facility 439136
project 10243

Radium-224/226

Case Narrative

COGCC
PW NORM 2017 — 10048
Work Order Number: 1705202

This report consists of the analytical results and supporting documentation for one water sample
received by ALS on 05/09/2017.

This sample was prepared according to the current revision of SOP 701. Modifications were made to
the method as described on QASS 472112.

The sample was analyzed for the presence of ?“Ra and ?*Ra according to the current revision of
SOP 714. The analyses were completed on 05/23/2017.

The analysis results for this sample are reported in units of pCi/L. The water sample was filtered prior
to analysis.

Sample 1705202-1 contained a significant concentration of Ba, which required a reduced aliquant to
be analyzed. For further information regarding this occurrence, please refer to QASS 472112 in
section 6 of this report.

The requested MDC for Ra-224 and Ra-226 was not met for samples 1705202-1 and -1D, due
to reduced aliquots of the samples taken for analysis. The samples were counted for a
maximum count time of 1000 minutes and results are reported without further qualification. The
results are flagged with an “M” and/or “M3” qualifier on the final reports. The reported activity
with an “M3” qualifier exceeds the achieved MDC.

No further anomalous situations were encountered during the preparation or analysis of this sample.
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.

'QZ Yo ﬁ)mb\ 5/25/17

Pik Yee dee)‘\ Date
|mary Data Reviewer

- 5/25/17
Radiochemistry Final Data Reviewer* Date
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ALS -- Fort Collins

Sample Number(s) Cross-Reference Table

OrderNum: 1705202
Client Name: COGCC
Client Project Name: PW NORM 2017
Client Project Number: 10048
Client PO Number: CT 2017-3066

Client Sample Lab Sample | COC Number Matrix Date Time
Number Number Collected | Collected
439136 1705202-1 WATER  09-May-17 12:50
439136 1705202-2 WATER  09-May-17 12:50
Page 1 of 1 ALS -- Fort Collins Date Printed: Thursday, May 25, 2017

LIMS Version: 6.842
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ALS Environmental - Fort Collins
CONDITION OF SAMPLE UPON RECEIPT FORM

Client: C OG C,C_/ Workorder No: rl o § 3_09)‘

Project Manager: 6-{' Initials: ! ﬂ fl Date; 5,—!0 - f/l

Does this project require any special handling in addition to standard ALS procedures?

Are custody seals on shipping containers intact?

Are Custody seals on sample containers intact?

Is there a COC (Chain-of-Custody) present or other representative documents?

Are the COC and bottle labels complete and legible?

Is the COC in agreement with samples received? (IDs, dates, times, no. of samples, no. of

. . NO
containers, matrix, requested analyses, efc.)
7. Were airbills / shipping documents present and/or removable? ?ROP ofgy YES NO
8. Are all aqueous samples requiring preservation preserved correctly? {(excluding volatiles) N/A YES (N_'O)
9. Are all aqueous non-preserved samples pH 4-9? N/A (YES\) NO
10. Is there sufficient sample for the requested analyses? (YES) NO
11. Were all samples placed in the proper containers for the requested analyses? (YE;) NO
12. Are all samples within holding times for the requested analyses? (YES) NO
13. Were all sample containers received intact? (not broken or leaking, eic.) (YES) NO
14. Are all samples requiring no headspace (VOC, GRO, RSK/MEE, Rx CN/S, radon)
. N/A NO
headspace free? Size of bubble: < green pea > green pea
15, Do any water samples contain sediment? Amount
y P _ N/A | YES
Amount of sediment: dusting moderate heavy .
16. Were the samples shipped on ice? { YES) 6\19)
17. Were cooler temperatures measured at 0.1-6. ODC? IR pun used*: @ #4 | :;?3{ (YES) (@)
- Cooler #:

Temperature (°C): ‘M
O

No. of custody seals on cooler:

R?cTepS::;‘f:eg External pR/hr reading: N Ip\ N A

Information
Background pR/hr reading: NPE

Were external pR/hr readings < two times background and within DOT acceptance criteria? ' YES / NO{ NA XIf no, see Form 008.)

g

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

Al RaD Sre~ples vn Hhe Ponb C0d o

Addcd 3. S| HND, R ZA. RaD pod_ Tofedd

TR s

byiHe, Final phH <

FWo, 1ok 00, 52 y4¢

fA
If applicable, was the client contacted? YEM&CE }/
Project Manager Signature / Date: __ M/

Date/Time:

*IR Gun #2: Cakton, SN 29922500201-0066
Form 201r24.xIs (06/04/2012}) *IR Gun #4: Oakton, SN 2372220101-0002
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Isotopic Radium by Alpha Spectroscopy
PAlI 714 Ra226 Rev 13
Method Blank Results

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: RAS170511-1MB

Sample Matrix: WATER
Prep SOP: PAI 701 Rev 1

Date Collected: 11-May-17

Date Prepared: 11-May-17

Date Analyzed: 12-May-17

Prep Batch: RAS170511-1
QCBatchID: RAS170511-1-1
Run ID: RAS170511-1
Count Time: 1000 minutes

Final Aliquot: 500 ml
Result Units: pCi/l
File Name: Spectrum #1

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
13233-32-4 Ra-224 -2E-03 +/- 4.2E-02 1.85E-01 1E+00 NA U
13982-63-3 Ra-226 -7E-03 +/- 1.2E-02 5.2E-02 1E+00 NA U
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
At-217 1.080E+01 9.650E+00 pCill 89.4 60 - 100 %
Comments:

Qualifiers/Flags: Abbreviations:

U - Resultis less than the sample specific MDC. .
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.

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: RAS1705202-1
Date Printed: Thursday, May 25, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.842
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Isotopic Radium by Alpha Spectroscopy
PAI 714 Ra226 Rev 13
Laboratory Control Sample(s)

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

ALS -- Fort
1705202
COGCC
PW NORM

Collins

2017 10048

Lab ID: RAS170511-1LCS Sample Matrix: WATER Prep Batch: RAS170511-1 Final Aliquot: 500 ml
Prep SOP: PAI 701 Rev 1 QCBatchlID: RAS170511-1-1 Result Units: pCi/l
Date Collected: 11-May-17 Run ID: RAS170511-1 File Name: Spectrum #1
Date Prepared: 11-May-17 Count Time: 1000 minutes
Date Analyzed: 12-May-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
13233-32-4 Ra-224 9.33E+00 +/- 6.4E-01 2E-01 8.950E+00 104 75-125 P
13982-63-3 Ra-226 9.5E+00 +/- 6.5E-01 6E-02 9.210E+00 103 75-125 P
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
At-217 1.080E+01 9.550E+00 pCill 88.5 60 - 100 %
Comments:
Qualifiers/Flags: Abbreviations:
U - Resultis less than the sample specific MDC. TPU - Total Propagated Uncertainty
LT - 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.
L - LCS Recovery below lower control limit.
H - LCS Recovery above upper control limit.
P - LCS Recovery within control limits.
M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.
Data Package ID: RAS1705202-1
Date Printed: Thursday, May 25, 2017 ALS -- Fort Collins Page 1of 1

LIMS Version: 6.842
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Isotopic Radium by Alpha Spectroscopy
PAI 714 Ra226 Rev 13
Duplicate Sample Results (DER)

Lab Name: ALS -- Fort Collins
Work Order Number: 1705202
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Field ID: 439136 Sample Matrix: WATER Prep Batch: RAS170511-1 Final Aliquot: 6.00 ml
i Prep SOP: PAI 701 Rev 1 : -1- is: Fi
Lab ID: 1705202-1DUP p vV QCBatchID: RAS170511-1-1 Prep Basis: Filtered
Date Collected: 09-May-17 Run ID: RAS170511-1 Moisture(%): NA
Date Prepared: 11-May-17 Count Time: 1000 minutes Result Units: pCi/l
Date Analyzed: 12-May-17 Report Basis: Filtered File Name: Spectrum #1
CASNO Analvte Sample Duplicate DER |DER
y Result +/- 2s TPU MDC Flags Result +/- 2 s TPU MDC Flags Lim
13233-32-4 | Ra-224 5.1E+00 +/- 6.7E+00 2.81E+01 UM -4E+00 +/- 6.4E+00 2.9E+01 uM 0.9907 2
13982-63-3 | Ra-226 1.25E+02 +/- 1E+01 3E+00 M3 1.12E+02 +/- 9.4E+00 3.1E+00 M3 0.9313 2

Comments: This sample was filtered prior to analysis.

Duplicate Qualifiers/Flags: Abbreviations:

U - Result is less than the sample specific MDC. TPU - Total Propagated Uncertainty
Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed. DER - Duplicate Error Ratio

Y2 - Chemical Yield outside default limits. X .
BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42
NR - Not Reported
D - DER is greater than Control Limit of 2
LT - Result is less than Request MDC, greater than sample specific MDC
M - Requested MDC not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

L - LCS Recovery below lower control limit.
H - LCS Recovery above upper control limit.
P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

Data Package ID: RAS1705202-1

Date Printed: Thursday, May 25, 2017 ALS -- Fort Collins Pagelof1
LIMS Version: 6.842
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Isotopic Radium by Alpha Spectroscopy

PAI 714 Ra226 Rev 13
Sample Results

Lab Name: ALS -- Fort Collins
Work Order Number: 1705202
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Field ID: 439136 Sample Matrix: WATER Prep Batch: RAS170511-1 Final Aliquot: 6.00 ml
' Prep SOP: PAI 701 Rev 1 : -1- is: Fi
Lab ID: 1705202-1 p v QCBatchID: RAS170511-1-1 Pr.ep Basis: Filtered
Date Collected: 09-May-17 Run ID;: RAS170511-1 Moisture(%): NA
Date Prepared: 11-May-17 Count Time: 1000 minutes Result Units: pCill
Date Analyzed: 12-May-17 Report Basis: Filtered File Name: Spectrum #1
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
13233-32-4 Ra-224 5.1E+00 +/- 6.7E+00 2.81E+01 1E+00 NA UM
13982-63-3 Ra-226 1.25E+02 +/- 1E+01 3E+00 1E+00 NA M3
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
At-217 8.990E+02 7.760E+02 pCi/l 924 60 - 100 %
Comments: This sample was filtered prior to analysis.
Qualifiers/Flags:
U - Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
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
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: RAS1705202-1
Date Printed: Thursday, May 25, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.842
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Isotopic Radium by Alpha Spectroscopy
PAI 714 Ra226 Rev 13
Sample Duplicate Results

Lab Name: ALS -- Fort Collins
Work Order Number: 1705202
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Field ID: 439136
Lab ID: 1705202-1DUP

Sample Matrix: WATER

Prep SOP: PAI 701 Rev 1
Date Collected: 09-May-17
Date Prepared: 11-May-17
Date Analyzed: 12-May-17

Prep Batch: RAS170511-1
QCBatchID: RAS170511-1-1

Run ID: RAS170511-1

Count Time: 1000 minutes
Report Basis: Filtered

Final Aliquot: 6.00 ml
Prep Basis: Filtered

Moisture(%): NA

Result Units: pCi/l

File Name: Spectrum #1

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
13233-32-4 Ra-224 -4E+00 +/- 6.4E+00 2.9E+01 1E+00 NA UM
13982-63-3 Ra-226 1.12E+02 +/- 9.4E+00 3.1E+00 1E+00 NA M3
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
At-217 8.990E+02 8.310E+02 pCi/l 86.3 60 - 100 %
Comments: This sample was filtered prior to analysis.
Qualifiers/Flags:
U - Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.
W - DER is greater than Warning Limit of 1.42
D - DER is greater than Control Limit of 2
Abbreviations:
TPU - Total Propagated Uncertainty
MDC - Sample specific Minimum Detectable Concentration
BDL - Below Detection Limit
DL - Decision Level
Data Package ID: RAS1705202-1
Date Printed: -
Thursday, May 25, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.842
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ALS Laboratory Group - Fort Collins

Alpha-Spectroscopy Analysis Report

Sample: 1705202-1
Analysis #1

Spectrum #1

Detector: 88

Batch Name: RAS170511-1_A
Nuclide Library: Radium
Analysis Method: ROI Analysis, Set Name = Ra224/Ra226
ROl Set: Ra224/Ra226

Sample

Acquisition

Calibration

Sample Size : 0.01

Acquisition Start Date: 5/12/2017 1.44:55PM
Live Time: 1,000.00 min.

Real Time: 1,000.09 min.

Dead Time: 0.01 %

Bkad Info: Sample: B17051088; Det: 88; Spectrum #1; 5/10/2017 10:45:37 AM
Calibration Date: 5/10/2017 10:12:28AM
Efficiency Calibration: C17051088
Efficiency: 28.84% +/- 0.20% TPU(2 sigma)

Energy Calibration; C17051038

Energy Cal: Gain =9.9003 keV /Ch
Offset = 3,021.28 keV

Quadratic = 0.0000 keV / Ch?

Tracer
Tracer Name: At-217 Tracer Nuclide: At-217
Tracer Activity: 20.00 DPM/mL x (Vol.)1.00 mL = 20.00 DPM Tracer Recovery: 3.89%
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Energy (kevw}
Nuclide Summary (ROI)
Peak ROI ROI 1.00Sigma Critical
Energy Start End FWHM BRr. Gross Bkgd Net  Activity TPU Level MDA
Nuclide keV keV keV keV %. Counts Counts Counts pCilL pCi/L pCiil pCilL
Ra-226  4783.5  4506.3 4833.0 280 1001 422.00 2,00 420.00  2.8E+003  3.0E+002  2.2E+001 6.2E+001
Ra-224 56845  5545.9 5743.9 23.2 95.1 100.00 36.00 64.00  4.5E+002  9.2E+001  9.8E+001 2.2E+002
Ac-225 58231 57538 5912.2 61.4 78.3 262.00 48.00 21400  1.8E+003  23E+002  1.4E+002 3.0E+002
Fr-221 6328.0 6050.8 6387.4 47.4 100.0 361.00 63.00 298.00 1.3E+004 1.6E+003 8.1E+002 1.7E+003
Po-216 67636  6634.9 6852.7 81.7  100.0 33.00 25.00 8.00  54E+001  5.1E+001  7.8E+001 1.7E+002
At-217 70804  6B62.6 7159.6 49.4 99.9 265.00 41.00 22400  5.8E+001  46E+000  1.0E+002 2.2E+002
. AlphaVision v5.3
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Alpha-Spectroscopy Analysis Report

Sample: 1705202-1
Spectrum #1

Analysis #1

Detector: 88

Batch Name: RAS170511-1_B

Nuclide Library: Radium
Analysis Method: ROI Analysis, Set Name = Ra224/Ra226
ROI Set: Ra224/Ra226

Sample

Acquisition

Calibration

ALS Laboratory Group - Fort Collins

Sample Size : 0.01

Acquisition Start Date: 5/23/2017 6:44:23AM
Live Time: 300.00 min.
Real Time: 300.17 min.
Dead Time: 0.06 %

Bkgd Info: Sample: B17051088; Det: 88; Spectrum #1: 5/10/2017 10:45:37 AM
Calibration Date: 5/10/2017 10:12:28AM
Efficiency Calibration: C17051088
Efficiency: 28.84% +/- 0.20% TPU(2 sigma)

Energy Calibration: C17051088

Energy Cal: Gain =9.9003 keV / Ch
Offset = 3,021.28 keV

Quadratic = 0.0000 keV / Ch?

Tracer
Tracer Name: At-217 Tracer Nuclide; At-217
Tracer Activity: 20.00 DPM/mL x (Vol.)1.00 mL = 20.00 DPM Tracer Recovery: 55.40%
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Energy (kevy
Nuclide Summary (RO}
Peak ROI ROI 1.00Sigma Critical
Energy Start End FWHM pRr. Gross Bkgd Net  Activity TPU Level MDA
Nuclide keV keV keV keV  %. Counts Counts Counts pCilL pCilL pCilL pCi/L
Ra-226 47835  4506.3 4833.0 26.0  100.1 109.00 0.60 108,40 1,7E+002  1.9E+001  2.3E+000 8.8E+000
Ra-224  5684.5 55459 5743.9 12.0 95.1 225.00 10.80 214,20 35E+002  23E+001  1.0E+001 2.5E+004
Ac-225 58231  5753.8 56122 74.9 78.3 848.00 14.40 833.60 1.7E+003  1.2E+002  1.4E+001 3.4E+001
Fr-221 6328.0  6050.8 6387.4 46.3 1000 103800 1890  1,017.10  3.1E+003  22E+002  2.5E+001 5.9E+001
Po-216  6763.6  6634.9 6852.7 241 1000 13.00 7.50 550  B.6E+000  7.1E+000  8.0E+000 2.0E+001
At-217 7080.4  6862.6 7159.6 48.8 99.9 97000 4230 957.70  8.3E+002  2.7E+001  1.0E+001 2.5E+001
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ALS Laboratory Group - Fort Collins

Alpha-Spectroscopy Analysis Report

Sample
Sample: 1705202-1D Sample Size : 0.01
Spectrum #1  Analysis #1
Acquisition
Detector: 89 Acquisition Start Date: 5/12/2017 1:44:55PM
Batch Name: RAS170511-1_A Live Time: 1,000.00 min.
MNuclide Library: Radium Real Time: 1,000.01 min.
Analysis Method: ROl Analysis, Set Name = Ra224/Ra226 Dead Time: 0.00 %
ROI Set: Ra224/Ra226
Calibration
Bkgd Info: Sample: B17051089; Det; 89; Spectrum #1; 5/10/2017 10:46:22 AM
Calibration Date: 5/10/2017 10:12:37AM Energy Calibration: C17051089
Efficiency Calibration: C17051089 Energy Cal: Gain =9.9003 keV / Ch
Efficiency: 29.52% +/- 0.18% TPU(2 sigma) Offsot =3,021.28 ke
Quadratic = 0.0000 keV / Ch
Tracer

Tracer Name: At-217 Tracer Nuclide; At-217
Tracer Activity: 20.00 DPM/mL. x (Vol.}1.00 mL = 20.00 DPM Tracer Recovery: 4.22%
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Nuclide Summary (ROI)
Peak ROI ROI 1.00Sigma Critical
Energy Start End FWHM gR. Gross Bkgd Net  Activity TPU Level MDA
Nuclide keV keV keV keV  %. Counts Counts Counts pCi/L pCill pCilL pCill
Ra-226 4783.5 4506.3 4833.0 26.9 100.1 362.00 2.00 360.00 2.2E+003 2.2E+002 2.0E+001 5.6E+001
Ra-224 56845 55459 5743.9 45.0 95.1 81.00 3200 49.00  31E+002  7.3E+001  B8.4E+001 1.BE+002
Ac-225 58231  5753.8 5912.2 71.0 78.3 255,00 26.00 229.00 1.8E+003  2.0E+002  9.1E+001 2.0E+002
Fr-221 §328.0 60508 §387.4 47.8  100.0 313.00 54,00 259.00  1.0E+004  1.2E+003  6.7E+002 1.5E+003
Po-216 6763.6 6634.9 6852.7 23.8 100.0 40.00 22.00 18.00 1.1E+002 4. 8E+001 6.6E+001 1.5E+002
At-217  7080.4 68628 7159.6 45.3 99.9 273.00 24,00 249.00  6.3E+001  4.4E+000  6.9E+001 1.5E+002

o JA )y
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ALS Laboratory Group - Fort Collins

Alpha-Spectroscopy Analysis Report

Sample: 1705202-1D
Spectrum #1

Analysis #1

Detector: 89
Batch Name: RAS170511-1_B
Nuclide Library: Radium
Analysis Method: ROl Analysis, Set Name = Ra224/Ra226
ROI Set: Ra224/Raz226

Bkgd Info: Sample: B17051089; Det: 89; Spectrum #1; 5/10/2017 10:46:22 AM
Calibration Date: 5/10/2017 10:12:37AM
Efficiency Calibration: C17051089
Efficiency: 29.52% +/- 0.18% TPU(2 sigma)

Energy Calibration: C17051089

Energy Cal: Gain =9.9003 keV / Ch
Offset = 3,021.28 keV

Quadratic = 0.0000 keV / Ch?

Sample

Sample Size : 0.01

Acquisition
Acquisition Start Date: 5/23/2017 6:44:24AM
Live Time: 300.00 min.
Real Time: 300.10 min.
Dead Time: 0.03 %

Calibration

Tracer
Tracer Name: At-217 Tracer Nuclide: At-217
Tracer Activity: 20.00 DPM/mL x {Vol.}1.00 mL = 20.00 DPM Tracer Recovery: 51.76%
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3031 3331 3831 39} 4231 4531 4831 5131 5431 573 §021 €33 883 853 723 7s31 7BM
Energy (keW
Nuclide Summary (ROI}
Peak ROI ROI 1.008igma Critical
Energy Start End FWHM BRr.Gross Bkgd Net  Activity TPU Level MDA
Nuclide keV keV keV keV __ %. Counts Counts Counts pCi/lL pCilL pCi/lL pCi/L
Ra-226  4783.5  4506.3 4833.0 244 10041 103.00 0.60 102.40  1.7E+002  1.9E+001  2.4E+000 9.2E+000
Ra-224  5684.5  5545.9 5743.9 13.0 85.1 200.00 0.60 190.40  3.3E+002  3.2E+001  1.0E+001 2.5E+001
Ac-225 58231  5753.8 5912.2 61.5 78.3 789.00 7.80 781.20  1.6E+003  1.1E+002  1.1E+001 2.BE+001
Fr-221 6328.0  6050.8 6387.4 46.4  100.0 976.00 16.20 959.80  3.1E+003  2.2E+002  2.4E+001 5.8E+001
Po-216 6763.6 6634.9 6852.7 18.4 100.0 156.00 6.60 8.40 1.4E+001 7.7E+000 7.9E+00C 2.0E+001
At217  70B0.4  6862.6 7159.8 46.6 99.9 923.00 7.20 91580  7.8E+002  26E+001  8.3E+000 2.1E+001
: AlphaVision v5.3
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ALS Laboratory Group - Fort Collins

Alpha-Spectroscopy Analysis Report

Sample: RAS170511-1MB
Spectrum #1  Analysis #1

Detector: 81
Batch Name: RAS170511-1_A
Nuclide Library: Radium

Analysis Method: RO| Analysis, Set Name = Ra224/Ra226

ROI Set: Ra224/Ra226

Sample

Acquisition

Calibration

Sample Size ; 0.50

Acquisition Start Date: 5/12/2017 1:44:56PM
Live Time: 1,000.00 min.

Real Time: 1,000.01 min.

Dead Time: 0.00 %

Bkgd Info: Sample: B17051081; Det: 81; Spectrum #1; 5/10/2017 10:45:36 AM

Calibration Date: 5/10/2017 10:11:19AM
Efficiency Calibration: C17051081
Efficiency: 28.35% +/- 0.16% TPU(2 sigma)

Tracer Name: At-217

Tracer Activity: 20.00 DPM/mL x (Vol.)1.00 mL = 20.00 DPM

Tracer

Energy Calibration: C17051081

Energy Cal: Gain=9.7851 keV /Ch
Offset = 3,042.97 keV

Quadratic = 0.0000 keV / Ch?

Tracer Nuclide: At-217
Tracer Recovery: 4.10%
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Energy (keWs
Nuclide Summary (ROI)
Peak ROl ROI 1.00Sigma Critical
Energy Start End FWHM BR. Gross Bkgd Net Activity TPU Level MDA
Nuclide keV keV keV keV %. Counts Counts Counfs pCilL pCi/L pCi/L pCi/L
Ra-226 4784.7 4510.7 4833.6 13.5 160.1 3.00 5.00 -2.00 -1.6E-001 2.2E-001 4.0E-001 1.0E+000
Ra-224 56752  5538.2 5733.9 0 95.1 74.00 28.00 46.00  3.8E+000  8.9E-001  1.0E+000 2.2E+000
Ac-225 58122  5743.7 5900.2 §4.3 78.3 193.00 19.00 174.00  1.7E+001  21E+000  1.0E+000 2.3E+000
Fr-221 6311.2  6037.2 6369.9 439 1000 275.00 37.00 238.00 1.2E4002  1.4E+001  7.2E+000 1.6E+001
Po-216 67417  6614.5 6820.8 172 100.0 22.00 17.00 5.00 3.9E-001 4.9E-001 7.4E-001 1.7E+000
At-217 70549 68396 7133.2 41.0 99.9 243.00 11.00 232.00 7.4E-001 5.1E-002 6.0E-001 1.4E+000
) . AlphaVision v5.3
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ALS Laboratory Group - Fort Collins

Alpha-Spectroscopy Analysis Report

Sample
Sample: RAS170511-1MB Sample Size : 0.50
Spectrum #1  Analysis #1
Acqguisition
Detector: 81 Acquisition Start Date: 5/23/2017 6:44:22AM
Batch Name: RAS170511-1_B Live Time: 300.00 min.
Nuclide Library: Radium Real Time: 300.00 min.
Analysis Method: ROl Analysis, Set Name = Ra224/Ra226 Dead Time: 0.00 %
ROl Set: Ra224/Ra226
Calibration
Bkgd Info: Sample: B17051081; Def: 81; Spectrum #1; 5/10/2017 10:45:36 AM
Calibration Date: 5/10/2017 10:11:19AM Energy Calibration: C17051081
Efficiency Calibration: C17051081 Energy Cal: Gain = 9.7851 keV / Ch
Efficiency: 28.35% +/- 0.16% TPU(2 sigma) Offset = 304297 keV
Quadratic = 0.0000 keV / Ch
Tracer
Tracer Name; At-217 Tracer Nuclide: At-217
Tracer Activity: 20.00 DPM/mL x (Vol.}1.00 mL = 20.00 DPM Tracer Recovery: 53.60%
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Energy {keV;
Nuclide Summary (RO}}
Peak ROI ROl 1.00Sigma Critical
Energy Start End FWHM gpR. Gross Bkgd Net Activity TPU Level MDA
Nuclide keV keV keV keV  %. Counts Counts Counts pCilL pCi/L pCi/L pCi/L
At-217 7054.9 6839.6 7133.2 44.8 99.9 914.00 3.30 910.70 9.7E+000 3.2E-001 6.7E-002 1.9E-001
Ra-226  4784.7  4510.7 4833.6 128 1001 4.00 1.50 2.50 4.9E-002 46E-002  4.5E-002 1.4E-001
Ra-z24  5675.2  5538.2 §733.9 13.5 96.1 213.00 8.40 204.60  4.3E+000 4.0E-001 1.1E-001 2.8E-001
Ac-225 58122 57437 5900.2 71.1 783  775.00 5.70 769.30  1.9E+001  1.4E+000  1.1E-001 2.9E-001
Fr-221 6311.2  6037.2 6369.9 40.1  100.0 986.00 11.10 97490  3.8E+001  2.7E+000  2.4E-001 5.9E-001
Po-216  6741.7 66145 6829.8 6 100.0 17.00 5.10 11.90 2.4E-001 9.4E-002  B4E-002 2.2E-001

JA w

. . AlphaVision v5.3 )
Print Date: 5/23/2017 Custom Report lteration: 05/21/09 JPSP2

AAAC.ADARA



ALS Laboratory Group - Fort Collins

Alpha-Spectroscopy Analysis Report

Sample
Sample: RAS170511-1LCS Sample Size : 0.50
Spectrum #1  Analysis #1
Acquisition
Detector: 82 Acquisition Start Date: 5/12/2017 1:44:56FPM
Batch Name: RAS170511-1_A Live Time: 1,000.00 min.
Nuclide Library: Radium Real Time: 1,000.01 min.
Analysis Method:; ROI Analysis, Set Name = Ra224/Ra226 Dead Time: 0.00 %
ROI Set: Ra224/Ra226
Calibration
Bkgd Info: Sample: B17051082; Det: 82; Spectrum #1: 5/10/2017 10:45:36 AM
Calibration Date: 5/10/2017 10:11:28AM Energy Calibration: C17051082
Efficiency Calibration: C17051082 Energy Cal: Gain =3.7851 keV / Ch
Efficiency: 28.02% +/- 0.20% TPU(2 sigma) Offset =3,04297 keV
Quadratic = 0.0000 keV / Ch
Tracer
Tracer Name: At-217 Tracer Nuclide: At-217
Tracer Activity: 20.00 DPM/mL x (Vol.)1.00 mL = 20.00 DPM Tracer Recovery: 3.67%
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Energy (keW}
Nuclide Summary (RO}
Peak ROI ROI 1.00Sigma Critical
Energy Start End FWHM BR. Gross Bkgd Net  Activity TPU Level MDA
Nuclide keV keV keV keV %. Counts Counts Counts pCi/L pCiiL pCilL pCi/l

Fr-221 6311.2 6037.2 6369.9 72.4 100.0 2,573.00 43.00 2,530.00 1.4E+003 1.4E+002 8.5E+000 1.8E+001
Po-218 6741.7  6614.5 6829.8 46.0 100.0 1,990.00 15.00 1,975.00 1.7E+002 4.5E+001 7.7E-001 1.8E+000
At-217 70549  6839.6 7133.2 4.7 99.9 226.00 14.00 212.00 6.6E-001 4.8E-002  7.4E-001 1.7E+000
Ra-226 4784.7 4510.7 4833.6 25.5 1001 2,574.00 9.00 2,565.00 2.2E+002 2.0E+001 5.9E-001 1.4E+000
Ra-224 5675.2 5538.2 5733.9 455 951 2,403.00 21.00 2,382.00 2.1E+002 1.9E+001 9.5E-001 2.1E+000
Ac-225 5812.2 5743.7 5900.2 77.9 78.3 189.00 15.00 184.00 2.0E+001 2.4E+000 9.8E-001 2.2E+000
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ALS Laboratory Group - Fort Collins

Alpha-Spectroscopy Analysis Report

Sample: RAS170511-1LCS

Spectrum

#1

Analysis #1

Detector:

82

Batch Name: RAS170511-1_B
Nuclide Library: Radium
Analysis Method: ROl Analysis, Set Name = Ra224/Ra226
ROI Set: Ra224/Ra226

Sample

Acquisition

Calibration

Sample Size : 0.50

Acquisition Start Date: 5/23/2017 6.44:22AM
Live Time: 300.00 min.
Real Time: 300.00 min.
Dead Time: 0.00 %

Bkgd Info: Sample: B17051082; Det: 82; Spectrum #1; 5/10/2017 10:45:36 AM
Calibration Date: 5/10/2017 10:11:28AM
Efficiency Calibration: C17051082
Efficiency: 28.92% +/- 0.20% TPU(2 sigma)

Energy Calibration: C17051082

Energy Cal: Gain=9.7851 keV /Ch
Offset = 3,042.97 keV

Quadratic = 0.0000 keV / Ch?

Tracer
Tracer Name: At-217 Tracer Nuclide: At-217
Tracer Activity: 20.00 DPM/mL x {Vol.}1.00 mL = 20.00 DPM Tracer Recovery: 53.07%
w1 T Counw)
160 A
i ARZAT
140 X
Ac225
120 Ra-226 Iil
%] :
5 b fa )
& 100 | J [
i N Fr2z1
Bl ‘ : ¥ |
en l‘. { I 4' J
i i) [
40 4 ! Ra-224.. ) 1
| | «[fﬁ } l
3 e N7 P o-218
20 ] [ L ;l £ }
. o | I LR '
G ”Il “ 1 1 AI i 1 - I“ ‘l | I‘.‘ ] 1 = ;“ T - ‘,}hli:l - 1 II. 'Ih b “l-\j‘ T I‘J{( .I.. I\ T zI : Idﬁl 1 i’ 'y g -;E -M-I 1 i I‘ s ‘A\Il'\Jlll i “ I‘M IH
3052 335z 652 3952 4252 4552 4852 51SF  S4S2  SYS? 6052 #3527 @852 8852 7257 752 7852
Energy (keV}
Nuclide Summary (ROI}
Peak ROI ROl 1.00Sigma Critical
Energy Start End FWHM B R Gross Bkgd Net Activity TPU Level MDA
Nuclide keV keV keV keV %. Counts Counts Counts pCi/L pCilL. pCiiL pCi/L
Ra-226 4784.7 4510.7 4833.6 26.3 100.1 755.00 2.70 752.30 1.5E+001 1.0E+000 6.0E-002 1.7E-001
Ra-224 56752  5538.2 57339 1304 95.1 318.00 6.30 31170 64E+000  54E-001  9.7E-002 2.5E-001
Ac-225 58122 37437 5900.2 71.2 78.3 827.00 4.50 822,50  2.1E+001  1.4E+000  9.9E-002 2.7E-001
Fr-221 6311.2  8037.2 6369.9 461 1000 1,138.00 12.90 1,125.10  4.3E+001  3.0E+000  26E-001 6.2E-001
Po-216 6741.7 6614.5 £6829.8 39.8 100.0 93.00 4.50 88.50 1.7E+000 2.2E-001 7.8E-002 2.1E-001
At-217 7054.9 6839.6 7133.2 46.4 99.9 924.00 4.20 919.80 9.6E+000 3.2E-001 7.5E-002 2.0E-001

Print Date: 5/23/2017
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Section 6

QUALITY ASSURANCE
SUMMARY REPORTS
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ALS

130578/
QUALITY ASSURANCE SUMMARS/(%I}]/EE;‘ 1705203

/
ALS W.0.#/BATCH/ iwsaoaﬁgfggsi /615 13057/
TEST K 2324 226
METHOD - 2 Sp e
SOP/REV (PREP) 4 )

SOP/REV (ANAL)

Briefly document any QA or other problems or deviations associated with the analysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or, may.include documentation of minor

deviations necessary due to unique DQO’%ME%Q'C chal'a jﬁ ﬁﬁ/// / ?‘

The samples were analyzed followmg SOP 701r1 with the following modifications: !

1. The manganese dioxide pre-concentration step was performed by direct precipitati‘on of manganese
dioxide in the sample aliquant rather than passing the sample aliquant through manganese dioxide resin. i

2. The sample source was counted twice in order to allow a more accurate measurement of Ra-224. The 1% °
count was made as soon as possible to minimize Ra-224 decay and also to mII"IImIZE interference from Ac-
225 (progeny of the Ra-225 tracer). :

3. Net Ra-224 counts were determined by subtraction of the instrument background c'ounts and Ac-225
counts estimated to be in the Ra-224 ROI from the Ra-224 gross counts. The Ac-225 contribution to the
Ra-224 ROl was calculated by‘multiplying the Ac-225 counts found during the 1% count by the rztio of Ra-
224 net counts to Ac-225 counts found in the 2™ count. This approach gives a sample specific correction
for Ac-225 counts in the Ra-224 ROl The magnitude of the correction is small due to making the 1* count
quickly to minimize Ac-225 ingrowth ' '

Samples 1705158-1,1705202-1, and 1705203-1 contained significant concentrations of Ba. Aliquant volumes were
chosen to provide an optimal amount of Ba for making the alphia counting source. Counting sources are made by
making Ra/BaSQ, micro-precipitates. If the micro-precipitate mass is too large {containing n}iore than ~100ug of
Ba), alpha particles are attenuated resulting in degraded spectral quality. The Ba concentrations for these samples
are given in the raw data section of this report. The aliquant volumes used for these samples (6 to 15 ml) were
much smaller than the typically used volume of 500ml. The small sample volume§ resulted in much higher ssMDCs

for these samples.

The duplicate error ratio (DER) for sample 1705214-2 and -2Dup {DER =2.6) was higher than acceptable.
The spectral quality for the sample aliquant was not as good as the spectral quality for the duplicate. It
appears that scattered alpha counts raised the background in the Ra-226 ROI for the sample causing an
overestimation of Ra-226 activity. Ra-226 activity in hoth aliquants was found to be less than 1pCi/L.

dmA E)RY =
DATE 6_%2‘/_ {4

"DATE 6'?% LT

TECHNICIAN/ANALYS

DEPARTMENT MANAGER

FORM 302r6.doc (4/22/04)
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STANDARDS TRACEABILITY
DOCUMENTS
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8 Project 1036, 0 ,g ¢ In

Continued from Page

10dpm/ml QC Spike Solution

2.0ml of 102.5dpm/ml Ra-226(916.4095.68) and 0.082ml of 2442dpm/mI Ra-224 (ST100301-30) were ;{|
é diluted to 20ml final volume. The Ra-224 stock solution (ST100301-30) is a 10mg/ml Th-232 primary ICP
\ standard in secular equilibrium with Th-228 (and also in secular equilibrium with Ra-224).

The QC spike solution contains:

10.25dpm/ml Ra-226 and 10.0dpm/ml Ra-224

3//9/K OBIZSIN‘

Signed Date Signed

Date
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Continued from Page

68 Project %. 40‘15‘,@9 (L&‘m(o M<k?l\\&) Sl;r\,,

18 \?\ \
Prepare a working dilution of _9q ) L. 3610 3L,

1. Density of _0.lm H( |, lot # QOQCI) r&l\L

Mass of 100mL vol. flask: Balance # | 2
Mass of flask & 100mL acid: 5 Balance#t )2
Net Mass: .37 .
Density: : L
2. Massof 914 .30 16 Flsransferred: 3
Mass of open empty nalgene: - Z4. Balance# | & §,\
‘\ Mass of nalgene & standard: Balance# | ok 0
% | Net mass of standard transferred: P Balance# ;
3. Dilute to final volume:
Mass of nalgene, standard, & diluent: 1076. ‘ o,  Balance# aé
Mass of empty nalgene (from above): 4. < 2. Balance# [
Net mass of new dilution: L1001 Séoﬂ% Balance# a/A
4, Final activity calculation:
30,156y (0397 ) ( 3.4/3%) - wa,qc’\&?,«/mk
(100 -$t0Y 3)
¢
19 18
Stnd ID: 916.4095.68
Description: - Ra-226 5
Expiration: =~ 1/6/2016 Reverification Log
Activity: 102.49  dpm/mL Analysis Date Initials  Expiration Date
o 1
2s Uncertainty: 5.02 . dpm/mL
Ref. Date: 7/1/2010
Ref Time: NIA
Prep Date: 12/8/2014 Prep by: TE
Matrix/Comp. 0.1M HCI .
Haif Life (y}: 1.60E+03 ' 7 6_
" Continued on Page
% W ’ ’ ’ Read /dUnd- too 'y 3 ' !
Signed Signed * Date
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- AR RG] WY

_— . \0 # 1380 Seaboard Industrial Blvd.
- Fckert &Zie Ier ‘é’ y O Aianta,G _rala 30318
= RARTED W e e
Analytlcs . www.analyticsine.com
CERTIFICATE OF CALIBRATION
_Standard Radionuclide Source
82863-307

Ra-328 8 mL Liquid in Flame  aled Vial

Customer: ALS Laboratory Group / Fost Calling
P.0.No: 73828 06-10-10, rarn |

agoreditation requirsments,
report any cuncemy with e sccreditation pragram to the HPS tariat, 1313 Dolley Madison Bivel,, Ste., 403,

Uncetteinty, %
Half-lite, Ectivity Type Relersnce Date
Tsotope Dzys (B b L. ] (12:00 PM
Ra-820 B.I44EH08 , l.G80E+04 08 24 49 02/01/2010
U= Rulative expendad k=3, 5 . for
w:‘lm axp Inel.llﬂmy. L] : NIT Tecknical Note 1297, *Cuidelines lld&wu_dnql’h-
Impuritisss y-impurities <0,1%. 8.0817¢ 9 0. 1M HCT solution with ] 30 ng/g Ba earrler.
Sourca Prepared by; : L
W. Mao, Radischemist
QA Approveds Date: @lb-
P,
]
Single lsotops Carticate, Rav | 2M/2009 é&
Corporate Office Laboratory
24937 Avenue Tibbitts  Valencis, Callfornia 81933 13808 ard Industrial Bivd. Attanta, Georgls, 30318
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Alpha Spectroscopy

Quality Control Data

Weekly Background, Energy, and
Efficiency Calibrations
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AlphaVision v6.0

Analyst. ORTEC
Detector: 129

Energy Calibration: SOURCE190_10.04.16 (#9)
Description:

Certificate ID: A9 RSO#190
Prepared by: Isotope Product Laboratories

Description:

Detector: 129, SN:5505430, ID: 129
Acquisition Start Date: 10/4/2016 11:26:06AM

Live Time: 35.00 min.
Real Time: 35.01 min.

9:14:40AM

10/5/2016

Calibration

Analysis Date: 10/4/2016 12:09:56PM
Calibration Type: Energy And Efficiency

Source Info

Certification Date: 10/15/2013 10:44:40AM

Acquisition

Efficiency Calibration Name: SOURCE190_10.04.16 (#!4‘3

Energy Calibration Equation:
Gain = 9.9003 keV / Ch

Offset = 3.021.28 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 33.86% +/- 1.39% TPU(2 sigma)

7500 3
7000
8500
2000 3
5500 3
5000 3
£ 4500 3
Z 4000 3
3500 3
2000 3
2500 3
2000
1500 3 Am-241
1000 3
500 3
I T — o TR e o T U———
121 # & & 221 2Bt 231 AM 281 I 401 23 481 a8
channsls
General Analysis
Method: Manual (ROI) Initial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
. Peak Energy Start End FWHM _ Rate
Nuclide Channel keV Channel  Channel keV Counts (cpm)
U-235 139 4,396.00 100 152 0.00 1,070.00 33.71
U-234 177 4,775.80 153 190 68.12 32,112.00 953.94
Am-241 249 5,485.70 210 270 71.83 7,502.00 221.80

TP Iolile
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AlphaVision v6.0

Analyst. ORTEC
Detector: 129

Energy Calibration: SOURCE182_10.04.16 (#1)
Description:

Alpha-Spectroscopy Calibration Report

12:49:08PM  10/4/2016

Calibration

Certificate ID: A1 RSO#182
Prepared by: Isotope Product Laboratories

Description:

Analysis Date: 10/4/2016 12:47:23PM
Calibration Type: Energy And Efficiency

Source Info

Detector: 129, SN:5505430, ID: 129
Acquisition Start Date: 10/4/2016 12:11:42PM

Live Time: 35.00 min.
Real Time: 35.02 min.

Acquisition

Certification Date: 5/1/2003 10:27:02AM

Efficiency Calibration Name: SOURCE182_10.04.16 (#'I\

Energy Calibration Equation:
Gain = 9.9003 keV / Ch

Offset = 3,021.28 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 33.04% +/- 2.03% TPU(2 sigma)

15080 -
14508 4
12008 1
12009 -
114680 -
15008 -
£ 5000 -
2 =000 4
TO0E
8000 A
5500 A
2000 1
3608 4
2000 1
1086 A
L T T T T T o o T ' e e e e B e e T e e
121 &t 21 81 1 191z ozt &1 3t 281 I &0 a3 481 &%
channsgis
General Analysis
Method: Manual (ROI) Initial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
. Peak Energy Start End FWHM Rate
Nuclide  chapnel  kev Channel  Channel keV Counts (cpm)
U-235 139 4,396.00 100 152 84.43 2,777.00 79.34
U-234 177 4,775.80 153 190 71.29 79,837.00 2,281.06
Am-241 248 5,485.70 210 270 72.86 12,981.00 370.89

Ty ok e
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AlphaVision v6.0

Analyst. ORTEC
Detector: 129

Alpha-Spectroscopy Calibration Report

1:25:35PM  10/4/2016

Calibration
Energy Calibration: SOURCE183_10.04.16 (#2)
Description:

Analysis Date: 10/4/2016 1:25:29PM
Calibration Type: Energy And Efficiency

Source Info
Certificate ID: A2 RSO#183

Prepared by: Isotope Product Laboratories
Description:

Cetrtification Date: 5/1/2003 10:33:40AM

Acquisition

Detector: 129, SN:5505430, ID: 129
Acquisition Start Date: 10/4/2016 12:49:04PM

Live Time: 35.00 min.
Real Time: 35.03 min. '

Efficiency Calibration Name: SOURCE183_10.04.16 (#‘2.)

Energy Calibration Equation:
Gain = 9.9003 keV / Ch

Offset = 3,021.28 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 32.74% +/- 1.25% TPU(2 sigma)

25000 4
FS000 4
24000 4
22000
20000 4
18805 4
g .
S 12500 4
o _
LS
14000 4
12000 A
10000
2400 -
5000 4
4000 - Am-241
2000 A %
e :é:%«:«
G 1 T )] i ¥ T 1 T T L{ H i Lf ml T ] T ¥ I 1 ] T 1 )] ] T T i T 1 T 1 13 ¥ | 1
1 2t 41 &1 81 13 19 22t 281 2 i 241 371 401 431 481 4
channeias
General Analysis
Method: Manual (ROI) Initial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROI ROl Peak Gross Net Count
Nuclid Peak Energy Start End FWHM Rate
uchige Channel keV Channel  Channel keV Counts (cpm)
U-235 139 4,396.00 100 152 75.93 3,863.00 110.37
U-234 177 4,775.80 153 190 69.70 148,128.00 4,232.23
Am-241 249 5,485.70 210 270 73.20 15,085.00 431.00

T tolle
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AlphaVision v6.0

Analyst: ORTEC
Detector: 129

Energy Calibration: SOURCE184_10.04.16 (#3)

Description:

Alpha-Spectroscopy Calibration Report

2:17:25PM  10/4/2016

Calibration

Certificate ID: A3 RSO#184

Analysis Date: 10/4/2016 2:16:56PM
Calibration Type: Energy And Efficiency

Source Info

Certification Date: 5/1/2003 10:36:52AM

Prepared by: Isotope Product Laboratories

Description:

Detector: 129, SN:5505430, ID: 129

Acquisition Start Date: 10/4/2016 1:26:53PM

Live Time: 35.00 min.
Real Time: 35.03 min.

Efficiency Calibration Name: SOURCE184_10.04.16 (#:3)

Acquisition

Energy Calibration Equation:

Gain = 9.9003 keV / Ch

Offset = 3,021.28 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 31.83% +/- 1.26% TPU(2 sigma)

11000 4
14006 4
000
SHEHE
@ TL0E 4
E
S E000 -
S000
4000 -
300
2604 1
1600 -
E )] T T T £t 1 T i 1 L] T L1 T T T T 1 I ] | 1 ¥ ) T T 1 1 1 F 1 L] 1 L] 1
i 21 &1 #1811 151 Z3 221 3 241 T & 421 4814 481
channels
General Analysis
Method: Manual (RO1) Initial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
Nuclid Peak Energy Start End FWHM Rate
uchde Channel keV Channel  Channel keV Counts (cpm)
U-235 139 4,396.00 100 152 0.00 2,608.00 74.51
U-234 177 4,775.80 153 190 74.20 70,483.00 2,013.80
Am-241 249 5,485.70 210 270 74.76 67,474.00 1,927.83

¥ o Ji
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AlphaVision v6.0 Alpha-Spectroscopy Calibration Report

Analyst: ORTEC
Detector: 129 9:00:58AM 10/5/2016

Calibration s Date: 10/472016 2.53.33PM

Energy Calibration: SOURCE185_10.04.16 (#4) Calibration Type: Energy And Efficiency

Description:

Source Info

Certificate ID: A4 RSO#185 _ Certification Date: 4/1/2003 10:38:09AM
Prepared by: Isotope Product Laboratories

Description:

Acquisition

Detector: 129, SN:5505430, ID: 129 Energy Calibration Equation:
Acquisition Start Date: 10/4/2016 2:18:14PM Gain = 9.9003 keV / Ch

Live Time: 35.00 min. Offset = 3,021.28 keV
Real Time: 35.02 min. Quadratic = 0.0000 keV / Ch?

Efficiency Calibration Name: SOURCE185_10.04.16 (#4) Efficiency: 31.73% +/- 1.30% TPU(2 sigma)

courts
iy
L)
Lo )

channsis

General Analysis

Method: Manual (ROI) Initial Calibration: Yes
Algorithm: Linear Shelf: 0

Nuclide Activity Summary

Peak ROI ROI Peak Gross Net Count
Peak Energy Start End FWHM Rate

Nuclide  channel  kev Channel  Channel keV Counts (cpm)

U-235 139 4,396.00 100 152 79.20 2,557.00 73.06
U-234 177 4,775.80 153 190 80.97 60,440.00 1,726.86
Am-241 249 5,485.70 210 270 77.99 21,961.00 627.46

ok
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AlphaVision v6.0

Analyst ORTEC
Detector: 129

Alpha-Spectroscopy Calibration Report

7:04:12AM  10/5/2016

Energy Calibration: SOURCE188_10.04.16 (#7)

Description:

Calibration < lysis Date: 10/5/2016 7:03:07AM

Calibration Type: Energy And Efficiency

Certificate ID: A7 RSO#188

Source Info
Certification Date: 4/1/2003 10:42:01AM

Prepared by: Isotope Product Laboratories

Description:

Detector: 129, SN:5505430,

Acquisition Start Date: 10/5/2016 6:13:44AM

Live Time: 35.00 min.
Real Time: 35.02 min.

Efficiency Calibration Name: SOURCE188_10.04.16 (#"]>

ID: 129

Acquisition

Energy Calibration Equation:
Gain = 9.9003 keV / Ch

Offset = 3,021.28 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 31.88% +/- 1.31% TPU(2 sigma)

12000
12006 -
11000
10000
5040 A
£ 5000
3 Eiiey
2001
5600 A
2008
2000 A
2600 A
1400 A
£ S e S T R e e e ey ey 1 N B S B S e B LI T m m e sy e
LIS TS T B3 B Tet 23t 28t E@t 31 31 3y 401 &3 481 48
channeis
General Analysis
Method: Manual (RO!) Initial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
Nuclide C:ae::el Ek':/rgy cftartl ChEnd v o
anne annel keV Counts {cpm)
U-235 139 4,396.00 100 152 77.73 2,043.00 58.37
U-234 177 4,775.80 153 190 69.01 68,953.00 1,970.09
Am-241 249 5,485.70 210 270 71.83 43,617.00 1,246.20

@7 16/‘% I
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AlphaVision v6.0

Analyst: ORTEC
Detector: 129

Energy Calibration: SOURCE189_10.04.16 (#8)

Description:

Alpha-Spectroscopy Calibration Report

7:44:05AM

10/5/2016

Calibration

Certificate ID: A8 RSO#189

Analysis Date: 10/5/2016 7:43:56AM
Calibration Type: Energy And Efficiency

Source Info

Certification Date: 5/1/2003 10:43:18AM

Prepared by: Isotope Product Laboratories

Description:

Detector: 129, SN:5505430, ID: 129

Acquisition Start Date: 10/5/2016 7:04.08AM

Live Time: 35.00 min.
Real Time: 35.05 min.

Efficiency Calibration Name: SOURCE189_10.04.16 (#38)

Acquisition

Energy Calibration Equation:

Gain = 9.9003 keV / Ch

Offset = 3,021.28 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 33.82% +/- 1.28% TPU(2 sigma)

24000 U-234
21500
23000
35000
23000 -
0 :
E 20000
it -
£ d
17050 4
15000
11000
5600
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General Analysis
Method: Manual (ROI) [nitial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
Nuclid Peak Energy Start End FWHM Rate
uclide Channel keV Channel  Channel keV Counts (cpm)
U-235 139 4,396.00 100 152 87.84 7,195.00 205.57
U-234 177 4,775.80 153 190 74.72 214,074.00 6,116.40
Am-241 249 5,485.70 210 270 74.87 33,966.00 970.46
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AlphaVision v6.0

Analyst: ORTEC
Detector: 129

Alpha-Spectroscopy Calibration Report

8:36:03AM

10/5/2016

Energy Calibration: SOURCE190A_10.04.16 (#9)

Description:

Calibration

Analysis Date: 10/5/2016 8:35:09AM
Calibration Type: Energy And Efficiency

Certificate ID: A9 RSO#190
Prepared by: Isotope Product Laboratories

Description:

Source Info

Certification Date: 10/15/2013 10:44:40AM

Detector: 129, SN:5505430, ID: 129

Acquisition Start Date: 10/5/2016 7:45:09AM

Live Time: 35.00 min.
Real Time: 35.01 min.

Efficiency Calibration Name: SOURCE190A_10.04.16 (:’#0]5

Acquisition

Energy Calibration Equation:
Gain = 9.9003 keV / Ch

Offset = 3,021.28 keV

Quadratic = 0.0000 keV / Ch?

Efficiency: 33.67% +/- 1.38% TPU(2 sigma)
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General Analysis
Method: Manual (ROI) Initial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROl ROI Peak Gross Net Count
Nuclid Peak Energy Start End FWHM Rate
uchde Channel keV Channel  Channel keV Counts (cpm)
U-235 139 4,396.00 100 152 0.00 1,278.00 36.51
U-234 177 4,775.80 153 190 68.47 32,611.00 931.74
Am-241 249 5,485.70 210 270 7117 7,807.00 223.06
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I B} . 24937 {\venu‘e Tibﬁbitts # /qo
= Eckert & Zlegler Valencia, California QQCQ/VP/( }Ohg}fg

Isotope Products Tel 661-309+1010
Fax 661257-8303

CERTIFICATE OF CALIBRATION
MIXED ALPHA STANDARD SOURCE

Radionuclide: U-234 Customer: ALS LABORATORY
Radionuclide: U-235 P.0. No.: FC 3595/ R5576
Radionuclide: Am-241 Catalog No.: *SOURCE-RECAL-STD
Half-life (U-234):  (2.454 + 0.006)E+05 years  Reference Date: 15-Oct-13  12:00 PST
Half-life (U-235):  (7.037 % 0.011)E+08 years  Sourece No.: 92MIX223027

Half-life (Am-241): 432.17 £ 0.66 years

Contained Radioactivity:

U-234; 1.339 nCi, 49.54 Bq Am-241: 0.3187 =nCi, 11.79 Bq
U-235: 0.02954 nCi, 1.093 Bgq Total Activity: 1.687 nCi, 6242 Bq
Physical Deseription:
A. Capsule type: Disk (22 mm OD x 0.78 mm THK)
B. Nature of active deposit: Electrodeposited and diffusion bonded oxide
C. Active diameter/volume: 19 mm
D. Backing: Stainless steel
E. Cover: None
Radioimpurities: Not determined
Method of Calibration:

This source was assayed using a windowless internal gas flow proportional counter for total alpha
activity. Individual nuclide ratios were taken from those determined in May 2001.

Uncertainty of Measurement:

A. Type A (random) uncertainty: + 05 %
B. Type B (systematic) uncertainty: + 30 %
C. Uncertainty in aliquot weighing: + 00 %
D. Total uncertainty at the 99% confidence level: t 30 %

Notes:

- See reverse side for [eak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (as in NRC Regulatory Guide 4.15).

- Nuclear data was taken from "Table of Radioactive Isotopes”, edited by Virginia Shirley, 1986.

- This source has a working life of 2 years.

- This source had a total alpha surface emission rate of 1893 a/min in 2x on 20-Sep-13.

2 -0cT—(3
uality Control Date IPL Ref. No.:  987-28

(SO 9001 CERTIFIED

Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts Valencia, Callfornia 91355 1800 North Keystone Street Burbank, California 91504
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An Eckert & Ziegler Company Fax 661°257-8303 ccal éra:&(, "/"/5'05

o CERTIFICATE OF CALIBRATION
MIXED ALFHA STANDARD SOURCE

Radionuclide A: U-234 Customer; PARAGON ANALYTICS INC.
Radionuclide B: U-235 P.0. No.: EW040203/R2193
Radionuclide C: Am-241 Catalog No.: MISC-STD
Half Life (U-234):  (2.454 + 0.006)E+05 years Reference Date: 1-May-03 12:00 PST
Half Life (U-235):  (7.037 # 0.011)E+08 years Source No.: 92MIX2203026
Half Life (Am-241): 432.17 + 0.66 years '
Contained Radioactivity: .
U-234: © 3354 nCi (124.1 Bq) Am-241: 0.5793 nCi (21.43 Bqg)
U-235: 0.066868 nCl (2.429 Bq) Total Activity: 3.899 nCi (148.0 Bq)
Physical deseription:
A. Capsule type: . Disk (22 mm OD X 0.7¢ mm THK)
B. Nature of active deposit; Electrodeposited and diffusion bonded oxides
C. Active Dizmeter: 18 mm
D. Backing: Stainless steel .
E. Cover: None
Radioimpurities: Not determined

" — Method of Calibration;
This source was assayed using a windowless internal gas flow proportional counter for total alpha
activity, Individual nuclide ratios were taken from those determined in Mar 1998,

Uncertainty of Measurement:

A. Type A (random) uncertainty: + 0.7%
B. Type B (systematic) uncertainty: + 3.0%
C. Uncertainty in aliquot weighing: + 0.0%
D. Total uncertainty at the 99% confidence level: + 3.1%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from "Table of Radioactive isotopes”, edited by Virginia Shirley, 1986.

- This source has a working life of 2 years.

- This source had a total alpha surface emission rate of 4483 a/min in 2z on 11 Apr 03.

(S nr—o03
Ddte Signed IPL Ref. No.: 987-7

Quality Control

S0 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laberatory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California $1504
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CERTIFICATE OF CALIBRATION
MIXED ALPHA STANDARD SOURCE

Radionuclide Az u-234 Customer: . PARAGON ANALYTICS, INC.
Radienuclide B: U-235 P.0. No.: EW040203/R2193
Radionuclide C: Am-241 Catalog No.: MISC-STD
Half Life (U-234): (2.454 + 0.006)E+05 years Reference Date: 1-May-03 12:00 PST
Half Life (U-235): (7.037 £ 0.011)E+08 years Source No.: 92MIX2203028
Half Life (Am-241): 432.17 £ 0.66 years
Contained Radioactivity:
U-234; 6.467 nCi (239.3Bq) Am-241: 0.6366 nCi (23.55Bq)
U-235: 0.1185 nCi (4.200 Bg) Total Activity: 7217 nCi (267.1 Bg)
Physical description:
A. Capsule type: Disk (22 mm OD X 0.79 mm THK)
B. Nature of actlve deposit: Electrodeposited and diffusion bonded oxides
C. Active Diameter: 19 mim
D. Backing: ) Stainless steel
E. Cover: None
Radiolmpurities: Not determined . i .
)
~— “ Method of Calibration:

This source was assayed using a windowless internal gas flow proportional counter for total alpha
activity. Individual nuclide ratios were taken from those determined in Aug 1992.

Uncertainty of Measurement:

A. Type A (random) uncertainty: + 0.7%
B. Type B (systematic) uncertainty: x 3.0%
C. Uncertainty in aliquot weighing: - + 0.0%
D. Total uncertainty at the 99% confidence level; t 3.1%

Notes:

- See reverse side for leak test(s) performed on this source.

- [PL participates in a NIST measurement assurance program fo establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As In NRC Regulatory Guide 4.15).

- Nuclear data was taken from "Table of Radioactive Isotopes"”, edited by Virginia Shirley, 1986.

- This source has a working life of 2 years.

- This-source had a total alpha surface emission rate of 8081 o/min in 2z on 11 Apr 03,

(S—Apr-ol
Daté Signed {PL Ref. No.: - 987-7

150 9007 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory’
24937 Avenue Tibbitts  Valenclia, Californla 91355 1800 North Keystone Street Burbank, California 91504
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CERTIFICATE OF CALIBRATION
MIXED ALPHA STANDARD SOURCE

Radionuclide A: U-234 Customer: PARAGON ANALYTICS, INC.
Radionuclide B: U-235 . P.0.No.: EW040203/R2193
Radionuclide C: ~ Am-241 Catalog No.: MISC-8sTD
Half Life (U-234): (2.454 + 0.006)E+05 years Reference Date: 1-May-03 12:00 PST
Half Life (U-235):  (7.037 £ 0.011)E+08 years Source No.: 92MIX2203024
Half Life (Am-241): 432,17 £ 0.66 years
Contained Radioactivity:
U-234: 3.227 nCi (119.4 Bq) Am-241: 2.866 nCi (106.0 Bqg)
U-235: 0.05205 nCi (1.926 Bq) Total Activity: .6.1456 nCl (2273 Bq)
Physical description: .
A. Capsule type: Disk (22 mm OD X 0.78 mm THK)

B. Nature of active deposit:

C. Active Diameter: 19 mm

Electrodeposited and diffusion bonded oxides

D. Backing: Stainiess steel
E. Cover: None
Not determined

! Method of Calibration:

This source was assayed using a windowless internal gas flow proporticnai counter for total alpha
activity. Individual nuclide ratios were taken from those dstermined in Aug 1992.

Uncertainty of Measurement:
A. Type A (random) uncertainty:
B. Type B (systematic} uncertainty:
C. Uncertainty in aliquot weighing:

D. Total uncertainty at the 99% confldence level:

Notes:

0.6%
3.0%
0.0%
3.1%

B 4K

- See reverse side for leak test(s) performed on this source.
- |PL participates in a NIST measurement assurance program to establish and malnta:n lmplrclt fraceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference

Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from “*Table of Radloactive Isotopes”, edited by Virginia Shirley, 19886.

- This source has a working life of 2 years.

- This source had a total alpha surface emission rate of 6889 a/min In 2z on 11 Apr 03.

Medical Imaging Laboratory
24937 Avenue Tibbitts Valencia, California 91355

IS4 por-o3

1$0 9001 CERTIFIED

Dite Signed [PL Ref. No.: 887-7

Industrial Gauging Laboratory
1800 North Keystone Street Burbank, California 91504
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CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOURCE

Radionuclide A: U-234 Customer: PARAGON ANALYTICS, INC.
Radionuclide B: U-235 P.O. No.: EW030603/R2155
Radionuclide C: Am-241 Catalog No.: MISC-STD
Half Life (U-234):  (2.454 = 0.006)E+05 years Reference Date: 1-Apr-03  12:00 PST
Half Life (U-235): (7.037 + 0.011)E+08 years Source No.: 92MIX2203021
Half Life (Am-241): 432,17 = 0.66 years
~ Contained Radioactivity:
U-234: 2731 nCi (101.0 Bq) Am-241: 0.9325 nCi (34.50 Bq)
U-235: 0.03416 nCi (1.264 Bq) Total Activity: 3.688 nCi (136.8Bq)
Physical description:
A. Capsule type: Disk (22 mm OD X 0.78 mm THK)
B. Nature of actlve deposit: Electrodeposited and diffusion bonded oxides
C. Active Diameter: 18 mm
D. Backing: Stainless steel
E. Cover: None
Radioimpurities: Not-determined
i\___\.\ Method of Calibration:

This source was assayed using a windowless Internal gas flow proportional counter for total alpha
activity. Individual nuclide ratios were taken from those determined in Aug 1992.

Uncertainty of Measurement:
A. Type A (random) uncertainty:
B. Type B (systematic) uncertainty:
C. Uncertainty in aliquot weighing:
D. Total uncertainty at the 99% confidence level:

Notes:
- See reverse side for leak test(s) performed on this source.

+ + +

0.8%
3.1%
0.0%
3.2%

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference '

Materials (As in NRC Regulatory Gulde 4.15).

- Nuclear data was taken from "Tabie of Radioactive Isotopes™, edited by Virginia Shirley, 1886.

- This source has a working life of 2 years.

- This source had a total alpha surface emission rate of 4145 o/min in 2z on 18 Mar 03.

| Mg 03

Quality Control

150 5001 CERTIFIED

Medical Imaging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355

Date Signed

PL Ref. No.: 987.-2

Industrial Gauging Laboratory
1800 North Keystone Street Burbank, California 91504
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An Eckert & Ziegler Company Fax 661+257+8303 r@ca Db tror
CERTIFICATE OF CALIBRATI(? i
Radionuclide A: U-234 Customer: PARAGON ANALYTICS, INC.
Radionuclide B: U-236 P.0.No.: EW030603/R2155
Radionuclide C: Am-241 Catalog No.: MISC-STD
Half Life (U-234):  (2.454 + 0.006)E+05 years Reference Date: 1-Apr-03  12:00 PST
Half Life (U-235):  (7.037 + 0.011)E+08 years Source No.: 92MIX2203023
Half Life (Am-241): 432.17 + 0.66 years
Contained Radicactivity:
U-234: 2.885 nCl (107.1 Bq) Am-241: 1953 nCi (72.26 Bg)
U-235; 0.02502 nCl (0.9257 Bq) Total Activity: 4.873 nCi (180.3 Bg)
Physical description:
Capsule type: Disk (22 mm OD X 0.79 mm THK)

Nature of active deposit:
Active Diameter:

. Backing:

Cover:

19 mm

moomp

None

Radioimpurities:

' Method of Calibration: _
This source was assayed using a windowless internal gas flow proportional counter for total alpha
activity. Individual nuclide ratics were taken from those determined in Aug 1992,

Uncertainty of Measurement:
A. Type A (random) uncertainty;
B. Type B (systematic) uncertainty:
C. Uncertainty In aliquot weighing:

D. Total uncertainty at the 99% confidence level:

Notes:

Electrodeposited and diffusion bonded oxides

Stainless steal

Not determined

0.8%
3.1%
0.0%
3.2%

H H H H

- See reverse side for leak test(s) performed on this source.
- IPL participates In a NIST measuremant assurance program to establish and maintain lmphmt traceabillty
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference

Materials (As in NRC Regulatory Guide 4.15),

- Nuclear data was taken from “Table of Radioactive Isotopes®, edited by Virginia Shirley, 1986.

- This source has a working iife of 2 years.

- This source had a total alpha surface emission rate of 5463 o/min in 2 on 18 Mar 03,

Quality Control

Medical imaging Laboratory
24937 Avenue Tibbitts  Vvalencia, California 91355

[T-r—03

150 9001 CERTIFIED

Date Signed IPL Ref. No.: 987-2

Industrial Gauging Laboratory
1800 North Keystone Street  Burbank, California 91504
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CERTIFICATE OF CALIBRATION =% 7"
MIXED ALPHA STANDARD SOURCE

Radionuclide A: U-234 Customer: PARAGON ANALYTICS, INC.
Radionunclide B: U-235 P.0. No.: EW040203/R2193
Radionuclide C: Am-241 Catalog No.: MISC-STD
Half Life (U-234):  (2.454 + 0,006)E+05 years Reference Date: 1-May-03 12:00 PST
Half Life (U-235):  (7.037 £ 0.011)E+08 years Source No.: 92MIX2203029
Half Life (Am-241): 432.17 & 0.66 years
Contained Radioactivity:
U-234: 8.048 nCi (334.8Bq) Am-241: 1433 nCl (53.02 Bg)
U-235: 0.1771 nCi (6.553 Bqg) Total Activity: 1068 nCl (394.4 Bg)
" Physical description:
A. Capsule type: . Disk (22 mm OD X 0,79 mm THK)
B. Nature of active deposit: Electrodeposited and diffusion bonded oxides
C. Active Diameter: 18 mm
D. Backing: Stainless steel
E. Cover: None
... Radioimpurities: Not determined
7 .

‘. -/ Method of Calibration: ]
This source was assayed using a windowless internal gas flow proportionel counter for total alpha
activity. Individual nuclide ratios were taken from those determined in Mar 1998.

Uncertainty of Measurement:

A. Type A (random) uncertainty: + 0.5%
B. Type B (systematic) uncertainty: t 3.0%
C. Uncertainty in aliquot weighing: % 0.0%
D. Total uncertainty at the 99% confidence level: + 3.0%

Notes: }

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NiST measurement assurance program to establish and maintain implicit traceability
for @ number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from "Table of Radicactive Isotopes”, edited by Virginia Shirley, 1986.

- This source has a working life of 2 years.

- This source had a total alpha surface emission rate of 11950 o/min in 27 on 11 Apr 03.

IS—Apr—o3 :
Date Signed IPL Ref. No.: 887-7

Quality Control

{50 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504
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