREEEEREER IR IR R E R IRk kR hkhkhkhkhkhkhhhhhhkhkhkihhhhhhkkk

SEEKER CALIBRATION RESULTS Version 2.0.4
AR R Yy YT T Y 2222232 s 2 Il

Sample ID: 110416-3 Geo 1 Eff Cal (1040)

Stds. Match Tolerance: 2.00 kev

Detector Number: 03 Calibration Date. . . 11/04/2016 07:22:48
Geometry File (D03) (ShOl1l).EFF ID. Geo 1 Eff Cal

Amount of Std. in Calib. Source: 1.000000 gm

Crossover: 300.00 keVv

Below Crossover Efficiency Fit:

Eff = 10 » [-6.81le+01l + 8.58e+01*En +-3.67e+01*En*2 + 5.20e+00*En+3]
(Where En = LOG(Energy in keV)) (Polynomial)

Above Knee Efficiency Fit:

Eff = 10 » [-6.20e+00 + 6.10e+00*En +-2.43e+00*En+2 + 2.82e-01*En+3]
(Where En = LOG(Energy in keV)) (Polynomial)

AN S RS R R R N R R WD R R SR N N R M e e W S N M S A S WS M M M M MM MM e e e e e e T e T T P W TS M M M M R N R R R M M M M M M e e e e e -

Pk. Energy Measured % Calculated % Prev.Calc.
# (kev) Efficiency Difference Efficiency Difference Efficiency
1 59.50 4.67e-03 0.35 4.68e-03 2.80 4.82e-03
2 88.04 1.72e-02 -1.69 1.69e-02 -4.19 1.62e-02
3 122.06 2.47e-02 2.59 2.54e-02 1.32 2.57e-02
4 165.85 2.65e-02 -1.52 2.6le-02 -1.76 2.56e-02
5 279.00 2.02e-02 0.20 2.03e-02 -11.02 1.83e-02
6 391.68 1.52e-02 0.07 1.52e-02 -8.76 1.40e-02
7 661.64 9.76e-03 -0.59 9.70e-03 -5.35 9.21e-03
8 898.02 7.31e-03 1.25 7.40e-03 -2.68 7.21e-03
9 1173.21 5.94e-03 -1.19 5.87e-03 -0.83 5.82e-03

10 1332.48 5.25e-03 0.38 5.27e-03 -0.29 5.26e-03

11 1836.01 4.08e-03 0.06 4.08e-03 -0.42 4.07e-03

Calibration Results Saved.
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Gamma Efficiency Calibration - Crossover energy efficiency difference

Calibration 11/4/2016
Detector 3
Geometry 1

Crossover energy=300 keV

MEETS ALS
EFF @ CROSSOVER % DIFF* ACCEPTANCE CRITERIA?
LOWER EFFICIENCY CURVE 0.019685 4.78% OK
UPPER EFFICIENCY CURVE 0.018786 -4.56% OK

*When a single calibration curve does not meet ALS acceptance criteria, a split-fit efficiency calibration
may be employed. This entails the use of two separate energy range calibrations, a low energy efficiency
curve and a high energy efficiency curve. A crossover energy must be specified that marks where the
software will use either the low energy efficiency curve or the high energy efficiency curve. It should be
noted that if a nuclide is specified that has a gamma photon energy that is equal to OR within 15 keV

of the crossover energy, the potential exists for the calculated efficiencies at the crossover energy to be
significantly different than the true detection efficiency of the detector. At times by as much as

20%. This is an artifact of the non-equivalency of the calibration equations specified for each energy
range. This may result in an effective high or low bias to the analytical results. This bias is

reflected in the above calculated % difference. ALS Environmental Fort Collins will not accept any calibration with an
effective % difference of greater than 5% without supervisory approvai. Results are submitted without further qualification.

Efficiency equations

Polynomial TONA+B*(LOGEMMCH{LOGEM)"2+D*(LOG(En)Y3)
A -6.805418E+01
B 8.578433E+01
C -3.669556E+01 Calculated efficiency 0.019685
D 5.198629E+00
Enis energy in ke e -
Crossover energy 300
Polynomial 10MA+B*(LOG(EM)+CY(LOG(En 2+D"(LOG{En))"3)
A -6.204802E+00
B 6.101844E+00
C -2.432638E+00 Calculated efficiency 0.018786
D 2.822783E-01
Enis energy in keV
Crossover energy 300

i Al

1:\Oprtns\RADAINSTA\GAMMA \Calibration\Efficiency crossover fit % diff calculationsEfficiency crossover calculation_Geo 1-Det 3_11.04.16
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=
Standards File. . . . . . GsstdOl.std
Assay Date . . . . . . 01/01/2016 10:00

ID.: Geo 1 Std#1040 1 L. Mari. Mixed Gamma

Pk # Nuclide Energy Halflife Br.Ratio dps/gm
1 Am-241 59.50 4.322E+02 yrs 0.35900 3768.80
2 ¢€d4-109 88.04 4.626E+02 dys 0.03700 51567.57
3 Co-57 122.06 2.718E+02 dys 0.85510 1266.52
4 Ce-139 165.85 1.376E+02 dys 0.80350 1823.27
5 Hg-203 279.00 4.660E+01 dys 0.77300 4213.45
6 Sn-113 391.68 1.151E+02 dys 0.64900 3127.89
7 Cs-137 661.64 3.017E+01 yrs 0.85120 1530.78
8 Y-88 898.02 1.066E+02 dys 0.93400 5372.59
9 Co-60 1173.21 5.271E+00 yrs 0.99980 2450.49

10 Co-60 1332.48 5.271E+00 yrs 0.99990 2453.25
11 Y-88 1836.01 1.066E+02 dys 0.99380 5346.15
Page 001
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1380 Seaboard Industrial Blvd.
Atianta, Georgia 30318

Tel 404:352-8677

Fax 404-352-2837
WWW.2Zag.com

Analytics
CERTIFICATE OF CALIBRATION

Standard Reference Source

SRS Number: 102366

Source Description: 1.0 Liter Solid in 138G GA-MA Beaker
Product Code: 8401-EG-SD

Customer: ALS Laboratory Group

P.O. Number; FC000928, ltem 1

This standard radionuclide source was prepared from an aliquot measured gravimetrically from a master
radionuclide solution calibrated with a germanium gamma-ray spectrometer system. Additional radionuclides were
added gravimetrically from solutions calibrated by gamma-ray specirometry, ionization chamber, or licuid
scintillation counting. Calibration and purity were checked using germanium gamma-ray spectrometry. At the time
of calibration no interfering gamma-ray emitting impurities were detected. The gamma-ray emission rates for the
most intense gamma-ray lines are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National
Institute of Standards and Technology (NIST) through a Measurements Assurance Program as described in USNRC
Regulatory Guide 4.15, Revision 2, July 2007, and compliance with ANSI N42.22-1998, "Traceability of Radioactive
Sources to NIST."

Density of solid matrix: 1.17 g/cm® + 3 %.

Refesancsa Date: §l-fanuary-2016 12:00 PM EST

MGS Mixture
Gamma-Ray Unceriainty Calibration
isotope Energy, keV Half-Life,d  Activity, Bq Flux, s™ % ug % U,%  Method**
Am-241 . 89.8 1.880E+08 = 3.768E+03 . 1.383E+03 - 0.1 1.8:::3.8 4TTLS
Cd-109 88.0  4.614E+02 S5.186E+04 1908E+03 05 2.0 4.1 HPGe
- Co-8T “122.1 2.7V7E+02 - 1.265E+03  1.083E+03. - 04 17T 34 -HPGe
Ce-139  168.9 1.376E+02 1.831E+03 1.465E+03 04 11 3.6 HPGe
" Hg-203 .. .279.2 4.659E+01 - 3,993E+03  3.267E+03 .. 03 LT . 35" HPFGe .
Sn-113 3917  1.181E+02 3.124E+03 2.030E+03 04 19 39 HPGe
Cs-137 7 8617 “1.099E+047 i 1.B31E+03 « L.808E+03 0.7 19 . 41 - HPGe -
Y-88 898.0 1.066E+02 5.356E+03 5.018E+03 07 1.7 3.7  HPGe
S Y-88 1836.1 S —— © B.BI3E+03 0.7 LT 3T e
Co-60 - 1173.2 1.928E+03 2.483E+03 2.480E+03 0.7 1.8 3.9 HPGe
. Co-60 1332.8 e ' 2.483E+03 0.7 718 39 e

Mixed Gamma (MGS) master solution is EZA's eight isotope mixture which is calibrated quarterly and consists of
Cd-108, Co-57, Ce-139, Hg-203, Sn-113, Cs-137, Y-88, and Co-60. *Uncertainty: U - Relative expanded uncertainty,
& = 2, See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results.” **Calibration Methods: 411 LS - 41 Liquid Scintillation Counting, HPGe - High Purity
Germanium GCamma-Ray Spectrometer, IC - lonization Chamber,

(Certificate continued on reverse side)

EZA Certificate Program Rev. 0, 07-DEC-2015
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Corporate Office

74937 Avenue Tihhitts  Valencia, California 91355

Laboratory

1380 Seaboard industrial Blvd. Atlanta, Georgia, 36318
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SES Number: 102366

Expiration Date: 24-February-2017

This source was wipe tested in its inactive areas with leak test results < 188 Bg (8 nCi) of removable activity per ISO
9978:1992.

Source Prepared by: O«ﬂmﬁ\

A. Herron, Radiochemist

QC Approved by: % ”é/ Date: 24 -FEE-/&

J. Lahr, Spectroscopist

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 2 of 2
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161701D03.SPC Analyzed by
*************************************\ khkhkhhkhkhkhkhkhkhkhkkhkhkhkhkhkhhhkkhkkhkhkkhkhkkhhkhkhkkkkkkk

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
khkhkhkhkhkhkhhkhkhkhkhkhkhkkhkhhkhkhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkkhkhkhkhkdkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkkhkkkk®

Geo 1 / Water

Sémple ID: 110416-3A Geo 1 Cal Ver (999)

Sampling Start: 01/01/2014 10:00:00 Counting Start: 11/04/2016 08:45:24
Sampling Stop: 01/01/2014 10:00:00 Decay Time. . . « . . . 2.49E+004 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . « « « « & 1913 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .161701D03.SPC
Detector #: 3 (Detector 3)

Energy(kev)= -1.63 + 0.501*Ch + 0.00E+00*Ch+*2 + 0.00E+00*Ch43 11/04/2016
FWHM(keV) = 0.73 + 0.017*En + 8.1l6E-04*En+*2 + 0.00E+00*En+3 11/04/2016
Where En = Sqrt(Energy in keV)

|
|
Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 1800 Sec
|
|

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

1 59.54 122.09 11347 265 130 3135 0.93 a

2 88.01 178.89 12631 267 118 2592 0.95 a

3 122.12 246.97 3352 166 98 1762 0.99 a

4 136.60 275.88 348 110 85 1473 0.76 a

5 165.78 334.11 353 133 105 1890 1.13 a

6 182.36 367.19 - 137 141 115 2083 1.31 a

7 661.84 1324.07 21188 303 68 859 1.63 a HiResid
8 1173.52 2345.20 17609 275 59 588 2.26 a HiResid
9 1332.75 2662.97 16185 257 32 173 2.41 a HiResid
10 1836.36 3667.99 28 18 12 28 1.84 a ‘

Page 001
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161701D03.SPC Analyzed by
khkhkhkhkkkhkkhkhhkhkhkhkhkkkhkkkkkkkhkhkhkkkhkkhkhkhkhkhkkkhkhkhhhkkhkhhhkhkhkhkhkhkhhhkhkhkhkhkkhkhhkkkkkkkkkkd®k

SEEKER BACKGROUND SUBTRACT RESULTS Vers. 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
khkkhkkkkhkhkhkkkkhkhkkkhkhkhkkhkhkkkhkkkhkkhkhkhkhkhkkkkkhkhkhhhkhkhkhkhhkhkkhkhhkhkhkhkhkhhkhkhkhhkkkhkkikdddkkik

Background File:. . . . . . DET031103.BKG (110316-3 WEEKLY BKG)

Bkg.File Detector #: 3

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PKi# (keV) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
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161701D03.SPC Analyzed by
EREEEEEEEEEEREREEEEEREE KRR R ARk ARk Rk hkhhhhkk

SEEKER FINAL ACTIVITY REPORT Version 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
222222 X222 2222222222222 2 2 X 2 X X XX E 2 XX R R R R F R R X Y E R R R R TR T TR TR

Geo 1 / Water

Sample ID: 110416-3A Geo 1 Cal Ver (999)

Sampling Start: 01/01/2014 10:00:00 11/04/2016 08:45:24
Sampling Stop: 01/01/2014 10:00:00 2.49e+004 Hrs

Counting Start:
Decay Time. . . . « . .

I

|
Buildup Time. . . . . . 0.00e+000 Hrs | Live Time . . . . . . . . 1800 Sec
Sample Size . . . . . . . 1.00e+000 L. | Real Time . . . . . . . . 1913 Sec
Collection Efficiency . . . . 1.0000 | Spectrum File . . . . . .161701D03.SPC
Cr. Level Confidence Interval: 95 % | Det. Limit Confidence Interval: 95 %

Detector #: 3 (Detector 3)

Efficiency File: (D03) (Sh0l).EFF (Geo 1 Eff Cal)
Eff=104[-6.81E+01 +8.58E+01*L +-3.67E+01*L42 +5.20E+00*L43] 11/04/2016
Eff.=104[-6.20E+00 +6.10E+00*L +-2.43E+00*L42 +2.82E-01*LA3] Above 300.00 kev

N
ENERGY E Concentration Critical Halflife
Nuclide (kev) T (pCi/L ) MDA Level (hrs)
Am-241 59.54 1.02E+05 +- 2.37E+03 2.35E+03 1.17E+03 3.79E+06
cd-109 88.02 1.42E+06 +- 3.0l1E+04 2.70E+04 1.33E+04 1.11E+04
Co-57 122.07 3.30E+04 +- 1.63E+03 1.95E+03 9.62E+02 6.50E+03
Ce-139 165.85 4.71E+04 +- 1.78E+04 2.84E+04 1.40E+04 3.30E+03
Cs-137 661.62 4.11E+04 +- 5.87E+02 2.70E+02 1.32E+02 2.64E+05
Co-60 Average:x 6.62E+04 +- 7.38E+02 o« o e o e« o« o« « #4.62E+04
1173.21 6.55E+04 +- 1.02E+03 4.47E+02 2.18E+02 4.62E+04
1332.48 6.70E+04 +- 1.07E+03 2.80E+02 1.34E+02 4.62E+04
Hg-203 279.18 MDA e o o o« 9.39E+08 4.63E+08 1.12E+03
Sn-113 391.68 MDA e ¢« « o« 1.38E+05 6.77E+04 2.76E+03
Y-88 898.02 MDA e« « « « 3.07E+05 1.51E+05 2.56E+03
MEASURED TOTAL: 1.71E+06 +- 5.32E+04 pCi/L
UNKNOWN, SUM or ESCAPE PEAKS
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
4 136.60 275.88 348 110 85 1473 0.76 Unknown
Page 003
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161701D03.SPC Analyzed by

PK. ENERGY ADDRESS NET UN- C.L. BKG

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS
6 182.36 367.19 137 141 115 2083
10 1836.36 3667.99 28 18 12 28

c:\SEEKER\BIN\161701d03.res Analysis Results Saved.

Page 004

1.31 Unknown
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o #
RS IZeCClVE& 1380 Seaboard Industrial Blvd,

Atlanta, Georgia 30318

Eckert &Ziegler qo!c’ . Z[Z(JIZOH/ T Tl 4044382.8677
Analytics T X

s
www.analyticsinc.com

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
95548
1.0 Liter Sol.id in 138G GA-MA Beaker

Customer: ALS Laboratory Group
P.O. No.: FC000236, Item 1 Product Code 8401-EG-SD

Reference Date: 01-Jan-2014 12:00PM EST Grams of Master Source: 0.011897

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of calibration no interfering gamma-ray
emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines are
given. Eckert & Ziegler Analytics (EZAR) maintains traceability to the National Institute of Standards and
Technology through a Méasurements Assurance Program as described in USNRC Regulatory Guide 4.15,
Revision 2, July 2007, and compliance with ANSI N42.22-1998, "Traceability of Radioactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditationi requirements. Custorners may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,
VA 22101.

Density of solid matrix1.15 g/ce.

Master Uncertainty* , %
Zamma-Ray  Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) _ Days yps/gram Yps Ug ug U Method*
Am-241 59.8 1.880E+05 — 1.330E+03 01 16 32 4ris
Cd-109 88.0 4.814E+02 1.627E+05  1.903E+03 05 20 4.1 HPGe
Co-87 122.1 2.71TE+02.  B.OISE+04 1.043E+03 04 1.7 35 HPGe
Ce-1389 165.9: 1.376E+02 1.228E+05  1.436E+03 04 17 38 HPGe
Hg-203 279.2 4.659E+01 2.636E+05  3.083E+03 03 17 35 HPGe.
Sn-113 391.7 1.181E+02 1.736E+05  2.031E+03 04 1.9 39 HPGe
Cs-137 661.7 1.099E+04 1.100E+08  1.287E+03 07 1.9 40 HPGe
Y-88 898.0. 1.066E+02 4.166E+05  4.873E+03 05 17 35 HPGe
Co-60 1173.2 1.928E+03 2.085E+05  2.404E+03 06 1.8 38 HPGe
Co-60 1332.5 1.925E+03 2.057E+08  2.406E+03 0.7 18 39 HPGe
Y-88 1836.1 1.066E+02 4.410E+05  5.188E+03 07 17 3.7 HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated quarterly.

Calibration Methods: 417 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
[onization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for

Evaluating and Expressing the Uncertainty of NIST Measurenient Resulis." . A\ J
Otundacd We-Veriia

(Certificate continued on reverse side)
317l 1.

[\/ W E)gﬁlfwﬁ(/;)
Dotz =5 03)07/2017
373][8/1/,

MGS Certificate Rev 5, 1 October 2013 Page 1 0of 2
Corporate Office _ Laboratory
- 24937 Avenue Fibbitts - Valencia; California: 91355 -~ -~ - =+ ¢ s e “ 1380 Seaboard iridustiial Bivd. Atlanta. Gearaia 0318
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This standard will expire one year after the reference date.

Source Prepared by: . W
Eafdley Aadiochemist

QA Approved: R 1\/\ Date: 2§ =6 ¥

].D. McCorvey, Counting Room Manager

MGS Certificate Rev 5, 1 October 2013 Page 2 of 2
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170523004 .SPC Analyzed by %\)
EEEEEEEEKAEEEEEEEEEEEEEEEEEE ARk hk Tk hkhkhkhkhkhkhhhkhkhkhhkhdhkkkkik

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
Ahkhhkhkhhkhkkhkhkhkhkhkhkhkhkhkhkhbhkhkhkhkhhkhkhkhkhkhhhkkhkhkhkhkkhkhkhhkhkhkhkkhkhkhkhhkhkhkhhkhkhkhkhkhkhkkhkkhkhkhhkhhhhkkkkik

Geo 1 / Water

Sample ID: 032017-4 GEOl EFF CAL (1056)

Sampling Start: 01/01/2017 10:00:00 Counting Start: 03/20/2017 09:25:31
Sampling Stop: 01/01/2017 10:00:00 Decay Time. . . . . . . 1.87E+003 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . « « « o « 1573 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .170523D04.SPC
Detector #: 4 (Detector 4)

Energy(kev)= -1.58 + 0.501*Ch + 0.00E+00*Ch42 + 0.00E+00*Ch+3 03/20/2017
FWHM(keV) = 0.80 + 0.010*En + 1.10E-03*En*2 + 0.00E+00*En+3 01/10/2017
Where En = Sqrt(Energy in keV)

|
l
Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 1500 Sec
|
|

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 59.43 121.73 11262 318 194 7618 0.77 a HiResid
2 70.57 143.95 842 247 198 7893 0.79 a
3 72.80 148.42 1276 251 198 7893 0.79 b
4 82.77 168.31 2668 548 443 20708 2.51 a HiResid
Wide Pk
5 85.89 174.53 4656 555 443 20708 2.53 b HiResid
6 87.93 178.61 44587 495 212 8283 0.96 ¢ HiResid
7 122.06 246.71 28727 413 194 6961 1.02 a HiResid
8 136.47 275.46 3497 250 181 6059 0.92 a HiResid
9 165.84 334.07 34276 437 191 6216 1.11 a HiResid
10 255.17 512.33 978 163 124 3245 1.04 a
11 262.05 526.05 72 113 92 2068 0.62 a NET< CL
12 279.22 560.30 24967 360 142 3736 1.29 a HiResid
13 391.75 784.87 23158 334 114 2406 1.38 a HiResid
14 511.08 1022.97 559 176 140 3007 2.26 a
15 587.46 1175.39 86 90 72 1199 1.06 a
16 661.75 1323.62 15222 288 122 2622 1.84 a HiResid
17 813.54 1626.53 492 165 131 2523 2.97 a
18 898.16 1795.36 25012 344 112 2234 2.17 a HiResid
19 1173.45 2344.69 15747 283 108 1835 2.56 a HiResid
20 1328.25 2653.59 1821 202 151 1979 6.34 a HiResid
Page 001
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170523D04.SPC Analyzed by

NET /MDA

COUNTS CERTAINTY

UN-

21
22
23

1332.67
1383.95
1836.08

2662.42
2764.74
3666.94

Page 002

14552
52
13564

256
60
246

Wide Pk
2.59 b HiResgid
1.65 a
3.32 a HiResid
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170523D04.SPC Analyzed by
khkkkhkhkhkhkkhkkhkhkhkhkhkhkhkhhkhkhkhkhkkhkkkhkhkhkhkkhkkhkhkhkkkkkhkhkhkhkhkkhkhkhkkkhkhkhkhkhkhkhkhkhkhkdhkkhkhkhhkhkkkkkkkkk

SEEKER BACKGROTUND SUBTRACT RESULTS Version 1.8.2

ALS Laboratory Group - Fort Collins

GammaScan
22222222 R AR 222ttt it At Rt AR R X R XX R X R X2 X2 XX XX XXX 2 XX R R R XX XXX TSI T X XY

Background File:. . . . . . DET040315.BKG (031517-4 WEEKLY BKG)

Bkg.File Detector #: 4

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (keV) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
3 72.80 1276 251 198 1274 251 198
4 82.77 2668 548 443 2666 548 443
14 511.08 559 176 140 529 176 140
Page 003
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170523004 .SPC Analyzed by
AR RA ARk hkhkhkhkhhkkhhhkkhkhhhkhkhhhhkhhhkhkhkhkdkhhkhkhkhkhhkhkhkhkhkhkhkhhhkhkhkhkhkhkhkdhkhkhkhkhdkhhkhkhkhkhkkk

SEEKER CALIBRATION RESULTS Version 2.0.4
khkhkdhdhdhhkkhhhhhhhhhhhkddhhhhhhhhhhhhhhhhdhhhhhhdhddkddhddhdhkhhddhddhhbddhhdkdn

Sample ID: 032017-4 GEOl EFF CAL (1056)

Stds. Match Tolerance: 2.00 kev

Detector Number: 04 Calibration Date. . . 03/20/2017 09:25:31
Geometry File (D04) (Sh0l) .EFF ID. Geo 1 Eff Cal

Amount of Std. in Calib. Source: 1.000000 gm

Crossover: 300.00 kev

Below Crossover Efficiency Fit:

Eff = 10 » [-6.94e+01 + 8.84e+01*En +-3.82e+01*En+*2 + 5.45e+00*En*3]
(Where En = LOG(Energy in keV)) (Polynomial)

Above Knee Efficiency Fit:

Eff = exp * [-2.7%9e-01 +-5.09e-01*En +-3.05e-02*En4+2]
(Where En = Energy in keV) (Linear/Quad)

Pk. Energy Measured % Calculated % Prev.Calc.
# (kev) Efficiency Difference Efficiency Difference Efficiency
1 59.50 5.22e-03 0.54 5.25e-03 -0.01 5.25e-03
2 88.04 1.76e-02 -2.60 1.72e-02 -0.01 1.72e-02
3 122.06 2.29e-02 3.95 2.38e-02 -0.01 2.38e-02
4 165.85 2.35e-02 -2.34 2.29%9e-02 -0.01 2.29%9e-02
5 279.00 1.66e-02 0.31 1.67e-02 -0.01 1.67e-02
6 391.68 1.22e-02 0.17 1.22e-02 -0.00 1.22e-02
7 661.64 7.72e-03 -1.09 7.64e-03 -0.00 7.64e-03
8 898.02 5.70e-03 1.29 5.77e-03 -0.00 5.77e-03
9 1173.21 4.43e-03 1.55 4.50e-03 -0.00 4.50e-03

10 1332.48 4.09e-03 -2.48 3.99e~-03 -0.00 3.99e-03

11 1836.01 2.92e-03 0.50 2.93e-03 -0.00 2.93e-03

Calibration Results Saved.

@K(}Vﬁ)ZOD

Page 004
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Gamma Efficiency Calibration - Crossover energy efficiency difference

Calibration 3/20/2017
Detector 4
Geometry 1

Crossover energy=300 keV

MEETS ALS
EFF @ CROSSOVER % DIFF* ACCEPTANCE CRITERIA?
LOWER EFFICIENCY CURVE 0.016028 4.42% OK
UPPER EFFICIENCY CURVE 0.015350 -4.23% OK

*When a single calibration curve does not meet ALS acceptance criteria, a split-fit efficiency calibration

may be employed. This entails the use of two separate energy range calibrations, a low energy efficiency

curve and a high energy efficiency curve. A crossover energy must be specified that marks where the

software will use either the low energy efficiency curve or the high energy efficiency curve. It should be

noted that if a nuclide is specified that has a gamma photon energy that is equal to OR within 15 keV

of the crossover energy, the potential exists for the calculated efficiencies at the crossover energy to be
significantly different than the true detection efficiency of the detector. At times by as much as

20%. This is an artifact of the non-equivalency of the calibration equations specified for each energy

range. This may result in an effective high or low bias to the analytical results. This bias is

reflected in the above calculated % difference. ALS Environmental will not accept any calibration with an i
effective % difference of greater than 5% without supervisory approval. Results are submitted without further qualification.

Efficiency equations

Polynomial 10N A+BHLOG{En) i+ CHLOGIEN) Y 2+D*{LOG(En)*3)
A -6.940537E+01
i 8.839590E+01
c -3.817472E+01 Calculated efficiency 0.016028
D 5.453176E+00
En is energy in keV
Crossover energy 300
Linear MAHB*In(En))+{C*In(En)*2))
A -2.787562E-01
B -5.092880E-01
C -3.052374E-02 Calculated efficiency 0.015350

Enis energy in keV
Crossover energy 300

OW I Bl

I\Oprins\RADAINST\GAMMA\Calibration\Efficiency crossover fit % diff calculations\Efficiency crossover calculation_Geo 1-
Det_4 03.20.17
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Standards File. . . . .
Assay Date

ID.: Geo 1 Std#1056 1 L Mari.

Pk # Nuclide

R R

PO wVWoOoONONURWNDER

Energy

59.50
88.04
122.06
165.85
279.00
391.68
661.64
898.02
1173.21
1332.48
1836.01

Page 001

. Gsstdll.std

01/01/2017 10:00

Halflife

4.322E+02
4.626E+02
2.718E+02
1.376E+02
4.660E+01
1.151E+02
3.017E+01
1.066E+02
5.271E+00
5.271E+00
1.066E+02

Mixed Gamma

Br.Ratio

0.35900
0.03700
0.85510
0.80350
0.77300
0.64900
0.85120
0.93400
0.99980
0.99990
0.99380

4008.36
51162.16
1194.01
1795.67
4135.83
3129.43
1551.93
5199.14
2437.49
2440.24
5173.07
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1380 Seaboard Industrial Bivd.

nso
Eckert & Ziegler  '*% Recewel Aoy

Fax 404-352-2837

Analytics ) 5 | } Z0]7]  wwwezagcom
CERTIFICATE OF CALIBRATION

Standard Reference Source

N

#1 AON L0 '0 ‘AOY TEMOI-d

SRS Number: 105114

Source Description: 1.0 Liter Sclid in 138G GA-MA Beaker
Product Code: 8401-EG-8D

Customer: ALS Laboratory Group

P.O. Numbenr: FC001290, ltem 1

This standard radionuclide source was prepared from an aliguot measured gravimetrically from a master
radionuclide solution calibrated with a germanium gamma-ray spectrometer system. Additional radionuclides were
added gravimetrically from solutions calibrated by gamma-ray spectrometry, ionization chamber, or liquid
scintillation counting. Calibration and purity were checked using germanium gamma-ray spectrometry. At the time
of calibration no interfering gamma-ray emitting impurities were detected. The gamma-ray emission rates for the
most intense gamma-ray lines are given. Eckert & Ziegler Analytics (FZA) maintains traceability to the National
Institute of Standards and Technology (NIST) through a Measurements Assurance Program as described in USNRC
Regulatory Guide 4.15, Revision 2, July 2007, and compliance with ANSI N42.22-1998, "Traceability of Radiocactive
Sources to NIST.”

Density of solid matrix: 1.17 g/cm® + 3 %.

Reference Date: 01-January-2017 12:00 PM EST
MGS Miztore
Gamma-Ray Uncertainty Calibration

!sctope Energy, keV 4Ha§f-i.,|fe, d Flux, s“_ up % up% U % Method**

Clirsz | 925E+03

00-60 . T EEr L = :
Mixed Gamma (MGS) master solution is EZA's eight isotope mixture which is cahbrated quarterly and consists of
Cd-108, Co-87, Ce-138, Hg-203, Sn-113, Cs-131, Y-88, and Co-60. *Uncertainty: U - Relative expanded uncertainty,
k = 2. See NIST Technical Note 1287, "Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results.” ¥**Calibration Methoda: 411 LS - 41 Liquid Scintillation Counting, HPGe - High Purity
Germanium Gamma-Ray Spectrometer, IC - Ionization Chamber.

{Certificate continued on reverse side)

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 1of 2

Corporate Office | Laboratory
IANIT Avianun Tikhitte  \alanrcia Califarnia 91354 1380 Seaboard Industrial Blvd. Atlanta, Georgia93f36% 148



SRS Number: 105114 S

Expiration Date: 27-February-2018

This source was wipe tested in its inactive areas with leak test results < 185 Bq (8 nCi) of removable activity per ISO
9978:1982.

Source Prepared by: bk M

K, Eardley, Radiochemist

QC Api)roved by: /‘;%/%Z/ Date: 2L-FER /7

I- , Spectroscopist

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 2 of 2
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170525D04.SPC Analyzed by&gb;j:jrp

kkkkkkhkkhkkhhhhhhhhhkhhkhhkhhhhhhhhhhhhhhdhhhhhhdhhhhhhhhhh bbbk k kbR kb kbR k ke kk
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
(222222222 2222222222222 222222 2 22 2 X X R 2 X 22 2 22 222222 2222222 X222 22X 2R R R RR SRR X8 X

Geo 1 / Water

Sample ID: 032017-4A GEOl EFF CAL (1021)

Sampling Start: 01/01/2015 10:00:00 Counting Start: 03/20/2017 10:57:54
Sampling Stop: 01/01/2015 10:00:00 Decay Time. . . « « « « 1.94E+004 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . . « « . . 1826 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .170525D04.8SPC
Detector #: 4 (Detector 4)

Energy(kev)= -1.58 + 0.501*Ch + 0.00E+00*Ch*2 + 0.00E+00*Ch+3 03/20/2017
FWHM(kev) = 0.80 + 0.010*En + 1.10E-03*En*2 + 0.00E+00*En+*3 01/10/2017
Where En = Sqgrt (Energy in keV)

|
|
Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 1800 Sec
|
|

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

1 57.76 118.40 1574 349 279 9611 2.00 a wide Pk
2 59.48 121.83 14492 295 140 3621 0.95 b

3 67.02 136.87 125 117 94 1967 0.68 a

4 86.23 175.22 118 159 129 3380 0.75 a NET< CL
5 87.94 178.63 18255 309 124 2834 0.97 b

6 122.07 246.72 5643 195 102 1914 1.00 a

7 136.49 275.50 709 127 95 1670 0.96 a

8 148.55 299.57 59 84 68 1029 0.65 a NET< CL
9 165.87 334.12 1001 127 920 1506 0.98 a

10 228.74 459.58 49 82 66 1076 0.60 a NET< CL
11 379.89 761.19 56 73 58 778 0.74 a NET< CL
12 391.81 784.98 326 108 84 1309 1.26 a

13 531.47 1063.67 39 71 57 713 1.19 a NET< CL
14 661.78 1323.70 17254 280 80 1120 1.79 a HiResid
15 678.25 1356.56 14 49 40 388 0.90 a NET< CL
16 898.35 1795.75 253 86 66 918 1.50 a

17 1173.46 2344.71 15015 267 87 1254 2.50 a HiResid
18 1332.66 2662.38 13530 240 47 355 2.69 a HiResid
19 1836.01 3666.80 117 29 16 33 3.50 a

Page 001
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170525D04 .SPC Analyzed by
(22222 222 222222 R A st At i a i a2 R a2 2 X R X R X R X 2 X R X2 X R X XXX XX 2 X R R X XXX LE LR L LR T

SEEKER BACKGROUND SUBTRACT RESULTS Vers. 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
Ahkhkhkhkhkhkhkkkkhkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkkhkhkhkhkhkkkhkkhkhkhkkkhkhkkkikik

Background File:. . . . . . DET040315.BKG (031517-4 WEEKLY BKG)

Bkg.File Detector #: 4

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (keV) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
3 67.02 125 117 94 122 117 94
11 379.89 56 73 58 55 73 59 NET<CL
Page 002
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SEEKER

Sample ID:

170525D04.SPC Analyzed by

hhkkhkkkhhhhhhkhhhhhhhhkhhhhhhhhkhrhhhhhhhhhhhhhhhhhhhhhhkhhkhhhhhhhhhhhkhhhdhhhhdhn
FINAL

ACTIVITY

REPORT

ALS Laboratory Group - Fort Collins

GammaScan
AhAEREEEEEIEk Ak XAk hkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkkhkkhkkhkhhkhkhkkhkhkkhkhkhhkkhkkkkkk

Geo 1 / Water

032017-4A GEOl1l EFF CAL (1021)

Version 2.2.1

01/01/2015 10:00:00

Sampling Start:
Sampling Stop:
Buildup Time. . .
Sample Size . . .
Collection Efficiency . . .

Cr.

01/01/2015 10:00:00

Level Confidence Interval:

0.00e+000 Hrs
1.00e+000 L

1.0000
95 %

Counting Start:
Decay Time. . . .

Live Time
Real Time

Spectrum File . .

Det. Limit Confidence

03/20/2017 10:57:54

Interval:

1.94e+004 Hrs

1800 Sec
1826 Sec

.170525D04.SPC

95 %

Efficiency File:

Detector #:

4 (Detector 4)
(D04) (Sh0l1) .EFF (Geo 1 Eff Cal)
Eff=104[-6.94E+01 +8.84E+01*L +-3.82E+01*L42 +5.45E+00*L+3] 03/20/2017
Eff.= EXP[-2.79E-01 + -5.09E-01 * En + -3.05E-02 * En+2] Above

300.00 kev

ENERGY E
(kev) T

Critical
Level

Halflife
(hrs)

Co-60

Hg-203

88.02
122.07
165.85
391.68
661.62

Average:x
898.02
1836.01
Average:x
1173.21
1332.48
279.18

MEASURED TOTAL:

Concentration

(pCi/L )
1.16E+05 +- 2.35E+03
1.43E+06 +- 2.43E+04
3.29E+04 +- 1.14E+03
4.80E+04 +- 6.07E+03
8.08E+04 +- 2.69E+04
4.19E+04 +- 6.80E+02
1.21E+05 +- 2.43E+04
1.36E+05 +- 4.62E+04
1.16E+05 +- 2.86E+04
6.76E+04 +- 8.48E+02
6.71E+04 +- 1.19E+03
6.81E+04 +- 1.21E+03
MDA e e e o
1.94E+06 +- 8.66E+04

Page 003

2.25E+03
1.97E+04
1.20E+03
8.78E+03
4.24E+04
3.94E+02
7.21E+04
3.38E+04
7.93E+02
4.90E+02
3.69E+07

pCi/L

1.12E+03
9.73E+03
5.94E+02
4.32E+03
2.09E+04
1.94E+02
3.53E+04
1.56E+04
3.90E+02
2.38E+02
1.82E+07

3.79E+06
1.11E+04
6.50E+03
3.30E+03
2.76E+03
2.64E+05
2.56E+03
2.56E+03
2.56E+03
4.62E+04
4.62E+04
4.62E+04
1.12E+03
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170525D04.SPC Analyzed by

PK. ENERGY
# (kevV)

86.23

136.49
8 148.55
10 228.74
11 379.89
13 531.47
15 678.25

c:\SEEKER\BIN\170525d404.res Analysis Results Saved.

ADDRESS
CHANNEL

118.40
136.87
175.22
275.50
299.57
459.58
761.189
1063.67
1356.56

Page 004

NET

COUNTS CERTAINTY

49

Unknown
Unknown
Deleted
Unknown
Deleted
Deleted
Deleted
Deleted
Deleted
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B - o
2 Eckert & Ziegler (s3]

1380 Seaboard Industrial Bivd.
Atlanta, Georgia 30318

Tel 404-352-8677

Fax 404-352-2837
www.ezag.com

Zecewvel
2212015

Analytics
CERTIFICATE OF CALIBRATION
Standard Reference Source
99579
1.0 Liter Solid in 138G GA-MA Beaker
Customer: ALS Laboratory Group
P.0O. No.: FC000629, Item 1 Product Code: 8401-EG-SD

Reference Date: 0l-Jan-2015 12:00 PM EST Grams of Master Source: 0.011886

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamima-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of calibration no interfering gamma-
ray emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines
are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.15,
Revision 2, July 2007, and compliance with ANSI N42.22-1995, "Traceability of Radioactive Sources to NIST."
Density of solid matrix 1.15 g/cc.

Master Uncertainty* , %
Gamma-Ray  Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) Days yps/gram Yps Us U U Method*
Am-241 59.5 1.580E+08 1.353E+03 0.1 18 3.6 4 LS
Cd-109 88.0 4.614E+02 1.628E+058 1.935E+03 0.8 2.0 4.1 HPGe
Co-87 122.1 2.717E+02 8.868E+04 1.054E+03 04 1.7 35 HPGe
Ce-139 165.9 1.376E+02 1.246E+03 1.482E+03 04 1.7 358 HPGe
Hg-203 279.2 4.659E+01 2.673E+03 3.177E+03 0.3 1.7 358 HPGe
Sn-113 391.7 1.151E+02 1.786E+05 2.087E+03 04 189 3.9 HPGe
Cs-137 661.7 1.099E+04 1.113E+05 1.323E+03 07 19 40 HPGe
Y-88 898.0 1.066E+02 4.123E+03 4.901E+03 67 1.7 3.7 HPGe
Co-60 1173.2 1.925E+03 2.106E+03 2.503E+03 07 18 39 HPGe
Co-60 1332.5 1.9285E+03 2.109E+05 2.506E+03 0.7 18 3.9 HPGe
Y-88 1836.1 1.066E+02 4.365E+05 5.189E+03 0.7 1.7 3.7 HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated quarterly.

Calibration Methods: 417 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
lonization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 3. See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)

MGS Certificate Rev 8, 3 November 2014 Page 10of 2

Laboratory
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This standard will expire one year after the reference date.

Source Prepared by: //Z. &W

R. Ormsby, Radifchemist

QC Approved: /‘//%,, Date: 20€&3r§

]Zsl./iéh'z, Spectroscopist

MGS Certificate Rev 8, 3 November 2014 Page 2 of 2
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161195D07.SPC Analyzed by\}(

Ak kAT EEREEEER LRI TRk TRk kR hhhhkhkhkhkhkhkhkhhdk
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
(222 2222222222222 2222222222222 22 22 2 XX X222 2 2 XXX 222222 XXX XXX XXX ST TETIIIEZE IR Y )

Geo 1 / Water

Sample ID: 110816-7 Geo 1 Eff Cal (1040)

Sampling Start: 0170172016 10:00:00 Counting Start: 11/08/2016 08:52:26
Sampling Stop: 01/01/2016 10:00:00 Decay Time. . . « « . . 7.49E+003 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . . + « « & 3723 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .161195D07.SPC
Detector #: 7 (Detector 7)

Energy(kev)= -2.38 + 0.501*Ch + 0.00E+00*Ch+*2 + 0.00E+00*Ch*3 11/08/2016
FWwHM(keV) = 0.65 + 0.008*En + 1.26E-03*En+2 + 0.00E+00*En+3 11/08/2016
Where En = Sqrt (Energy in keV)

l
|
Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 3600 Ssec:
|
l

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 59.41 123.38 27658 428 222 9892 0.76 a
2 87 .94 180.35 82777 636 224 10085 0.80 a
3 121.93 248.23 47426 488 181 6598 0.84 a
4 136.36 277.03 6101 253 164 5405 0.86 a
5 165.78 335.80 30770 412 178 5823 0.91 a
6 255.07 514.10 670 176 139 3876 0.79 a
7 279.19 562.27A 2335 202 146 3957 1.06 a
8 310.31 624.40 162 120 96 2279 0.59 a
9 391.78 787.10 18026 312 130 3333 1.22 a
-10 511.18 1025.52 557 253 204 5353 2.49 a Wide Pk
11 661.91 1326.53 48509 465 123 2928 1.54 a HiResid
12 814.17 1630.58 185 143 115 2676 1.69 a
13 898.23 1798.43 18971 319 132 3375 1.81 a
14 1173.39 2347.90 51379 468 97 1671 2.19 a HiResid
15 1332.51 2665.65 45784 436 69 806 2.37 a HiResid
16 1835.48 3670.04 11190 215 143 3.01 a HiResid

A l€SS ]?m'\ O(X)O CDUWTI ad'llﬂ/bﬂ O‘VQT 9)’&1 7)‘)44
S Yo-lives elapsed. <I7 1118 //(,

Page 001
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161195D07 .SPC Analyzed by
(222 2222222222222 R 22222 222 2R s R R R R R 2 X2 R R R 2 2SS XSS SR R R X L)

SEEKER BACKGROUND SUBTRACT RESULTS Version 1.8.2

ALS Laboratory Group - Fort Collins

GammaScan
(22 22X R A2 X R 222222222222 R 22X 2 22 2 X 2 R XX 2R R R R R X XXX X R R R R E R E R R R TR R TR R S X R R R R T

Background File:. . . . . . DET071103.BKG (110316-7 WEEKLY BKG)

Bkg.File Detector #: 7

T T L T P - - 1 EEE T Tt L T P T P E PP P E P P T E L T L L T T Loy

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (keV) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
2 87.94 82777 636 224 82774 636 224
3 121.93 47426 488 181 47424 488 181
10 511.18 557 253 204 465 253 205
13 898.23 18971 319 132 18968 319 132
Page 002
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161195D07.SPC Analyzed by

(222 222 22 2222 a2 R 22ttt XXX X2 R X 2 R XX XXX XXX XXX RXSX XL LR LY

SEEKER
LA 22 2222222222222 a2t 222 22222 22222222222 X222 X222 22X 23

Sample ID:
Match Tolerance:

Stds.

CALIBRATION

110816-7 Geo 1 Eff Cal (1040)

2.00 kev

RESULTS

Version 2.0.4

Calibration Date. . . 11/08/2016 08:52:26

Detector Number: 07

Geometry File (D07) (Sh0l) .EFF ID. Geo 1 Eff Cal

Amount of Std.

in Calib. Source:

1.000000 gm

Eff =

1/ [ 3.90e-03*En*-3.75e+00 +

(Where En = Energy in MeV)) (Exponential)

Measured

%

Calculated
Efficiency Difference Efficiency Difference Efficiency

)
%

1.34e+02*En* 7.94e-01]

Prev.Calc.

FPOWVONGOULWNEPR

Ty

122.06
165.85
279.00
391.68
661.64
898.02
1173.21
1332.48
1836.01

5.69e-03
1.92e-02
2.69e-02
2.8le-02
2.06e-02
1.61le-02
1.05e-02
7.97e-03
6.52e-03
5.80e-03
4.45e-03

Calibration Results Saved.

Page 003

5.97e-03
1.82e-02
2.80e-02
2.8le-02
2.03e-02
1.56e-02
1.03e-02
8.10e-03
6.56e-03
5.93e-03
4.59e-03

A/\/llna./g(@@/”‘@*
OK ()Q[ SO'Q_Hg

N

[l 6//@

1.82e-02
2.80e-02
2.8le-02
2.03e-02
1.56e-02
1.03e-02
8.08e-03
6.54e-03
5.91e-03
4.58e-03
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Standards File. . . . .
Assay Date

ID.

Geo 1 Std#1040 1 L Mari.

) . . .

Pk # Nuclide Energy

. Gsstdl0l.std

01/01/2016 10:00

Halflife

[y

P OWONMAUIBWNER

Co-60
Y-88

165.85
279.00
391.68
661.64
898.02
1173.21
1332.48
1836.01

Page 001

4.322E+02
4.626E+02
2.718E+02
1.376E+02
4.660E+01
1.151E+02
3.017E+01
1.066E+02
5.271E+00
5.271E+00
1.066E+02

Mixed Gamma

Br.Ratio

0.35900
0.03700
0.85510
0.80350
0.77300
0.64500
0.85120
0.93400
0.99980
0.99990
0.99380

3768.80
51567.57
1266.52
1823.27
4213.45
3127.89
1530.78
5372.59
2450.49
2453.25
5346.15
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Ves 5, 5-\b

Atlanta, Georgia 30318
Tel 404:352-85677

Fax 404-352-2837
WWW.ezag.com

Eckert & Ziegler

Analytics
CERTIFICATE OF CALIBRATION

Standard Reference Source

SRS Number: 102366

Source Description: 1.0 Liter Solid in 138G GA-MA Beaker
Product Codae: 8401-EG-SD '
Customer: ALS Laboratory Group

P.0O. Number: FC000928, ltem 1

This standard radionuclide source was prepared from an aliquot measured gravimetrically from a master
radionuclide solution calibrated with a germanium gamma-ray spectrometer system. Additional radionuclides were
added gravimetrically from solutions calibrated by gamma-ray spectrometry, ionization chamber, or liquid
scintillation counting. Calibration and purity were checked using germanium gamma-ray spectrometry. At the tirme
of calibration no interfering gamma-ray emitting impurities were detected. The gamma-ray emission rates for the
most intense gamma-ray lines are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National
Institute of Standards and Technology (NIST) through a Measurements Assurance Program as described in USNRC
Requlatory Guide 4.15, Revision 2, July 2007, and compliance with ANSI N42.22-1998, "Traceability of Radioactive
Sources to NIST."

Density of solid matrix: 1.17 g/cm® £ 3 %.

1380 Seaboard industrial Bivd,

heference Date: O1-January-2018 12:00 PM EST
MGS Mixture
Gamma-Ray Uncertainty Calibration
Isotope Energy, keV Haif-Life, d  Activity, Bq Flux, s™ s, % ug,% U,%  Mathod™
Am-241 - B9.B " . 1.580E+05 = 3.768E+03.  1.383E+03 0.1. 1.8 3.6: 4Ls
Cd-108 88.0 4.614E+02 5.156E+04 1.808E+03 0.5 2.0 4.1 HPGe
Co-57 122.1 ©  2.717E+02 - 1.265E+03 - 1.083E+03 0.4 1.7 3.4 HPGe -
Ce-139 165.9 1.376E+02 1.831E+03 1.465E+03 04 17 38  HPGe
Hg-203- 0 278.2 4.659E+01  3,993E+03 - 3.287E+03 . 0.8 1.7 3.8 HPGe
Sn-113 391.7 1.151E+02 3.124E+03 2.030E+03 0.4 1.9 3.9 HPGe
Cs-137: 661.7 “1.099E+04  1.831E+03 = 1.303E+03 0.7 .18 4.1 "HPGe. .
Y-88 . 888.0 1.066E+02  5.356E+03 8.018E+03 0.7 1.7 3.7 HPGe
Y-88 1836, s . - ~ 7 BBI3EF03 0 0.7 1.7 3.7 et
Co-60 1173.2 1.926E+03  2.453E+03 2.450E+03 0.7 1.8 3.9 HPGe
Co-60 -+1332.8 : I ' 2.453E+03 0.7 1.8 3.9 :

Mixed Gamma (MGS) master solution is EZA's eight isotope mixture which is calibrated quarterly and consists of
Cd-109, Co-57, Ce-139, Hg-208, Sn-113, Cs-137, Y-88, and Co-80. *Uncertainty: U - Relative expanded uncertainty,
k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results.” ¥*Calibration Methoda: 411 LS - 411 Liquid Scintillation Counting, HPGe - High Purity
Germanium Gamma-Ray Spectrometer, IC - Ionization Chamber,

(Certificate continued on reverse side)

EZA Certificate Program Rev. 0, 07-DEC-2015

Page 1of 2

Corporate Office

74937 Auenue Tihhitts  Valencia. California 91355

1380 Seaboard industrial 8ivd. Atlanta, Geor?li(aj

Laboratory

30318
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8RS Numbey: 102386

Expiration Date: 24-February-2017

This source was wipe tested in its inactive areas with leak test results < 188 Bq (5 nCi) of removable activity per ISO
9978:1992.

Source Prepared by: O«ﬂmﬂ\

A. Herron, Radiochemist

QC Approved by: 7 - Date: 24-FEE-/&
A

]. Lahr, Spectroscopist

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 2 of 2
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161196D07.SPC Analyzed by
(2 XA 22 X2 RS2 2R R AR R R R XXX YT X A XX LTI TSI E I E X R XY R R Y Y Y Y Y R KX 3
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
R 22 RS 2222222222222 2R 22 22222 2 2R XX XXX R RS R I X IR R Y X R R X R R T R Y Y Y XXX X 3

Geo 1 / Water

Sample ID: 110816-7A Geo 1 Cal Ver (999)

Sampling Start: 01/01/2014 10:00:00 Counting Start: 11/08/2016 09:58:35
Sampling Stop: 01/01/2014 10:00:00 Decay Time. . . . . . . 2.50E+004 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . « ¢« ¢ « « o« 1825 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . « . . .161196D07.SPC
Detector #: 7 (Detector 7)

Energy (keV)= -2.38 + 0.501*Ch + 0.00E+00*Ch+2 + 0.00E+00*Ch43 11/08/2016
FWHM(keV) = 0.65 + 0.008*En + 1.26E-03*En+2 + 0.00E+00*En~3 11/08/2016
Where En = Sqrt (Energy in keV)

|
I
Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 1800 sec
|
|

T e i M SR R N A Gt G i e e R T B W W M W N S MR M M M M M M M M M M M M R MM S M A e e e e e e S e ——

T
S S S S S S S S S S S S S S S ST S S S S S S S S S S S S S S S S S S S S S e e e e e EEEE s T ==

PK. ENERGY ADDRESS NET/MDA UN- C.L. BKG FWHM

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

1 59.41 123.39 13788 278 122 2987 0.75 a

2 87.94 180.36 13914 265 99 1976 0.78 a

3 103.29 211.00 31 73 60 875 0.43 a NET< CL

4 121.94 248.24 3524 157 85 1453 0.81 a

5 136.42 277.16 442 109 83 1389 0.81 a

6 165.83 335.88 413 105 80 1281 0.75 a

7 367.27 738.14 52 85 69 1010 0.95 a NET< CL

8 391.65 786.84 83 76 61 833 0.74 a

9 661.91 1326.52 22986 313 62 756 1.55 a HiResid
10 679.56 1361.77 41 49 39 367 0.86 a
11 897.93 1797.83 44 103 84 1314 1.94 a NET< CL
12 1173.36 2347.85 18898 283 55 544 2.13 a HiResid
13 1332.51 2665.66 17737 268 25 103 2.39 a HiResid
14 1835.62 3670.33 59 22 14 25 3.44 a

Page 001
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161196D07.SPC Analyzed by
ATk hdhkhkhkhhkhkhkhhkhkhkhkhkhkhkhhkhkhkhkhkrdrkkhkkhkhkhkhkhkhkhkdkhkhkhhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhhkkhkkkkik

SEEKER BACKGROUND SUBTRACT RESULTS Vers. 2.2.1

ALS Laboratory Group - Fort Collins

GammaScan
khkhkhhhhhhkhkhkhhkhkhkhkhkrkhkhkhkhkhkhkhkhhkhkhkkkrkEEEXEk XXk hkhkhhhkhkhkhhkhkdkhkhkhkhkhkhkhkhkkhkhkhkhkhhkhkhkhkkhkkkkkkk

Background File:. . . . . . DET071103.BKG (110316-7 WEEKLY BKG)

Bkg.File Detector #: 7

S e e o — — ot s M S it i st o S S A mma M S S e e M e e Y T T v T S S Sy S Smm S e M S S S mm e S e S e e S S S S e S S S S PO VW S FPW S M S s Ty v
-t Pt i i v it

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (keV) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
2 87.94 13914 265 99 13913 265 99
4 121.94 3524 157 85 3523 157 85
11 897.93 44 103 84 42 103 84 NET<CL
Page 002
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161196D07.SPC Analyzed by
khkhhhkhkhhhkhkhkhkhkkhhhkhkhhkkhhkhkhkhkhkhkhkhkhhkhhkhhkhkhhkhkhkkkhkhhkhkhhkhkhhhkkhkhkhhhhkhkhhkhkkkdhikikk

SEEKER F

Sample ID:

INAL

ACTIVITY

R E

PORT

ALS Laboratory Group - Fort Collins

GammaScan
hhkkhkkhhkhhkkhkhkkhkhkhkhkhkhkhkhhhhhkkhhkhhkhkhhkhhhhhhhhkkhkhhhkhhhhhkkhkkhkkhkkhkkhkhkkkkkkkk

Geo 1 / Water

110816-7A Geo 1 Cal Ver (999)

Version 2.2.1

01/01/2014 10:00:00
01/01/2014 10:00:00

Sampling Start:
Sampling Stop:
Buildup Time. . .
Sample Size . . .

Collection Efficiency . . .

Cr.

Level Confidence Interval:

|

|
0.00e+000 Hrs |
1.00e+000 L |
|

|

1.0000
95 %

Counting Start:
Decay Time. . . . .

Live Time
Real Time

Spectrum File . . .
Det. Limit Confidence Interval:

11/08/2016 09:58:35

2.50e+004 Hrs

1800 Sec
1825 Sec

.161196D07.SPC

95 %

Efficiency File:

Detector #:
(D07) (Sh0l1) .EFF (Geo 1 Eff Cal)
Eff.=1/[3.90E-03*En*-3.75E+00 + 1.34E+02*En*7.94E-01]

7 (Detector 7)

11/0

8/2016

—— o ———— - - . T M S T e P v e e e T S M e S S S S T S S S S S S M T W S S W B e e e e e e e e o e e W e

Concentration

(pCi/L

Critical
Level

Halflife
(hrs)

N

ENERGY E

Nuclide (kevV) T
Am-241 59.54
cd-109 88.02
Co-57 122.07
Ce-139 165.85
Cs-137 661.62

Co-60 Average:x
1173.21
1332.48
Hg-203 279.18
Sn-113 391.68
Y-88 898.02

MEASURED TOTAL:

9.63E+04
1.46E+06
3.17E+04
5.20E+04
4.19E+04
6.42E+04
6.30E+04
6.54E+04

1.35E+03
2.78E+04
1.42E+03
1.33E+04
5.69E+02
6.83E+02
9.44E+02
9.8%E+02

1.73E+03
2.11E+04
1.56E+03
2.04E+04
2.32E+02
3.78E+02
1.94E+02
9.65E+08
8.34E+04r
2.91E+05

8.55E+02
1.04E+04
7.66E+02
1.01E+04
1.14E+02
1.85E+02
9.21E+01
4.76E+08
4.07E+04
1.43E+405

3.79E+06
1.11E+04
6.50E+03
3.30E+03
2.64E+05
4.62E+04
4.62E+04
4.62E+04
1.12E+03
2.76E+03
2.56E+03

o e o v S ——— S o S S S S S S S S S S S S S S e e e M e S e S e S s e S mas fmat i S S S Sws S (e S S S S S s e ———
=+t -t e

C.L.
COUNTS

BKG
COUNTS

(keV)

0.43 Deleted
0.81 TUnknown

PK. ENERGY ADDRESS NET
# (keV) CHANNEL
3 103.29 211.00 31
5 136.42 277.16 442
Page 003
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161196D07.SPC Analyzed by

ENERGY ADDRESS
(keV) CHANNEL

10
11
14

c:\SEEKER\BIN\161196407 .res Analysis Results Saved.

367.27 738.14
391.65 786.84
679.56 1361.77
897.93 1797.83
1835.62 3670.33

Page 004
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Unknown
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o #
RS QecelVBJ 1380 Seaboard Industrial Bivd.,

Eckert&Ziegler _ qqol 7126 IZOW ;\::a:;gggrg;a_’ ;0318
JP Fax 404.352.2837

www.analyticsinc.com

Analytics
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
95548
1.0 Liter Solid in 138G GA-MA Beaker

Customer: ALS Laboratory Group
P.O. No.: FC000236, Item 1 Product Code 8401-EG-SD
Reference Date: 01-Jan-2014 12:00PM EST Grams of Master Source: 0.011897

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of calibration no interfering gamma-ray
emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines are
given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.185,
Revision 2, July 2007, and compliance with ANSI N42.22-1995, "Traceability of Radioactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,
VA 22101.

Density of solid matrix-1.15 g/cc.

Master Uncertainty* , %
Gamma-Ray Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) _ Days yps/gram Yps us uy U Method*
Am-241 59.8 1.880E+08 - 1.330E+03 0.1 1.6 3.2 4n1s
Cd-109 88.0 4.814E+02 1.627E+05  1.903E+03 053 20 4.1 HPGe
Co-87 122:1 2.TITE+02 8.915E+04  1.043E+03 04 1.7 38 HPGe
Ce-139 1856.9- 1.376E+02 1.228E+08  1.436E+03 04 1.7 35 HPGe
Hg-203 279.2 4.689E+01 2.636E+05  3.083E+03 03 17 38 HPGe.
Sn-113 391.7 1.181E+02 1.I36E+08  2.031E+03 04 1.9 39 HPGe
Cs-137 661.7 1.099E+04 1.100E+08  1.287E+03 07 19 4.0 HPGe
Y-88" 898.0. 1.066E+02 4.166E+05  4.873E+03 05 17 38 HPGe
Co-60 1173.2 1.928E+03 2.085E+05  2.404E+03 06 1.8 38 HPGe
Co-60 1332.5 1.925E+03 2.087E+08  2.406E+03 07 1.8 39 HPGe
Y-88 1836.1 1.066E+02 4.410E+03  5.158E+03 07 17 37 HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated quarterly.

Calibration Methods: 417 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
Ionization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for

Evaluating and Expressing the Uncertainty of NIST Measirerent Resulis.” ){\ é[
Standacd We-Veniia

(Certificate continued on reverse side)
3l

N ew Bgﬂlfaﬂ()(l/a)
Daty =y 03l07/2017
%]leh

MGS Certificate Rev 5, 1 October 2013 , Page 1 of 2
Corporate Office _ Laboratory
- 24937-Avenue Tibbitts -Valencia; California 91355 -~ - - n i “1380 Seaboard tnidustriadl Blvd. Atlanta. Ganrmia 08
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This standard will expire orne year after the reference date.

Source Prepared by: ) W
Eafdley Aadiochemist

QA Approved:

A/\ Date: A (=L (¥

].D. McCorvey, Cotnting Room Manager

MGS Certificate Rev 5, 1 October 2013 Page 2 of 2
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Gamma Spectroscopy

Quality Control Data

Weekly Background Calibrations
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v i) Nes Service | Started .| " OK i | Started OK.:| ‘‘Parameter(s) OK Parameter(s)- .| i Taken** .. | fromService

ALS

Gamma Spectrometer Calibration Log

Reviewed By/Date:

1 "Back i'eund Source Check : ' ' Repeat Source Check

‘Dekt." ou of Ve SITEN! Failed - ¢ <+~ - Failed Corrective Action Removed
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%
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R
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36 |
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g Due to detector falhng two dlfferent QC pa.rameters on'the ﬁrst and second daﬂy check a thlrd
daily check was performed All QC parameters passed for the third da11y check. Detector is onllne
for the date of . , : .

471589 A he : Form 754r16a.ddc (10/2771_1)
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170807D03.SPC Analyzed by ESCi
hhkkkkhkkhkhkkhkhkhkhkhkhkhhkhkhkhhkhhkhhhkhkhhhkhkhhkhkdhhkhkhhkhkhhkhhhkhhkhkhkrkhkhkrhhhkrhhkrhhkrhhkhhhbhkhrhhkhhx
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4
ALS Laboratory Group - Fort Collins

GammaScan
*******************************************************************************

Weekly Background Check

Sample ID: 061417-3 WEEKLY BKG

Sampling Start: 06/14/2017 15:00:00 Counting Start: 06/14/2017 15:50:05
Sampling Stop: 06/14/2017 15:00:00 Decay Time. . . . . . . 8.35E-001 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . . . . . . 60117 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .170807D03.SPC
Detector #: 3 (Detector 3)

Energy(keV)= -1.70 + 0.501*Ch + 0.00E+00*Ch*2 + 0.00E+00*Ch*3 06/14/2017
FWHM(keV) = 0.73 + 0.017*En + 8.16E-04*En*2 + 0.00E+00*EnA3 11/04/2016
Where En = Sqrt(Energy in keV)

|
I
Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 60000 Sec
|
l

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keVv) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 63.31 129.78 131 105 84 1115 1.38 a
2 66.30 135.75 198 86 67 836 1.00 b
3 69.29 141.72 37 52 41 418 0.47 c NET< CL
4 75.03 153.18 103 93 75 951 1.14 a
5 77.10 157.32 91 53 41 408 0.47 b
6 92.59 188.24 305 84 63 738 0.95 a
7 139.95 282.78 157 72 55 563 1.06 a Wide Pk
8 143.45 289.76 130 134 109 1314 2.35 b
9 185.82 374.36 314 84 63 671 1.20 a
10 198.53 399.72 151 73 57 596 0.97 a
11 212.10 426.83 58 75 60 618 1.13 a NET< CL
12 225.02 452.61 45 46 37 330 0.59 a
13 238.73 479.98 214 61 44 446 0.89 a
14 249.60 501.68 41 52 41 390 0.82 a NET< CL
15 277.69 557.76 41 50 40 360 0.88 a
16 295.31 592.93 63 51 40 357 0.82 a
17 317.55 637.34 36 47 38 321 0.81 a NET< CL
18 338.36 678.88 79 66 52 501 1.34 a
19 344.62 691.38 49 53 42 376 1.06 b
20 352.05 706.21 91 87 70 728 1.97 a
21 370.84 743.71 42 37 29 206 0.69 a
Page 001
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170807D03.SPC Analyzed by

UN-

v v e e e o o 2

33

511.28
558.49
569.75
583.73
596.44
598.58
609.47
693.20
803.35
912.22
962.07
1461.47

1024.09
1118.34
1140.81
1168.72
1194.09
1198.37
1220.11
1387.27
1607.17
1824.52
1924.02
2921.01

Page 002
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170807D03.SPC Analyzed by

hhkkhkhkhkkhkhkkhkkhkhhkhkhhkhhkhkhhkhkhkkhkhkkhkhkkhkhkkhhkkhkkhhhkhhhkhhhkhhhkhhhkhhkkhkhkkhkhkkhkkkdkkkkkdkk*k

SEEKER BACKGROUND Q. C. ANALYSTIS Version 2.2.2
hkdkdkkkhhkhkhkhhhkdkhhhhhhhhkhhhkhhhkhhhhhhhhhhkhhkhdhhhdhhhhhhhhkhkdkhkhkhdhhdhdhhhhhhhkhhkhhkhhhk

ID: 061417-3 WEEKLY BKG
Detector # 3 Background Q.C. Analysis for 06/14/2017 15:50:05

n Sigma Bounds T-
# Parameter Value Test Test Test
10 50-> 150 keV Bkg 23.723 N.A. Pass N.A.
11 150-> 250 keVvV Bkg 19.457 N.A. Pass N.A.
12 250-> 500 keV Bkg 28.708 N.A. Pass N.A.
13 500->1000 keVv Bkg 29.855 N.A. Pass N.A.
14 1000->2000 keV Bkg 16.559 N.A. Pass N.A.
15 40-> 50 keV Bkg 3.224 N.A. Pass N.A.

Q.C. Results Saved.

Page 003
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171075D04.SPC Analyzed by Y

*hkkhkkkhkhkhkhkhhkhkhhhhkhkhhkkhhhhhhhhhkhkkhkhkhhhhhhhkhhhkhkhkhkhkhkhkhhhhhkhkhkhhhhhkhhhhkkkhkkkhhhkikidkid

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

ALS Laboratory Group - Fort Collins

GammaScan
khhkhkhkhkhkhkhkhkhkhhkhkhkhhkkhkkkkhkkhkhkhkhkhhhhhkhkhhkhkhhhkhkhkhhhkhkhhkhkkkhkhkhkhkhkhkhhhkhkhkhkhhkhkhhkhhkhkhhkkk®

Weekly Background Check

Sample ID: 061417-4 WEEKLY BKG

Sampling Start: 06/14/2017 15:00:00 Counting Start: 06/14/2017 15:01:29
Sampling Stop: 06/14/2017 15:00:00 Decay Time. . . . . « . 2.47E-002 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . . . . . . . 60110 Sec
Collection Efficiency . . . . 1.0000 Spc. File . . . . . . . .171075D04.SPC
Detector #: 4 (Detector 4)

Energy(keV)= -1.54 + 0.501*Ch + 0.00E+00*Ch*2 + 0.00E+00*Ch+3 06/14/2017
FWwHM(keV) = 0.80 + O0.010*En + 1.10E-03*En*2 + 0.00E+00*En+3 01/10/2017
Where En = Sqgrt (Energy in keV)

|
|
Buildup Time. . . . . . 0.00E+000 Hrs | Live Time . . . . . . . . 60000 Sec
|
l

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 43.47 89.82 58 62 49 537 0.73 a
2 46.26 95.38 84 92 74 939 1.08 b
3 53.60 110.03 54 69 55 621 0.82 a NET< CL
4 63.27 129,34 255 74 55 613 0.80 a
5 66.56 135.90 153 71 55 613 0.84 b
6 74.75 152.24 82 87 70 914 1.00 a
7 92.51 187.68 614 101 72 828 1.29 a
8 98.41 199.45 30 52 42 387 0.68 a NET< CL
9 140.04 282.54 120 72 57 596 1.02 a
10 143.74 289.92 65 62 50 497 0.89 b
11 185.77 373.80 363 85 62 658 1.13 a
12 198.25 398.71 163 69 53 522 1.00 a
13 220.76 443.63 36 45 35 310 0.59 a
14 238.54 479.12 96 56 43 430 0.90 a
15 295.56 592,91 41 60 48 456 1.10 a NET< CL
16 337.47 676.56 43 60 48 430 1.26 a NET< CL
17 352,03 705.61 130 57 43 367 1.07 a
18 483.69 968.36 26 34 26 172 0.77 a NET< CL
19 511.05 1022.96 1376 120 78 766 3.06 a Wide Pk
20 558.69 1118.05 139 52 39 289 1.41 a
21 583.49 1167.54 52 62 49 408 1.92 a
Page 001
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171075D04.SPC Analyzed by

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
22 609.50 1219.45 122 61 47 411 1.69 a

23 693 .45 1386.98 74 77 62 538 2.61 a

24 803.28 1606.17 126 48 35 227 2.02 a

25 911.38 1821.91 56 43 33 205 1.95 a

26 1460.99 2918.78 196 48 32 138 3.23 a

Page 002
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171075D04.SPC Analyzed by

khkkkkhhkhhkhhkhhhhhhkhkhhhhhhhkhkhkhkhkhhhhkhhkhhkhhhkhkhkhhhhkhhkkkhkhkhkhkhkkhhkhhhhkhdhhhhhhhhkkhkhkkk

SEEKER BACKGROUND Q. C. ANALYSTIS Version 2.2.2
Thkhkhhhkhhhhhhhhdhhkhhhhhhhhhhhhhdhhhhhhhhhdhhhhhhhhhhhhhhhhhhhhhhkhhdhhhhhdhhkdhhkn

ID: 061417-4 WEEKLY BKG
Detector # 4 Background Q.C. Analysis for 06/14/2017 15:01:29

n Sigma Bounds T-
# Parameter Value Test Test Test
10 50-> 150 keV Bkg 23.351 N.A. Pass N.A.
11 150-> 250 keV Bkg 18.066 N.A. Pass N.A.
12 250-> 500 keV Bkg 26.083 N.A. Pass N.A.
13 500->1000 keV Bkg 26.904 N.A. Pass N.A.
14 1000->2000 keV Bkg 15.344 N.A. Pass N.A.
15 40-> 50 keV Bkg 3.009 N.A. Pass N.A.

Q.C. Results Saved.
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170650D07.SPC Analyzed by (3
*hhkkhkhkhkhkhkhhkhhkhhkhhkhkkkhkkhkhkhkhhkhkhhhhhhkkhkhhkhhkkhhkkhkhkkhkhkhkhhkhkhhkhhhhhhhkhkhhkhhkhhkhkkhkkkk®k
SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4
ALS Laboratory Group - Fort Collins

GammaScan
khkkkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhhkkhkhkhkkhhkhkhkhkhhkhhkhhkhhkhkhkkhkhkkhkkhkhkkhkhkhkkhkhhkhkhkhkhkhkhkhkhkhkhhkhhhkkhkhkk®

Weekly Background Check

Sample ID: 061417-7 WEEKLY BKG

Sampling Start: 06/14/2017 15:00:00 Counting Start: 06/14/72017 15:03:27
Sampling Stop: 06/14/2017 15:00:00 Decay Time. . . . . . . 5.75E-002 Hrs

Sample Size . . . . . . . 1.00E+000 L Real Time . . « . . « . . 60053 Sec
Collection Efficiency . . . . 1.0000 Spc., File . . . . . . . .170650D07.SPC
Detector #: 7 (Detector 7)

Energy(keV)= -2.32 + 0.501*Ch + 0.00E+00*Ch+2 + 0.00E+00*Ch+3 06/14/2017
FWHM(kev) = 0.65 + 0.008*En + 1.26E-03*En+2 + 0.00E+00*En+3 11/08/2016
Where En = Sqgrt (Energy in keV)

I
|
Buildup Time. . . . . . O0.00E+000 Hrs | Live Time . . . . . . . . 60000 Sec
|
I

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 41.62 87.71 21 42 33 309 0.39 a NET< CL
2 46.58 97.62 45 52 41 416 0.47 a
3 53.35 111.14 43 67 54 587 0.78 a NET< CL
4 63.20 130.81 135 65 50 557 0.72 a
5 66.45 137.30 152 66 50 557 0.73 b
6 69.40 143.18 12 51 41 418 0.46 ¢ NET< CL
7 74.88 154.12 124 64 50 548 0.69 a
8 77.04 158.43 98 83 67 822 1.04 b
9 84.48 173.30 89 79 63 742 1.02 a
10 92.68 189.65 485 86 60 673 1.05 a
11 112.82 229.88 34 54 43 412 0.70 a NET< CL
12 139.89 283.91 182 100 79 923 1.47 a
13 143.35 290.83 70 81 65 718 1.10 b
14 154.48 313.04 60 70 56 583 0.94 a
15 185.90 375.76 333 84 62 662 1.11 a
16 198.38 400.69 213 82 63 677 1.18 a
17 238.79 481.35 264 73 54 543 0.97 a
18 259.21 522.11 33 55 44 390 0.86 a NET< CL
19 295.51 594.59 110 70 55 511 1.09 a
20 338.85 681.11 78 68 54 546 1.33 a
21 342.14 687.69 20 41 33 273 0.62 b NET< CL
Page 001
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170650D07 .SPC Analyzed by

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM

# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

22 352.25 707.87 158 64 48 455 1.18 a

23 511.25 1025.30 1638 126 80 754 2.84 a Wide Pk
24 558.89 1120.40 187 56 40 318 1.54 a

25 569.92 1142.42 62 60 47 416 1.58 a

26 583.81 1170.16 131 54 40 319 1.48 a

27 598.61 1199.71 130 88 70 716 2.48 a

28 601.28 1205.04 28 44 35 286 1.02 b NET< CL
29 609.87 1222.17 142 56 41 371 1.10 a

30 694.55 1391.24 85 65 51 440 2.01 a

31 803.18 1608.11 151 51 37 265 1.74 a

32 911.67 1824.71 59 41 31 197 1.69 a

33 969.30 1939.76 40 37 29 177 1.46 a

34 1460.99 2921.37 232 46 29 128 2.83 a

Page 002
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170647D07 .SPC Analyzed by

*hhkhkkkkkhkhhhhhkhkhkhkhkhhkhkhhkhkhkhkkhkkkhkkkhkhkhkhkhkhkhkkikhkhhhkhkhhhkhkhkhhhkhkkhhkhkhkhkkhkhkkkhkhkhkhkkkkhkhkhkhx

SEEKER CALIBRATION RESULTS Version 2.0.4
hhkkhkhhhhkhhkhkdhkhhhhkhhhhhhhhhhhhhhhhhhhhdhhhddhhhhhkkhdkrkhhhhhhhhhhhrhhrhhhhdhdr

Sample ID: DAILY CHECK
Stds. Match Tolerance: 2.00 kev

Detector Number: 07 Calibration Date. . . 06/14/2017 08:46:22

Pk. Measured Calculated Energy %
# Centroid Energy (keV) Difference
1 123.22 59.40 59.50 -0.17
2 1325.91 661.83 661.64 0.03
3 2664.63 1332.39 1332.48 -0.01

Calibration Results Saved.
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170650D07.SPC Analyzed by
R R LR R e Y e I

SEEKER BACKGROUND Q. C. ANALYSTIS Version 2.,2,.2
LT A X T T X X YL Y T TY LR R R R R R g R g g et ey

ID: 061417-7 WEEKLY BKG
Detector # 7 Background Q.C. Analysis for 06/14/2017 15:03:27

n Sigma Bounds T-
# Parameter Value Test Test Test
10 50-> 150 keV Bkg 24.018 N.A. Pass N.A.
11 150-> 250 keV Bkg 20.026 N.A. Pass N.A.
12 250-> 500 keV Bkg 29.415 N.A. Pass N.A.
13 500->1000 keV Bkg 31.127 N.A. Pass N.A.
14 1000->2000 keV Bkg 17.289 N.A. Pass N.A.
15 40-> 50 keVv Bkg 2.977 N.A. Pass N.A.

Q.C. Results Saved.
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Quality Control Data
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" 1380 Seaboard Industrial Bivd.
ANALYTICS v . Atlanta, Gegragria 30318 - US.A.

Phone (404) 352-8677
Fax (404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source pATTO 0720

66354A-307
215 Grams of Sand in Metal Can

This standard radionuclide source was prepared using aliquots mea-
sured gravimetrically from master radionuclide solution sources.

The Am-241 was calibrated by 4 pi alpha liquid scintillation count-
ing. All other radionuclides were calibrated using a germanium gam-
ma spectrometer system. Calibration and purity were checked using a
germanium gamma spectrometer system At the time of calibration no
1nterfer1ng gamma-ray emitting impurities were detected. The gamma -
ray emission rates for the most intense gamma-ray lines are given.

Analytics maintains traceability to the National Institute of Stan-
dards and Technology through a Measurements Assurance Program as
described in USNRC Regulatory Guide 4.15, Rev. 1, February, 1979.

' Calibration date: July 1, 2003 12:00 EST

. TOTAL
GAMMA-RAY GAMMA-RAYS :°  UNCERTAINTY
ISOTOPE ENERGY . - HALF-LIFE PER SECOND * %
. Am-241 59.5 432 Y 1316 3.0
| Ccd-109 88 462.6 d 1879 3.3
l Co-57 122 - 271.79 4 1042 2.8
- Ce-139 166 - 137.6 4 1432 2.8
Hg-203 279 46.61 d 3223 2.7
Sn-113 392 115.1  d 1978 2.6
Cs-137 662 30.07 vy 1272 3.0
Y-88 898 106.6 d 5106 2.6
Co-60 1173 5.2714 vy 2424 2.7
Co-60 1332 5.2714 vy 2449 2.6
Y-88 1836 106.6 d 5335 2.6

Approximately 126.5 mL of customer supplied sand.

P O NUMBER EW060303, Item 4
SOURCE PREPARED BY: ,47%? -/ééZZ:L41L,z
"M?{ D~——Currte, Radiochemist

Q A APPROVED: /W /%z:é%//ja -1 0>

ThlS standard will expire one year after the calibration date.
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ANALYTICS » K SO 1H: [7 é’ ,7 1380 Seaboard industrial Bivd.

Atlanta, Georgia 30318 - U.S.A.

ﬁ?’vi {/’ 3/ o : Phone (404) 352-8677

Fax  (404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

68681-307
215 Grams of Sand in Metal Can

This standard radionuclide source was prepared using aligquots mea-
sured gravimetrically from master radionuclide solution sources.
The Am-241 was calibrated by 4 pi alpha liquid scintillation count-
ing. All other radionuclides were calibrated using a germanium gam-
ma spectrometer system. Calibration and purity were checked using a
germanium gamma spectrometer system. At the time of calibration no
interfering gamma-ray emitting impurities were detected. The gamma-
i ray emission rates for the most intense gamma-ray lines are given.
| Analytics maintains traceability to the National Institute of Stan-
dards and Technology through a Measurements Assurance Program as
described in USNRC Regulatory Guide 4.15, Rev. 1, February, 1979.

Calibration date: July 1, 2004 12:00 EST

, , , TOTAL
i GAMMA-RAY . GAMMA-RAYS UNCERTAINTY
ISOTOPE ENERGY - HALF-LIFE PER SECCND %
Am-241 59.5 432 3% 1355 3.0
Cd-108 88 - 462.6 d 1200 3.3
Co-57 122 271.79 d 995.1 3.0
Ce-139 166 137.6 d -1411 2.8
Hg-203 279 46.61 d 3241 2.7
Sn-113 - - 392 115.1 d 1939 2.6
Cs-137 -t 662 30.07 0% 1247 3.0
Y-88 898 106.6 d 4853 2.6
Co-60 - 1173 5.2714 vy 2457 2.7
Co-60 1332 5.2714 vy 2474 2.6
Y-88 1836 106.6 d 5064 2.6

140 mL of customer supplied sand.
P O NUMBER 70564, Item 4
: —
SOURCE PREPARED BY: L/%942244¢41e7qz_
M. D. Currie, Radiochehmist
Q A APPROVED: 74 ﬂ«//é//’—) 8~%0y

This standard will expire one year after the calibration date.
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ANALYTICS i
UT 350655 wmas
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

64122-307
215 Grams of Sand in Metal Can

This standard radionuclide source was prepared using aliquots mea-
sured gravimetrically from master radionuclide solution sources.
The Am-241 was calibrated by 4 pi alpha liquid scintillation count-
ing. All other radionuclides were calibrated using a germanium gam-
ma spectrometer system. Calibration and purity were checked using a
germanium gamma spectrometer system. At the time of calibration no
interfering gamma-ray emitting impurities were detected. The gamma-
ray emission rates for the most intense gamma-ray lines are given.
Analytics maintains traceability to the National Institute of Stan-
dards and Technology through a Measurements Assurance Program as
described in USNRC Regulatory Guide 4.15, Rev. 1, February, 1979.

Calibration date: July 1, 2002 12:00 EST

« TOTAL
GAMMA-RAY. GAMMA-RAYS UNCERTAINTY
ISOTOPE . ENERGY - HALF-LIFE PER SECOND %
Am-241 59.5 432 v 1301 5.0
Cd-109 88 462.6 d 1882 5.0
Co-57 122 271.79 d 994.2 4.7
Ce-139 166 137.6 d 1420 4.3
; Hg-203 279 46.61 ol 3085 4.1
i Sn-113 392 115.1 4 2094 4.1
Cs-137 662 ' 30.07 vy 1320 4.8
Y-88 898 106.6 d 4847 4.2
Co-60 1173 5.2714 vy 2354 4.1
Co-60 1332 5.2714 vy 2382 4.2
Y-88 1836 106.6 d 5068 4.0

Approximately 140 mL customer supplied sand.
P O NUMBER EW060602, Item 4

SOURCE PREPARED BY: A FOR Loy

M. Taskaeva Radiochemist
O A APPROVED: -/47(;Q§/¢c(/ -;Zyé/fﬂt—

This standard will expire one year after the calibration date.
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ALS

Gamma Spectrometer Calibration Log

Date: Reviewed By/Date: (
Back round Source Check Re eat Source Check
Det. Out Of Failed Failed Corrective Action ~ Removed
No Service Started OK Started OK Parameter(s) OK Parameter(s) Taken ** from Service
1.
2.
3. F
4 % fw
5.
6.
7.
8.
9.

._
e

.** Corrective Action:

*+* Due to detector failing two different QC paramezers on the first and second da’ly check, a third
daily check was performed. All QC parameters passed for the third daily check. Detector is online
for the date of

471595 A Form 754r16a.doc (10/27/11)
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SEEKER

170823D03.SPC Analyzed by
*******************************************************************************

DETECTOR Q. C.

ANALYSTIS

Version 2.2.2

*******************************************************************************

ID:

DAILY CHECK

Detector # 3 Detector Q.C. Analysis for 06/18/2017 09:19:46
Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

Bounds
Test

WoONGOU B WNR

60 keV Centroid

60 keV FWHM

60 keV Efficiency
662 keV Centroid
662 keV FWHM

662 keV Efficiency
1332 keV Centroid
1332 keV FWHM

1332 keV Efficiency

Page 001

n Sigma

Value Test
122.138 N.A.
9.611E-01 N.A.
1.058E-02 N.A.
1324.058 N.A.
1.884 N.A.
1.542E-02 N.A.
2662.813 N.A.
3.083 N.A.
7.282E-03 N.A.

<FAIL>
Pass
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SEEKER

ID:

170824D03.SPC Analyzed by
*******************************************************************************

DAILY CHECK
Detector #

DETECTOR Q. C.

ANALYSTIS

Version 2.2.2
*******************************************************************************

3 Detector Q.C. Analysis for 06/18/2017 09:57:26

Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

Bounds
Test

T-
Test

WOV WNR

60 keV Centroid

60 keV FWHM

60 keVv Efficiency
662 keV Centroid
662 keV FWHM

662 keV Efficiency
1332 keV Centroid
1332 keV FWHM

1332 keV Efficiency

Page 001

n Sigma

Value Test
122.196 N.A.
9.430E-01 N.A.
9.971E-03 N.A.
1324.156 N.A.
1.799 N.A.
1.605E-02 N.A.
2663.442 N.A.
2.865 N.A.
7.566E-03 N.A.
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171127D04.SPC Analyzed by\)‘

*******************************************************************************

SEEKER DETECTOR Q. C.
A R Y Ty Y R I I I

ID: DAILY CHECK

ANALYSTIS

Version 2.2.2

Detector # 4 Detector Q.C. Analysis for 06/18/2017 09:19:54
Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

Bounds
Test

60 keV Centroid

60 keV FWHM

60 keV Efficiency
662 keV Centroid
662 keV FWHM

662 keV Efficiency
1332 keV Centroid
1332 keV FWHM

1332 keV Efficiency

WoOoONOULIdDWNER

Q.C. Results Saved.

Page 003

n Sigma

Value Test
121.721 N.A.
9.860E-01 N.A.
1.487E-02 N.A.
1323.208 N.A.
1.850 N.A.
1.466E-02 N.A.
2661.210 N.A.
3.256 N.A.
6.654E-03 N.A.

<FAIL>
Pass
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SEEKER

171128D04.SPC Analyzed by

khkkkhkhhhhkhhhhhkkhkhhhhkhhhkhhhhhkkhhhkhkh®

DETECTOR Q. C.

Version 2.2.2

khhkhhkhkhhkhhhhhhhhhhkhhhhhkhhhhhhhhkrkn
ANALYSTIS

*******************************************************************************

ID:

DAILY CHECK

Detector # 4 Detector Q.C. Analysis for 06/18/2017 10:00:12
Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

Bounds
Test

WoOoONGOAULLIPWNER

60 keV Centroid

60 keV FWHM

60 keV Efficiency
662 keV Centroid
662 keV FWHM

662 keV Efficiency
1332 keV Centroid
1332 keV FWHM

1332 keV Efficiency

Page 001

n Sigma

Value Test
121.789 N.A.
9.367E-01 N.A.
1.459E-02 N.A.
1323.278 N.A.
1.922 N.A.
1.479E-02 N.A.
2661.936 N.A.
2.771 N.A.
6.198E-03 N.A.
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170662D07.SPC Analyzed by *’p

khhkhkhhkhhhhdhkhhhhhhhhhhhhhhhhkhhhhhhhkhRhhhhhhhkhhhhhhhhhdhhhhhhhhhhhhhhhrhhkhhddhh

SEEKER DETECTOR Q. C. ANALYSTIS Version 2.2.2
LR R AR AR AR AR A A R T R R Ry B L R R R R R g R R g g g

ID: DAILY CHECK
Detector # 7 Detector Q.C. Analysis for 06/18/2017 09:20:22
Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

n Sigma Bounds T-
# Parameter Value Test Test Test
1 60 keV Centroid 123.277 N.A. Pass N.A.
2 60 keV FWHM 7.202E-01 N.A. Pass N.A.
3 60 keV Efficiency 1.202E-02 N.A. Pass N.A.
4 662 keV Centroid 1325.862 N.A. Pass N.A.
5 662 kev FWHM 1.772 N.A. Pass N.A.
6 662 keV Efficiency 1.860E-02 N.A. Pass N.A.
7 1332 keV Centroid 2664.578 N.A. Pass N.A.
8 1332 keV FWHM 2.866 N.A. Pass N.A.
9 1332 keV Efficiency 9.641E-03 N.A. Pass N.A.
Page 001
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ALS

Gamma Spectrometer Calibration Log

Date: !gg l\q l | F ReVieW@dBymate;WU,lQl‘() BTN

H U

e

\Bs2 ey ; »
A %

B G |

/NP BNBENE

G [0 (e Ady |

8 N
p .

1 AN

.. ** Corrective Action:

#+ Due to detector | -failirig two different QC pararr;eters on the first and second daiiy check, a ,third'
“isonline -

daily check was performed. All QC parameters passed for the third daily check. Detector
for the date ofe s e T : o . ,

-

471596 A Form 754r16a.doc (10/27/11)

144 of 148

: Background Source Check o Repeat Source Check
A pet foowOff o L k o) 1 Failed Failed - - Corrective Action | Removed.: 1§ :
No: Service | ‘Started OK Started OK i’ - Parameter(s) OK Parameter(s) Taken ** | from Service

|




170827D03.SPC Analyzed byﬂ)

d g g g g de g g g de de de e ok ode K de de de de de de de de de de de de de g de de de de g de e e de g de de g de de de g de de de g de Je g v d g d d g d de v o de de de o ok o g o ok g o gk ke R

SEEKER

DETECTOR Q. C.

ANALYSTS

Version 2.2.2

Thhkhkkhkhhkkkhhhhhhhhhhkhhhhhkhkhhhhkhdkdhhkhhkdhhhhhhkhdhhhhddhhhkhkhhhkhhhhhhhhhhhhkhkhkhhhkhhk

ID:

DAILY CHECK
Detector #

3 Detector Q.C. Analysis for 06/19/2017 08:20:27

Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

Bounds
Test

WoOoNNhnhuUu bWwNPR

60 keV Centroid

60 keV FWHM

60 keV Efficiency
662 keV Centroid
662 keV FWHM

662 keV Efficiency
1332 keV Centroid
1332 keV FWHM

1332 keV Efficiency

Page 001

n Sigma

Value Test
122.147 N.A.
9.671E-01 N.A.
1.043E-02 N.A.
1324.377 N.A.
1.930 N.A.
1.572E-02 N.A.
2663.480 N.A.
2.959 N.A.
7.645E-03 N.A.

<FAIL>
Pass

145 of 148



170828D03.SPC Analyzed b

o g g g g de de de e ode od ok g g ke e g ok ok de de e ke ode o g ode e ode g de e e de g e ke e g de de e e ok ok ke ok ok ok g g g g g g ohe ke g g ke ke ke g ke ke ke g de de ke K e ke ke ok ok ok ok ok

SEEKER DETECTOR Q. C. ANALYSTIS

Version 2.2.2

Thkkkkhhhhhhhhhkhkhhhkhhhhhhhhhhhhhkhkhhhhhdhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhkhhdkdhhhkkkhkhi

ID: DAILY CHECK

Detector # 3 Detector Q.C. Analysis for 06/19/2017 08:51:59
S SOURCES 1-12))

Standards File #: 97 (Daily Performance Check(

n Sigma Bounds T-
# Parameter Value Test Test Test
1 60 keV Centroid 122.154 N.A. Pass N.A.
2 60 keV FWHM 9.291E-01 N.A. Pass N.A.
3 60 keV Efficiency 1.025E-02 N.A. Pass N.A.
4 662 keV Centroid 1324.384 N.A. Pass N.A.
5 662 keV FWHM 1.893 N.A. Pass N.A.
6 662 keV Efficiency 1.568E-02 N.A. Pass N.A.
7 1332 keV Centroid 2663.909 N.A. Pass N.A.
8 1332 keV FWHM 2.695 N.A. Pass N.A.
9 1332 keV Efficiency 6.563E-03 N.A. Pass N.A.

Page 001
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171130D04.SPC Analyzed b}%

Ihkhkhkhkkkhhhhhhhhhhhhkhhhhkhkhkhhdhhkkhhhkhkhhhhkhdhhhhkhkhhhhkhkkhkhhhhkkhkhkkhhhhkhhhrkhkhhhhhkk

SEEKER DETECTOR Q. C. ANALYSTIS Version 2.2.2
Thkkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhkhhhhhhkhhhhhhhhhhkhkhhhhhhhhks

ID: DAILY CHECK
Detector # 4 Detector Q.C. Analysis for 06/19/2017 08:20:35
Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

n Sigma Bounds T-
# Parameter Value Test Test Test
1l 60 keV Centroid 121.687 N.A. Pass N.A.
2 60 kevV FWHM 8.230E-01 N.A. Pass N.A.
3 60 kev Efficiency 1.347E-02 N.A. Pass N.A.
4 662 keV Centroid 1323.061 N.A. Pass N.A.
5 662 keV FWHM 1.871 N.A. Pass N.A.
6 662 keV Efficiency 1.460E-02 N.A. Pass N.A.
7 1332 keV Centroid 2661.572 N.A. Pass N.A.
8 1332 keV FWHM 2.656 N.A. Pass N.A.
9 1332 keV Efficiency 6.458E-03 N.A. Pass N.A.

Page 001
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170666D07.SPC Analyzed bygfj!
ThhkhkkkhkkhhhhhhhkhhhhhkhkhkhhhhhhkhhhkhkkkhkWhhkhkkhhhkhhhkhkkkhhhkhkhrrhkrhhhbhbhrhridhhhhrrhhkhhhx

SEEKER

DETECTOR Q. C.

ANALYSTIS

Version 2.2.2

kkkhhdhhhkhhddhhhhhkhkdhkhhhhkhhkhhhhhhkhhhhhdhkhkhkhhhhkhkkhkhkhhhkhkhkhkhhkhhhhhrkrhkhhhhkhkhkhhkkk®

ID: DAILY CHECK

Detector #

7 Detector Q.C. Analysis for 06/19/2017 08:21:04

Standards File #: 97 (Daily Performance Check( S SOURCES 1-12))

Bounds
Test

W oGO bWwWNPR

60 keV Centroid

60 keV FWHM

60 keV Efficiency
662 keV Centroid
662 keV FWHM

662 keV Efficiency
1332 keV Centroid
1332 keV FWHM

1332 keV Efficiency

Page 001

n Sigma

Value Test
123.238 N.A.
7.479E-01 N.A.
1.203E-02 N.A.
1325.765 N.A.
1.721 N.A.
1.777E-02 N.A.
2664.378 N.A.
2.890 N.A.
9.550E-03 N.A.
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