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Definitions/Glossary

Client: Westinghouse Electric Company LLC TestAmerica Job ID: 160-17563-1
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

Qualifiers

Rad

Qualifier Qualifier Description

U Result is less than the sample detection limit.

G The Sample MDC is greater than the requested RL.

Glossary

Abbreviation These commonly used abbreviations may or may not be present in this report.
< Listed under the "D" column to designate that the result is reported on a dry weight basis
%R Percent Recovery

CFL Contains Free Liquid

CNF Contains no Free Liquid

DER Duplicate error ratio (normalized absolute difference)

Dil Fac Dilution Factor

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample
DLC Decision level concentration

MDA Minimum detectable activity

EDL Estimated Detection Limit

MDC Minimum detectable concentration

MDL Method Detection Limit

ML Minimum Level (Dioxin)

NC Not Calculated

ND Not detected at the reporting limit (or MDL or EDL if shown)
PQL Practical Quantitation Limit

QC Quality Control

RER Relative error ratio

RL Reporting Limit or Requested Limit (Radiochemistry)

RPD Relative Percent Difference, a measure of the relative difference between two points
TEF Toxicity Equivalent Factor (Dioxin)

TEQ Toxicity Equivalent Quotient (Dioxin)

TestAmerica St. Louis
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CASE NARRATIVE
Client: Westinghouse Electric Company LLC
Project: HDP RFP-CBA-022 (21 DAY TAT)

Report Number: 160-17563-1

With the exceptions noted as flags or footnotes, standard analytical protocols were followed in the analysis of the samples and no
problems were encountered or anomalies observed. In addition all laboratory quality control samples were within established control
limits, with any exceptions noted below. Each sample was analyzed to achieve the lowest possible reporting limit within the constraints of
the method. In some cases, due to interference or analytes present at high concentrations, samples were diluted. For diluted samples,
the reporting limits are adjusted relative to the dilution required.

TestAmerica St. Louis attests to the validity of the laboratory data generated by TestAmerica facilities reported herein. All analyses
performed by TestAmerica facilities were done using established laboratory SOPs that incorporate QA/QC procedures described in the
application methods. TestAmerica’s operations groups have reviewed the data for compliance with the laboratory QA/QC plan, and data
have been found to be compliant with laboratory protocols unless otherwise noted below.

The test results in this report meet all NELAP requirements for parameters for which accreditation is required or available. Any
exceptions to NELAP requirements are noted in this report. Pursuant to NELAP, this report may not be reproduced, except in full, without
the written approval of the laboratory.

Calculations are performed before rounding to avoid round-off errors in calculated results.

All holding times were met and proper preservation noted for the methods performed on these samples, unless otherwise detailed in the
individual sections below.

All solid sample results for Chemistry analyses are reported on an "as received" basis unless otherwise indicated by the presence of a %
solids value in the method header. All soil/sediment sample results for radiochemistry analyses are based upon sample as dried and
disaggregated with the exception of tritium, carbon-14, and iodine-129 by gamma spectroscopy unless requested as wet weight by the
client.”

This laboratory report is confidential and is intended for the sole use of TestAmerica and its client.

RECEIPT
The samples were received on 05/27/2016; the samples arrived in good condition, properly preserved and on ice. The temperature of the
coolers at receipt was 20.0 C.

ISOTOPIC URANIUM (ALPHA SPECTROMETRY)

Samples GW-GWW-052616 (160-17563-1), GW-NB34-052616 (160-17563-2), GW-GWY-052616 (160-17563-3) and GW-PZ02-052616
(160-17563-4) were analyzed for Isotopic Uranium (Alpha Spectrometry) in accordance with DOE. The samples were prepared on
06/02/2016 and analyzed on 06/08/2016.

Preparation Batch 160-254505:

The following samples did not meet the detection goal of 0.100 pCi/L due to the reduced sample volume attribute to historic high activity
(see Prep NCM 85726). The data have been qualified and reported. GW-NB34-052616 (160-17563-2), GW-PZ02-052616 (160-17563-4)
and (MB 160-254505/1-A)

Due to historically high activity a reduced aliquot was prepared for the following samples:GW-GWW-052616 (160-17563-1),
GW-NB34-052616 (160-17563-2), GW-GWY-052616 (160-17563-3) and GW-PZ02-052616 (160-17563-4).

No additional analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page.

TECHNETIUM-99 (LSC)

Samples GW-GWW-052616 (160-17563-1), GW-NB34-052616 (160-17563-2), GW-GWY-052616 (160-17563-3) and GW-PZ02-052616
(160-17563-4) were analyzed for Technetium-99 (LSC) in accordance with TC_02_RC. The samples were prepared on 06/01/2016 and
analyzed on 06/07/2016.

In the initial analysis the following samples had counts off the upper end of the quench curve parameter (tSIE): GW-GWW-052616
(160-17563-1), GW-GWY-052616 (160-17563-3), GW-PZ02-052616 (160-17563-4), (LCS 160-254090/2-A) and (MB 160-254090/1-A). .
A small amount (10 uL) of quenching agent (nitromethane) was added to the affected vials and the samples recounted. The recount
results were within the quench curve parameters and reported..
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No additional analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page.
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Client Sample Results
Client: Westinghouse Electric Company LLC
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

TestAmerica Job ID: 160-17563-1

Client Sample ID: GW-GWW-052616
Date Collected: 05/26/16 10:50
Date Received: 05/27/16 11:30

Lab Sample ID: 160-17563-1
Matrix: Water

Method: A-01-R - Isotopic Uranium (Alpha Spectrometry)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Uranium 238 0.0138 U 0.0276 0.0276 0.100 0.0414 pCi/lL 06/02/16 14:38 06/08/16 14:16 1
Uranium 234 0.0691 0.0618 0.0620 0.100 0.0414 pCi/L 06/02/16 14:38 06/08/16 14:16 1
Uranium-235/236 0.000 U 0.0143 0.0143 0.100 0.0516 pCi/lL 06/02/16 14:38 06/08/16 14:16 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Uranium 232 66.7 30-110 06/02/16 14:38 06/08/16 14:16 1
Method: TC-02-RC - Technetium-99 (LSC)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Technetium 99 117 U 1.36 1.37 3.00 2.25 pCilL 06/01/16 10:11 06/07/16 01:37 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Tc-99m 83.5 30-110 06/01/16 10:11 06/07/16 01:37 1
Client Sample ID: GW-NB34-052616 Lab Sample ID: 160-17563-2
Date Collected: 05/26/16 14:00 Matrix: Water
Date Received: 05/27/16 11:30
Method: A-01-R - Isotopic Uranium (Alpha Spectrometry)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Uranium 238 0.0334 UG 0.0564 0.0565 0.100 0.101 pCi/lL 06/02/16 14:38 06/08/16 14:17 1
Uranium 234 0.0580 UG 0.110 0.110 0.100 0.198 pCi/lL 06/02/16 14:38 06/08/16 14:17 1
Uranium-235/236 0.0176 UG 0.0757 0.0757 0.100 0.166 pCi/L 06/02/16 14:38 06/08/16 14:17 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Uranium 232 56.3 30-110 06/02/16 14:38 06/08/16 14:17 1
Method: TC-02-RC - Technetium-99 (LSC)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Technetium 99 2.27 1.38 1.40 3.00 2.22 pCilL 06/01/16 10:11 06/07/16 02:27 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Tc-99m 85.0 30-110 06/01/16 10:11 06/07/16 02:27 1
Client Sample ID: GW-GWY-052616 Lab Sample ID: 160-17563-3
Date Collected: 05/26/16 15:15 Matrix: Water
Date Received: 05/27/16 11:30
Method: A-01-R - Isotopic Uranium (Alpha Spectrometry)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Uranium 238 0.277 0.127 0.129 0.100 0.0437 pCi/lL 06/02/16 14:38 06/08/16 14:17 1
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Client Sample Results

Client: Westinghouse Electric Company LLC
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

TestAmerica Job ID: 160-17563-1

Client Sample ID: GW-GWY-052616
Date Collected: 05/26/16 15:15
Date Received: 05/27/16 11:30

Lab Sample ID: 160-17563-3

Matrix: Water

Method: A-01-R - Isotopic Uranium (Alpha Spectrometry) (Continued)

Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Uranium 234 0.330 0.141 0.143 0.100 0.0807 pCi/lL 06/02/16 14:38 06/08/16 14:17 1
Uranium-235/236 0.000 U 0.0151 0.0151 0.100 0.0545 pCi/L 06/02/16 14:38 06/08/16 14:17 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Uranium 232 62.5 30-110 06/02/16 14:38 06/08/16 14:17 1
Method: TC-02-RC - Technetium-99 (LSC)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Technetium 99 3.29 1.32 1.36 3.00 2.04 pCi/lL 06/01/16 10:11 06/07/16 03:16 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Tc-99m 92.4 30-110 06/01/16 10:11 06/07/16 03:16 1
Client Sample ID: GW-PZ02-052616 Lab Sample ID: 160-17563-4
Date Collected: 05/26/16 14:35 Matrix: Water
Date Received: 05/27/16 11:30
Method: A-01-R - Isotopic Uranium (Alpha Spectrometry)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Uranium 238 0.0286 UG 0.0613 0.0614 0.100 0.121 pCi/lL 06/02/16 14:38 06/08/16 14:17 1
Uranium 234 0.0382 UG 0.0710 0.0710 0.100 0.132 pCi/lL 06/02/16 14:38 06/08/16 14:17 1
Uranium-235/236 0.0204 U 0.0408 0.0408 0.100 0.0611 pCilL 06/02/16 14:38 06/08/16 14:17 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Uranium 232 56.4 30-110 06/02/16 14:38 06/08/16 14:17 1
Method: TC-02-RC - Technetium-99 (LSC)
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Technetium 99 2.50 1.28 1.31 3.00 2.03 pCi/lL 06/01/16 10:11  06/07/16 04:06 1
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
30-110 06/01/16 10:11 06/07/16 04:06 1

Tc-99m 93.4

Page 8 of 455

TestAmerica St. Louis



Client: Westinghouse Electric Company LLC

Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

Tracer/Carrier Summary

TestAmerica Job ID: 160-17563-1

Method: A-01-R - Isotopic Uranium (Alpha Spectrometry)

Matrix: Water

Prep Type: Total/NA

Percent Yield (Acceptance Limits)

U-232
Lab Sample ID Client Sample ID (30-110)
160-17563-1 GW-GWW-052616 66.7
160-17563-2 GW-NB34-052616 56.3
160-17563-3 GW-GWY-052616 62.5
160-17563-4 GW-PZ02-052616 56.4
LCS 160-254505/2-A Lab Control Sample 76.0
LCSD 160-254505/3-A Lab Control Sample Dup 73.6
MB 160-254505/1-A Method Blank 52.7
Tracer/Carrier Legend
U-232 = Uranium 232
Method: TC-02-RC - Technetium-99 (LSC)
Matrix: Water Prep Type: Total/NA
Percent Yield (Acceptance Limits)
Tc-99m
Lab Sample ID Client Sample ID (30-110)
160-17563-1 GW-GWW-052616 83.5
160-17563-2 GW-NB34-052616 85.0
160-17563-3 GW-GWY-052616 924
160-17563-4 GW-PZ02-052616 93.4
160-17543-AD-1-B DU Duplicate 100
LCS 160-254090/2-A Lab Control Sample 99.0
MB 160-254090/1-A Method Blank 94.5

Tracer/Carrier Legend

Tc-99m = Tc-99m
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Client: Westinghouse Electric Company LLC

QC Sample Results

Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

TestAmerica Job ID: 160-17563-1

Method: A-01-R - Isotopic Uranium (Alpha Spectrometry)

7Lab Sample ID: MB 160-254505/1-A
Matrix: Water
Analysis Batch: 255590

Client Sample ID: Method Blank
Prep Type: Total/NA
Prep Batch: 254505

Page 10 of 455

Count Total
MB MB Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Uranium 238 0.04469 U 0.0616 0.0618 0.100 0.0956 pCi/L 06/02/16 14:38 06/08/16 14:16 1
Uranium 234 0.07512 UG 0.0897 0.0899 0.100 0.140 pCi/L 06/02/16 14:38 06/08/16 14:16 1
Uranium-235/236 0.02157 U 0.0431 0.0432 0.100 0.0647 pCi/lL 06/02/16 14:38 06/08/16 14:16 1
MB MB
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Uranium 232 52.7 30-110 06/02/16 14:38 06/08/16 14:16 1
Lab Sample ID: LCS 160-254505/2-A Client Sample ID: Lab Control Sample
Matrix: Water Prep Type: Total/NA
Analysis Batch: 255591 Prep Batch: 254505
Total
Spike LCS LCS Uncert. %Rec.
Analyte Added Result Qual (20+/-) RL MDC Unit %Rec Limits
Uranium 238 6.51 6.408 0.767 0.100 0.0350 pCilL 98  83-121
Uranium 234 6.37 6.492 0.775 0.100 0.0767 pCi/lL 102 84-120
LCS LCS
Tracer %Yield Qualifier Limits
Uranium 232 76.0 30-110
Lab Sample ID: LCSD 160-254505/3-A Client Sample ID: Lab Control Sample Dup
Matrix: Water Prep Type: Total/NA
Analysis Batch: 255592 Prep Batch: 254505
Total
Spike LCSD LCSD Uncert. %Rec. RER
Analyte Added Result Qual (20+/-) RL MDC Unit %Rec Limits RER Limit
Uranium 238 6.51 6.782 0.803 0.100 0.0355 pCilL 104 83-121 0.24 1
Uranium 234 6.37 6.638 0.792 0.100 0.0875 pCilL 104 84-120 0.09 1
LCSD LCSD
Tracer %Yield Qualifier Limits
Uranium 232 73.6 30-110
Method: TC-02-RC - Technetium-99 (LSC)
Lab Sample ID: MB 160-254090/1-A Client Sample ID: Method Blank
Matrix: Water Prep Type: Total/NA
Analysis Batch: 255164 Prep Batch: 254090
Count Total
MB MB Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Technetium 99 0.7917 U 1.20 1.20 3.00 1.99 pCi/lL 06/01/16 10:11 06/06/16 19:47 1
MB MB
Tracer %Yield Qualifier Limits Prepared Analyzed Dil Fac
Tc-99m 94.5 30-110 06/01/16 10:11 06/06/16 19:47 1

TestAmerica St. Louis



Client: Westinghouse Electric Company LLC

QC Sample Results

Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

TestAmerica Job ID: 160-17563-1

Method: TC-02-RC - Technetium-99 (LSC) (Continued)

Matrix: Water
Analysis Batch: 255164

7Lab Sample ID: LCS 160-254090/2-A

Client Sample ID: Lab Control Sample

Prep Type: Total/NA
Prep Batch: 254090

Tc-99m 100

Page 11 of 455

Total
Spike LCS LCS Uncert. %Rec.
Analyte Added Result Qual (20+/-) RL MDC Unit %Rec Limits
Technetium 99 206 208.5 20.5 3.00 1.93 pCi/lL 101 75-125
LCS LCS
Tracer %Yield Qualifier Limits
Tc-99m 99.0 30-110
Lab Sample ID: 160-17543-AD-1-B DU Client Sample ID: Duplicate
Matrix: Water Prep Type: Total/NA
Analysis Batch: 255164 Prep Batch: 254090
Total
Sample Sample DU DU Uncert. RER
Analyte Result Qual Result Qual (20+/-) RL MDC Unit RER Limit
Technetium 99 -0.341 U -1.267 U 1.08 3.00 1.94 pCi/lL 0.39 1
DU DU
Tracer %Yield Qualifier Limits
30-110

TestAmerica St. Louis



QC Association Summary
Client: Westinghouse Electric Company LLC
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

TestAmerica Job ID: 160-17563-1

Rad
Prep Batch: 254090
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
160-17563-1 GW-GWW-052616 Total/NA Water Ext_Chrom_LSC
160-17563-2 GW-NB34-052616 Total/NA Water Ext_Chrom_LSC
160-17563-3 GW-GWY-052616 Total/NA Water Ext_Chrom_LSC
160-17563-4 GW-PZ02-052616 Total/NA Water Ext_Chrom_LSC
160-17543-AD-1-B DU Duplicate Total/NA Water Ext_Chrom_LSC
LCS 160-254090/2-A Lab Control Sample Total/NA Water Ext_Chrom_LSC
MB 160-254090/1-A Method Blank Total/NA Water Ext_Chrom_LSC
Prep Batch: 254505
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
160-17563-1 GW-GWW-052616 Total/NA Water ExtChrom
160-17563-2 GW-NB34-052616 Total/NA Water ExtChrom
160-17563-3 GW-GWY-052616 Total/NA Water ExtChrom
160-17563-4 GW-PZ02-052616 Total/NA Water ExtChrom
LCS 160-254505/2-A Lab Control Sample Total/NA Water ExtChrom
LCSD 160-254505/3-A Lab Control Sample Dup Total/NA Water ExtChrom
MB 160-254505/1-A Method Blank Total/NA Water ExtChrom
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Lab Chronicle

Client: Westinghouse Electric Company LLC
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

TestAmerica Job ID: 160-17563-1

Client Sample ID: GW-GWW-052616
Date Collected: 05/26/16 10:50
Date Received: 05/27/16 11:30

Lab Sample ID: 160-17563-1
Matrix: Water

Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number or Analyzed Analyst Lab
Total/NA Prep ExtChrom 254505 06/02/16 14:38 SEK TAL SL
Total/NA Analysis  A-01-R 1 255594 06/08/16 14:16 ALD TAL SL
Total/NA Prep Ext_Chrom_LSC 254090 06/01/16 10:11 MFM TAL SL
Total/NA Analysis  TC-02-RC 1 255164 06/07/16 01:37 ALD TAL SL
Client Sample ID: GW-NB34-052616 Lab Sample ID: 160-17563-2
Date Collected: 05/26/16 14:00 Matrix: Water
Date Received: 05/27/16 11:30
Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number or Analyzed Analyst Lab
Total/NA Prep ExtChrom 254505 06/02/16 14:38 SEK TAL SL
Total/NA Analysis  A-01-R 1 255595 06/08/16 14:17 ALD TAL SL
Total/NA Prep Ext_Chrom_LSC 254090 06/01/16 10:11 MFM TAL SL
Total/NA Analysis  TC-02-RC 1 255164 06/07/16 02:27 ALD TAL SL
Client Sample ID: GW-GWY-052616 Lab Sample ID: 160-17563-3
Date Collected: 05/26/16 15:15 Matrix: Water
Date Received: 05/27/16 11:30
Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number or Analyzed Analyst Lab
Total/NA Prep ExtChrom 254505 06/02/16 14:38 SEK TAL SL
Total/NA Analysis  A-01-R 1 255733 06/08/16 14:17 ALD TAL SL
Total/NA Prep Ext_Chrom_LSC 254090 06/01/16 10:11 MFM TAL SL
Total/NA Analysis  TC-02-RC 1 255164 06/07/16 03:16 ALD TAL SL
Client Sample ID: GW-PZ02-052616 Lab Sample ID: 160-17563-4
Date Collected: 05/26/16 14:35 Matrix: Water
Date Received: 05/27/16 11:30
Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number or Analyzed Analyst Lab
Total/NA Prep ExtChrom 254505 06/02/16 14:38 SEK TAL SL
Total/NA Analysis  A-01-R 1 255596 06/08/16 14:17 ALD TAL SL
Total/NA Prep Ext_Chrom_LSC 254090 06/01/16 10:11 MFM TAL SL
Total/NA Analysis  TC-02-RC 1 255164 06/07/16 04:06 ALD TAL SL

Laboratory References:

TAL SL = TestAmerica St. Louis, 13715 Rider Trail North, Earth City, MO 63045, TEL (314)298-8566
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Certification Summary

Client: Westinghouse Electric Company LLC TestAmerica Job ID: 160-17563-1
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

Laboratory: TestAmerica St. Louis
Unless otherwise noted, all analytes for this laboratory were covered under each certification below.

Authority Program EPA Region Certification ID Expiration Date
Louisiana NELAP 6 04080 06-30-16 *

The following analytes are included in this report, but certification is not offered by the governing authority:

Analysis Method Prep Method Matrix Analyte
A-01-R ExtChrom Water Uranium-235/236
TC-02-RC Ext_Chrom_LSC Water Technetium 99
Missouri State Program 7 780 06-30-16 *

The following analytes are included in this report, but certification is not offered by the governing authority:

Analysis Method Prep Method Matrix Analyte
A-01-R ExtChrom Water Uranium 234
A-01-R ExtChrom Water Uranium 238
A-01-R ExtChrom Water Uranium-235/236
TC-02-RC Ext_Chrom_LSC Water Technetium 99
NRC NRC 24-24817-01 12-31-22

The following analytes are included in this report, but certification is not offered by the governing authority:

Analysis Method Prep Method Matrix Analyte

A-01-R ExtChrom Water Uranium 234
A-01-R ExtChrom Water Uranium 238
A-01-R ExtChrom Water Uranium-235/236
TC-02-RC Ext_Chrom_LSC Water Technetium 99

* Certification renewal pending - certification considered valid.
TestAmerica St. Louis
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Client: Westinghouse Electric Company LLC
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

Method Summary

TestAmerica Job ID: 160-17563-1

Method Method Description Protocol Laboratory
A-01-R Isotopic Uranium (Alpha Spectrometry) DOE TAL SL
TC-02-RC Technetium-99 Tracers DOE TAL SL
TC-02-RC Technetium-99 (LSC) DOE TAL SL

Protocol References:
DOE = U.S. Department of Energy

Laboratory References:

TAL SL = TestAmerica St. Louis, 13715 Rider Trail North, Earth City, MO 63045, TEL (314)298-8566

Page 15 of 455
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Sample Summary

Client: Westinghouse Electric Company LLC TestAmerica Job ID: 160-17563-1
Project/Site: HDP RFP-CBA-022 (21 DAY TAT)

Lab Sample ID Client Sample ID Matrix Collected Received

160-17563-1 GW-GWW-052616 Water 05/26/16 10:50 05/27/16 11:30
160-17563-2 GW-NB34-052616 Water 05/26/16 14:00 05/27/16 11:30
160-17563-3 GW-GWY-052616 Water 05/26/16 15:15 05/27/16 11:30
160-17563-4 GW-PZ02-052616 Water 05/26/16 14:35 05/27/16 11:30

TestAmerica St. Louis
Page 16 of 455



REAGENT TRACEABILITY SUMMARY

Lab Name: TestAmerica St. Louis Job No.: 160-17563-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume
Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
82234-334_00001 06/02/60 Eckert & Zigler, Lot 82234-334 (Purchased Reagent) Am-241 5.652 Bqg
Pu-239 5.936 Bg
Th-230 5.685 Bq
82235-334_00001 06/04/60 Eckert & Ziegler, Lot 82235-334 (Purchased Reagent) Am-241 7.466 Bg
Pu-239 6.897 Bg
Th-230 7.167 Bg
82236-334_00001 06/02/60 Eckert & Ziegler, Lot 82236-334 (Purchased Reagent) Am-241 6.891 Bg
Pu-239 6.664 Bg
Th-230 7.107 Bq
82237-334_00003 06/01/60 Eckert & Ziegler, Lot 82237-334 (Purchased Reagent) Am-241 5.608 Bg
Pu-239 6.424 Bg
Th-230 5.856 Bg
82240-334_00001 06/08/60 Eckert & Ziegler, Lot 82240-334 (Purchased Reagent) Am-241 8.298 Bg
Pu-239 7.163 Bg
Th-230 6.304 Bg
82241-334_00001 06/08/60 Eckert & Ziegler, Lot 82241-334 (Purchased Reagent) Am-241 6.638 Bg
Pu-239 6.797 Bg
Th-230 6.629 Bg
82242-334_00001 06/08/60 Eckert & Ziegler, Lot 82242-334 (Purchased Reagent) Am-241 7.145 Bg
Pu-239 6.414 Bg
Th-230 6.583 Bg
82243-334_00001 06/09/60 Eckert & Ziegler, Lot 82243-334 (Purchased Reagent) Am-241 6.39 Bg
Pu-239 5.979 Bg
Th-230 5.856 Bq
82244-334_00001 06/09/60 Eckert & Zigler, Lot 82244-334 (Purchased Reagent) Am-241 6.897 Bg
Pu-239 6.717 Bq
Th-230 7.352 Bg
82245-334_00001 06/09/60 Eckert & Ziegler, Lot 82245-334 (Purchased Reagent) Am-241 5.528 Bg
Pu-239 5.437 Bg
Th-230 6.727 Bq
82246-334_00001 06/09/60 Eckert & Ziegler, Lot 82246-334 (Purchased Reagent) Am-241 6.002 Bg
Pu-239 5.353 Bg
Th-230 5.57 Bg
82247-334_00001 06/10/60 Eckert & ziegler, Lot 82247-334 (Purchased Reagent) Am-241 6.291 Bg
Pu-239 5.746 Bg
Th-230 6.251 Bg
LSC Brown_00002 05/04/20 Perkin Elmer, Lot S/N 189 (Purchased Reagent) Background 0 dpm
C-14 122100 dpm
Tritium 270300 dpm
Source A 00001 04/01/59|02/23/11 |water, Lot 79670-334 0.9986 | Gamma Ampuole 00001 0.9986 g|Am-241 9.4429 Bg
Source
Cd-109 132.909 Bg
Ce-139 4.4538 Bg
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REAGENT TRACEABILITY SUMMARY

Lab Name: TestAmerica St. Louis Job No.: 160-17563-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume
Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
Co-57 2.9513 Bg
Co-60 6.2002 Bg
Cs-137 3.7296 Bg
Hg-203 9.6996 Bq
Sn-113 7.6266 Bg
Y-88 12.712 Bqg
.Gamma Ampuole 00001 04/07/59 Analytics, Lot 79670-334 (Purchased Reagent) Am-241 9442 .9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bg
Co-57 2951.3 Bg
Co-60 6200.2 Bg
Cs-137 3729.6 Bg
Hg-203 9699.6 Bg
Sn-113 7626.6 Bg
Y-88 12712 Bq
Source C_00001 04/01/59|02/23/12 |water, Lot 79670-334 1.0148 g|Gamma Ampuole 00001 |1.0148 g|Am-241 9442 .9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bg
Co-57 2951.3 Bg
Co-60 6200.2 Bg
Cs-137 3729.6 Bg
Hg-203 9699.6 Bq
Sn-113 7626.6 Bg
Y-88 12712 Bg
.Gamma Ampuole 00001 04/07/59 Analytics, Lot 79670-334 (Purchased Reagent) Am-241 9442 .9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bg
Co-57 2951.3 Bg
Co-60 6200.2 Bg
Cs=-137 3729.6 Bg
Hg-203 9699.6 Bqg
Sn-113 7626.6 Bg
Y-88 12712 Bq
Source D_00001 04/01/59|02/23/11 |water, Lot 79670-334 0.9781 g|Gamma Ampuole 00001 | 0.9781 g|Am-241 9442 .9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bg
Co-57 2951.3 Bg
Co-60 6200.2 Bg
Cs-137 3729.6 Bg
Hg-203 9699.6 Bq
Sn-113 7626.6 Bg
Y-88 12712 Bg
.Gamma Ampuole 00001 04/07/59 Analytics, Lot 79670-334 (Purchased Reagent) Am-241 9442 .9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bg
Co-57 2951.3 Bg
Co-60 6200.2 Bg
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REAGENT TRACEABILITY SUMMARY

Lab Name: TestAmerica St. Louis Job No.: 160-17563-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume
Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
Cs-137 3729.6 Bqg
Hg-203 9699.6 Bg
Sn-113 7626.6 Bg
Y-88 12712 Bq
Tc (T) Dil #2 00229 06/05/16 |06/01/16 | DI Water, Lot 0 100 mL|Tc (T) Dil #1 00198 1 mL|Tc-99m 2000 pCi/ml
.Tc (T) Dil #1 00198 06/08/16|06/01/16 |Blood Bank Saline, Lot 100 mL|Tc (T) Source 00184 1 mL|Tc-99m 200000 pCi/ml
231454

.Tc (T) Source 00184 06/09/16 Triad, Lot 20160601 (Purchased Reagent) Tc-99m 20 uCi/ml
Tc-99_ 00007 01/01/50|07/19/06 | DI Water, Lot 0 100 mL|Tc-99 00003 4.9519 g|Technetium 99 22185.5
dpm/mL
.Tc-99 00003 01/01/50 Isotope Products, Lot 681-78-1 (Purchased Reagent) Technetium 99 7.467 kBqg/g
Tc-99 00016 03/18/16|03/18/15|2M HNO3, Lot n/a 500 mL | Tc-99 00015 12 mL | Technetium 99 228.819
- N dpm/mL
Total Activity 228.819
dpm/mL
.Tc-99 00015 03/16/17|06/28/05|2M HNO3, Lot O 100 mL|Tc-99 00004 10 mL | Technetium 99 9534.11
N N dpm/mL
Total Activity 9534.11
dpm/mL
..Tc=-99 00004 03/16/17|02/28/02 | 2M HNO3, Lot O 100 mL|Tc-99 00002 4.8728 g|Technetium 99 95341.1
dpm/mL
Total Activity 95341.1
dpm/mL
...Tc-99 00002 03/16/17 NIST, Lot SRM 4288A (Purchased Reagent) Technetium 99 32.61 kBg/g
Total Activity 32.61 kBg/g
Tc-99 00019 03/15/17|03/18/15|2M HNO3, Lot n/a 500 mL|Tc-99 00015 12 mL | Technetium 99 228.819
- N dpm/mL
Total Activity 228.819
dpm/mL
.Tc-99 00015 03/16/17 | 06/28/05|2M HNO3, Lot O 100 mL|Tc-99 00004 10 mL | Technetium 99 9534.11
dpm/mL
Total Activity 9534.11
dpm/mL
..Tc-99 00004 03/16/17|02/28/02 |2M HNO3, Lot O 100 mL|Tc-99 00002 4.8728 g|Technetium 99 95341.1
B B dpm/mL
Total Activity 95341.1
dpm/mL
...Tc-99 00002 03/16/17 NIST, Lot SRM 4288A (Purchased Reagent) Technetium 99 32.61 kBg/g
Total Activity 32.61 kBg/g
Tuna Can LCS_ 00005 10/29/16 Analytics, Lot 74139-334 (Purchased Reagent) Am-241 219 dpm/g
Co-60 136 dpm/g
Cs-137 82.3 dpm/g
Tuna Can_00002 02/03/15 Eckert & Ziegler, Lot 81427-334 (Purchased Reagent) Am-241 1164 Bqg
Cd-109 16063 Bg
Ce-139 546 Bg
Co-57 357 Bqg
Co-60 742 Bq
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REAGENT TRACEABILITY SUMMARY

Lab Name: TestAmerica St. Louis Job No.: 160-17563-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume

Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
Cs-137 465 Bqg
Hg-203 1208 Bg
Pb-210 15186 Bg
Sn-113 943 Bg
Y-88 1571 Bq
Tuna Can_00003 02/09/17 Eckert & Ziegler, Lot 90099 (Purchased Reagent) Am-241 1164 Bg
Cd-109 16373 Bg
Ce-139 549 Bg
Co-57 362 Bg
Co-60 735 Bqg
Cs-137 467 Bg
Hg-203 1171 Bg
Pb-210 14936 Bg
Sn-113 967 Bg
Y-88 1590 Bg
Tuna Can_00006 03/01/16 Eckert & Ziegler, Lot 83814-334 (Purchased Reagent) Am-241 1195 Bg
Cd-109 16353 Bg
Ce-139 543 Bg
Co-57 354 Bqg
Co-60 745 Bqg
Cs-137 453 Bqg
Hg-203 1175 Bg
Pb-210 14606 Bg
Sn-113 961 Bg
Y-88 1568 Bqg
U-232_00032 08/06/16|07/16/15|2M HNO3, Lot n/a 500 mL |U-232 00009 4 mL |Uranium 232 82.2457
dpm/mL
.U-232 00009 03/24/17|08/29/11 |1M HNO3, Lot O 100 mL|U-232 00003 5.1609 g |Uranium 232 10280.7
dpm/mL
..U-232 00003 08/25/61 Eckert & Ziegler, Lot 85539-334 (Purchased Reagent) Uranium 232 3320.07 Bg/g
UNAT 00012 05/05/17 | 04/28/15|1M HNO3, Lot n/a 200 mL | UNAT Parent 00001 20 mL |Uranium 234 70.6912
- N dpm/mL
Uranium 238 72.265 dpm/mL
Uranium-235/236 3.37064
dpm/mL
.UNAT Parent 00001 05/05/17 | 05/03/13 | 1M HNO3, Lot n/a 200 mL | UNAT Ampoule 00001 19.2509 | Uranium 234 706.912
B g dpm/mL
Uranium 238 722 .65 dpm/mL
Uranium-235/236 33.7064
dpm/mL
. .UNAT Ampoule 00001 03/30/58 New Brunswick Lab, Lot CRM 145 (Purchased Reagent) Uranium 234 7344.2 dpm/g
Uranium 238 7507.7 dpm/g
Uranium-235/236 350.18 dpm/g
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Reagent

82234-334 00001



. 1380 Seaboard Industrial Blvd.
: Atlanta, Georgia 30318
& Fckert & Ziegler Tol 404-352-8677
Fax 404+352-2837
Analytics www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

— "A8Y GOOULCH YNY

82234-334
24.1 mm Diameter x 0.68 mm Thick Stainless Steel Disk

Customer: TestAmerica/St. Louis
P.O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of
Standards and Technolegy through a Measurements Assurance Program as described in USNRC
Regulatory Guide 4.18, Revision 1, February, 1979, and compliance with ANSI N42.22-1985,
"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. Custorners may report any concerns with the accreditation program to the
HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean, VA 22101,

Reference Date: 2-Jun-2010 12:00 PM EST
Energy Range Half-Life, ‘ Uncertainty* Type (%¢)

Isotope Activity (Bq) (keV) years Ua Ug U
Th-230 5.685E+00 4420-4800 7.540E+04 0.9 1.1 2.8
Pu-239 5.936E+00 4950-5240 2.410E+04 0.9 1.1 2.8

. .-Am-24] 5.652E+00 . ....B280-5600 4.326E+02 0.9 1.1 2.8

Total

Activity 1.732E+01 3000-8000 0.5 1.1 2.4

*Uncertainty; U - Relative expanded uncertainty, k = 2, See NIST Technical Note 1297, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results.”

(Centificate continued on reverse side)

Mixed Alpha Certificate, Rev 1 9/28/2009 Page 10of 2
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Comments:

Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mum thick

stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when

not in use.

Source Calibrated by:

2ieCo—

A. Chen, Spectroscopist

QA Approved: %—v—"’ (7

E. A. Taskaev, QA Manager Alternate

Mixed Alpha Certificate, Rev 1 8/28/2009
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Reagent

82235-334 00001



= 'ASY GOOULOS WNY

Atlanta, Georgla 30318
Tel 404+352:8677
Fax 404+352:2837
www.analyticsinc.com

§ Eckert & Ziegler

Analytics |
CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

1380 Seaboard Industrial Bivd.

82235-334
24.1 mm Diameter x 0.65 mm Thick Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2385182,Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 1, February, 1978, and compliance with ANSI N42.22-19983,
"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.

Reference Date: 4-Jun-2010 12:00 PM EST
Energy Range Half-Life, ‘ Uncertainty* Type (%)

Isotope Activity (Bq) {keV) years uy Uy 4]
Th-230 7.167E+00 4420-4800 7.540E+04 0.8 1.1 2.7
Pu-239 8.897E+00 4950-5240 2.410E+04 0.8 1.1 2.7

. —Am-241 7.466E+00 ..5280-58600. . 4.326E+02 0.8 1.1 2.7

Total

Activity 2.161E+01 3000-8000 0.5 1.1 2.4

*Uncertainty: U - Relative expanded uncertainty, k = 3. See NIST Technical Note 1297, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results."

Mixed Alpha Certificate, Rev 1 §/28/2009

{Certificate continued on reverse side)
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Comments:

Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent seratching or

damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use.

Source Calibrated by: %CQ/"’"

A, Chen, Spectroscopist

QA& Approved: % r/[ Date: 06 2 -20/0

E. A, Taskaev, QA Manager Alternate

Mixed Alpha Cettificate, Rev 1 9/28/2009

Page 2 of 2
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Reagent

82236-334 00001



1380 Seaboard Industrial Blvd.

- A3 GO0ULO YNY

— . _
& Fckert & Ziegler ol d0israerr
_ Fax 404+352:2837
Analytlcs 7 www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
82236-334

24.1 mm Diameter x 0.65 mm Thiclk Stainless Steel Disk

Customer: TestAmerica/St. Louis
P.O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector, Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 1, February, 1979, 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.

Reference Date: 2-Jun-2010 12:00 PM EST

Energy Range Half-Life, " Uncertainty* Type (%)
Isotope Activity (Bq) (keV) years Uy U U
Th-230 7.107E+00 4420-4800 7.540E+04 0.7 1.1 2.6
Pu-239 6.664E-+00 4950-5240 2.410E+04 0.8 1.1 2.7
.. Am-241 6.891E+00 ...5280-5600 4.326E+02 0.7 1.1 2.6
Total
Activity 2.071E+01 3000-8000 0.4 1.1 2.3

*Uncertainty: U - Relative expanded uncertainty, k = 2, See NIST Technical Note 1297, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results.”

(Certificate continued on reverse side)

Mixed Alpha Certificate, Rev 1 9/28/2008 Page 1 of 2
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Comments:
Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent seratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use.

Source Calibrated by: m

A, Chen, 8pectroscopist

QA Approved: e / Date: &52 v - 2070
E. A. Taskaev, QA Manager Blternate

Mixed Alpha Certificate, Rev 1 8/28/2009

Page 2 of 2
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Reagent

82237-334 00003



— A3y SOQULIDS YNV

o 1380 Seaboard Industrial Blvd.
- Atlanta, Georgia 30318
& [ckert & Ziegler el 404-352-8677
Fax 404+352:2837
Analytics www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

82237-334
24.1 mm Diameter x 0.65 mm Thiclk Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2355182, ltem 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 1, February, 1979, 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.

Reference Date: 1-Jun-2010 12:00 PM EST
Energy Range Half-Life, ' Uncertainty* Type (%)
Isotope Activity (Bq) (keV) Years Ux Up U
Th-230 5.886E+00 4420-4800 71,640E+04 1.0 1.1 3.0
Pu-239 6.424E+00 4950-5240 2.410E+04 0.9 1.1 2.8
Am-241 5.808E+00 .- .--5280-5600 4.326E+02 1.0 1.1 3.0
Total
Activity 1.793E+01 3000-8000 0.6 1.1 2.8

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1897, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)

Mixed Alpha Certificate, Rev 1 9/28/2009 Page 1 of 2
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Comments:

Diameter of active area: 18 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick

stainless steel dislk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when

not in use.

Source Calibrated by: "Zﬂéﬁeﬂ.—

A, Chen, Spectroscopist

QA Approved: %ﬂz

E. A. Taskaev, QA Manager Alternate

Mixed Alpha Certificate, Rev 1 9/28/2009

N
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Reagent

82240-334 00001



— "A9Y SO0WI0L WNY

1380 Seaboard Industrial Blvd.

— - N
&« Fckert & Ziegler AR
. Fax 404+352-2837
AnalytICS ‘ www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
82240-334

24.1 mm Diameter x 0.68 mm Thick Stainless Steel Disk

Customer: TestAmerica/St. Louis
P.O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 1, February, 1979, 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.

Reference Date; 8-Jun-2010 12:00 PM EST
Energy Range Half-Life, " Uncertainty* Type (%)

Isotope Activity (Bq) (keV) years Uy g U
Th-230 6.304E+00 4420-4800 7.540E+04 0.9 1.1 2.8
Pu-239 7.163E+00 4950-8240 2.410E+04 0.8 1.1 2.7

.. _Am-241 8.298E+00 5280-5600 . 4.326E+02 0.8 1.1 2.7

Total

Activity 2.182E+01 3000-8000 0.5 1.1 2.4

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measuroment Results.”

(Certificate continued on reverse side)
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Comments:
Diameter of active area: 19 mm, Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use.

Source Calibrated by: Mm —

A. Chen, Spectroscopist

QA Approved: A (’/ Date: 06 - Y -20/M0
E. A. Taskaev, QA Manager Alternate

Mixed Alpha Cettificate, Rev 1 9/28/2009 Page 2 of 2
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Reagent

82241-334 00001



~- ATy SOQULOL YNY

1380 Seaboard Industrial Blvd.

. . '
& [Fckert & Ziegler G i
. Fax 404-352-2837
Analytlcs » www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
82241-334

24.1 mm Diameter x 0.65 mm Thick Stainless Steel Disk

Customer: Test America/St, Louis
P.0O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk, Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 4.18, Revision 1, February, 1879, and compliance with ANSI N42.22-1993,
"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,

Reference Date: 8-Jun-2010 12:00 PM EST
Energy Range Half-Life, ' Uncertainty* Type (%)

Isotope Activity (Bq) (keV) years up up U
Th-230 6.629E+00 4420-4800 7.540E+04 0.8 1.1 2.7
Pu-239 6.797E+00 4950-5240 2.410E+04 0.8 1.1 2.7

e Am-241 6.638E+00 5280-5600.. 4.326E+02 0.8 1.1 2.7

Total

Activity 2.011E+01 3000-8000 0.4 1.1 2.3

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)
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Comments:

Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick

stainless steel dislk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when

not in use.

Source Calibrated by:

QA Approved:

Mixed Alpha Certificate, Rev 1 9/28/2009

&l —

A, Chen, Spectroscopist

=

E. A. Taskaev, QA Manager Alternate

Qj Yo
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82242-334 00001



é Eckert & Ziegler

Analytics

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

1380 Seaboard Industrial 8lvd,
Atlanta, Georgia 30318

Tel 404+352+8677

Fax 404-352+2837
www.analyticsinc.com

82242-334
24.1 mm Diameter x 0.65 mm Thick Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 |, February, 1979, 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,

Reference Date: 8-Jun-2010 12:00 PM EST
Energy Range Half-Life, ' Uncertainty* Type (%)

Isotope Activity (Bq) (keV) years Ug Up U

Th-230 6.583E+00 4420-4800 7.540E+04 0.9 1.1 2.8

Pu-239 6.414E+00 4950-5240 2.410E+04 0.9 1.1 2.8 |
e e .Am=241. 7.145E+00 - 5280-5600... 4.326E+02 0.9 1.1 2.8

Total
Activity 2.018E+01 3000-8000 0.6 1.1 2.8

*Uncertainty: U - Relalive expanded uncertainty, k = 2, See NIST Technical Note 1297, "Cuidelines for Evaluating ancl
Expressing the Uncertainty of NIST Measurement Results."

~— "ASY S00ULCH YNY

Mixed Alpha Certificate,

Rev 1 9/28/2009

(Certificate continued on reverse side)
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Comments:
Diameter of active area: 19 mm. Disk mounted on customer supplied digk 31.8 mm diameter x 0.456 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface, Handle carefully to prevent scratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use,

/
Source Calibrated by: M‘-——-

A. Chen, Spectroscopist

A

QA Approved: A Date: Of -2 -20p /0
E. A. Taskaev, QA Manager Altéfnate

&

Mixed Alpha Certificate, Rev 1 9/28/2009

Q‘?J
£
)
%,
% Page 2 of 2
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1380 Seaboard Industrial Blvd,

_—
1 Atlanta, G ia 30318
*® Fckert & Ziegler Tel 404-352-8677
Fax 404+352-2837
AnalytiCS www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

== "ASY S00LUCH YNY

82243-334
24.1 mm Diameter x 0.65 mm Thick Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2355182, tem 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 1, February, 1979, and compliance with ANSI N42.22-1985,
"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,

Reference Date! 9-Jun-2010 12:00 PM EST

Energy Range Half-Life, ‘ Uncertainty* Type (%0)
Isotope Activity (BqQ) (keV) years Un Ug U
Th-230 5.856E+00 4420-4800 7.540E+04 0.8 1.1 2.7
Pu-239 5.979E+00 4950-5240 2.410E+04 0.8 1.1 2.7
Am-241 6.380E+00 — B280-8600 4.326E+02 0.8 1.1 2.7
Total
Activity 1.827E+01 3000-8000 0.3 1.1 2.3

*Uncertainty: U - Relative expanded uncertainty, k = 2, See NIST Technical Note 1297, "CGuidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)
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Comments:
Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use.

Source Calibrated by: WQI——V

A. Chen, Spectroscopist

QA Approved: ' —— Date: O6-24-20/8
E. A. Taskaev, QA Manager Klternate

Mixed Alpha Certificate, Rev 1 9/28/2008 Page 2 of 2
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1380 Seaboard Industrial Blvd.

— "A3Y GO0ULIC YNY

R M tlanta, Georgia
& Eckert &Ziegler v bl
. Fax 404-352<2837
AnalytICS ‘ www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
82244-334

24.1 mm Diameter x 0.65 mm Thick Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of
Standards and Technology through a Measurements Assurance Program as described in USNRC
Regulatory Cuide 4.15, Revision I, February, 1979, 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
accreditation requirements. Customers may report any concerns with the accreditation program to the
HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean, VA 22101,

Reference Date: 9-Jun-2010 12:00 PM EST
Energy Range Half-Life, ' Uncertainty* Type (%)
Isotope Activity (Bq_l (keV) yaars U Ug U
Th-230 7.382E+00 4420-4800 7.540E+04 0.8 1.1 a.7
Pu-239 6.717E+00 4950-8240 2.410E+04 0.9 I.1 2.8
Am-241 6.887E+00 —. 5280-8600. 4,326E+02 0.9 1.1 2.8
Total
Activity 2.101E+01 3000-8000 0.6 1.1 2.5

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 12987, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results.”

(Certificate continued on reverse side)
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Comments:

Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or

damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use.

Source Calibrated by: W

A. Chen, Spectroscopist

QA Approved: il é% e’ [74 Date: OE~2Y-20/¢

E. A. Taskaev, QA Manager Alternate
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1380 Seaboard Industrial Blvd.

- . .
® Eckert&Ziegler sant ey s
_ Fax 4043522837
AnalytICS . www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
82245-334

24.1 mm Diameter x 0.65 mm Thick Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector, Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 4.18, Revision 1, February, 1979, 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,

|
|
Reference Date: 9-Jun-2010  12:00 PM EST ‘
|
|
\

Energy Range Half-Life, " Uncertainty* Type (%)
Isotope Activity (Bcl) (keV) years uy up U
Th-230 6.727E+00 4420-4800 7.840E+04 1.0 1.1 3.0
Pu-239 5.437E+Q0 4950-5240 2.410E+04 . 1.1 3.1
Am-241. 8.628E+00 .- —5280-5600 4.326E+02 1.1 1.1 3.1
Total

Activity 1.773E+01 3000-8000 0.8 1.1 2.7

*Uncertainty: U - Relative expanded uncertainty, k = 3. See NIST Technical Note 1287, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results.”

(Certificate continued on reverse side)
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Comments:
Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.45 mm thick
stainless steel disk,

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or
damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use,

Source Calibrated by: Wé_,_,

A. Chen, Spectroscopist

QA Approved: %:—w / Date: 23 9 -200

E. A. Taskaev, QA Manager Alternate

%
]
£

%)

Mixed Alpha Certificate, Rev 1 9/28/2009 = Page 2 of 2
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_— 1380 Seahoard Industrial Blvd,
. Atlanta, Georgia 30318
*® Fckert & Ziegler Tel 404135275677
Fax 404-352-2837
Analy‘tics www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

- ADY GOOLHOS YNY

82246-334
24.1 mm BDiameter x 0.65 mm Thiclk Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2356182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 1, February, 1972, 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 acereditation program to the
HPS Secretariat, 1313 Dolley Madison Blvd,, Ste, 402, McLean, VA 22101.

Reference Date: 9-Jun-2010 12:00 PM EST
Energy Range Half-Life, ‘ Uncertainty* Type (%)
Isotope Activity (Ba) (keV) years Uz up U
Th-230 5.870E+00 4420-4800 7.840E+04 1.0 1.1 3.0
Pu-239 5.353E+00 4950-5240 2.410E+04 1.0 1.1 3.0
Am-241 6.002E+00 . ....__._B280-5600 4.326E+02 1.0 1.1 3.0
Total
Activity 1.696E+01 3000-8000 0.7 1.1 2.6

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)
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Commentis:

Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.43 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or

damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use.

Source Calibrated by: Z(w_/——

A. Chen, Spectroscopist

QA Approved: /7%—:“" (A Date: O€-2v-2o/0

E. A. Taskaev, QA Manager Alternate

%
©
£
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Mixed Alpha Certificate, Rev 1 9/28/2009 & Page 2 of 2

Page 53 of 455




Reagent
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1380 Seaboard Industrial Blvd.

.
3 Atlanta, G ia 30318
& [ckert & Ziegler Tel 0133218677
_ Fax 404+352+2837
Analytlcs www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

— A9 500LUCH YNY

82247-334
24.1 mm Diameter x 0.65 mm Thiclz Stainless Steel Disk

Customer: Test America/St. Louis
P.O. No.: 2355182, Item 1

This standard radionuclide source was prepared by electrodeposition onto a stainless steel disk. Total
alpha activity was determined with a ZnS scintillation detector. Radionuclide activities and impurities
were calculated from the total activity and the fraction of activity for each radionuclide determined by
alpha spectroscopy. 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 1, February, 1979, and corupliance with ANS] 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
accreditation requirements. Customers may report any concerns with the accreditation program to the
HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean, VA 22101.

Reference Date: 10-Jun-2010 12:00 PM EST
Energy Range Half-Life, ‘ Uncertainty* Type (%)

Isotope Activity (Bq) (keV) years up up U
Th-230 6.281E+0Q0 4420-4800 7.540E+04 0.9 1.1 2.8
Pu-238 B.746E+00 4950-5240 2.410E+04 0.9 1.1 2.8

-Am-24] 6.201E+00 ..——B280-5600_. 4.326E+02 0.9 1.1 2.8

Total

Activity 1.832E+01 3000-8000 0.6 1.1 2.5

#Uneertainty: U - Relative expanded uncertainty, k = 2, See NIST Technical Note 1297, "Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Resulis."

(Certificate continued on reverse side)
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Comments:

Diameter of active area: 19 mm. Disk mounted on customer supplied disk 31.8 mm diameter x 0.48 mm thick
stainless steel disk.

CAUTION: Active material deposited on the unmarked surface. Handle carefully to prevent scratching or

damaging the active surface of this source (i.e., use Teflon coated forceps). Store in the container provided when
not in use,

Source Calibrated by: mw

A. Chen, Spectroscopist

QA Approved: - é;; A VZ Date: 0(“2¢'20@

E. A. Taskaev, QA Manager Alternate
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1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318
Tel 404-352-8677

Fax 404+352-2837

Eckert & Ziegler

Ana Iyt|cs www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
719670-334
B mL Liquid in Flame Sealed Vial
Customer: TestBmerica St. Louis

P.0O. No.:
Calibration Date:

2303925, Item 1

01-Apr-2009 12:00 EST Grams of Master Source: 0.028371

This standard radicnuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Calibration and purity were checked using a germanium gamma spectrometer
gystem. At the time of calibration no interfering gamrma-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 Standards and Technology through a Measurements Assurance
Program as described in USNRC Regulatory Guide 4.15, Revision 1, February, 1979, and compliance

with ANSIN42.22-1995, "Traceability of Radicactive Sources to NIST."

Master Uncertainty , %
Gamma-Ray Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) Days yps/gram TPs Up Up U Method
Am-241 59.8 187860 3.390E+03 0.1 09 18 4 LS
Cd-109 88.0 462.60 1.691E+05 4.798E+03 04 17 35 HPGe
Co-57 122.1 271.79 8.904E+04 2.526E+03 05 13 28 HPGe
Ce-139 165.9 137.6 1.286E+05 3.563E+03 0.4 1.1 23 HPGe
Hg-203 279.2 46.61 2.78BE+03 7.910E+03 03 1.1 23 HPGe
Sn-113 391.7 118.1 1, 728E+05 4.894E+03 0.8 1.1 24 HPGe
Cs-137 661.7 10983 1.120E+05 3.178E+03 0.7 12 2.8 HPGe
Y-88 898.0 106.6 4.208E+058 1,183E+04 0.8 11 2.7 HPGe
Co-60 1173.2 1925.4 2.184E+05 6.196E+03 0.7 11 286 HPGe
Cao-60 1332.5 1825.4 2.185E+058 6.199E+03 0.7 1.1 28 HPGe
Y-88 1836.1 106.6 4.444E+08 1.261E+04 0.7 11 2.6 HPGe

* Master Source refers to Analytics' B-isotope mixture which ig calibrated quarterly.

Calibration Methods: 411 LS - 4 pi Licuid Scintillation. Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer,

1C - Jonization Chamber.

"Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurement Results."

Comments:

Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297,

8,31740 grams 4M HCI solution with approximately 30 microg/g each of Cd, Co, Ce, Hyg, 81, Cs, and Y carriers.

This standard will expire one year after the calibration date.

Source Prepared by:

Lt Pl e o fi—/

W. Mao, Radiochemist

QA Approved: N = Date: _&-/3-01%
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 58 of 455 - Laboratory

24937 Avenue Tibbitts
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4255572 LI

728552

ID: LSC Brown_00002
Exp:05/04/20 Prpd:JLw Opn:08/31/15

Q7 - ,
PerkinElmer Ino, 549 Albany Stroet, Boston, MA 02118 USA Tel, No. 800-762-4000 & SC. 5@9&/{//‘7‘, OO L. -0 Daly Checisource &

N >

FPeeri<im ESlvyeeae™

Certificate of
Radioactivity / Traceability

Unquenched Toluene Standard for Liquid Scintillation Counting

Product
Part Number 6008500
Ragionuclide Average Activity Assay Lot No. = Assay Date  Serial No.
Lo 0
Hgﬁ;‘;‘:) 270500 fgw Std. £3% May 4, 2015 189
- 0
o OSESN s
Expiration Date May 4, 2020

REFERENCE STANDARD: National Institute of Standards and Technology SRM 4947C (3H) and
SRM 4222C (14C)

METHOD OF STANDARDIZATION:

The *H bulk solution is standardized by liquid scintillation counting using SRM 4947C
as the reference material. The total uncertainty of the assay is+ 1.6 %

The "C bulk solution is standardized by liquid scintillation counting using SRM 4222C
as the reference material. The total uncertainty of the assay is = 1.3 %

The glass vial may have some imperfections due to the vendor's manufacturing process.
These imperfections do not affect the performance of the product.

I hereby certify that the above information is accurate.

Approved by: Donna Novi Date: May 20, 2015
Chemist

CN 8845270
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Reagent

Source A 00001



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

Fax 404+352-2837

Eckert & Ziegler

Ana Iyt|cs www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
719670-334
B mL Liquid in Flame Sealed Vial
Customer: TestBmerica St. Louis

P.0O. No.:
Calibration Date:

2303925, Item 1

01-Apr-2009 12:00 EST Grams of Master Source: 0.028371

This standard radicnuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Calibration and purity were checked using a germanium gamma spectrometer
gystem. At the time of calibration no interfering gamrma-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 Standards and Technology through a Measurements Assurance
Program as described in USNRC Regulatory Guide 4.15, Revision 1, February, 1979, and compliance

with ANSIN42.22-1995, "Traceability of Radicactive Sources to NIST."

Master Uncertainty , %
Gamma-Ray Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) Days yps/gram TPs Up Up U Method
Am-241 59.8 187860 3.390E+03 0.1 09 18 4 LS
Cd-109 88.0 462.60 1.691E+05 4.798E+03 04 17 35 HPGe
Co-57 122.1 271.79 8.904E+04 2.526E+03 05 13 28 HPGe
Ce-139 165.9 137.6 1.286E+05 3.563E+03 0.4 1.1 23 HPGe
Hg-203 279.2 46.61 2.78BE+03 7.910E+03 03 1.1 23 HPGe
Sn-113 391.7 118.1 1, 728E+05 4.894E+03 0.8 1.1 24 HPGe
Cs-137 661.7 10983 1.120E+05 3.178E+03 0.7 12 2.8 HPGe
Y-88 898.0 106.6 4.208E+058 1,183E+04 0.8 11 2.7 HPGe
Co-60 1173.2 1925.4 2.184E+05 6.196E+03 0.7 11 286 HPGe
Cao-60 1332.5 1825.4 2.185E+058 6.199E+03 0.7 1.1 28 HPGe
Y-88 1836.1 106.6 4.444E+08 1.261E+04 0.7 11 2.6 HPGe

* Master Source refers to Analytics' B-isotope mixture which ig calibrated quarterly.

Calibration Methods: 411 LS - 4 pi Licuid Scintillation. Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer,

1C - Jonization Chamber.

"Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurement Results."

Comments:

Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297,

8,31740 grams 4M HCI solution with approximately 30 microg/g each of Cd, Co, Ce, Hyg, 81, Cs, and Y carriers.

This standard will expire one year after the calibration date.

Source Prepared by:

Lt Pl e o fi—/

W. Mao, Radiochemist

QA Approved: N = Date: _&-/3-01%
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 63 of 455 - Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

1380 Seaboard Industrial Blvd. Atlanta, Georgla, 30318
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Source C 00001



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

Fax 404+352-2837

Eckert & Ziegler

Ana Iyt|cs www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
719670-334
B mL Liquid in Flame Sealed Vial
Customer: TestBmerica St. Louis

P.0O. No.:
Calibration Date:

2303925, Item 1

01-Apr-2009 12:00 EST Grams of Master Source: 0.028371

This standard radicnuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Calibration and purity were checked using a germanium gamma spectrometer
gystem. At the time of calibration no interfering gamrma-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 Standards and Technology through a Measurements Assurance
Program as described in USNRC Regulatory Guide 4.15, Revision 1, February, 1979, and compliance

with ANSIN42.22-1995, "Traceability of Radicactive Sources to NIST."

Master Uncertainty , %
Gamma-Ray Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) Days yps/gram TPs Up Up U Method
Am-241 59.8 187860 3.390E+03 0.1 09 18 4 LS
Cd-109 88.0 462.60 1.691E+05 4.798E+03 04 17 35 HPGe
Co-57 122.1 271.79 8.904E+04 2.526E+03 05 13 28 HPGe
Ce-139 165.9 137.6 1.286E+05 3.563E+03 0.4 1.1 23 HPGe
Hg-203 279.2 46.61 2.78BE+03 7.910E+03 03 1.1 23 HPGe
Sn-113 391.7 118.1 1, 728E+05 4.894E+03 0.8 1.1 24 HPGe
Cs-137 661.7 10983 1.120E+05 3.178E+03 0.7 12 2.8 HPGe
Y-88 898.0 106.6 4.208E+058 1,183E+04 0.8 11 2.7 HPGe
Co-60 1173.2 1925.4 2.184E+05 6.196E+03 0.7 11 286 HPGe
Cao-60 1332.5 1825.4 2.185E+058 6.199E+03 0.7 1.1 28 HPGe
Y-88 1836.1 106.6 4.444E+08 1.261E+04 0.7 11 2.6 HPGe

* Master Source refers to Analytics' B-isotope mixture which ig calibrated quarterly.

Calibration Methods: 411 LS - 4 pi Licuid Scintillation. Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer,

1C - Jonization Chamber.

"Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurement Results."

Comments:

Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297,

8,31740 grams 4M HCI solution with approximately 30 microg/g each of Cd, Co, Ce, Hyg, 81, Cs, and Y carriers.

This standard will expire one year after the calibration date.

Source Prepared by:

Lt Pl e o fi—/

W. Mao, Radiochemist

QA Approved: N = Date: _&-/3-01%
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 65 of 455 - Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

1380 Seaboard Industrial Blvd. Atlanta, Georgla, 30318
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Source D 00001



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

Fax 404+352-2837

Eckert & Ziegler

Ana Iyt|cs www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
719670-334
B mL Liquid in Flame Sealed Vial
Customer: TestBmerica St. Louis

P.0O. No.:
Calibration Date:

2303925, Item 1

01-Apr-2009 12:00 EST Grams of Master Source: 0.028371

This standard radicnuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Calibration and purity were checked using a germanium gamma spectrometer
gystem. At the time of calibration no interfering gamrma-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 Standards and Technology through a Measurements Assurance
Program as described in USNRC Regulatory Guide 4.15, Revision 1, February, 1979, and compliance

with ANSIN42.22-1995, "Traceability of Radicactive Sources to NIST."

Master Uncertainty , %
Gamma-Ray Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) Days yps/gram TPs Up Up U Method
Am-241 59.8 187860 3.390E+03 0.1 09 18 4 LS
Cd-109 88.0 462.60 1.691E+05 4.798E+03 04 17 35 HPGe
Co-57 122.1 271.79 8.904E+04 2.526E+03 05 13 28 HPGe
Ce-139 165.9 137.6 1.286E+05 3.563E+03 0.4 1.1 23 HPGe
Hg-203 279.2 46.61 2.78BE+03 7.910E+03 03 1.1 23 HPGe
Sn-113 391.7 118.1 1, 728E+05 4.894E+03 0.8 1.1 24 HPGe
Cs-137 661.7 10983 1.120E+05 3.178E+03 0.7 12 2.8 HPGe
Y-88 898.0 106.6 4.208E+058 1,183E+04 0.8 11 2.7 HPGe
Co-60 1173.2 1925.4 2.184E+05 6.196E+03 0.7 11 286 HPGe
Cao-60 1332.5 1825.4 2.185E+058 6.199E+03 0.7 1.1 28 HPGe
Y-88 1836.1 106.6 4.444E+08 1.261E+04 0.7 11 2.6 HPGe

* Master Source refers to Analytics' B-isotope mixture which ig calibrated quarterly.

Calibration Methods: 411 LS - 4 pi Licuid Scintillation. Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer,

1C - Jonization Chamber.

"Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurement Results."

Comments:

Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297,

8,31740 grams 4M HCI solution with approximately 30 microg/g each of Cd, Co, Ce, Hyg, 81, Cs, and Y carriers.

This standard will expire one year after the calibration date.

Source Prepared by:

Lt Pl e o fi—/

W. Mao, Radiochemist

QA Approved: N = Date: _&-/3-01%
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 67 of 455 - Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

1380 Seaboard Industrial Blvd. Atlanta, Georgla, 30318
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Cerfificate 4288a Page 1 of 6

»
]

AT

fﬁ Eﬁ%; Bational Tugtitute of Standardg & Techrology

Certificate

Standard Reference Material 4288A
Technetium-99 Radloactivity Standard

Thiy Seandard Reference My {QIxM} gonsists of radivactive wohnetiune89, 85 potassiom pertechpeataie,
and porassis. ydroside desolvec in 3 ml of distilled watee, The soluton s conteinedin a Name-sealed NIST
irosilivatewpiass erppoile, The SRM by intended Tor the enlibration of beta-particle counting instrumesits and
fot- the mondtoriog of radioshemien) provedures.

Radiolopical Heeard

e SR mmponle cootains mehnsthom-99 will a total activity of eppeositately 168 1By, Techostimm-%9
saeays by botasparticle condssions, Mome of the betd prrthdes estipe from the SRM ampoole, Duritg the depay
protess nd photons wre emittad, Approsimate unshielded dose vates st several distances {as of the reference
i} are ghven fs note {u]*, Tlere is no deteetable extornal eadlstion. The SPM shondd be wsed ondr by
prrsoms qualified vy adle radionetive natedis,

Chemical Fazard

The SRM ampoude contalng ]ummium hyirasdde (KOH) witl ¢ soposaration of $IDL moles per lier of
water, The sohution is Imt(ll'; porzosies and eowld TEPICSCEL 4 bealth hazard i it comes In contact wiih tyes

o skin, If the ampoude i to be opeasd fo transfer the solivion, the resommended provedirs is gheen on nrpe

"
sy

Storage avd Handling

The SR showld be stored omd wsed at p temparelure betveen 3 amd 63 °C. The solution v an anopened
asnpanke shoudd revoadn stable and Iomenensous antib a1 least September 2K,

The wmpole for sne subssquent contaioer) showd abways be cleardy marked @8 obolaining rediosctive
spterial, I she aeopoule B ransported B should ba packed, ‘b, labuled, ast shipped in avordanee with
the applicable naticnal, internstionad, nad carrier segolations. The solution i the ampoute i a danperous
goad (hazardons materiaf) besaase of the radioasivity,

Prepavation
l'Em\ St:amkmd Referpnes laturinl was propared in ihe Flosics Laboratory, Toning Rodistion D mn,

aptivity Group, LBLR, Hotshinson, Gitup Leader. The overall technizsd dirsction and plhssieal
mee.asw-emmms fending to coriification were provided by L.L, Lucss of the Radioactivity Gmu .

The suppert aspeets nvobed i the preparation, sertificotion, sand fssuanee of this SRM were cm;rdi'mted

through e Standard Reference Maierlals Prograes by 20, Frafury,

Cratthersbure, damylod 20805 Thomus T GHlls, Chied

Cretoler 1996 Stanelaed Redorencs Matoanis Progoam

SRM 42834, puge 1 of§ *iifes and referenres s on pages 5 and 6,
Page 69 of 455

Tt Hemnnatolao 1m ot cmcrformmmmata o frertiFcatec/ormm A7 R2a b 2/22/02



Certificate 4288a

N

LY

0}

Reepmmended Vrpeedore for ) peniig $he SR Avmpoude

i the SRB soution 15 to be dilubed, it bs recommended that the diluting solutlon bave o composition
coreparable to Hat of the SRE solutlon,

Waar aye prataction, gloves, and proteative clothing and work over o tray with absorbent paper in it,

Sleake the smpeonle 1o wet off of e Inside suefece of the armpowle, Retarn the smpouls to the
upright position.

Cheok that a1l of the Nguid lus drained out ol dhe neok of the smpoule, U necessary, gently tap the
ki g Apeed the procoss,

Holding e smpoale npight, seoe e narowest port of Sie neck wih o seribe o divmond penci,

Liphtly wel the svored ling, This meduses the craek propagation velocity and makes for u cleaper
Teeank.

Haold the ampouls uprighl with o paper towel, 8 wiper, or 2 support jiz. Posttion the scored Hne sway
Seom o, Llsing o paper towel of wiper 1o avaid eontamination, siap off the top of the supoule by
prosging the morrowest part of the neck away from yon whdle puliing the Hp of the smponle fowards
YOI,

Transfer the selotion from the ampoule wsing & pyenometer v1 2 piped with dispenser handle,
NEVER PIFETTE 8% MOUTHL

Seal any unused SEM solution in s Dame-senled glass ampote, i€ possilie, to minimlze the
avaporation loss., See alsn referencs [4]%.

Page 2 of 6

SEM 4Z8BA. g 2ol §

Page 70 of 455

W Hermeataloe nist sovisrmeatalno/certificates/srm-4288a. him

*ploles aod refercnes st on pages & and 4,

2122102



Certificate 4288a Page 3 of 6

PROFERTIES OF SRM 428BA
{Certifed vilues are shown in bald fype)

Svouroe :idem'ifi-caﬂg_;;___!]}amﬁiﬂm“ WNIST SRuE dﬂﬂBA

Pligesiea) Properties:

Liguid i flumessouled NIST borosiliente-jglass ampone
(16.5 & 0.5) mm

(O50 & D.04) v

Less than 2.5%

Luess thay, 0245
Traws quankities

(0998 & 0.002) gowl b 21 °C b
(4998 & 0.002) g [b]

Somror deseripting

Aunponde specificitions Body eutslte diamser
Wull Thicknaes
Ratium sonrent
Lead-niide contemt
Other hewvy sloments

| Bulstion densify

| Soltion mass

| Chermical Properties:

Seilatiem coeposition Chesnien CotymRmt il Blasy Fraotion |
sramala (ot L1y {pen™¥y
ARG 0410 Q.0C00
o K90y 0.0005 00001
Foarinlogios] Propertius: o i
Rad em‘tmlzciu Tachnaflnm$d )
Teferemce tine 1300 E8T, L September 1996 o |

| Blasslo wetiviéy of the sulution [ | 32450 Wby~
L14% [ [e)
Mope degected [f

Colralt-6D: (52714 % 00005 a fg
Teehnetivr-99: (2011 3 DL x W0* % {6

Relative orparded wnmpiaingy (=)

Photoremitting npurities

T8 Tives voed iny U dedhy
ey

¥oasnring instraweot NIST drB{LS)-p-unticoincidancs Cﬂumm; Fpstam
] using cobaltol as the sificionaystracing racoeme]ide,

The efficienty was varied slectyopically from 50 in *};e_

SRM 42854, page 5 of B Fidotos anid referoners s gn pages 5 anl 4§,

Page 71 of 455

it Mlermeatalao nict env/ermeataloo/ceriificates/srm-4288a htm
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Lertificate 4288a
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-Certificate 4288a Page S of 6

MISTES
[a] The Sievert is che SF andl lor dese equivaiant, See referende {1, One p8v is equal to 8.3 mren.
Digtanee from Ampoasle {om): 1 an 140
Approsimate Dose Rate (pdviy  <0L1{Not deincrable)
[ The sratod watkrlalaty 5 two tmes te slamdard voctrtainty.
[2] Massie setivity is the preferred mame for the guardity netivity divided Dy the fotal mass of Hhe spmpls,

Soe reforence {1].

[d] The reported welue, ¥, of massic activity (uckivity per unly mass) a1 the referduse fime was not
eyl disgetly buk was derived from isetsorements and eslonlntions of other quandities. This can
b exprasred g y = ﬂt,.,,x aka oo Xy ) whiere 5 mathemationl fuoetion derived from ths azsuiond
aroddied of the messtramet Groess,

The walue, x;, used Tor ench inpul quantity § has @ stsndard poeertaingy, wix), that genesates o
eorresponding uncentainny in v, 849) = {808 | oy, called o component of wombined standard
wrnartrinty of w

The rombined stavedard uncectalnty ofy, 0,0, I the positive square oot of the som of the sguares
af the componenis of combived stendard wmeertsioty,

The wotmbinsd sindnrd uneereatngy is mitiplisd by o cowerage foctor of & = 2 1o olduin 17, the
expunded uwrcertakaly ol p.

Einea It vap e agymed thot the ]‘JU‘{E’ﬂﬁE axtitnatod vabnes of the mumusice L'Luﬁ;rfﬁ'vgr e 313]’*?{1}‘3’&%% pe y
y i areed with approsimate standard deviption 0% B univews value of fhe massic
acthvity i bifeved o lie In the lntervaly & IF with & leve! of eonfidence of approsimately 93 percent.

For further inforsution oo the expression of uneerlrimtios, see references {£) wnd (3],

{e} The value of cavh standard unoereaingy comporinl, and hence the watues of the expaatied uncertinty
ftself, I » hest estimate bagsd npon gl uvnklai}fm bfoemation, Yok is vnly approxiemarely keosen, That
B0 say, the "pnosTtainty of (e upesriaday" e larpe and pet wall koown,  Fhis i tree for
upertinties evaloated by statistical-methods {e.g, the selative stardard deviation of the $tandacd
dreviationof the memn for the liguid-seintillation counting 4 approsiosdely 50%5) snd for aneernainiies
ergbared Lwy othur msthods (il eonld susily be over extirented or pader estinaked by sobstaatial
sinouns). The unkmown viloe of the expandsd wpeertainty is believed to B jo e lnteveal U722 1o
AT {Lo., withies 2 facoor of 2 oF e egtimated value),

] #Lumtmi ]muts ul‘ deteetion for photoosemicing dapuriies e
2 10 g~ wg oy zmm;fau; betyesn 20 and  BS k¥,
2% 1 e deg” fwr exergies bevwoen 93 and 503 ke¥,
ix H’!*’ 1% 'rgg Yo tmrgm hetween 510 and 1457 ke, aned
5w 1P yos~lup™ ) for energies butwern 1465 nod 3230 ke,

7] *Pire-gtarkeriwmrrtniry i testandavdunesr tiin gy Sesrrelereno-Fr;

SRR 42534, page 5of §
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- Certificate 4288a

[t}
[l

(i}

Tetatien stancard nnesrtainty of the Input quaniity 5, ,

TTes relative change in the outpud guantie p divided by the relotive changs In the npwt qusmity », .
IE | Gty | » (gl == 165, then & 1% chenge inxy reselts o w195 change fny, IF | @iy | » (o) = (W5,
therry @ 1% changs inoa; résults in @ 0059% chanpe in v,

Reslativesompanent of combived standard uncertainty of oggnst qumm‘q‘v rousided to pro significant
figures o less, The eelative componett of combined standprd umcorsainty of y s piven by )y =
| By | eaelegply = pOfEie gty < mitey, Thie novserioalvelues of ux)ly | Snid | »(h), andy 1’»‘ J)‘U
all {i]mt,miuniw;quarmtwh are Tisted Jo coluenns 3, 4, andt & r&spmiﬁ-biv. Thisg, ﬂwwiw m:.,nl,umn
5 i squal 1 the walae In cobamn ¢ oiliplhied by the whm in oblumn 3, The gl quantidies are
indgpendent, or wery neartly so. Hence the covarlances are werg or nq,lu,m];,.

The relagive standard unsertainty of A s dotenmiied by the reluties standard uncertainey of & (e,

of the hadf el The relative stundurd noeermbnty of ¢ s negligtble,

| By w(ugyy == Phot], mouttiplied by other seaslilvity factors where approprite,

“The live time is determined by eouding the pulses from n gaeed orystal-contpalied osciliator,

The stamdzrd wneertaing for each undetectod ety St might ressonebly be expectad w be
present is watanates) to Be squal (o (he sstimated Binde of detection for that Impurity, Le. wiz iy =
il §antgl (e} = {(reaponse per By of inpurity)fizespomse per By of Ted¥}«{{By of
vnpun i) B of Te-BY1h, Thus wly)y is fhe relative changs iy I the laynrity were present with &
enigsle activily egoal to the e&tmﬂm{i livit of distiction,

REFERENCRES

Teneraaticnad Ougantzasion for Standuedioion (180, 180 Stendardy Handbood - Onoatities and Unlts,
W93, Amaliabie from the Asnerican Mational Skndurds Institnte, 11 Wost 42nd Streel, New Yook,
WY 18866, TS, A $21TGA2-A900.

Interunthvns! Organtzation for Standardization (1800, Guide to the Egrawion of Uncaraing in
Megsiremant, 1995, Avdlabie from the Amesiven Natbonst Standards Tnstitabe, 11 Wt 420d Strot,
Maw ok, MY 10036, US.A, B2E2-542-4000, {Listed under I3 miscellansons publications as "0

“Guide to the Expresston 1993%)

B B Taylor and € B Keyatt, Cluidelings for Bwluating and Expressing the Uncetaing of SUST
Measwrement Results, WIST Tochnical Mote 0897, 1908, Avaflabde fomn che Superimendent of
Tecuaents, B8, Goveenment Prialing Cffce, Washington, DO 20407, LSA.

National Councll on Radianiion Pedscion mmd Mesturements Report WMo, 38, 4 Masdbood of
g cif

Rafivactivity Measurementy Proceduras, Sccond Bdition, 1985, Awsiluble from the Natlonad Connel]
on Radinsion Protection end Messurements, 7910 Woodmont Averas, Bethesda, WML 20814 TLE A

B

Page 6 0f 6

Baimreed Mo Strusture et File (ENSDEF) Sepembrer-1066;

ERN 42EA, page S of B
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Reagent

Tc-99 00003



NIST TRACEABLE CERTIFICATE
BETA STANDARD SOLUTION

Radionuclide: Tc-89 Customer: SEVERN TRENT LABORATORIES
Half-life: (2.13 £ 0.05)E+05 years P.O. No.: NJ14830
Catalog No.: 7009 Reference Date: 1-Jan-00 12:00 PST

Source No.: 681-78-1 Contained Radioactivity: 1.000 pCi, 37.33 KBg

Physical description:

A. Mass of solution: 5.00077 g in & mL flame-sealed ampoule
B. Chemical form: NH,TcO, in H0O

C. Carrier content: None

D. Density: 0.9982 g/mL @ 20°C

Radioimpurities: None detected

Radionuclide concentration; 0.2018 pCifg, 7.467 kBqlg

Method of Calibration;
This source was prepared from a weighed aliquot of solution whase activity in UCi/g was
determined using a liquid scintilation counter.

Uncertainty of Measurement:

A. Type A (random} uncertainty: + 1.3%
B. Type B (systematic) uncertainty: t 1.5%
C. Uncertainty in aliquot weighing: * 0.0%
D. Total uncertainty at the 99% confidence level: + 20%

Notes: ~— -

- See reverse side for leak tests performed on this source.

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

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

-

.f, 7

Al (i
’ " Quality Control

16~ Dec-79

Date Signed

ISOTOPE PRODUCTS LABORATORIES IPL Reference Number:  681-78

{81 - 1800 N. KEYSTOMNE STREET
SRS  BURBANK, CALIFORNIA 91504

PRODUCTS |
818-843°7000 Fax 818°843+6168

LARORATORILES
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Certificate 4288a Page 1 of 6

Mrw r:i"‘

E%mﬁalw
Standard Reference Material 4288A
- Technetium-99 Radioactivity Standard

Thls ;’i%a‘a‘lﬂéﬁfﬂ Ruftrt,n‘-. sts of radioactive technothum<99, s patassiom pertechperats,
andd potass] illed water. The solution is eontained tn p flame-seaberd NIST
borosil [Lditi‘:"gfd’;“» l“::u] 'mﬁl&' The SRM i, mtemlur;] Yoo the enbibration of hetperiisle counting nstuemesis and
for the monitoring of radiochemioa)

Rudbolopieal Fazard

The SEM menpoule containg t:“uhn D9 i 0 total activity of appeosiinate
decays by bota-particle emission, Mons mf tie heta ¢
I mm% " phutnm wre emnitted, :“\q '

I 160 KBy, Tenhnelinm-9
Em f;.-\t«ljm f_r:}m the ERM rxrnpwlu Dunm: thw Llwn'

Chemical Fazaed

: potgsshun hydroxde (RO with o concentration of 0001 moles per Heer of
ly corroshes aect eould represent o bealth hazard if it comiEs n contae i
15 o be-npened to transfer the solution, the reeommended prooe

. The aolidion

ot skim, 10 thie smpow

5
s

Storape and Fandling

f The sodation i an umpened
los ﬁt “v':pitxmhu 2&“ £,

The )mpuw"le fm ‘

Preparation
This Standurd Reference alerisl was propared Iy e Physies Laboratory, Tonizing Radistion Dvrl,‘mn,
Radicactivite Group, JMR, Fletshinsos, Group Lesder.  The owersll technica! direction ana plession
measuremeris leading to cortification were provided by L, Lucss of the RacHoauivity Gmup

Th support agpects iovolved in the 1*):Lymmllun,Lwnfmatmn and Sssuance of this SRM waere meinmuck
threagh the Standard Reference Materials Progran lig MM, Trihsy.

Guithersburg, daryland 20804 Thomas B, Gills, Chisf
Dotolwr 1946 Standard Referencs Materials Program
{
\
SR 2850, poge 1wl *Mivies and roferenese ste an pages 5 ond f,
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Certificate 4288a

Reepmmended Peovedare for O penitg the SRM Ampogde

Page 2 of 6

By M the SEM solution i to be diluted, it s rocomimended that the diluting solatdon have g composition
comparalle to ik of the SRM solution,

e Wamr eye pmtﬁfctt( 1, glmwust st pm_nm:tiure. clotivng aned work coar i zt;r'a;a.r with abworbent papsr in it

Fp Slwike ﬂm B - thi ampcml 1 thc
pright position.

Ay Cheok that @l of the Jigudd has drained put ol (he weok of the sropoale, 1T necessary, genty tagy the
nack o gpeedd the process.

5 Helding the ampoule uptight, seone (e parrowest part of e neck with o seribe or damond penci,

fy  Lightly et the seoreed Jine, This sedhuies the crock propagation veloeity and makes for 3 cleaner
Totgk,

T bl wikh o paper twal, & wiphr, 07 1 suppe sition the sooed line s
amm gﬂ .g, dl (mpu tomrgl G Wi o avaid ecrtamidration, s ol th top of the poule by
prssshn gthc mavzreest part of the neck sy frony yon while poliing the tip of the amponle fowarts
Yo '

& - the solution foome the ampoude nsime & pyenometer D1 & pipet with disprmer Tande,

b TE

9 Beal any unused SRM solution in 8 Dame-senled ploss wmponls, 3£ possible, fo minimie the
evaporation loss, See also reference [4]%.

SR AR, poge 2 of § Fnutes and referenues are on pges & and f,

Page 79 of 455
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Certificate 4288a ' Page 3 of 6

PROFERTIRG OF SR 42b8A
t(‘mmm &'alua.a are shown in k i Epped

|

Source identifieation number NIST SR 428@?&.

Pligrshesal Properties:

Sraerne dmanpl:lmx Liguid iy flumessonied BIET hﬁrc1sil'i-&*1.tc.,-glasg amypote

Body outside dirmgter {16.5 £ 0.5) mm
Wadl Thickness (060 £ D.04) num
Barium womert Less than 2.5%
Lead-oxhile coment Loss thay, (02%5
Cither heavy elomants | Traoe guantities

Evlution density (0998 & B.00%) E*ﬂmml ab 21 °C (b]*
- Bolutlon meuss (4.998 & DOI2) g [b]

| Chemical Propertiss:

ety oy Mgy Fraotion
(mol-L."Ty s

Silution compogirion

) FE
{.0m 0.00100%
D.oo0s 00001

Fadinlogiod Progertios

| Ruference Hime

| Mfnssic setbvity of the sulukion [

L14% [d) [o]
Fhrstoapsralttiog ograrities | Nome deteeted [ﬂ

Ialf Tives used in the detsy
COTTRCTINNS

Ruolative expamied ¢

Messnring instrnmernt b
cleney-tracing ractinsoielite,
eleetronioally from 30 ko 93

SR 42688, pags 3 of § Faduss ant peferoness s o pages  and 4,

Page 80 of 455
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Certificate 4288a
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-Certificate 4288a Page 5 of 6

WOTES
[a) The Stewert is the ST wdl lor dose oguivalent, See reference {11 Ome pSv Is equal 10 0.0 mrem.
Dvistavee frim Amspeide {om); 1 30 00

Approximate Doge Rate (plefiy <01 delectable)

[ Tha skated unegrlainky s two tmes the slawdard aoesrtaly.
[2] Tagsic ﬁl,h\»mf[ the prefer *ﬁ:] prtpyis for uw t;uam]ty ucta‘ dry ehiwiced by the tol al mmss of tm sample,

See reforenvs {1,

[d] The weported salue, ¥, of massc setivity (sokivity
measiyed directhy but was derbrad from meagurem
be waprassed ay y = fx w0k 0 X where £s # mald
modhed] of the messurament process,

Py u:mi m 5 } ’ui tw* mjc,rmwu tvme mm 11u=t:

; cd ﬁ'ﬁ-‘m ttm mwwsme:ﬂ

The walue, xp, used for speh inpul quantity § hay o standard wesertainty, i), that genespics o
COEERI iing uneertaingy ln v, #dy) & |l vy, cablod a component of eombined standared

mreertbnty of

The combined standard wncertaboty of y, w0, i e p
of the componints of combined standared wncertainty.

critive square oot of dhe wm of B sgnary

The combined sin
expanded uncertainty ol g

d uneereangy is mulip

ded by o reversge factor of & = 2 40 obdedn OV, the

Siowe Tt can be apstmed ot fhe possible etimated vatoes of tlw mussie aotiviey are apy
norsnaly diseribated with appioaimate tzmdam devtion ¢
ativity i believed to die n Ly st L wikh o devel of

imatily

For further infoemation o the copeession of uyeerininties, see references [2] and [3),

ix m w.y., lh.u “mesriainty o
ubeertaidios evalosied by stutisticn

duvia-timt o tﬁm TR sr;m'

=
T
";v
&
=y
oy
B
5
f2d

-'ﬁiﬁﬂl]}‘ tm v eytimmted or 1m ivzz;[' es[irm 1] bv wbm- ik
) vinde 35 Dedieved to Yot the Intseval 1

R Eistienm Lm Ilcmzs nr detsetion fur photonamibodng lapiites sre

2w 1 s~ deg dor oargies botwesn 20 and  BS ke,
2w 10 ey ’m“ "L for em srgles botwoen 93 and  SO3 ke¥,

el

i PR PG L) for wovrgios hetween 519 and 1457 kel L dl
i

S

5 % 1% s~ e fon energles butveon 1455 and 3250 ke,

P

[ Tl shviwdwoeertainty - thestandad-wngsrtinty—Seerefepenoe [l

SR 42884, pago 5 0f 0
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s || m Relutivevomponent of eombined steadard uneertabary of ouepot quantityy, sounded to e siger

« Certificate 4288a Page 6 of 6

[k} Tekative stancdard uocertainty of the ngna guadiy 5,
1] Tl velakive chamg

Il |L‘)')\,h: I 4

thitry @ 1% dnmm, iy i'.:MIL%‘-S. in i D05 u‘fl.ﬂmp in y..

g

|

Fess
figures of Jess, The edlative componenl of combined standied ucertainty of yis given by i, g‘}{}- e
| ity | waelely = [t ] (e » windihe. The ntw ‘:ri\'::lwhzcs cl x| S
all dimensiondess quantitivs, are lis ted fn colasns 3, 4, anek 5, o FERIB0 f:-%v, Thng, thevalue i eolumy

3 i woal 1o the walae ] G mufliplied by the walne fn solumn 3. “The mput quantibes wee

B voda
independent, or very nearly so. Fenee the ovarlancis are zero or e ,_,,1,1,_;‘,7111].‘,.

[k] “The relative stendard uneertataty of Sov Is determied b
of the helf lifel, The relsthe standurd unogrtsn

clulwu stundard uneertainey of A (i,

frru) | By ] ey = (Aot} maultip Tudh by otlser segsitivity factors whore appropritte,
Jn] The live time & determined by counting the pulses from g pered ergstal-oontrollied osclfator,

7 'I‘hf‘ >Lmamrd unesvtaingy for eaeh undetertet Jmpuw.l Hont might Teusomably be x,xpu:'ta*‘ o be
el 10 ﬁl" wu ]tm lhv miamattd zmm nP d»tc"tmn tm' Ilhtt i \uml}, .\;a, wfmfju e

1]
g
[4)
v Radintion Peotestion el hMessurements, TOH Woodmont Averee, Bathesda, MD 20814 U84
5] Feabmed N Stroetons Bate File (BNSEE)-Septetaber-1106:

SRR 43EEA, pagr § of &
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Tc-99 00016



TestAMmerica

THE LEADER IN ENVIRONMENTAL TESTING

|||||T c - 99 _ 0001 6|||||

Page 85 of 455

Reagent ID: Tc-99_00016
Expiration Date: 03/18/2016
Description: Tc-99 Spike Laboratory: TestAmerica St. Louis
No. of Bottles: 1 Prepared By: Bernsen, Sarah C
Storage Location: RAD Actinide STDs Solvent: 2M HNO3
Reagent Volume: 500.000 mL Solvent Lot: n/a
Creation Date: 03/18/2015
Open Date:
Container(s): 582609
Comment:
Reagent Analyte Information
Source Source Source Conc. Final Final
Analyte Source ID Exp. Date Conc. Conc. Conc. Units
Tc-99 Tc-99_00015 09/01/2046  9534.11100 228.81866 dpm/mL
Total Activity Tc-99_00015 09/01/2046  9534.11100 228.81866 dpm/mL
Source Reagents
Vendor Vendor Volume Volume
Reagent Description Type Expiration  Vendor Lot # Cat Lot # Used Units
Tc-99_00015 Tc-99 Secondary 09/01/46 12.00000 mL
Dilution
04/07/2015 10:28 Page 1 of 1



St. Louis Radiological Standard Reverification Form

Standard 1D Number: fc-99 00016 (582630 Radionuclide:

True Value = DPM/L or g | Tc-99

Date Analyzed: 3/18/2015

Replicates
#1 226.02 IDPM/L org
#2 227.02 |DPM/L org
#3 226.02 |DPM/L or g

Mean = 226.3533

1 sigma=  0.57735 1.96 sigma = 1.131607

True Value minus 5% =  217.379 (True Value - 5%)

True Value plus 5% =  240.261 (True Value + 5%)

Accuracy:
Mean value within 5% of Certified (True) Value? Yes (Acceptance Criteria)
Precision:
1.96 sigma Value Within 10% of Mean Value? Yes  (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Micha L. Korrinhizer 3/20/2015

SOP Reference: STL-QA-0002, Current Revision
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THE LEADER IN ENVIRONME

Tc-99 Standard Verification:

Std #: 355913
Activity: 228.82dpm/mL
Reference Date: 9/1/1996
- 00l
InstaGel Teva Tc99 00042 DI Water
Vial # (mL) Column (mL) (mL)

1 10 2 1 4

2 10 2 1 4

3 10 2 1 4

0.25mL of 2M HNO3 was added to vials to mimic the tracer amount added to counting
standards (A, B, C).
BKG was made with 5 mL of DI water, 10 mL of InstaGel, 0.25 mL of 2M HNO3, and a

conditioned teva column.
Teva column: conditioned with SmL 0,01M HNQO:s.

Prepared By: Justin Price

Date; 5/8/2014

ik
prot. 1y
Z0MinG.
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Tc-99 00016

Reagent ID:

R

Expiration Date: 05/12/2015

Description: Tc-99 Spike Laboratory: TestAmerica St. Louis
No. of Bottles: 1 Prepared By: Bernsen, Sarah C
Storage Location: RAD Actinide STDs Solvent: 2M HNO3
Reagent Volume; 500.000 mL Solvent Lot; n/a
Creation Date: 04/30/2014
Open Date:
Container(s): 582609
Comment:
Reagent Analyte Information
Source Source Source Conc. Final Final
Analyte Source ID Exp. Date Conc. Units Conc. Conc. Units
Tc-99 Tc-99_00015 09/01/2046  9534.11100 dpm/mL 228.81866 dpm/mL
Total Activity Tc-99_00015 09/01/2046  9534.11100 dpm/mL 228.81866 dpm/mL
Source Reagents
Vendor Vendor Volume Volum
Reagent Description Type Expiration Vendor Lot # Cat Lot # Used Units
Tc-99_00015 Te-99 Secondary 09/01/46 12.00000 mL
Dilution
03/18/2015 9:22 Page 1 of 1
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5/12/20L4 2:12:45 PM QuantaSmart (TM) ~ 4,00 - Serlalf# 117384 Page # 1

Protocoldt L9 - Tc99 2013 Proteocel 19.lsa Uger: Default
Ta99_2013 Protocol L9

Aggay Definition

Aggay Description:

Agsay Type: DPM (Singlef
Report Name: Tc99 Protocol 19
. Output Data Path: \Slsvr0l\RAD\Upload\PACK LSC Teal
Raw Results Path: C:\Packard\Tricarb\Regults\Default\Tc99_2013 Protocol 19\20140512_ 0948
\20140512_0948.results
Assay File Name: C:\Packard\TriCarb\Assays\Tc¢99 2013 Protocol 19.lsga

Additional Data Files Generated with thig Protocol:

19T¢99 .
[Auto] 19Tc99.001L

Count Conditions

Nuclide: Tc99_2013
Quench Indicator: tSIE
External Std Terminator (seag): 15 sec
Pre-Count Delay (min): 0.00
Quench Setq
Low Energy: Tc99_2013
Count Tiwme (win): 30.00
Count Mode: Normal
Aggay Count Cycleg: 1 Repeat Sample Count: 1
#vialg/Sample; 1 Calcoulate % Reference: Off

Background Subtract

Background Subtract: Off
Low CPM Threshold: OFff
2 Sigma % Terminator; On - Any Region

Regions Ll UL 28igma % Terminator
A 0.0 292.0 1.50
B 2.0 292.,0 0.00
c 292,1 450.0 0.00

Count Corrections

Static¢ Controller: On Luminescence Correction; Off
Colored Sampleg: On Heterogenelity Monitor: Off
Coincidence Time (ngec): 18  Delay Before Burst (nsed): 75

Cycle 1 Results
Quench Curxve Bloc¢k Data
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Reagent ID: Tc-99_00014

AT AR AN

Expiration Date;

05/12/2015
TestAmerica St. Louis

Description: Tc-99 Spike Laboratory:
No. of Bottles: 1 Prepared By: Bernsen, Sarah C
Storage Location: RAD Actinide STDs Solvent: 2M HNO3
Reagent Volume; 250.000 mL Solvent Lot; n/a
Creation Date: 04/30/2014
Open Date:
Container(s): 355913
Comment;
Reagent Analyte Information
Source Source Source Conc. Final Final
Analyte Source ID Exp. Date Conc. Units Conc. Conc. Units
Tc-99 Tc-99_00015 09/01/2046  9534.11100 dpm/mL. 228.81866 dpm/mL
Total Activity Tc-99_00015 09/01/2046  9534.11100 dpm/mL 228.81866 dpm/mL
Source Reagents
Vendor Vendor Volume Volumi¢
Reagent Description Type Expiration Vendor Lot # Cat Lot # Used Units
Tc-99_00015 Tc-99 Secondary 09/01/46 6.00000 mL
Dilution N\_
03/12/2015 14:17 Page 1 of 1
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Reagent

Tc-99 00019



St. Louis Radiological Standard Reverification Form

‘Standard ID Number: Tc-99 00019 Radionuclide:
True Value = 228.82 |DPM/L or g I Tc-99 |

Date Analyzed: 3/16/2016

Replicates’
#1 |231.67 DPM/L org

#2 231.67 ]|DPM/Lorg
#3 234.67 |DPM/L org

Mean = 232.67

1sigma= 1732051 1.96 sigma=  3.39482

True Value minus 5% =  217.379 (True Value - 5%)

True Value plus 5% = 240.261 (True Value + 5%)

Accuracy:
Mean value within 5% of Certified (True) Value? Yes  (Acceptance Criteria)
Precision: :
1.96 sigma Value Within 10% of Mean Value? Yes  (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Amanda Leigh Dick 03/16/2016

SOP Reference: STL-QA-0002, Current Revision
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PinK
Crot 19
Us min

TONMENTAL TESTI Klf‘ma

Tc-99 Standard Verification:

Std #: 355913
Activity: 228.82dpm/mL
Reforence Date: 9/1/1996
~ 000l
InstaGel Teva Tc99 00042 DI Water
Vial # {mL) Column (k) {mL)

1 10 2 1 4

2 10 2 1 4

3 10 2 1 4

0.25mL of 2M FINO3 was added to vials to mimio the tracer amount added to counting

standards (4, B, C).
BKG was made with 5 mL of DI water, 10 mL of InstaGel, 0,25 mL of 2M HNO3, and a

conditioned teva.columiy,
35l

Teva column: conditioned Wth 5111L 0,01M HNGQ3,
M?/‘"
</ k m‘ A ‘( (‘

Prepared By: J“.L
Date:
e

~Phde— e, 3 dhe

, 3heh
M""F“ 3fishé
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Reagent ID: Tc-99_00016

A

Expiration Date:

05/12/2015

Description; Tc-99 Spike Laboratoty: TestAmerica St, Louis
No. of Bottles: 1 Prepared By: Bernsen, Sarah C
Storage Location; RAD Actinide STDs Solvent: 2M HNO3
Reagent Volume; 500.000 mL Solvent Lot; n/a
Creation Date; 04/30/2014
Open Date:
Container(s): 582609
Comment:
Reagent Analyte Information
Source Source ‘Bource Gonc. Final Flnal
Analyte . Source ID Exp. Date Conc. Units Conc. Cone. Units
Te-99 Tc-99_00015 09/01/2046  9534.11100 dpmimL. 228.81866 dpm/mL
Total Actlvity Tc-99_00015 09/01/2046  9534,11100 dpm/mL 228.81866 dpm/mL
Source Reagents
Vendor Vendor Volume  Volum
Reagent Description Type Expiration Vendor Lot # Cat Lot # Used Units
Tc-99_00015 Te-89 Secondary 09/01/46 12.00000 mL
Dilution

03/18/2015 ©:22
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3/16/2016 12:01:51 AM

QuantaSmart (TM) ~ 4.00 - Serial# 117383 Page # 1

Protocol# 19 - Tc99_ 2015 Protocol 19.lsa User: Default

Tc99_ Protocol 19

Assay Definition

Assay Description:

Assay Type: DPM (Single)

Report Name: Tc99 Protocol 19

Output Data Path: \Slsvr0l\Rad\Upload\PACK LSC Pink

Raw Results Path: C:\Packard\Tricarb\Resultsg\Default\Tc99 2015 Protocol 19\20160315_1535
\20160315_1535.results

Assay File Name: C:\Packard\TriCarb\Assays\Tc99 2015 Protocol 19.lsa

Additional Data Files Generated with thisg Protocol:

19Tc99
[Auto] 19Tc99.001

Count Conditions

Nuclide: Tc99 2015 : o
Quench Indicator: tSIE
External Std Terminator (sec): 15 gec
Pre-Count Delay (min): 0.00
Quench Set:
Low Energy: Tc99_ 2015
Count Time (min): 45.00
Count Mode: Normal
Assay Count Cycles: 1
#Vialg/Sample: 1

Repeat Sample Count: 1
Calculate % Reference: OffF

Background Subtract

Background Subtract: Off
Low CPM Threshold: Off

[

2 Sigma % Terminator: On - Any Region

Regilons LL UL 28igma % Terminator
A 0.0 292.0 1.50
B 2.0 292.0 0.00
C 292.1 450.0 0.00

Count Corrections

Static Controller: On
Colored Samples: Off
Coincidence Time (nsec):

Cycle 1 Results
Quench Curve Block Data

18

Luminescence Correction: Off

Heterogeneity Monitor: Off
Delay Before Burst (nsec):

Page 99 of 455
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3/16/2016 12:01:51 aM QuantaSmart (TM) - 4.00 - Serial# 117383 Page # 2

Protocol# 19 - Tc99 2015 Protocol 19.lsa User: Default
Tec99_Protocol 19

Date Acquired: 08/23/2015
Date Modified:
Tc99_2015 in A

tSIE Count Efficiency (%)
185.95 93.82
175.23 93.08
148.66 ©92.15
126.06 91.00
112.84 88.16
84.69 84 .43
55.45 76.30
44,33 63.88

S# SMPL ID Count Time CPMA DPM1 TIME
DATE EFF tSIE LUM MESSAGES

1 BKG 45.00 8.73e+000 9.33e+000 3:35:56 PM

3/15/2016 0.936 182.24 100

SpectraView Block Data

2 Verification 1 45,00 2.10e+002 2.41e+002 4:26:13 PM
3/15/2016 0.872 105.43 100

SpectraView Block Data
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3/16/2016 12:01:51 AM QuantaSmart (TM)

- 4.00 ~ Serial$# 117383 Page # 3
Protocol# 19 - Tc99 2015 Protocol 19.lsga

User: Default

Te99_Protocol 19

3 Verification 2 45.00 2.11e+002 2.41e+002 5:16:33 PM
3/15/2016 0.875 107.49 100

Spectraview Block Data

4 Verification 3 45,00 2.14e+002 2.44e4+002 6:06:53 PM
3/15/2016 0.878 109.76 100

SpectraView Block Data

3/16/2016 12:01:50 AM: The network path was not found.
\PACK_LSC_Pink\19Tc99.001' redirected to
Protocol 19\20160315_1535\19Tc99.001"

: '"\Slevrol\Rad\Upload
'C:\Packard\Tricarb\Results\Default\Tc99_2015
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Reagent

Tuna Can LCS 00005



St. Louis Radiological Standard Reverification Form

Standard ID Number: [ Tuna Can LCS_00005 (776670) | Radionuclide:
True Value = 30.08 pCi/g | Gamma LCS Cs-13'7|
Date Analyzed: 101252015

Replicates
#1 30 lpCi/g
#2 29.42 [pCilg

#3 28.95 IpCi/g

Mean = 29.45667

1sigma= 0.525959 1.96 sigma = 1.030881

True Value minus 5% = 28.576 (True Value - 5%)

True Value plus 5% = 31.584 (True Value + 5%)

Accuracy: .
Mean value within 5% of Certified (True) Value? Yes  (Acceptance Criteria)
Precision:
1.96 sigma Value Within 10% of Mean Value? Yes (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Jody Watson 10/29/15

SOP Reference: STL-QA-0002, Current Revision

Tuna Can LCS_00005 (776670)Cs-137
Page 103 of 455
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St. Louis Radiological Standard Reverification Form

Standard ID Number: | Tuna Can LCS_00005 (776670) Radionuclide:
True Value = 97.23 _ JoCilg [Gamma LCS Am-241]
Date Analyzed: 10/25/2015
_ Replicates
#1 96.82 [pCilg
#2 97.14 JpCilg
#3 97.26 JpCi/g

Mean = 97.07333

1sigma=  0.22745 1.96 sigma = 0.445801

True Value minus 5% = 92.3685 (True Value - 5%)

True Value plus 5% = 102.0915 (True Value + 5%)

Accuracy:
Mean value within 5% of Certified (True) Value? Yes  (Acceptance Criteria)
Precision:
1.96 sigma Value Within 10% of Mean Value? Yes (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Jody Watson 10/29/15

SOP Reference: STL-QA-0002, Current Revision

Tuna Can LCS_00005 (776670)Am-241
Page 104 of 455
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St. Louis Radiological Standard Reverification Form

Standard ID Number: | Tuna Can LCSEOOOOS (776670) | Radionuclide:
True Value = 18.6 pCilg I Gamma LCS Co-60 |
Date Analyzed: 10/25/2015
Replicates
#1 pCilg
#2 pCi/g
#3 pCilg
Mean = 18.06
1sigma= 0.554256 1.96 sigma = 1.086342
True Value minus 5% = 17.67 (True Value - 5%)
True Value plus 5% = 19.53 (True Value + 5%)
Accuracy:
Mean value within 6% of Certified (True) Value? Yes  (Acceptance Criteria)
Precision:
1.96 sigma Value Within 10% of Mean Value? Yes  (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Jody Watson 10/29/15

SOP Reference: STL-QA-0002, Current Revision

Tuna Can LCS_00005 (776670)Co-60 10/29/2015
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Te S‘I-Am eri C O Analysis Report for Gamma Spectroscopy

Batch: 217910 Operator:

THE LEADER IN ENVIRONMENTAL TESTING

SampID WRKNO Aliquot Sigma Instrument  Detector CountDateTime CountDuration

LCS 160-217910~2- LCS 341.90¢ 1.00 GammaVision GV01 10/25/15 16:00 30
Analyte Cimpndi ™" " " Activity TotalUnc  CountUnc MDA MLCC  Act/MDA
AC-228 11136 6.771E-001pCilg 2.800E-001  2778E-001  1.003E+000 4.849E-001 0.68
AG-108M 10982 -6.779E-003pCilg 1.235E-002  1.235E-002  2.560E-001 1.249E-001 -0.03
AG-110M 10973 8.663E-003pCilg 1.112E-001  1.112E-001  3.788E-001 1.830E-001 0.02
AM-241 10818 9.682E-+001pCilg 5.076E+000  7243E-001  1.019E+000 5.045E-001 95.00
BA-133 10469 1.494E-002pCilg 8.071E-002  8.071E-002  2.729E-001 1.325E-001 0.05
BA-140 10463 1.374E-001pCilg 2.240E-001  2.238E-001  7.542E-001 3.638E-001 0.18
BE-7 10435 0.000E+000pCilg 3.925E-001  3.925E-001  2.266E+000 1.104E+000 0.00
BI-207 10195 -2.705E-003pCilg 5167E-002  5167E-002  1.770E-001 8.502E-002 0.02
Bl-210M 10173 8.461E-002pCilg 9.172E-002  9.158E-002  3.052E-001 1.486E-001 0.28
Bl-212 10160 5.691E-002pCilg 6.570E-001  6.570E-001  2.266E+000 1.080E-+000 0.03
BIl-214 10154 5.973E-001pCilg 1.858E-001  1.832E-001  3.511E-001 1.678E-001 1.70
CD-109 9254 9.357E+000pCilg 3.288E+000  3.246E+000  3.163E+000 1.546E+000 2.96
CD-113M 17462 -1.418E+002pCilg 7.207E4002  7296E+002  2.462E+003 1.198E+003 -0.06
CE-139 9241 -3.471E-002pCilg 4.795E-002  4.783E-002  1.596E-001 7.801E-002 0.22
CE-141 9235 1.101E-001pCilg 6.681E-002  6.657E-002  2.193E-001 1.068E-001 0.50
CE-144 9221 ~1.962E-001pCifg 3.271E-001  3.269E-001  1.092E+000 5.343E-001 -0.18
CF-249 9215 -9.471E-002pCilg 9.312E-002  9.299E-002  3.094E-001 1.508E-001 -0.31
CF-251 13690 9.783E-002pCllg 2.187E-001  2.185E-001  7.329E-001 3.576E-001 0.13
C0-56 8704 ~4.255E-002pCifg 7.343E-002  7.340E-002  2.477E-001 1.193E-001 0.17
CO-57 13694 3.299E-002pCilg 4.336E-002  4.333E-002  1.444E-001 7.069E-002 0.23
€0-58 8698 -4.234E-003pCilg 6.516E-002  6.516E-002  2.232E-001 1.072E-001 -0.02
CO-60 8692 1.774E4001pCllg 9.138E-001  2.049E-001  6.716E-002 2.728E-002 264.12
CR-51 8604 3.076E-001pCilg 4.401E-001  4.398E-001  1.475E+000 7.149E-001 0.21
Cs-134 8553 2.831E-002pCilg 5517E-002  5515E-002  1.867E-001 8.973E-002 0.15
CS-136 8546 -1.109E-001pCilg 7217E-002  7.189E-002  2.373E-001 1.142E-001 047
CS-137 8539 3.000E+001pCilg 1.696E+000  3.338E-001  2.346E-001 1.129E-001 127.87
EU-152 7145 2.877E-001pCilg 2421E-001  2417E-001  6.269E-001 3.045E-001 0.46
EU-154 7138 1.536E-001pCilg 1.711E-001  1.709E-001  2.192E+000 1.058E-+000 0.07
EU-155 7131 4.023E-002pCilg 1.795E-001  1.795E-001  6.019E-001 2.949E-001 0.07
FE-59 7073 5.086E-002pCilg 8.161E-002  8.157E-002  4.958E-001 2.382E-001 0.10
GA-68 18005 -1.209E+000pCily 2759E+000  2.758E+000  9.368E+000 4.493E+000 0.13
GD-153 6824 -3.997E-003pCilg 1.316E-001  1.316E-001  4.420E-001 2.167E-001 -0.01
HF-181 6495 9.445E-002pCilg 6.542E-002  6.524E-002  2.322E-001 1.124E-001 041
HG-203 6466 -3.305E-002pCilg 5.989E-002  5986E-002  2.006E-001 9.778E-002 -0.16
131 6380 6.854E-002pCilg 6.647E-002  6.638E-002  2.080E-001 1.010E-001 0.33
IR-192 6303 -3.750E-002pCilg 5981E-002  5977E-002  2.001E-001 9.748E-002 -0.19
K-40 6148 ~1.766E-002pCilg 3.281E-001  3.281E-001  1.273E+000 5.734E-001 -0.01
LA-140 6096 5.379E-002pCilg 4.255E-002  4.246E-002  1.212E-001 5.304E-002 0.44
MN-54 5382 3.726E-002pCilg 6.608E-002  6.605E-002  2.235E-001 1.073E-001 017
NA-22 5201 2.193E-002pCily 3.156E-002  3.154E-002  1.109E-001 4.933E-002 0.20
NB-94 5160 -7.036E-002pCilg 5.947E-002  5.936E-002  1.977E-001 9.485E-002 -0.36
NB-95 5154 3.994E-002pCllg 5.496E-002  5493E-002  1.856E-001 8.861E-002 0.22
ND-147 5083 -4.022E-002pCilg 4.368E-001  4.368E-001  1.486E+000 7.183E-001 -0.03
NP-237 4757 -4.170E-001pCifg 3.820E-001  3.821E-001  1.266E+000 6.228E-001 -0.33
NP-239 4751 -3.998E-004pCilg 1.679E-001  1.579E-001  5.314E-001 2.601E-001 0.00
PA-231 4541 1.362E+000pCilg 8.851E-001  8.820E-001 4.992E+000 2.420E+000 027
PA-233 4535 1.538E-001pClly 1.053E-001  1.050E-001  4.596E-001 2.236E-001 0.33
PA-234 4528 ~1.000E-001pCilg 2.035E-001  2.034E-001  6.804E-001 3.330E-001 -0.15
PA-234M 19453 -4.676E-001pCily 9.603E+000  9.603E+000  3.283E-+001 1.580E-+001 -0.01
PB-210 4467 8.549E+002pCilg - §.080E+001  8.359E+000  1.428E+001 7.079E+000 59.88

10/29/2015 2:39:15PM Page 1 of 4 RadCapture, version 6.1.00, released 7/26/2012
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PB-212 4454 3.866E-001pCilg 1.254E-001  1.229E-001  3.210E-001 1.563E-001 1.20

PB-214 4448 3.785E-001pCilg 1.361E-001  1.347E-001  4.828E-001 2.350E-001 0.78

PM-144 19585 4.119E-002pCl/g 3.554E-002  3548E-002  1.884E-001 9.023E-002 0.22

PM-146 2464 3.014E-002pCilg 1161E-001  1.161E-001  5.435E-001 2.596E-001 0.06

RH-106 1882 -2.180E-001pCilg 1.994E-001  1.991E-001  2.012E+000 9.694E-001 0.11

RU-103 1828 0.000E+000pCifg 5216E-002  5216E-002  2.468E-001 1.200E-001 0.00

SB-124 1784 4.494E-003pCilg 5524E-002  5.524E-002  1.889E-001 9.084E-002 0.02

$B-125 1777 2.356E-001pCilg 2342E-001  2338E-001  7.180E-001 3.497E-001 0.33

SC-46 1739 9.344E-002pCifg 5627E-002  5606E-002  2.546E-001 1.226E-001 0.37

SN-113 1570 -5.143E-002pCilg 9.312E-002  9,309E-002  3.121E-001 1.520E-001 -0.16

SN-126 17459 5.835E-002pCilg 5783E-001  5783E-001  1.938E+000 9.517E-001 0.03

TA-182 1301 1.840E-003pCi/g 2175E-001  2.175E-001  7.482E-001 3.582E-001 0.00

TC-99M 17412 2.645E-002pCilg 4239E-002  4.236E-002  1.415E-001 6.920E-002 0.19

TH-227 1058 2.617E+000pCilg 1.856E-+000  1.850E+000  6.105E+000 3.024E+000 0.43

TH-229 1046 9.577E-002pCilg 1.073E-001  1.070E-001  3.470E+000 1.699E+000 0.03

TH-234 1027 7.930E-002pCifg 7.788E-002  7.777E-002  5.067E+000 2.489E+000 0.02

TL-208 929 1.848E-001pCilg 8.785E-002  8.733E-002  2.310E-001 1.114E-001 0.80

U-235 281 8.439E-002pCilg 1.008E-001 1.007E-001  9.972E-001 4.863E-001 0.08

Y-88 74 ~2.520E-002pCilg 8.904E-002  8.903E-002  3.017E-001 1.458E-001 -0.08

ZN-65 31 -9.888E-002pCilg 1.701E-001 1.700E-001  5.742E-001 2.762E-001 -0.17

ZR-95 7 8.948E-002pCilg 8.120E-002  8.116E-002  3.492E-001 1.669E-001 0.26
Laboratory Control Sample Information
Sample ID WRKNO Analyte Activity StdAdded Recovery ZFactor
LCS 160-217910~2-A LCS 160-217910~2-A CS-137 3.000E+001 pClig 3.008E-+001 99.72% -0.0379

C0-60 1.774E+001 pCilg 1.860E+001 95.37% -0.6506
ANM-241 9.682E+001 pCilg 9.723E+001 99.58% -0.0565

Sample Duplicate Information
Sample ID Dup Sample ID Analyte Samp Activity Dup Activity RPD RER DER Flag ZTFactor
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|Blanks Information I

SampiD WRKNO Analyte Activity UncTotal ZFactor
MB 160-217910~1-A MB AC-228 4,303E-002 4.671E-002 0.9214
MB 160-217910~1-A MB AG-108M 5.251E-003 5,684E-003 0.9238
MB 160-217910~1-A MB AG-MOM A.714E-002 2,621E-002 0.6542
MB 160-217910~1-A MB T AM2#t 1,074E-002 2,656E-002 04043
MB 160-217910~1-A M BA33 8.629E-003 1.742E002 0.4954
MB 160-217910~1-A MB  BA-40 1,558E-002 5,153E-002 0.3023
MB 160-217910~1-A M8  BET7 2.157E-003 9.785E-002 0.0220
MB 160-217910~1-A MB BI2O7 1.116E-002 1.404E-002 0.7947
MB 160-217910~1-A MB BL20M 1.161E-002 2,003E-002 0.5795
MB 160-217910~1-A MB B2 6.519E-004 1,749E-001 0.0037
MB 160-217910~1-A MB B4 -3,620E-002 1.629E-001 0.2222
MB 160-217910~1-A MB  CD-109 1.434E-001 1.674E-001 0.8566
MB 160-217910~1-A MB  CD-M3M 0.000E+000 1,045E+002 0.0000
MB 160-217910~1-A MB  CE39 1.578E-003 8.340E-003 0.1892
MB 160-217910~1-A MB  CE41 1.422E-002 1.284E-002 11075
MB 160-217910~1-A MB  CE144 4.109E-002 5,187E-002 0.7922
MB 160-217910~1-A MB  CF-249 -5,027E-003 1.126E-002 0.4467
MB 160-217910~1-A MB  CF-251 4,859E-003 5.226E-002 0.0930
MB 160-217910~1-A MB G056 8.053E-003 1.466E-002 0.5492
MB 160-217910~1-A MB  COb7 0.000E-+000 3.213E-003 0.0000
MB 160-217910~1-A MB  COS58 0.000E-+000 1,250E-002 0.0000
MB 160-217910~1-A M8 co60 -1,064E-002 2,053£-002 05180
MB 160-217910~1-A MB  CRSHI 1.172E-001 6,390E-002 18350
MB 160-217910~1-A MB CS-34 9.570E-003 1221E-002 0.7837
MB 160-217910~1-A MB  CS43 3.486E-003 1.564E-002 0.2228
MB 160-217910~1-A MB C8437 9.350E-003 1.111E-002 0.8412
MB 160-217910~1-A M8 EU1S2 2475E-002 4.360E-002 0.4989
MB 160-217910~1-A MB  EU-154 4,973E-002 3.892E-002 12779
MB 160-217910~1-A MB  EU155 1.249E-002 1.540E-002 0.8106
MB 160-217910~1-A MB  FES0 1.620E-002 2.388E-002 0.6781
MB 160-217910~1-A MB GA4S 0.000E+000 1,.259E-001 0.0000
MB 160-217910~1-A M8  GD-153 7.436E-003 2.145E-002 0.3466
MB 160-217910~1-A MB  HF-181 3.207E-003 4,689E-003 0.6839
MB 160-217910~1-A MB  HG-203 -1.192E-003 1.116E-002 01067
MB 160-217910~1-A MB 3 2131E-002 1517E-002 14047
MB 160-217910~1-A MB R 1.091E-003 6.973E-003 0.1565
MB 160-217910~1-A MB K40 -4.508E-001 8.911E-+000 -0.0506
MB 160-217910~1-A MB  LA-40 0.000E+000 5.961E-003 0.0000
MB 160-217910~1-A MB NN -1.135E-002 1.784E-002 06362
MB 160-217910~1-A MB T NA22 0.000E+000 4.741E-003 0.0000
MB 160-217910~1-A MB NB94 2.773E-004 1.092E-002 0.0254
MB 160-217910~1-A MB  NBOS 7.816E-004 1.302E-002 0,0600
MB 160-217910~1-A MB  NDA47 4.997E-002 8,625E-002 0.5794
MB 160-217910~1-A MB NP237 1.411E-002 3.697E-002 0.3816
MB 160-217910~1-A MB  NP-239 1.903E-002 2.441E-002 0.7798
MB 160-217910~1-A MB  PA231 5.945E-002 5.603E-002 10610
MB 160-217910~1-A MB  PA233 2.561E-002 2.422E-002 1.0574
MB 160-217910~1-A MB PA234 2.390E-002 2,381E-002 1.0038
MB 160-217910~1-A MB  PA23M -1,176E-+000 2.117E+000 0.5557
MB 160-217910~1-A MB  PB210 0.000E+000 1.332E-001 0,0000
MB 160-217910~1-A MB  PB2f2 0.000E+000 1.627E-002 0.0000
MB 160-217910~1-A MB  PB2U 5,054E-002 1.994E-002 25345
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MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A
MB 160-217910~1-A

1072972015

MB
MB
MB
MB
MB
MB
VB
MB
MB
MB
MB
MB
MB
MB
MB
MB
MB
MB
MB
B

2:39:15PM

PM-144
PM-146
RA-226
RH-106
RU-103
8B-124
8B-125
SC-46
SN-113
SN-126
TA-182
TC-99M
TH-227
TH-229
TH-234
TL-208
U-235
Y-88
ZN-65
ZR-95

7.657E-003 1.530E-002 0.5006
-3.061E-002 4.827E-002 -0.6342
-8.578E-002 2.376E-001 -0.3610
-3.627E-003 1.343E-001 -0.0270
-4.735E-003 1.118E-002 -0.4237
4.616E-003 1.522E-002 0.3032
1.047E-002 2.186E-002 04787
0.000E+000 7.139E-003 0.0000
8.694E-003 1.727E-002 0.3875
9.094E-003 7.322E-002 0.1242
9.043E-003 1.445E-002 06258
-1.255E-003 8.033E-003 -0.1562
5.670E-003 1.499E-001 0.0378
-7.369E-002 1.885E-001 -0.3910
1.446E-002 1.018E-001 0.1420
1.346E-002 1.077E-002 1.2495
7.507E-002 5.910E-002 1.2704
0.000E+000 3.838E-003 0.0000
-1.025E-002 3.666E-002 -0.2797
3.371E-003 1.189E-002 0.2836
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Te STA m eri C Q Analysis Report for Gamma Spectroscopy

Batch: 218441 Operator:

THE LEADER IN ENVIRONMENTAL TESTING

SampID WRKNO Aliquot Sigma Instrument  Detector CountDateTime CountDuration

LCS 160-218441~2- LCS 341.90¢ 1.00 GammaVision GV08 10/27/15 15:25 30
Analyte C;r;p';u'l‘ig neen AActivitg TotalUnc  CountUnc MDA MLCC  Act/MDA
AC-228 11136 7.359E-002pCilg 1.183E-001  1.183E-001  1.351E+000 6.534E-001 0.05
AG-108M 10982 -1.250E-001pCilg 9.830E-002  9.810E-002  3.249E-001 1.586E-001 -0.38
AG-110M 10973 -2.165E-001pCilg 1.350E-001  1.346E-001  4.435E-001 2.131E-001 -0.49
AM-241 10818 9.714E+001pCifg 5131E+000  9.547E-001  1.461E+000 7.246E-001 66.50
BA-133 10469 -1.434E-001pCllg 1.166E-001  1.163E-001  3.856E-001 1.880E-001 -0.37
BA-140 10463 3.008E-001pCifg 3.866E-001  3.863E-001  8.898E-001 4.279E-001 0.34
BE-7 10435 1.764E-001pCily 8.364E-001  8.364E-001  2.818E+000 1.373E+000 0.06
BI-207 10195 -3.983E-002pCily 7.303E-002  7.300E-002  2.465E-001 1.188E-001 -0.16
Bl-210M 10173 4.829E-002pCllg 6.207E-002  6.201E-002  3.950E-001 1.928E-001 0.12
Bl-212 10160 1.191E+000pCilg 9.269E-001  0.248E-001  3.076E-+000 1.467E+000 0.39
Bl-214 10154 1.600E-001pCilg 1464E-001  1.462E-001  4.902E-001 2.351E-001 0.33
CD-109 9254 2.361E+000pCilg 4441E+000  4.439E-+000  4.063E-+000 1.992E-+000 0.58
CD-113M 17462 -3.716E+001pCilg 0.021E+002  9.021E+002  3.049E+003 1.485E+003 -0.01
CE-139 9241 3.182E-002pCilg 5.820E-002  5812E-002  1.942E-001 9.508E-002 0.16
CE-141 9235 4.980E-002pCilg 8.364E-002  8.361E-002  2.795E-001 1.366E-001 0.18
CE-144 9221 2.569E-002pCifg 4,004E-001  4.004E-001  1.345E+000 6.591E-001 0.02
CF-249 9215 5.942E-002pCilg 1,163E-001  1.162E-001  3.177E-001 1.540E-001 0.19
CF-251 13690 3.966E-001pCilg 2.757E-001  2735E-001  9.033E-001 4.415E-001 0.44
C0-56 8704 8.557E-002pCily 8.063E-002  8.051E-002  2.695E-001 1.287E-001 0.32
C0-57 13694 3.076E-002pCilg 5.134E-002  5.131E-002  1.712E-001 8.393E-002 0.18
C0O-58 8698 1.346E-002pCilg 8.405E-002  8.405E-002  2.875E-001 1.379E-001 0.05
€0-60 8692 1.870E+001pCily 1.007E+000  3.639E-001  1.870E-001 8.459E-002 100.02
CR-51 8604 -4.740E-001pCilg 6.167E-001  6.162E-001  2.059E+000 1.002E-+000 -0.23
CS-134 8553 9.391E-002pCifg 6.368E-002  6.349E-002  1.526E-001 7.164E-002 0.62
CS-136 8546 3.304E-002pClfg 3.799E-002.  3,794E-002  3.085E-001 1.484E-001 0.11
CS-137 8539 2.942E+001pCilg 1582E+000  3.998E-001  3.497E-001 1.691E-001 84.15
EU-152 7145 1.912E-001pCilg 2.554E-001  2.552E-001  8.302E-001 4.042E-001 0.23
EU-154 7138 6.956E-002pCifg 1.146E-001  1.146E-001  2.351E+000 1.125E+000 0.03
EU-155 7131 2.888E-002pCilg 2199001  2.199E-001  7.370E-001 3.618E-001 0.04
FE-59 7073 -1.833E-001pCily 1.818E-001  1.815E-001  6.083E-001 2.908E-001 -0.30
GA-68 18005 4.764E+000pCilg 2454E+000  2440E+000  7.914E+000 3.694E+000 0.60
GD-153 6824 7.978E-002pCilg 1.652E-001  1.551E-001  5.177E-001 2.540E-001 0.15
HF-181 6495 2.335E-002pCifg 1.043E-001  1.043E-001  3.518E-001 1.712E-001 0.07
HG-203 6466 6.698E-003pCllg 6.497E-002 ' 6.497E-002  2.197E-001 1.068E-001 0.03
1131 6380 -1.610E-002pCilg 8.500E-002  8.500E-002  2.866E-001 1.396E-001 -0.06
IR-192 6303 1.018E-001pCilg 9.042E-002  9.022E-002  2.283E-001 1.111E-001 0.45
K-40 6148 1.623E-001pCilg 3.950E-001  3.940E-001  1.502E-+000 6.607E-001 0.11
LA-140 6096 6.191E-003pCilg 4.179E-002  4.179E-002  5.946E-002 1.880E-002 0.10
MN-54 5382 1.822E-002pCilg 9.095E-002  9.094E-002  3.102E-001 1.491E-001 0.06
NA-22 5201 1.507E-002pCilg 4.555E-002  4.554E-002  1.637E-001 7.329E-002 0.09
NB-94 5160 6.019E-002pCilg 3.912E-002  3.899E-002  2.572E-001 1.233E-001 0.23
NB-95 5154 2.541E-002pCllg 7.560E-002  7.559E-002  2.579E-001 1.234E-001 0.10
ND-147 5083 4.071E-001pClg 4.877E-001  4.871E-001  1.636E-+000 7.863E-001 0.25
NP-237 4757 0.000E+000pCifg 4510E-001  4.510E-001  1.509E+000 7.430E-001 0.00
NP-239 4751 -1.622E-002pCilg 2.061E-001  2.061E-001  6.910E-001 3.393E-001 -0.02
PA-231 4541 ~2,797E-001pCilg 6.016E-001  6.014E-001  7.388E+000 3.603E+000 -0.04
PA-233 4535 1.354E-001pCilg 2.200E-0017  2199E-001  5.917E-001 2.884E-001 0.23
PA-234 : 4528 2.370E-002pCify 7.301E-002  7.300E-002  8.496E-001 4.166E-001 0.03
PA-234M 19453 2.685E+000pCify 3.731E+000  3.729E+000  3.935E+001 1.884E+001 0,07
PB-210 4467 8.385E+002pCilg 5.067E+001  1.196E+001  2.132E+001 1.059E-+001 39.34
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PB-212 4454 2,569E-001pCllg 1484E-001  1.475E-001  4.865E-001 2.382E-001 0.53

PB-214 4448 -1.187E-001pClifg 2062E-001  2.061E-001  4.941E-001 2.392E-001 0.24

PM-144 19585 +1.104E-002pCilg 1584E-002  1.583E-002  2412E-001 1.154E-001 0.06

PM-146 2464 1.016E-001pCilg 1.134E-001  1.133E-001  6.877E-001 3.278E-001 0.15

RH-106 1882 9.849E-001pCilg 7.318E-001  7.301E-001  1.785E+000 8.453E-001 0.55

RU-103 1828 -7.826E-003pClfg 8.182E-002  8.182E-002  2.777E-001 1.346E-001 -0.03

$B-124 1784 1.264E-001pCilg 7.595E-002  7.567E-002  1.582E-001 7.445E-002 0.80

$B-125 1777 2.237E-001pCilg 1.965E-001  1.962E-001  9.608E-001 4.688E-001 0.23

$C-46 1739 6.651E-002pCllg 9.525E-002  9.519E-002  3.209E-001 1.541E-001 0.21

SN-113 1570 2.166E-002pCilg 1.160E-001  1.160E-001  3.912E-001 1.906E-001 0.06

SN-126 17459 -8.991E+000pCilg 1.044E+000  9.772E-001  3.085E+000 1.523E-+000 -2.27

TA-182 1301 2.287E-001pCilg 2419E-001  2416E-001  9.149E-001 4.354E-001 0.25

TC-99M 17412 -3.499E-002pCl/g 5.302E-002  5:298E-002  1.767E-001 8.659E-002 -0.20

TH-227 1058 -3.701E+001pCilg 4.063E4000  3.522E+000  1.124E+001 5.589E+000 -3.29

TH-229 1046 -1.190E+000pCilg 1205E+000  1.291E+000  4.291E+000 2.104E-+000 -0.28

TH-234 1027 -5.199E+001pCilg 5.252E+000  4.493E+000  1.365E+001 6.775E+000 -3.81

TL-208 929 1.496E-001pCilg 8.481E-002  8.445E-002  2.772E-001 1.334E-001 0.54

U-235 281 -6,184E-002pCilg 1.918E+001  1.918E+001  1.442E+000 7.072E-001 -0.04

Y-88 74 -1.169E-001pCifg 1.223E-001  1221E-001  4.080E-001 1.972E-001 -0.29

IN-65 31 -6.060E-002pCilg 2.169E-001  2.169E-001  7.398E-001 3.548E-001 -0.08

ZR-95 7 1.074E-001pCifg 1.365E-001  1.364E-001  4.600E-001 2.199E-001 0.23
Laboratory Control Sample Information
Sample ID WRENO Analyte Activity StdAdded Recovery ZFactor
LCS 160-218441~2-A LCS 160-218441~2-A Cs-137 2.942E+001 pCllg 3.008E-+001 97.82% -0.2899

C0-60 1.870E+001 pClfg 1.859E+001 100.64% 0.0836
AM-241 9.714E+001 pCilg 9.723E-+001 99.92% -0.0112

Sample Duplicate Information
Sample ID Dup Sample ID Analyte Samp Activity Dup Activity RPD RER DER Fila ZFactor
10/29/2015 2:41:08PM Page 2 of 4 RadCapture, version 5.1.00, released 7/26/2012

Page 111 of 455




Blanks Information I

SamplD WRKNO Analyte Activity UncTotal ZFactor
MB 160-218441~1-A MB AC-228 3.987E-002 4.560E-002 0.8743
MB 160-218441~1-A MB AG-108M 5451E-003 8.527E-003 0.6393
MB 160-218441~1-A MB T AG1MOM -1 473E-002 2.625E-002 05612
MB 160-218441~1-A MB T AM241 A ATTE002 2.928E-002 05047
MB 160-218441~1-A MB  BA433 3.407E-003 1.959E-002 0.1740
MB 160-218441~1-A MB  BA-40 6,525E-002 6.139E-002 1.0630
MB 160-218441~1-A M8  BE7 0.000E+000 6.035E-002 0.0000
MB 160-218441~1-A MB  Bl207 8.121E-003 1.544E-002 0.5258
MB 160-218441~1-A MB  BL21OM 1.934E-002 1581E-002 12233
MB 160-218441~1-A MB B2 0.000E+000 1.856E-001 0.0000
MB 160-218441~1-A MB  BI214 .433E-002 5.880E-002 01926
MB 160-218441~1-A MB D09 9.453E-002 2.288E-001 04132
MB 160-218441~1-A M8  CD-HaM -1.366E+002 2.218E+002 06159
MB 160-218441~1-A MB T CE-39 -3.140E-003 9,986E-003 03145
MB 160-218441~1-A MB  CE-4 -6.169E-003 1.570E-002 0.3929
MB 160-218441~1-A MB  CE-144 4.904E-003 4,662E-002 0.1052
MB 160-218441~1-A MB  CF-249 8,754E-003 1.572E-002 0.5569
MB 160-218441~1-A MB  CFos1 -2.594E-002 5.279E-002 04914
MB 160-218441~1-A Me  cos6 -6.736E-003 1.135E-002 05936
MB 160-218441~1-A M Cob7 4,406E-003 9.298E-003 0.4738
MB 160-218441~1-A MB  cobs 1.276E-002 1.914E-002 0.6662
MB 160-218441~1-A M8 CO+40 -3.371E-003 2,082E-002 01619
MB 160-218441~1-A MB CR® 6.564E-002 1.182E-001 0.5552
MB 160-218441~1-A MB T cs34 7.518E-004 1.083E-003 0.6945
MB 160-218441~1-A MB CS436 0.000E+000 5,399E-003 0.0000
MB 160-218441~1-A MB s 1.650E-002 1.844E-002 0.8946
MB 160-218441~1-A M8 EU52 -8,619E-004 1.441E-003 05979
MB 160-218441~1-A MB EU-154 1.149E-001 1.445E-001 0.7954
MB 160-218441~1-A MB  EU-I56 -2,026E-002 3.719E-002 05447
MB 160-218441~1-A MB  FES9 9.255E-003 1.826E-002 0.5070
MB 160-218441~1-A MB  GA8 0.000E-+000 1.430E-001 0.0000
MB 160-218441~1-A M  @D-153 -2,088E-002 3.165E-002 06598
MB 160-218441~1-A MB  HF-181 -1.476E-003 1.865E-003 07914
MB 160-218441~1-A MB  HG=203 1.656E-002 9.732E-003 17013
MB 160-218441~1-A MB 1431 6.142E-003 2.344E-002 0.2620
MB 160-218441~1-A MB R4 3.418E-003 13176002 0.2595
MB 160-218441~1-A MB K40 -6.451E-001 1.290E-+001 -0.0500
MB 160-218441~1-A MB  LA-140 2.528E-003 2.485E-002 0.1017
MB 160-218441~1-A MB MN-54 -2.351E-003 1.657E-002 0.1419
MB 160-218441~1-A MB NAZ2 0.000E-+000 5,287E-003 0.0000
MB 160-218441~1-A MB NB94 1.400E-003 7.442E-003 01881
MB 160-218441~1-A MB  © NB9S -2.221E-003 1,672E-002 01328
MB 160-218441~1-A MB ND-147 2,932E-002 2,819E-002 1.0401
MB 160-218441~1-A MB T Np237 1.201E-002 7A33E-002 0.1615
MB 160-218441~1-A MB NP-239 4,366E-002 2.736E-002 15962
MB 160-218441~1-A MB  PA-231 3.079E-001 2.831E-001 10876
MB 160-218441~1-A M PA233 2,077E-002 3.041E-002 0.6831
MB 160-218441~1-A MB  PA234 5,537E-002 5,645E-002 0.9808
MB 160-218441~1-A MB  PA-234M -7.028E-001 1.816E-000 -0.3870
MB 160-218441~1-A MB  PB210 4463E-001 4.306E-001 1.0364
MB 160-218441~1-A MB  PB212 4.711E-003 2,788E-002 0.1690
MB 160-218441~1-A MB  PB2M 4.377E-002 3.189E-002 13727
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MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A

MB 160-218441~1-A '

MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A
MB 160-218441~1-A

10/29/2015

2:41:08PM

PM-144
PM-146
RH-106
RU-103
SB-124
$B-125
SC-46
SN-113
SN-126
TA-182
TC-99M
TH-227
TH-229
TH-234
TL-208
U-235
Y-88
ZN-65

ZR-95

9.554E-004 6.357E-003 0.1503
-3.544E-002 4.841E-002 -0.7319
4,655E-002 1.634E-001 0.2849
6.210E-003 1.631E-002 0.4057
-1.006E-002 1.857E-002 -0.5418
1.305E-003 4.143E-003 0.3151
~1.594E-004 1.758E-002 -0.0091
3.684E-002 1.998E-002 1.8437
2,933E-001 1.237E-001 2.3710
2,383E-002 4.528E-002 0.5262
3.169E-003 8.389E-003 0.3778
2.179E-001 1.503E-001 1.4498
-9.602E-002 2.482E-001 -0.3868
-6.219E-001 8.472E-001 -0.7341
1.433E-002 2.289E-002 0.6260
1.116E-001 8.413E-002 1.3268
0.000E+000 6.164E-003 0.0000
0.000E+000 9.463E-003 0.0000
-8.939E-004 1.210E-003 -0.7385
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TeSTAm erico Analysis Report for Gamma Spectroscopy

Batch: 218442 Operator:

THE LEADER IN ENVIRONMENTAL TESTING

SampID WRKNO Aliquot Sigma Instrument  Detector CountDateTime CountDuration

LCS 160-218442~2- LCS 341.909 1.00 GammaVision GV09 10/27/15 14:09 30
Analyte Crnpndf ™" "™ " " Activity TotalUnc  CountUnc MDA  MLCC Act/MDA
AC-228 11136 5.980E-001pCilg 2.506E-001  2.488E-001  1.014E+000 4.923E-001 0.59
AG-108M 10982 6.362E-006pCilg 7.136E-002  7.135E-002  2.404E-001 1.175E-001 0.00
AG-110M 10973 -4.015E-003pCilg 1.009E-001  1.009E-001  3.435E-001 1.661E-001 0.01
AM-241 10818 9.726E+001pCilg 5101E+000  7.368E-001  1.053E+000 5.222E-001 92.32
BA-133 10469 8.644E-004pCilg 8.695E-002  8.695E-002  2.932E-001 1.432E-001 0.00
BA-140 10463 2.814E-001pCilg 2.308E-001  2.303E-001  7.647E-001 3.708E-001 0.37
BE-7 10435 5.425E-001pCllg 6.400E-001  6.394E-001  2.131E+000 1.041E+000 0.25
Bi-207 10195 -2.984E-002pCilg 5728E-002  5726E-002  1.928E-001 9.338E-002 -0.15
BI-210M 10173 2.463E-002pCifg 9.686E-002  9.684E-002  3.249E-001 1.590E-001 0.08
Bl-212 10160 4.340E-001pCifg 7.169E-001  7.165E-001  2.420E+000 1.163E-+000 0.18
Bl-214 10154 8.273E-001pCilg 1.845E-001  1.794E-001  3.533E-001 1.700E-001 2.34
CD-109 9254 5.485E+000pCilg 3401E+000  3.387E+000  3.143E+000 1.540E-+000 1.75
CD-113M 17462 8.114E+000pCilg 7.905E+002  7.905E+002  2.661E+003 1.302E+003 0.00
CE-139 9241 ~3.089E-002pCilg 5178E-002  5170E-002  1.723E-001 8.460E-002 0.18
CE-141 9235 ~3.579E-003pCily 6.317E-002  6.317E-002  2.129E-001 1.040E-001 0.02
CE-144 9221 1.068E-001pCifg 3.278E-001  3.277E-001  1.096E+000 5.379E-001 0.10
CF-249 9215 1.007E-001pCilg 1.004E-001  1.002E-001  2.876E-001 1.404E-001 0.35
CF-251 13690 ~2.639E-001pCilg 2511E-001  2500E-001  8.293E-001 4.069E-001 -0.32
C0-56 8704 1.134E-001pCilg 8.881E-002  8.861E-002  2.341E-001 1.131E-001 0.48
CO0-57 13694 5.717E-003pCilg 4,406E-002  4.406E-002  1.476E-001 7.249E-002 0.04
€0-58 8698 5.129E-002pCilg 6.155E-002  6.150E-002  2.064E-001 9.935E-002 0.25
CO-60 8692 1.774E+001pCilg 9.122E-001  1.984E-001  9.851E-002 4.359E-002 180.05
CR-51 8604 -2.572E-002pCilg 5332E-001  5332E-001  1.795E+000 8.779E-001 -0.01
CS-134 8553 5.920E-002pCily 4.059E-002  4.047E-002  2.764E-001 1.350E-001 0.21
CS-136 8546 4.051E-002pCifg 4705E-002  4.700E-002  1.989E-001 9.561E-002 0.20
C8-137 8539 2.895E+001pCifg 1.537E+000  3.066E-001  2.184E-001 1.053E-001 132.57
EU-152 7145 1.210E-001pCilg 1.140E-001  1.138E-001  6.662E-001 3.254E-001 0.18
EU-154 7138 1.536E-001pCifg 2.903E-001  2902E-001  2.035E+000 9.844E-001 0.08
EU-155 7131 -2.215E-001pCilg 1.885E-001  1.881E-001  6.227E-001 3.061E-001 -0.36
FE-59 7073 -2.347E-001pCifg 1.656E-001  1.651E-001  5.463E-001 2.646E-001 0.43
GA-68 18005 -1.959E+000pCifg 2934E+000 2.932E+000 9.861E+000 4.761E+000 0.20
GD-153 6824 1.074E-001pClig 5.604E-002  5566E-002  4.253E-001 2.089E-001 0.25
HF-181 6495. 7.655E-003pCilg 2.864E-002  2.863E-002  2.832E-001 1.384E-001 0.03
HG-203 6466 -5.635E-002pCify 6.273E-002  6.264E-002  2.084E-001 1.020E-001 0.27
1131 6380 7.130E-002pClly 8.246E-002  8.238E-002  2.211E-001 1.079E-001 0.32
IR-192 6303 6.,154E-002pCifg 5.067E-002  5.054E-002  2.010E-001 9.829E-002 0.31
K-40 6148 -1.447E-001pCifg 7481E-001  7.481E-001  1.284E+000 5.849E-001 0.1
LA-140 6096 1.563E-002pCifg 2.812E-002  2.811E-002  1.016E-001 4.393E-002 0.15
MN-54 5382 -2.832E-002pCilg 6.926E-002  6.925E-002  2.341E-001 1.131E-001 0.12
NA-22 5201 -2.47T1E-002pCilg 3.987E-002  3.985E-002  1.381E-001 6.356E-002 -0.18
NB-94 5160 4.992E-002pCilg 4304E-002  4.296E-002  1.435E-001 6.826E-002 0.35
NB-95 5154 -8.541E-002pCilg 6.319E-002  6.303E-002  2.089E-001 1.008E-001 041
ND-147 5083 -5.970E-002pCifg 4,393E-001  4.392E-001  1.487E+000 7.219E-001 -0.04
NP-237 4757 -4.152E-001pCilg 3.778E-001  3771E-001  1.248E+000 6.152E-001 -0.33
NP-239 4751 1.422E-001pCifg 1425E-001  1.422E-001  4.725E-001 2.313E-001 0.30
PA-231 4541 7.897E-001pCilg 5588E-001  5571E-001  6.014E+000 2.942E-+000 0.13
PA-233 4535 1.659E-001pCilg 1.174E-001  1.170E-001  4.817E-001 2.355E-001 0.34
PA-234 4528 7.379E-003pCilg 1.848E-001  1.848E-001  6.212E-001 3.043E-001 0.01
PA-234M 19453 -3.849E+000pCify 1.050E+001  1.050E+001  3.544E+001 1.718E+001 -0.11
PB-210 4467 8.556E+002pCily 5.093E+001  8.354E+000  1.399E+001 6.939E+000 61.17
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PB-212 4454 4.747E-001pCilg 1.198E-001  1.158E-001  2.884E-001 1.405E-001 1.65

PB-214 4448 2.527E-001pCilg 1.397E-001  1.390E-001  4.865E-001 2.377E-001 0.52

PM-144 19585 5.467E-002pCilg 5.088E-002  5.080E-002  1.697E-001 8.140E-002 0.32

PM-146 2464 -1.121E-001pCllg 1.694E-001  1.693E-001  5.705E-001 2.747E-001 -0.20

RH-106 1882 2.453E-001pCllg 5500E-001  5499E-001  1.858E-+000 8.973E-001 0.13

RU-103 1828 3.179E-003pCilg 6.795E-002  6.795E-002  2.296E-001 1.119E-001 0.01

$B-124 1784 6.871E-002pCifg 5491E-002  5479E-002  1.820E-001 8.786E-002 0.38

$B-125 1777 7.725E-002pCifg 1.204E-001  1.203E-001  7.192E-001 3.515E-001 0.1

SC-46 1739 6.865E-002pCllg 3.773E-002  3.756E-002  2.744E-001 1.331E-001 0.25

SN-113 1570 ~5,988E-002pCifg 9.283E-002  9.278E-002  3.100E-001 1.515E-001 0.19

SN-126 17459 4.728E-001pCifg 6.187E-001  6.182E-001 .2.053E+000 1.011E+000 0.23

TA-182 1301 2.190E-001pCilg 1.744E-001  1.740B-001  6.078E-001 2.897E-001 0.36

TC-99M 17412 4.814E-002pCilg 4.538E-002  4.530E-002  1.502E-001 7.375E-002 0.32

TH-227 1058 5.812E-001pCilg 8.496E-001  8490E-001  7.338E+000 3.643E-+000 0.08

TH-229 1046 3.346E-001pCilg 9.867E-001  9.864E-001  3.300E+000 1.619E+000 0.10

TH-234 1027 -3.012E+001pCilg 2.825E+000  2.346E+000  7.161E+000 3.541E+000 -4.21

TL-208 929 1.402E-001pCifg 7.085E-002  7.047E-002  2.180E-001 1.055E-001 0.64

U-235 281 1.225E-001pCilg 2.509E-001  2.508E-001  1.165E+000 5.718E-001 0.11

Y-88 74 -5.977E-002pCilg 8.913E-002  8,908E-002  2.987E-001 1.449E-001 0.20

ZN-65 31 1.053E-001pCilg 9.011E-002  8.995E-002  3.017E-001 1.411E-001 0.35

ZR-95 7 3.603E-002pClig 1120E-001  1.120E-001  3.799E-001 1.833E-001 0.09
Laboratory Control Sample Information
Sample ID WRKNO Analyte Activity StdAdded Recovery ZFactor
LCS 160-218442~2-A L.CS 160-218442~2-A Cs137 2.895E+001 pCily 3.008E+001 96.24% -0.5100

C0-60 1.774E+001 pCilg 1.859E-+001 95.42% -0.6439
AM-241 9.726E+001 pCilg 9.723E+001 100.04% 0.0052

Sample Duplicate Information
Sample ID Dup Sample ID Analyte Samp Activity Dup Activity RPD RER DER Flag ZFactor
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|Blanks Information I

SamplD WRKNO Analyte Activity UncTotal ZFactor
MB 160-218442~1-A MB AC-228 4,629E-002 5.406E-002 0.8562
MB 160-218442~1-A MB  AG-08M 5,830E-003 1.413E-002 0.4125
MB 160-218442~1-A MB AG-1OM 1,.867E-002 2.797E-002 0.6674
MB 160-218442~1-A MB AM-241 4.337E-002 3.562E-002 12178
MB 160-218442~1-A MB  BA133 3.213E-003 1.707E-002 0.1882
MB 160-218442~1-A MB  BA-40 7.074E-002 6.022E-002 14747
MB 160-218442~1-A MB  BE7 2,063E-003 1.089E-001 0.0189
MB 160-218442~1-A MB  BIL07 -8.550E-003 1554E-002 -0.5500
MB 160-218442~1-A MB  Bl2MOM -5,240E-005 2.434E-002 -0,0025
MB 160-218442~1-A MB B2 1.891E-001 2.106E-001 0.8980
MB 160-218442~1-A M8 Bl2t4 5.878E-002 4.257E-002 13807
MB 160-218442~1-A M8  CD-109 -3.780E-002 2.773E-001 01363
MB 160-218442~1-A M8 CD-113M -1.209E+002 2.006E+002 0.6023
MB 160-218442~1-A MB  CE-139 -2.638E-003 1,008E-002 -0.2403
MB 160-218442~1-A MB  CEA#M 0.000E+000 1 549E-002 0.0000
MB 160-218442~1-A MB  CE-144 2,685E-004 7.314E-002 0.0037
MB 160-218442~1-A MB  CF-249 1.313E-003 1.950E-002 0.0673
MB 160-218442~1-A MB  CF251 -3.857E-003 5.706E-002 10,0676
MB 160-218442~1-A M8 cose 1.232E-004 1.804E-004 0.6833
MB 160-218442~1-A M8 cosr 2.443E-003 8.085E-003 0.3022
MB 160-218442~1-A MB  COs58 -1.180E-003 2,037E-002 0.0579
MB 160-218442~1-A MB CO60 6.900E-003 9.579E-003 0.7203
MB 160-218442~1-A MB  CR® 1.599E-003 1.074E-001 0.0149
MB 160-218442~1-A MB s34 3.207E-002 2,395E-002 13391
MB 160-218442~1-A MB  CS136 5,803E-003 1.781E-002 0.3257
MB 160-218442~1-A MB Cs37 0.000E+000 1.138E-002 0.0000
MB 160-218442~1-A MB  EUB2 -3,093E-005 4.932E-002 -0.0006
MB 160-218442~1-A M8 EU54 -1,070E-001 1.707E-001 06272
MB 160-218442~1-A MB  EU55 2.380E-002 1.887E-002 12612
MB 160-218442~1-A MB  FE59 0.000E+000 8.903E-003 0.0000
MB 160-218442~1-A MB  GA®BS 0.000E+000 1515E-001 0.0000
MB 160-218442~1-A MB  GD-153 0,000E+000 1.067E-002 0.0000
MB 160-218442~1-A M8 HF-181 1.261E-002 1.480E-002 0.8522
MB 160-218442~1-A MB  HG-203 3.510E-003 1.144E-002 0.3067
MB 160-218442~1-A MB 143 : 0.000E+000 6.680E-003 0,0000
MB 160-218442~1-A M R4® 15785003 1.452E-002 0.1086
MB 160-218442~1-A MB K40 -2.137E-001 7.006E-001 -0.3050
MB 160-218442~1-A MB LA-140 0,000E+000 7.055E-003 0.0000
MB 160-218442~1-A MB M54 0,000E+000 5,770E-003 0.0000
MB 160-218442~1-A MB NA 2.879E-004 1,602E-002 0.0180
MB 160-218442~1-A M8 NBO4 1.568E-003 1.741E-002 0.0901
MB 160-218442~1-A MB  NBGS 2.922E-003 1.554E-002 0.1880
MB 160-218442~1-A MB  ND-47 7.112E-002 1.032E-001 0.6894
MB 160-218442~1-A MB  NP-237 5,092E-003 7.332E-002 0.0695
MB 160-218442~1-A MB NP-239 1,565E-002 3.200E-002 0.4890
MB 160-218442~1-A MB  PA231 -1.854E-001 3.961E-001 0.4681
MB 160-218442~1-A MB  PA-233 7.432E-003 1.916E-002 0.3879
MB 160-218442~1-A MB  PA234 1.231E-002 3.411E-002 0.3608
MB 160-218442~1-A MB PA-234M 0.000E+000 7.911E-001 0.0000
MB 160-218442~1-A MB  PB210 3.880E-001 4.487E-001 0.8648
MB 160-218442~1-A MB  PB212 -2.440E-002 9.674E-002 20,2522
MB 160-218442~1-A MB PB2M -2 A24E-002 8,010E-002 0.3026
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MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
_ MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A
MB 160-218442~1-A

10/29/2015
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PM-144
PM-146
RH-106
RU-103
SB-124
$B-125
SC-46
SN-113
SN-126
TA-182
TC-99M
TH-227
TH-229
TH-234
TL-208
U-235
Y-88
ZN-65
ZR-95

2.715E-003 1.783E-002 0.1567
1.5619E-002 1.570E-002 0.9676
-2.995E-002 1.833E-001 -0.1634
-5.540E-003 1.385E-002 -0.4000
3.566E-003 1.681E-002 0.2121
-3.271E-002 4.871E-002 -0.6716
1.794E-002 1.459E-002 1.2302
5,033E-004 1.899E-002 0.0265
2,542E-002 1.062E-001 0.2393
5.091E-002 6.392E-002 0.7965
4.412E-003 8.994E-003 0.4906
0.000E-+000 6.308E-002 0.0000
1.425E-001 1.928E-001 0.7391
-5.703E-002 3.530E-001 -0.1616
-2.982E-003 2.496E-002 0.1195
-6.134E-003 8.135E-003 -0.7541
1.099E-002 2.017E-002 0.5449
0.000E+000 1.005E-002 0.0000
-1.630E-002 3.169E-002 -0.5142
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Reagent

Tuna Can 00002



Keted  2la\io

1380 Seaboard Industrial Blvd,
Atlanta, Georgla 30318

Tel 404+352.8677

Fax 404+352.2837

Eckert & Ziegler

Ana|ytics . www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
81427-334
1.0 Liter Sand in 1 Liter HDPE Silgan Jar
Customer: TestAmerica/St. Louis, MO

P.O. No.: 2339080, Item 1

Reference Date: 0l-Jan-2010 12:00 PM EST Grams of Master Source: 0.017870

This standard radicnuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. 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 1, February,
1979, 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 accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402,
McLean, VA 22101.

Master

Uncertainty , %
Gamma-Ray Half-Life, Source¥ This Source Type Calibration
Nuclide Energy (keV) Days yps/gram ¥Yps Ug Uy U Method
Ph-210 46.8 8.120E+03 3.141E+03 0.1 2.1 4.l 4 LS
Am-241 59.8 1.880E+05 2.034E+03 0.1 1.7 358 47 LS
Cd-109 88.0 4.626E+02 1.606E+05 2.822E+03 0.4 23 4.7 HPGe
Co-57 122.1 2.718E+02 8.471E+04 1.488E+03 0.5 2.0 4.1 HPGe
Ce-139 165.9 1.376E+02 1.209E+05 2.124E+03 0.4 19 8.9 HPGe
Hg-203 279.2 4,661E+01 2.726E+056 4. 790E+03 0.4 1.9 3.8 HPGe
Sn-113 391.7 1.181E+02 1.672E+08 2.938E+03 0.5 1.9 39 HPGe
Cs-1317 . 861.7 1.098E+04 1.096E+05 1.926E4+03 06 1.9 4.0 HPGe
Y-88 898.0 1.066E+02 4.077TE+05 7,163E+03 0.4 1.9 39 HPGe
Co-60 1173.2 1.925E+03 2.088E+058 J.611E+03 0.5 19 3.9 HPGe
Co-80 1332.5 1.925E+03 2.056E+05 3.612E+03 0.7 1.9 4.0 HPGe
Y-88 1836.1 1.066E+02 4.308E+05  7.569E+03 0.8 1.9 3.9 HPGe

* Master Bource referg 1o Analytics' 8-izotope mixture which is calibrated quarterly.

Calibration Metheds: 417115 - 4 pi Licquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
Ionization Chamber, Uncextainty: U - Relative expanded uncertainly, k = 2, See NIST Technical Note 1297, "Grildelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)

MGS Certificate, Rev 2 08-28-2009
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Comments:
15850 grams of sand.
This standard will expire one year after the reference date.

Source Prepared by: Lhrel

W. Mao, Radiochemist

QA Approved: \71{}‘/\

]J. D. McCorvey, QA Manager Alternate\

g4

FOUMDED 1533

MGS Certificate, Rev 2 08-28-2009
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Reagent

Tuna Can 00003



1380 Seaboard Industrial Blyd,
Atlanta, Georgia 30318

Tel 404-352:-8677

Fax 404:352:2837

Eckert & Ziegler

Analytics www.analyticsine.com
CERTIFICATE OF CALIBRATION '
Standard Radionuclide Source
90099
1.0 Litex Sand in 1 Liter Wide Mouth HDPE Silgan Jar
Customer: TestAmerica St. Louis / Earth Gity, MO

P.0O. No.: 2454150, Item |

Reference Date: 01-Jan-2012 12:00 PM EST Grams of Master Source: 0.017180

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
emlttmg 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 N42.22-1998, "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 accreditation requirements. Customers may report any

concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,
VA 22101,

Master Uncertainty* , %
Gamma-Ray Half-Life, Source® This Source Type Calibration
Nuclide  Energy (keV) Days yps/gram YPS Uy  Up U Method*
Pb-210 46.5 8.109E+03 3.084E+03 0.1 21 4.1 47 LS
Am-24] 59.5 1.580E+05 2.037E+03 01 L7 358 47 LS
Cd-108 88.0 4.826E+02 1.677E+08 2.881E+03 0.8 23 4.7 HPGe
Co-57 122.1 2.718E+02 8.795E+04 1.811E+03 04 2.0 4.1 HPGe
Ce-139 165.8 1.376E+02 [.24BE+08 2.139E+03 04 1.8 3.9 HPGe
Hg-203 279.2 4.861E+0] 2.T07TE+08 4.651E-+03 03 18 38 HPGe
Sn-113 - 391.7 1.181E+02 1.785E+05 3.015E+03 04 1.9 3.9 HPGe
Cs-137 661.7 1.098E+04 1.128E+058 1.938E+03 0.7 1.9 4.0 HPGe
Y-88 898.0 1.066E+02 4,228E+05 71.264E+03 085 1.6 39 HPGe
Co-60 1173.2 1.928BE+03 2.084E+05 3.88CE+03 06 19 4.0 HPGe
Co-60 1332.8 1.928E+03 2.084E+058 3.581E+03 0.7 18 4.0 HPGe
Y-88 1836.1 1.066E+02 4.476E+05 7.690E-+03 07 18 4.0 HPGe

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

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
Evzluating and Expressing the Uncertainty of NIST Measuremenf Results.”

(Certificate continued on reverse side)

MGS Certificate, Rev 3 04-08-2010
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Comments:
1580 grams of sand. Homogenous down to 10 grams aliguot.
This standard will expire one year after the reference date.

Source Prepared by.

7. Dimitrova, Radiochemist

A Approved: (%’D (_,\/‘\ Date: go TN L
|
|
|
|
?

].D. McCorvey, Counting Room Man&ger

¢ GALIR
\5?'0 = ‘?44’}

2 0,
g D\ %
£ o\ B
‘% N1 FOUNDED 1398 47 -‘?
MGS Certificate, Rev 3 04-08-2010 Page™] A3nf#63 & Page Z of 2



Reagent

Tuna Can 00006



1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318

Tel 404:352:8677

Fax 404+352:2837

§ Eckert & Ziegler

Ana[ytics www.analyticsinc.com
- ~ CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
83814-334
1.0 Liter Band in 1 Liter Wide Mouth HDPE Silgan Jar
Customer: Test America St. Louis '

P.O. No.: 2395112, Item 1

Reference Date: 0l-Jan-2011 - 12:00 PM EST Grams of Master Source: 0.016927

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions.- 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 1, February,
1979, 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 accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402,
McLean, VA 22101,

Master Uncertainty , %
Camma-Ray Half-Life, Source* This Source Type Calibration

Nuclide Energy (keV) Days yps/gram YRS Ug Ug Method
Ph-210 46.5 8.120E+03 3.021E+03 0.1 a1 4.1 47 LS
Am-241 59.5 1.B80E+0B 2.090E+03 0.1 1.7 3.8 411 LS
Cd-109 88.0 4.626E+02 1.697E+08 2.873E+03 0.8 2.3 4.9 HPGe
Co-87 122.1 2.718E+02 8.711E+04 1. 478E+03 0.6 2.0 4.1 HPGe
Ce-139 165.9 1.376E+02 1.247E-+058 2.111E4+03 0.5 1.9 49 HPGe
Hg-203 279.2 4.661E+01 2.783E+05 4,660E+03 04 189 3¢ HPGe
Sn-113 391.7 1.1581E+02 1.769E+086 2.994E+03 05 1.8 3.9 HPGe
Cs-137 661.7 1.098E+04 1.109E+08 1.877E+08 07 1.8 4.0 HPGe
Y-88 © 898.0 1.066E+02 4.224E+05 7.180E+03 0.5 1.8 3.6 HPGe
Co-60 1173.2 1.925E+03 2.142E+05 3.626E+03 06 1.9 4.0 HPGe
Co-60 1332.5 1.925E+03 2.143E+05 3.627E+03 06 1.9 4.0 HPGe
Y-88 1836.1 1.066E+02" 4 472E+08 7.570E+03 058 1.9 3.9 HPCe

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

Calibration Methods:i4m LS - 4 pi Licuid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, 1C
- lonization Chamber. Uncertainty: U - Relative expanded uncerlainty, k = 2, See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Resulis,"

(Certificate continued on reverse side)

MGS Certificate, Rev 2 09-28-2009
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Comments:
1850 grams of sand. Homogeneous down to 10 gram aliquot.

This standard will expire one year after the reference date.

Source Prepared by:

7 Dimitrova, Radiochemist

QA Approved: /”:%——T/’DL/\

]. D. McCorvey, QA Manager Alternate

MGS Certificate, Rev 2 09-28-2009

Date: 2[!' '“‘

Page 2 of 2




Reagent

U-232 00003



p—— 1380 Seaboard Industrial Blvd.
. Atlanta, Georgia 30318
&® Fckert & Ziegler Tel 40435215677
Fax 404+352-2837
An a |yt|CS . www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

85539-334

B mL Liquid in Flame Sealed Vial

Customer: Test America/Earth City, MO
P.O.No.: 2434448 Ttem 1 _—

= wiNv

g Tuy

This standard radionuclide source was prepared gravimetrically from a master solutien, calibrated by Eckert
& Ziegler Analytics, The master solution was calibrated by liquid scintillation counting. Radionuclide purity
and calibration were checked by germanium gamma-ray spectrometry and liquid scintillation counting. The
nuclear decay rate and reference date for this source are given below. 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 1, February, 1979, and
compliance with ANSI N42.22-1988, "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.

Uncertainty* , %

Half-Life, Activity Type Reference Date
Isotope Days (Bq) Uy Up U (12:00 PM EST)
U-232 2.517E+04 1.725E+04 0.5 24 4.9 08/25/2011

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing
ihe Uncertainty of NIST Measurement Results.”

Comments:
Impurities: U-232 daughters, y-impurities (other than decay products) < 0.1 %.

Source Prepared by: Mﬂ-—

M. 1, Taskaeva, Radiochemist

QA APProved: \—’%}/D L_\"’—\ Date: % / a(( ‘(

]. D. McCorvey, QA Manager Alternate \

Single Isotope Certificate, Rev 1 9/28/2009

Corporate Office Laboratory

24937 Avenue Tibbitts Valencla, California 21355 1380 Seabeoard Industrial Blvd. Atlanta, Georgia, 30318



Reagent

U-232 00032



St. Louis Radiological Standard Reverification Form

Standard ID Number: U-232_00032 I Radionuclide:
True Value = 79.043 §DPM/L or g | U-232 1
Date Analyzed; 8/6/2015

Replicates

#1 79.144 |DPM/L org
#2 80.793 EDPM/L or g
#3 81.267 |DPM/Lorg

Mean = _80.40133

1sigma= 1.1143786 1.96 sigma= 2.184177

True Value minus 5% = 75.09085 (True Value - 5%)

True Value plus 5% = 82.99515 (True Value + 5%)

Accuracy:
Mean value within 5% of Certified (True) Value? Yes (Acceptance Criteria)
Precision:
1.96 sigma Value Within 10% of Mean Value? Yes (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Rachel T. Mueller

SOP Reference: STL-QA-0002, Current Revision
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

5:38:06PM

TestAmerica St. Louis
13715 Rider Trail North
Earth City, MO 63045
8/11/2015

Sample Name: Verification 1
SampleType: Sample

Sample Collection Date:

Batch

Analysis #1

Spectrum #1
Sample Volume : 0.1000mL
Aliquot: N/A  Aliquot Fraction: N/A

Batch Name: U-232_00032
AnalysislD: 650918

Tracer

Analyst: 60040

Tracer Name: UNAT Spike_00001

Tracer Activity: 72.27 DPM/mL x (Vol.)0.10 mL = 7.23 DPM

Tracer Ref. Date: 3/30/2008 11:00:22AM

Tracer Nuclide: U-238
Tracer Recovery: 83.45%

Detector: AV115

Serial Number: 49-037E4

Acquisition Start Date: 8/6/2015 3:46:33PM
Live Time: 960.00 min.

Real Time: 960.02 min.

Background Date: 7/17/2015 12:56:42PM

Acquisition

Background Info: Sample: ICB;AV115; Det: AV115; Spectrum #1;

Jul-17-2015 12:56

Calibration Name: 1C-9817;AV115-20150603
Calibration Date: 6/4/2015 1:31:22AM

Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 25.44% +/- 0.31% TPU(2 sigma)

Energy Cal:

200
180
, U232
TED 1234 \
140 I
i 1
g 120 A
a 1
100 |
| 235
il
= |
50 - -
1 1
40 A
5 }ﬁ 1-zzs8]
. i ll wsl |,
i B ey e B "’#“’““ B T s e | - e e S e S B e N E S SN I Mt B s mene pe e my T
3374 3674 3AT4 4274 4574 4874 5174 5474 5774 BO74  E3IT4 BEVY BOT4 T274 TEV4
Ereroy (ke
General Analysis
Analysis Method: Absolute ROl Analysis, Set Name = U_Verify Nuclide Library: Uranium
Decay Correction: 8/6/2015 3:43:19PM MDA Source: Background
MDA Constants: Ko, = 1.65, KB = 1.65
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pgRr Gross  Bkgd Net
Nuclide  keV keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 41575 4,196.0 -38.5 3956.1 4261.9 54.1 100.0 1475 2.0000 1473.00 60.302 DPM/mL
U-235 4381.2 4,396.0 -14.8 4269.3 4470.7 79.4 91.1 61 1.0000 60.00 3.231  DPM/mL
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 76.4 99.8 1376 4.0000 1372.00 67.445 DPM/mL
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 78.5 100.4 1623 3.0000 1620.00 79.144 DPM/mL
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Sample Name: Verification 2
SampleType: Sample

Sample Collection Date:

Batch
Batch Name: U-232_00032
AnalysisiD: 650919
Tracer
Tracer Name: UNAT Spike_00001
Tracer Activity: 72.27 DPM/mL x (Vol.)0.10 mL = 7.23 DPM
Tracer Ref. Date: 3/30/2008 11:00:22AM
: Acquisition

Detector: AV116

Serial Number: 49-034G1

Acquisition Start Date: 8/6/2015 3:46:34PM

Live Time; 960.00 min.

Real Time: 960.02 min.

Background Date; 7/17/2015 12:56:44PM

Background Info: Sample: ICB;AV116; Det: AV116; Spectrum #1;
Jul-17-2015 12:56

TestAmerica St. Louis
13715 Rider Trail North
Earth City, MO 63045
5:38:18PM 8/11/2015

Spectrum #1  Analysis #1
Sample Volume : 0.1000mL
Aliquot: N/A  Aliquot Fraction: N/A

Analyst: 60040

Tracer Nuclide: U-238
Tracer Recovery: 78.91%

Calibration Name: 1C-9884;AV116-20150603
Calibration Date: 6/4/2015 1:31:31AM

Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.86% +/- 0.36% TPU(2 sigma)

Eneray Cal:

TED
150 4
130 4
120 4 !1
L-22a
{é 100 4 “
5 an |
T4 [
B0 4 ‘J
40 -
304 l
. A 235
10 |
. h { i n e v m " &
EI T 1 Il T l"iﬁl T r 1 1 I‘ ‘l ) 1 ‘I 1 1 "I J-'\.I ‘l 1 Jl I"II I U T i 1 Ia ql‘l 1 1 I‘vl
3374 3674 sG74 4274 4574 4av4 5174 5474 5TV BO74 G374 BET4  BIT4  TIP4 7574
, Erergy (ke
General Analysis
Analysis Method: Absolute ROl Analysis, Set Name = U_Verify Nuclide Library: Uranium
Decay Correction: 8/6/2015  3:43:19PM MDA Source: Background
MDA Constants: Ko.=1.65, KB = 1.65
Nuclide Summary (ROIl)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM gpRr Gross Bkgd Net
Nuclide  keV keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 42619 755  100.0 1364 3.0000 1361.00 57.027 DPM/mL
U-235 4381.2 4,396.0 -14.8 4269.3 4470.7  43.8 91.1 72 2.0000 70.00 4080 DPM/mL
U-234 4776.4 4,775.8 0.6 4530.3 4851.0  82.1 99.8 1309 40000 1305,00 69.430 DPM/mL.
U-232 5343.2 5,320.3 22.9 5097.1 54103  83.1 1004 1532 4,0000 1528.00 80793 DPM/mL
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Earth City, MO 63045

TestAmerica St. Louis
13715 Rider Trail North

5:38:31PM 8/11/2015

Spectrum #1  Analysis #1
Sample Volume : 0.1000mL
Aliguot: N/A  Aliquot Fraction: N/A

Sample
Sample Name: Verification 3
SampleType: Sample
Sample Collection Date: Batch
Batch Name: U-232_00032
AnalysisID: 650920

Tracer

Analyst: 60040

Tracer Name: UNAT Spike_00001
Tracer Activity: 72.27 DPM/mL x (Vol.)0.10 mL = 7.23 DPM
Tracer Ref. Date: 3/30/2008 11:00:22AM

Tracer Nuclide: U-238
Tracer Recovery: 84.22%

Acquisition
Detector: AV117

Serial Number: 49-037X4

Acquisition Start Date: 8/6/2015 3:46:35PM

Live Time: 960.00 min.

Real Time: 960.02 min.

Background Date: 7/19/2015 5:26:41PM

Background Info: Sample: ICB;AV117; Det: AV117; Spectrum #1;
Jul-19-2015 17:26

Calibration Name: IC-9885;AV117-20150603
Calibration Date: 6/4/2015 1:31:41AM

Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.89% +/- 0.37% TPU(2 sigma)

Energy Cal:

1404 : U-234

Kall i1
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1 1
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Ensroy (ke
General Analysis
Analysis Method: Absolute ROl Analysis, Set Name = U_Verify

Decay Correction: 8/6/2015 3:43:19PM
MDA Constants: Ko =1.65, KB = 1.65

f 1 oy iy
H3T 3674 3avd 4274 4574 4374 5174 5474 5774 BOTS G374

I I T
GETg G574 Tard

Nuclide Library: Uranium '
MDA Source: Background

Nuclide Summary (ROI)

Peak Peak Peak ROI ROI

Energy Expected Diff Start End FWHM pgR. Gross  Bkgd Net
Nuclide  keV keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 4261.9 73.1 100.0 1456 2.0000 1454.00 60.860 DPM/mL
U-235 4381.2 4,396.0 -14.8 4269.3 4470.7 62.1 91.1 60 1.0000 59.00 3219 DPM/mL
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 81.2 99.8 1390 0.0000 1390.00 69.223 DPM/mL
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 83.9 100.4 1644 2.0000 1642.00 81.267 DPM/mL
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Reagent ID: U-232_00032
Expiration Date: 04/20/2016
Description: U-232 Unclean tracer Laboratory: TestAmerica St. Louis
No. of Bottles: 1 Prepared By: Bernsen, Sarah C
Storage Location: RAD Actinide STDs Solvent: 2M HNO3
Reagent Volume: 500.000 mL Solvent Lot: n/a
Creation Date: 07/16/2015
Open Date:
Container(s): 684064
Comment:
Reagent Analyte Information
Source Source Source Conc. Final Final
Analyte Source ID Exp. Date Conc. Units Conc. Cong. Units
U-232 U-232_00009 08/25/2061  10280.70700 dpm/mL 82.24566 dpm/mL
Source Reagents
Vendor Vendor Volume  Volumx
Reagent Description Type Expiration Vendor Lot # CatLot# Used Units
U-232_00009 U-232 Parent 08/25/61 4.00000 mL
Page 1 of 1

07/16/2015 14:26
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Batch:

Uranium only via UTEVA

ST-RC-0238

*All rinses should flow at 1 mL/minute (only 3M HNOz; may be done at 3 mL/minute)

UTEVA lot;

11.4.4

11.4.5

11.4.6

11.4.7

11.4.8

11.4.9

11.4.10-
11.4.11

,,,,,

UTEVA cartridge

\ 4

5mL 3M HNOj;
COMPLETED[_]
Y.
Load sample
4
25mL 3M HNO3
COMPLETED[_|
Y
5mL 9M HCI
COMPLETED|_|
v
20mL
5M HCI / 0.05M oxalic COMPLETEDD
Y
Elute into clean tube
with 15mL 1M HCI COMPLETEDD
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Reagent

UNAT Ampoule 00001



U.S. Department of Energy

b New Brunswick Laboratory

Certificate of Analysis

CRM 145

Uranyl (N ormal) Nitrate Assay and Isotopic Solution

Uranium Mass Fraction: 0.0101356 g U/g solution + 0.0000011 g U/g solution
[ 10.1356 mg U/g solution + 0.0011 mg U/g solution |

234U' 38
Atom Ratio: 0.000052841
Atom Ratio Uncertainty: 0.000000082

234(y
Atom Percent: 0.0052458
Atom Percent Uncertainty: 0.0000081

Weight Percent: 0.0051579
Weight Percent Uncertainty: 0.0000080 .

Relative Atomic Wéight:
Relative Atomic Weight Uncertainty:

2357
0.72017
0.00039

0.71114
0.00038

23515238y
0.0072543
0.0000040

2387
99.27458
0.00039

99.28370
0.00038

238.028918

0.000012

Note: **U and *°U were not detected. The detection limit of uranium ratios for the technique used is 5 x 107,

This Certified Reference Material (CRM) is a uranium concentration and isotopic solution standard intended for use in
calibration of and/or quality control for uranium analysis methods.. Each unit of CRM 145 consists of approximately
20-mL of uranyl nitrate solution in 1M nitric acid, contained in a sealed glass ampoule.

NOTE: The vial should be handled under proper radiologically-controlled conditions at all times.

The certified uranium content value is based on the mass of high-purity metal dissolved and diluted to a known solution RAD13-0018

mass. The stated uranium concentration was calculated as the prepared value and verified experimentally by the NBL-~

UNAT Spike
marrss

modified Davies and Gray titration. The certified uranium isotopic composition and atomic weight is based upon None

Prep/Opened: 5/3/2013 !

measurements performed on multiple samples by two different measurement techniques on a Thermal Tonization Mass exp(1y: 51072014
Spectrometer (TIMS), calibrated using CRM U030-A as primary comparator and CRM 129-A as a quality control X 510/2014
sample. The isotopic values are shared with CRM 112-A, uranium (normal) metal standard which was the source of

uranium used to produce the solutions.

All uncertainties for the certified values are expressed as expanded uncertainties (U) where U = k*u,, where u, is the

September 30, 2010
Argonne, Illinois www.nbl.doe.gov -
Page 1 of 2

(Revision of Certificate dated March 30, 2008)
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1

combined standard uncertainty and the coverage factor k = 2, Uncertainties were determined according to the JCGM
100:2008 Guide to the Expression of Uncertainty in Measurement. The coverage factor of 2 was chosen to provide an
approximate 95% level of confidence. The input quantities associated with the uranium content included uncertainties
due to weighing, CRM 112-A purity, and buoyancy factors, The input quantities associated with the uranium isotopic
composition included uncertainties from the certified value for CRM U030-A, measurement precision, and background
corrections associated with the analytical techniques.

The CRM was produced by dissolving uranium metal in a single batch and container, with extensive mixing of the
resultant solution followed by dispensation into individual bottles. Subsequent measurements of a random sampling of
the total lot produced did not indicate any inhomogeneity in uranium concentration or isotopic composition. The
minimum sample sizes taken from packaged units and measured were 30 mg U by titration and 1 pg U by TIMS. The
NBL makes no recommendation as to the minimum sample size to be used to ensure concentration or isotopic
homogeneity. :

Users are cautioned that once the vial is opened, the uranium concentration and/or isotopic composition of the material
may be affected by evaporative losses or environmental contamination. User’s should take appropriate precautions to
safeguard the material before, during and after use to ensure valid certificate values.

Recommended Procedure for Ampoule Handling and Dispensing of Solution
1. The ampoule contains a strongly acidic solution of uranium. Appropriate precautions should be taken.

2. Before opening the ampoule, ensure that any dried uranium or condensed liquid in the neck or body of the
ampoule is re-dissolved into solution. This can be accomplished by inverting the ampoule repeatedly.

3. The glass ampoules are scored at the neck for ease of opening. However, glass burrs and fragments pose a cut
hazard to anyone opening the ampoules. Appropriate precautions should be taken.

4. Lightly moisten the scored line on the neck with distilled water to help ensure a clean break at the score.

5. Because of the narrow neck of the ampoule it may be difficult or impossible to pour the solution out. Here is
one possible method:

a. Obtain approximately 12-cm length of plastic capillary tubing (e.g. i.d. 0£0.1”, 0.d. of 0.16”).

b. Insert one end of the capillary tubing fully into the ampoule

c. Fold the remaining length of tubing along the outside of the ampoule, ensuring that the tube is not
crimped-and will allow the free flow of air through the tube and into the ampoule.

d. Holding the ampoule and tubing in one hand, and a beaker or dispensing bottle in another, invert the
ampoule over the container allowing the solution to drain into it.

e. The capillary tubing allows air to flow into the ampoule, eliminating the “airlock” created by the
narrow neck of the open ampoule,

6. The user should be wary of evaporative losses once the ampoule is opened, and prevent uranium
contamination of the sample. It is recommended that the entite solution be accurately weighed and aliquanted
as soon as possible after opening the sample. Precautions should be taken (clean glass/plastic ware, air
filtration, etc) to prevent uranium contamination of the CRM with subsequent perturbation of the isotopic

composition.
September 30, 2010 ) Jon Neuhoff, Director
Argonne, Illinois www.nbl.doe.gov New Brunswick Laboratory

Page 2 of 2
(Revision of Certificate dated March 30, 2008)
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Reagent

UNAT 00012



St. Louis Radiological Standard Reverification Form

Standard ID Number: UNAT_00011 | Radionuclide:
True Value = 70.69 [DPM/Lorg | U-234 i
Date Analyzed: 5/5/2016
Replicates
#1 66.49 [JDPM/Lorg
#2 71.93 JDPM/Lorg
#3 67.79 |JDPM/Lorg

Mean = 68.73667

1sigma= 2.840868 1.96 sigma= 5.568102

True Value minus 5% =  67.1555 (True Value - 5%)

True Value plus 5% =  74.2245 (True Value + 5%)

Accuracy:
Mean value within 5% of Certified (True) Value? Yes (Acceptance Criteria)
Precision:
1.96 sigma Value Within 10% of Mean Value? Yes (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Amanda Dick 05/09/2016

SOP Reference: STL-QA-0002, Current Revision
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THE LEADER IN ENVIRONMENTAL TESTING

lestAmerica St. Louls

13715 Rider Trail North
Earth City, MO 63045
11:10:46AM  5/9/2016

Sample

Sample Name: Verification 1 Type: Sample Sample Volume : 0.10 Sample Units: mL
Spectrum #1  Analysis #1 First Stage Dilution: N/A
: Aliguot: N/A Aliquot Fraction: N/A
Sample Collection Date: Dilution 2: N/A
Comment: Lab Preparation:
Batch - .
Batch Name: UNAT_00011 Client Name: Undefined
: Client Contact:
Description: Analyst: 60040
Tracer :
Tracer Name: U-232_00032 Tracer Nuclide: U-232
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM Tracer Recovery; 100.46%
Tracer Ref. Date: 8/25/2011 12:03:08PM L
Acquisition
Detector: AV194 SN: 50-119J2 Energy Calibration: 1C-9520;AV194-20151017
Acquisition Start Date: 5/56/2016 10:51:35AM Efficiency Calibration:1C-9520;AV194-20151017
Live Time: 960.00 min. Calibration Date: 10/18/2015 3:55:14PM
Real Time: 960.00 min. , Energy Cal: Gain =7.4575 keV /Ch
Background Date; 4/22/2016 10:41:10AM Offset = 3,366.95 keV
Bkgd Info: Sample: ICB;AV194; Det: AV194; Spectrum #1; 4/22/2016 Quadratic = 0.0000 keV / Ch?
10:41:10 AM Efficiency: 24.83% +/- 0.35% TPU(2 sigma)
240 A
220 A
200 !
U-zad
189 A ls
180 i
£ 140
8
120 A
10D -
80
81 4
40 A
20 | hcict
n‘ ] 1 1 Ii . m‘: \’1 & I,',b‘_l).\,'l I i :!}‘h‘i\ I 1 4 ¥ I (J’“

I I
EITS 3674 3574 4374 4574 48

1 1 i 1 1 i 1 1 I I
T4 5174 BaT4 5Fd 074 8374 6674 GETe 7274 TE74

Ensrgy {ke'}
General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:5/5/2016 10:49:41AM Nuclide Library: Uranium
MDA Constants: Ko =1.64, KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak  Peak ROI ROI
_ Energy Expected Diff Start End FWHM pBR. Gross  Bkgd Net
Nuclide  keV keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0  -385 3956, 1 42619 778  100.0 1645 1.0000 1644.00  6.865E+001 DPM/mL
U-235 4381.2 4,396.0  -14.8 4269.3 44707 222  80.2 60 3.0000 57.00 2.968E+000 DPM/mL
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 748  99.8 1590 1.0000 1589.00  6.649E+001 DPM/mL
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 762  100.1 1892 8.0000 1884.00  8.262E+001 DPM/mL
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Sample Name: Verification 2 Type: Sample
Spectrum #1  Analysis #1

éample Collection Date:

Comment:

Batch
Batch Name: UNAT_00011
Description:

Tracer

Tracer Name: U-232_00032

Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM

Tracer Ref. Date: 8/25/2011 12:03:08PM .
Acquisition

Detector: AV195 SN: 50-117AA2
Acquisition Start Date: 5/56/2016 10:51:35AM

Live Time: 960.00 min.

Real Time: 960.00 min.

Background Date: 4/22/2016 10:41:10AM

Bkgd Info: Sample: ICB;AV195; Det: AV195; Spectrum #1; 4/22/2016
10:41:10 AM

lestAmerica St. Louls

13715 Rider Trail North
Earth City, MO 63045
11:10:20AM  5/9/2016

Sample Volume : 0.10 Sample Units: mL
First Stage Dilution: N/A

Aliguot: N/A  Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 83.14%

Energy Calibration: IC-9792;AV195-20151017a
Efficiency Calibration:1C-9792;AV195-20151017a
Calibration Date: 10/18/2015 3:55:41PM
Energy Cal: Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 25.85% +/- 0.30% TPU(2 sigma)

200

180 -

180

140 -
o
E 120 A
z _
m

100 -

BI}: U234

B0 '

40 4

21:}!: \, | Quzas 2

I { I ) | 1 1 1 I I t I 1 I I I 1 1 1 1 1 i 1 1 i i 1 )
4374 G874 AG74 4274 4574 4874 5174 S4T4 E7T4 6074 B3T4 BET4 BOTH TIT4 TEM4
Energy {keW}
General Analysis
Analysis Method: ROl Analysis, Set Name = UROI
Decay Correction:5/5/2016 10:49:41AM Nuclide Library: Uranium
MDA Constants: Ko =164, K3 = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI

) Energy Expected Diff Start End FWHM pgR Gross Bkgd Net
Nuclide  keV keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 41980  -385 3956.1 4261.9 736 1000 1490 0.0000 1490.00  7.223E+001 DPM/mL
U-235 4381.2 4,396.0  -14.8 4269.3 44707 785 802 77 0.0000 77.00 4.654E+000 DPM/mL.
U-234 4776.4 4,775.8 0.6 4530.3 48510 694  99.8 1484 3.0000 1481.00  7.193E+001 DPM/mL
U-232 5343.2 5,320.3 22.9 5097.1 54103 732  100.1 1633 10.0000  1623.00  6.838E+001 DPM/mL
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THE LEADER IN ENVIRONMENTAL TESTING

Sample Name: Verification 3
Spectrum #1  Analysis #1

Type: Sample

éample Collection Date:

lestAmerica St. Louls

13715 Rider Trail North
Earth City, MO 63045
11:09:54AM 5/9/2016

Sample Volume : 0.10
First Stage Dilution: N/A
Aliquot; N/A  Aliquot Fraction: N/A
Dilution 2: N/A

Sample Units: mL

Comment: Lab. Preparation:

Batch
Batch Name: UNAT_00011 Client Name: Undefined
: Client Contact:
Description: Analyst: 60040

Tracer :
Tracer Name: U-232_00032 Tracer Nuclide: U-232
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM Tracer Recovery: 95.37%
Tracer Ref. Date: 8/25/2011 12:03:08PM .

Acquisition

Detector: AV197 SN: 50-117Z5
Acquisition Start Date: 5/5/2016 10:51:35AM

Live Time: 960.00 min.

Real Time: 960.01 min.

Background Date: 4/25/2016 9:56:18AM

Bkgd Info: Sample: ICB;AV197; Det: AV197; Spectrum #1; 4/25/2016
9:56:18 AM

Energy Calibration; 1C-9794;AV197-20151017
Efficiency Calibration:1C-9794;AV197-20151017
Calibration Date: 10/18/2015 3:55:22PM
Energy Cal: Gain =7.4575 keV /Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?

Efficiency: 24.48% +/- 0.31% TPU(2 sigma)

220
200 A
180 j
160 A J
] U234 !
o 1404 .
g . 122 2
8120 4
100
&0
&0
40 -
. U-235
20 -
] i : L } " ;
& U I I 1 I = e - f 1 l,I . U 1 ‘r“l . I L) 1“ 1 I,d-ul 1 i 1 I’k 1 I l‘w 1 I 1 1 1 I
5374 1874 3974 4274 4ST4 4874 EIT4 5474 &TV4 6074 6374 eeT4  69T4 T274 TEM
Energy [ha'v)
General Analysis
Analysis Method: ROl Analysis, Set Name = UROI
Decay Correction:5/5/2016 10:49:41AM Nuclide Library: Uranium
MDA Constants: Ko = 1.64, KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak  Peak ROI ROI
_ Energy Expected Diff Start End FWHM pgR. Gross Bkgd Net
Nuclide  keV keV keV keV keV keV % Counts Counts Counts Activity Units
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 735  99.8 1519 3.0000 1516.00  6.779E+001 DPM/mL
U-232 5343.2 5,320.3 22.9 5097.1 5410.3  78.8  100.1 1769 6.0000 1763.00  7.844E+001 DPM/mL
U-238 4157.5 4,196.0  -38.5 3956.1 42619 728  100.0 1655 0.0000 1655.00  7.385E+001 DPM/mL
U-235 4381.2 4,396.0.  -14.8 4269.3 44707 625  80.2 77 0.0000 77.00 4,284E+000 DPM/mL
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TestAmerica gL

,_ AT _
ReagentID:  UNAT_00011
Expiration Date: 05/20/2016

Description; UNAT spike Laboratory: TestAmerica St. Louis

No. of Bottles; 1 Prepared By: Bernsen, Sarah C

Storage Location: RAD Actinide STDs Solvent: 1M HNO3

Reagent Volume: 200.000 ml. Solvent Lot: n/a

Creation Date; 04/28/2015

Open Date:

Container(s): 622074

Comment;

Reagent Analyte Information
Source Source Source Conc. Final Final
Analyte Source ID Exp. Date Conc. Units Conc. Conc. Units
U-234 UNAT Parent_00001 05/20/2016°  706.91200 dpm/mL 70.69123 dpm/mL
U-235 UNAT Parent_00001 05/20/2016  33.70600 dpm/mL 3.37064 dpm/mL
U-238 UNAT Parent_00001 05/20/2016  722.65000 dpm/mL 72.26499 dpm/mL
Source Reagents
Vendor Vendor Volume  Volum

Reagent Description Type Expiration Vendor Lot # Cat Lot # Used Units
UNAT Parent_00001 UNAT Parent 05/20/16 20.00000 mL

05/02/2016 14:34 Page 1 of 1
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Batch:

Uranium only via UTEVA

ST-RC-0238

*All rinses should flow at 1 mL/minute (only 3M HNO3; may be done at 3 mL/minute)

UTEVA lot: \JTORISG

11.4.4

11.4.5

11.4.6

11.4.7

11.4.8

11.4.9

11.4.10-
11.4.11

/

UTEV%rtridge

5mL/y(4 HNOs

COMPLETED[_]
/
h 4
g L(76 sample
!
E s
25mL 3M HNO;
COMPLETEDM
[ 4
. 5SmL9MHCI
| COMPLETEDm
)4
20mL A
5M HCI / 0.05M oxalic COMPLETE})W
' \
: Elute into clean tube Y 4
2 with 15mL 1M HCI COMPLETEDM

/
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$t. Louis Radiological Standard Reverification Form

Standard ID Number: UNAT_00011 | Radionuclide:
True Value = 72.2649 IDPM/L or g | U-238 i
Date Analyzed: 5/5/2016
Replicates
#1 68.65 JDPM/Lorg
#2 7223 [DPM/Lorg
#3 73.85 |DPMI/Lorg

Mean= 71.57667

1sigma= 2.660852 1.96 sigma= 521527

True Value minus 5% = 68.65166 (True Value - 5%)

True Value plus 6% = 75.87815 (True Value + 5%)

Accuracy:
Mean value within 5% of Certified (True) Value? Yes (Acceptance Criteria)
Precision:
1.96 sigma Value Within 10% of Mean Value? Yes (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DOE QSAS and LANL Statements of Work

Reviewed By/Date: Amanda Dick 05/09/2016

SOP Reference: STL-QA-0002, Current Revision
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THE LEADER IN ENVIRONMENTAL TESTING

lestAmerica St. Louls

13715 Rider Trail North
Earth City, MO 63045
11:10:46AM  5/9/2016

Sample Name: Verification 1
Spectrum #1  Analysis #1

Type: Sample

Sample Collection Date:

Sample Volume : 0.10
First Stage Dilution: N/A
Aliquot: N/A  Aliquot Fraction: N/A
Dilution 2: N/A

Sample Units: mL

Comment: Lab Preparation:

Batch - -
Batch Name: UNAT_00011 Client Name: Undefined
: Client Contact:
Description: Analyst: 60040

Tracer

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM

Detector; AV194 SN: 50-119J2
Acquisition Start Date: 5/5/2016 10:51:35AM

Live Time: 960.00 min.

Real Time: 960.00 min.

Background Date: 4/22/2016 10:.41:10AM

Bkgd Info: Sample: ICB;AV194; Det: AV194; Spectrum #1; 4/22/2016
10:41:10 AM

Acquisition

Tracer Nuclide: U-232
Tracer Recovery: 100.46%

Energy Calibration: 1C-9520;AV194-20151017
Efficiency Calibration:1C-9520;AV194-20151017
Calibration Date: 10/18/2015 3:55:14PM
. Energy Cal: Gain=7.4575 keV /Ch
Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?
Efficiency: 24.83% +/- 0.35% TPU(2 sigma)

240 4

220

200 A

180 4

160 A
£ 440
g -

120 -

100 4

80 -

B -

40 - 2

20
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G’ 1 I 1 I I 1 T 1 i I I 1 I 1 I I 1 i 1 i 1 1 1 i 1 1

Jar4 3874 59T 4274 4574 4874 514 B4F4 0 5TTd BOT4 G374 BBT4 8BT4 T TEMY

Energy {keV'}
General Analysis
Analysis Method: ROl Analysis, Set Name = UROI
Decay Correction:5/5/2016 10:49:41AM Nuclide Library: Uranium
MDA Constants: Ko =1.64, KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak  Peak ROI ROI

' Energy Expected Diff Start End FWHM pgR Gross  Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0  -385 3956.1 42619  77.8  100.0 1645 1.0000 1644.00  6.865E+001 DPM/mL
U-235 4381.2 4,398.0  -14.8 4269.3 44707 222 802 60 3.0000 57.00 2.968E+000 DPM/mL
U-234 4776.4 4,775.8 0.6 4530.3 48510 748 998 1590 1.0000 1589.00  6.649E+001 DPM/mL
U-232 5343.2 5,320.3 22.9 5097.1 54103 762  100.1 1892 8.0000 1884.00  8.262E+001 DPM/mL
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THE LEADER IN ENVIRONMENTAL TESTING

Sample Name: Verification 2
Spectrum #1  Analysis #1

Type: Sample

Sample Collection Date:

lestAmerica St. Louls

13715 Rider Trail North
Earth City, MO 63045
11:10:20AM  5/9/2016

Sample Volume : 0.10
First Stage Dilution: N/A
Aliquot: N/A  Aliquot Fraction: N/A
Dilution 2: N/A

Sample Units: mL

Comment: Lab Preparation:
: Batch
Batch Name: UNAT_00011 Client Name: Undefined
X Client Contact:
Description: Analyst; 60040
Tracer

Tracer Name: U-232_00032

Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM

Tracer Ref. Date: 8/25/2011 12:03:08PM L
Acquisition

Detector: AV195 SN: 50-117AA2
Acquisition Start Date: 5/5/2016 10:51:35AM

Live Time: 960.00 min.

Real Time: 960.00 min.

Background Date: 4/22/2016 10:41:10AM

Bkgd Info: Sample: ICB;AV195; Det: AV195; Spectrum #1; 4/22/2016
10:41:10 AM

Tracer Nuclide: U-232
Tracer Recovery: 83.14%

Energy Calibration: 1C-9792;AV195-20151017a
Efficiency Calibration:IC-9792;AV195-20151017a
Calibration Date: 10/18/2015 3:55:41PM
Energy Cal: Gain=7.4575keV/Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 25.85% +/- 0.30% TPU(2 sigma)

200 4

180

160

140 -
i ]
£ 120 A
=
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L

40 4

20 - 232

;03- s %\ S O ol JI

I i I 1 b 1 I I I I T 1 I I { I 1 1 I ¥ 1 1 I 1 I 1 1
I3T4 3BT4 BOTE 4274 4ET4 4874 B174 B4T4 EFT4 GOT4 BIT4 BEV4 BOTS TIT4 TET4
Energy {he'y
General Analysis
Analysis Method: ROl Analysis, Set Name = UROI
Decay Correction:5/5/2016 10:49:41AM Nuclide Library: Uranium
MDA Constants: Ka=1.64,Kp = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI

) Energy Expected Diff Start End FWHM pgR. Gross  Bkgd Net
Nuclide  keVv keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0  -38.5 3956.1 42619 736  100.0 1490 0.0000 1490.00  7.223E+001 DPM/mL
U-235 4381.2 4,396.0  -14.8 4269,3 44707 785  80.2 77 0.0000 77.00 4.654E+000 DPM/mL
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 694 998 1484 3.0000 1481.00  7.193E+001 DPM/mL
U-232 5343.2 5,320.3 22,9 5097.1 54103 732  100.1 1633 10.0000  1623.00  6.838E+001 DPM/mL
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Sample
Sample Name: Verification 3 Type: Sample
Spectrum #1  Analysis #1
éample Collection Date:
Comment:

Batch
Batch Name: UNAT_00011
Description:

Tracer

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM

Detector: AV197 SN: 50-117Z5
Acquisition Start Date: 5/5/2016 10:51:35AM

Live Time: 960.00 min.

Real Time: 960.01 min.

Background Date: 4/25/2016 9:56:18AM

Bkgd Info: Sample: ICB;AV197; Det; AV197; Spectrum #1; 4/25/2016
9:56:18 AM

Acquisition

lestAmerica St. Louls

13715 Rider Trail North
Earth City, MO 63045
11:09:54AM  5/9/2016

Sample Volume : 0.10
First Stage Dilution: N/A
Aliquot: N/A  Aliquot Fraction: N/A
Dilution 2: N/A

Lab Preparation:

Sample Units: mL

Client Name: Undefined
Client Contact;
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 95.37%

Energy Calibration: IC-9794;AV197-20151017
Efficiency Calibration:|C-9794;AV197-20151017
Calibration Date: 10/18/2015 3:55:22PM
Energy Cal: Gain=7.4575keV /Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.48% +/- 0.31% TPU(2 sigma)

220

200 A

180 A 0

160 - J
o 140
-lg J jeie

100

80 -

£0

40

20

o T —— |‘Jh| |M|‘\ﬁ| e fmwfll e ooy =TT

3374 4574 4874 5174 5474 5774 6074 BIT4 BETY  GOT4 7274 754

Energy {ke'}
General Analysis
Analysis Method: ROl Analysis, Set Name = UROQ|
Decay Correction:5/6/2016 10:49:41AM Nuclide Library: Uranium
MDA Constants: Ko =1.64,Kp= 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI

. Energy Expected Diff Start End FWHM pgRg Gross  Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 735  99.8 1619 3.0000 1516.00  6.779E+001 DPM/mL
U-232 5343.2 5,320.3 22.9 5097.1 54103 788  100.1 1769 6.0000 1763.00  7.844E+001 DPM/mL
U-238 4157.5 4,196.0  -385 3956.1 42619 728  100.0 1655 0.0000 1655.00  7.385E+001 DPM/mL
U-235 4381.2 4,396.0  -14.8 4269.3 44707 625  80.2 77 0.0000 77.00 4.284E+000 DPM/mL
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Reagent ID: UNAT_00011

Expiration Date; 05/20/2016

Description: UNAT spike Laboratory: TestAmerica St. Louis

No. of Bottles; 1 Prepared By: Bernsen, Sarah C

Storage Location: RAD Actinide STDs Solvent: 1M HNO3

Reagent Volume: 200.000 mL Solvent Lot: n/a

Creation Date: 04/28/2015

Open Date:

Container(s): 622074

Comment:

Reagent Analyte Information
Source Source Source Conc. Final Final
Analyte Source ID Exp. Date Conc. Units Conc. Conc. Units
U-234 UNAT Parent_00001 05/20/2016  706.91200 dpm/mL 70.69123 dpm/mL
U-235 UNAT Parent_00001 05/20/2016  33.70600 dpm/mL 3.37064 dpm/mL
U-238 UNAT Parent_00001 05/20/2016  722.65000 dpm/mL 72.26499 dpm/mL.
Source Reagents
Vendor Vendor Volume  Volum

Reagent Description Type Expiration Vendor Lot# Cat Lot # Used Units
UNAT Parent_00001 UNAT Parent 05/20/16 20.00000 mL

05/02/2016 14:34 Page 1 of 1
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. Uranium only via UTEVA
Batch: ST-RC-0238

*All rinses should flow at 1 mL/minute (only 3M HNO3 may be done at 3 mL/minute)

, 1144 | UTEVA fartridge
UTEVA lot:_\JTOR 5% § /
11.4.5 5mL HNO;
COMPLETED| ]
/
11.4.6 Lo;& éample
y
11.4.7 25mL 3M HNOs 2
COMPLETEDM
7
1148 | 5mL9M HCl
i COMPLETEDEﬂ
¢ )
¥ h 4
11.4.9 % 20mL )
| 5M HCI / 0.05M oxalic COMPLETEB@
\A
11.4.10- Elute into clean tube 4
11.4.11 with 15mL 1M HCl COMPLETEDM
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ALPHA SPECTROSCOPY



Method A-01-R U

Isotopic Uranium (Alpha
Spectrometry) by Method A-01-R
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Prep Batch: 254505

Preparation, Extraction
Chromatography Resin Actinide
Separation
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Alpha Spectroscopy Analysis Detail Report
Prep Batch: 254505

LabID:  MB 160-254505/1-A Analyzed: 06/08/16 14:16 Decay Corrected: No
Client ID: Detector:  AV192 Yield Truncated: Yes
Sigma: 2 Dil Fac: 1 Ts: 400
" Analyte MB Result Count Unc Total Unc Qualifier Unit RL MDC Anly Batch

Uranium 238 0.04469 0.0616 0.0618 U pCi/L 0.100 0.0956 255590

Uranium 234 0.07512 0.0897 0.0899 UG pCi/L 0.100 0.140 255590

Uranium-235/236 0.02157 0.0431 0.0432 U pCi/L 0.100 0.0647 255590

Tracer MB Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits

Uranium 232 3.727 0.370 0.484 pCi/L 0.0734 7.41 52.7 30-110
Lab ID: LCS 160-254505/2-A Analyzed: 06/08/16 14:16 Decay Corrected: No
Client ID: Detector:  AV193 Yield Truncated: Yes
Sigma: 2 Dil Fac: 1 Ts: 400

Analyte LCS Result Count Unc Total Unc Qualifier Unit RL MDC Anly Batch

Uranium 238 6.408 0.546 0.767 pCi/L 0.100 0.0350 255591

Uranium 234 6.492 0.551 0.775 pCi/L 0.100 0.0767 255591

Tracer LCS Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits

Uranium 232 5.380 0.439 0.630 pCi/L 0.0973 7.41 76.0 30-110
Lab ID: LCSD 160-254505/3-A Analyzed: 06/08/16 14:16 Decay Corrected: No
Client ID: Detector:  AV195 Yield Truncated: Yes
Sigma: 2 Dil Fac: 1 Ts: 400
" Analyte LCSD Result Count Unc Total Unc Qualifier Unit RL MDC Anly Batch

Uranium 238 6.782 0.567 0.803 pCi/L 0.100 0.0355 255592

Uranium 234 6.638 0.562 0.792 pCi/L 0.100 0.0875 255592

Tracer LCSD Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits

Uranium 232 5.210 0.427 0.611 pCi/L 0.0701 7.41 73.6 30-110
Lab ID:  160-17563-1 Analyzed: 06/08/16 14:16 Decay Corrected: No
Client ID: GW-GWW-052616 Detector:  AV197 Yield Truncated: Yes
Sigma: 2 Dil Fac: 1 Ts: 400

Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Anly Batch

Uranium 238 0.0138 0.0276 0.0276 U pCi/L 0.100 0.0414 255594

Uranium 234 0.0691 0.0618 0.0620 pCi/L 0.100 0.0414 255594

Uranium-235/236 0.000 0.0143 0.0143 U pCi/L 0.100 0.0516 255594
Page 1 of 3 TestAmerica St. Louis
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Alpha Spectroscopy Analysis Detail Report
Prep Batch: 254505

Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
LUranium 232 4.71 0.418 0.576 pCi/L 0.0972 740 66.7 30-110
Lab ID:  160-17563-2 Analyzed: 06/08/16 14:17 Decay Corrected: No
Client ID: GW-NB34-052616 Detector: AV198 Yield Truncated: Yes
Sigma: 2 Dil Fac: 1 Ts: 400
" Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Anly Batch

Uranium 238 0.0334 0.0564 0.0565 UG pCi/L 0.100 0.101 255595

Uranium 234 0.0580 0.110 0.110 UG pCi/L 0.100 0.198 255595

Uranium-235/236 0.0176 0.0757 0.0757 UG pCi/L 0.100 0.166 255595

Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits

Uranium 232 3.98 0.375 0.502 pCi/L 0.105 740 56.3 30-110
Lab ID: 160-17563-3 Analyzed: 06/08/16 14:17 Decay Corrected: No
Client ID: GW-GWY-052616 Detector:  AV199 Yield Truncated: Yes
Sigma: 2 Dil Fac: 1 Ts: 400
" Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Anly Batch

Uranium 238 0.277 0.127 0.129 pCi/L 0.100 0.0437 255733

Uranium 234 0.330 0.141 0.143 pCi/L 0.100 0.0807 255733

Uranium-235/236 0.000 0.0151 0.0151 U pCi/L 0.100 0.0545 255733

Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits

Uranium 232 4.42 0.402 0.547 pCi/L 0.0836 740 625 30-110
LabID: 160-17563-4 Analyzed: 06/08/16 14:17 Decay Corrected: No
Client ID: GW-PZ02-052616 Detector:  AV200 Yield Truncated: Yes
Sigma: 2 Dil Fac: 1 Ts: 400
| Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Anly Batch

Uranium 238 0.0286 0.0613 0.0614 UG pCi/L 0.100 0.121 255596

Uranium 234 0.0382 0.0710 0.0710 UG pCi/L 0.100 0.132 255596

Uranium-235/236 0.0204 0.0408 0.0408 U pCi/L 0.100 0.0611 255596

Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits

Uranium 232 3.99 0.387 0.512 pCi/L 0.108 740 564 30-110
Page 2 of 3 TestAmerica St. Louis
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Alpha Spectroscopy Analysis Detail Report
Prep Batch: 254505

Quality Control Summary

Method Blank ID: Analyte Parent Result Spike Added MB Result Qualifier Unit % Rec % Rec Limits RPD RER DER RERLimit Z Factor
MB 160-254505/1-A Uranium 238 0.04469 U pCi/lL 1.447436
75

MB 160-254505/1-A Uranium 234 0.07512 UG pCi/lL 1.670679
1

MB 160-254505/1-A Uranium-235/236 0.02157 U pCi/L 9991191
7

Lab Control Sample ID: Analyte Parent Result Spike Added LCS Result Qualifier Unit % Rec % Rec Limits RPD RER DER RERLimit Z Factor
LCS 160-254505/2-A Uranium 238 6.51 6.408 pCi/lL 98 83-121 6 -.1879636
108

LCS 160-254505/2-A Uranium 234 6.37 6.492 pCi/L 102 84-120 2 .2283152
775

Lab Control Sample Duplicate Analyte Parent Result Spike Added LCSD Result Qualifier Unit % Rec % Rec Limits RPD RER DER RERLimit Z Factor
LCSD 160-254505/3-A Uranium 238 6.51 6.782 pCi/L 104 83-121 6 024 067 1 .4869596
254

LCSD 160-254505/3-A Uranium 234 6.37 6.638 pCi/L 104 84-120 2 009 026 1 .4914081
157

Glossary:

Ts = Count Duration, Sample

Page 3 of 3
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ALPHA SPECTROSCOPY BATCH WORKSHEET

Lab Name: TestAmerica St. Louis Job No.: 160-17563-1

SDG No.:
Batch Number: 254505 Batch Start Date: 06/02/16 14:38 Batch Analyst: Kennedy, Shannon E
Batch Method: ExtChrom Batch End Date: 06/06/16 09:45
Lab Sample ID |Client Sample ID | Method Chain ‘Basis‘ InitialAmount ‘ U-232 00032 ‘ UNAT 00012

MB 160-254505/1 ExtChrom, 500 mL 0.1 mL

A-01-R
LCS ExtChrom, 500 mL 0.1 mL 0.1 mL
160-254505/2 A-01-R
LCSD ExtChrom, 500 mL 0.1 mL 0.1 mL
160-254505/3 A-01-R
160-17563-A-1 GW-GWW-052616 ExtChrom, T 500.47 mL 0.1 mL

A-01-R
160-17563-A-2 GW-NB34-052616 ExtChrom, T 500.48 mL 0.1 mL

A-01-R
160-17563-B-3 GW-GWY-052616 ExtChrom, T 500.54 mL 0.1 mL

A-01-R
160-17563-B-4 GW-Pz02-052616 ExtChrom, T 500.37 mL 0.1 mL

A-01-R

Batch Notes

Balance ID 1125353055
Analyst ID - Column sek
Column Date 6/3/16
Analyst ID - CoPrecipitation nmn
CoPrecipitation Date 6/6/16
Pipette ID RAD 097
Analyst ID - Reagent Drop Witness rijs per sek
Analyst ID - Reagent Drop sek
SOP Number ST-RC-0100, ST-RC-0232
Basis‘ Basis Description

T ‘Total/NA

The pound sign (#) in the amount added field denotes that the reagent was used undiluted. All calculations are performed using the stated concentration for

this reagent.
A-01-R
Page 162 of 455
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Analysis Report

THE LEADER IN ENVIRONMENTAL TESTING

Sample

Sample Name: MB 160-254505/1-A Type: Blank
Spectrum #2  Analysis #1

: MB 160-254505/1-A

Sample Collection Date: 6/6/2016 9:46:00AM

Comment:

Batch
Batch Name: 254505

Description:

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM

Detector: AV192 SN: 50-119J7
Acquisition Start Date: 6/8/2016 2:16:58PM

Live Time: 400.00 min.

Real Time: 400.01 min.

Background Date: 5/19/2016 1:01:37PM

Bkgd Info: Sample: ICB;AV192; Det: AV192; Spectrum #1; 5/19/2016
1:01:37 PM

Tracer

Acquisition

13715 Rider Trail North
Earth City, MO 63045
8:57:07PM 6/8/2016

Sample Volume : 0.50 Sample Units: L
First Stage Dilution: N/A

Aliquot: N/A Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 52.68%

Energy Calibration: IC-8876;AV192-20151017
Efficiency Calibration:IC-8876;AV192-20151017
Calibration Date: 10/18/2015 3:55:07PM
Energy Cal: Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.71% +/- 0.29% TPU(2 sigma)
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[SE < =T
1 L1110 11119811

courts

mE s RS

8]
F
11 1 1111 1e 11y ery ey iy eaiiiag

U-2zs U235 U224

4 #. .1 4 ulliﬂ .'-': .‘-.I o,
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3374 3574 35974 4274 4574 4374 5174 474
Energy (keV)

1 T T 1 1 1 1 1
374 6074 6374 6674 6974 274 7374

General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:6/7/2016 5:16:08PM Nuclide Library: Uranium
MDA Constants: Ka =1.64 , KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pggr  Gross Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 4261.9 28.5 100.0 3 0.4167 2.58 4.469E-002 pCi/L
U-235 4381.2 4,396.0 -14.8 4269.3 44707 183 80.2 1 0.0000 1.00 2.157E-002 pCi/L
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 9.4 99.8 6 1.6667 4.33 7.512E-002 pCi/L
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 72.0 100.1 411 1.6667 409.33 3.903E+000 pCi/L
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Analysis Report

THE LEADER IN ENVIRONMENTAL TESTING

Sample

Sample Name: LCS 160-254505/2-A Type: Control
Spectrum #2  Analysis #1

: LCS 160-254505/2-A

Sample Collection Date: 6/6/2016 9:46:00AM

Comment:

Batch
Batch Name: 254505

Description:

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM

Detector: AV193 SN: 50-11915

Acquisition Start Date: 6/8/2016 2:16:59PM

Live Time: 400.00 min.

Real Time: 400.00 min.

Background Date: 5/19/2016 1:01:37PM

Bkgd Info: Sample: ICB;AV193; Det: AV193; Spectrum #1; 5/19/2016
1:01:37 PM

Tracer

Acquisition

13715 Rider Trail North
Earth City, MO 63045
8:57:11PM 6/8/2016

Sample Volume : 0.50 Sample Units: L
First Stage Dilution: N/A

Aliquot: N/A Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 76.04%

Energy Calibration: IC-8877;AV193-20151017
Efficiency Calibration:IC-8877;AV193-20151017
Calibration Date: 10/18/2015 3:55:11PM
Energy Cal: Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 25.42% +/- 0.31% TPU(2 sigma)

75 3
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85 3
60 3
55 3
E 12344
30 4 U-z38 :
- H
£ 453 »l ‘ 1
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S 403 | 1 ‘
3 | |
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10 3 i U232
3 U235 :
E' a IH L\ Iuluj IIJI |
3 ] ] ]
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Energy (keV)
General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:6/7/2016 5:16:06PM Nuclide Library: Uranium
MDA Constants: Ka =1.64 , KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pgR. Gross Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 42619 854  100.0 550 0.0000 550.00 6.408E+000 pCilL
U-235 4381.2 4,396.0 -14.8 4269.3 44707 1101 80.2 19 0.0000 19.00 2.760E-001 pCi/L
U-234 4776.4 4,775.8 0.6 4530.3 48510 764 99.8 557 0.8333 556.17 6.492E+000 pCilL
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 854  100.1 612 4.1667 607.83 5.634E+000 pCilL
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Analysis Report

THE LEADER IN ENVIRONMENTAL TESTING

Sample

Sample Name: LCSD 160-254505/3-A  Type: Control
Spectrum #2  Analysis #1

: LCSD 160-254505/3-A

Sample Collection Date: 6/6/2016 9:46:00AM

Comment:

Batch
Batch Name: 254505

Description:

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM
Acquisition

Detector: AV195 SN: 50-117AA2
Acquisition Start Date: 6/8/2016 2:16:59PM

Live Time: 400.00 min.

Real Time: 400.00 min.

Background Date: 5/19/2016 1:01:38PM

Bkgd Info: Sample: ICB;AV195; Det: AV195; Spectrum #1; 5/19/2016
1:01:38 PM

Tracer

13715 Rider Trail North
Earth City, MO 63045
8:56:59PM 6/8/2016

Sample Volume : 0.50 Sample Units: L
First Stage Dilution: N/A

Aliquot: N/A Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 73.63%

Energy Calibration: 1C-9792;AV195-20151017a
Efficiency Calibration:1C-9792;AV195-20151017a
Calibration Date: 10/18/2015 3:55:41PM
Energy Cal: Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 25.85% +/- 0.30% TPU(2 sigma)
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Energy (keV)
General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:6/7/2016 5:16:07PM Nuclide Library: Uranium
MDA Constants: Ka =1.64 , KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pggr  Gross Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 42619 838  100.0 573 0.0000 573.00  6.782E+000 pCi/L
U-235 4381.2 4,396.0 -14.8 4269.3 44707 1014  80.2 24 0.0000 24.00 3.542E-001 pCi/L
U-234 4776.4 4,775.8 0.6 4530.3 48510 652  99.8 561 1.2500 559.75  6.638E+000 pCi/L
U-232 5343.2 5,320.3 22.9 5097.1 5410.3  80.3  100.1 600 1.6667 598.33  5.456E+000 pCi/L
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Analysis Report

THE LEADER IN ENVIRONMENTAL TESTING

Sample

Sample Name: 160-17563-A-1-B Type: Sample
Spectrum #2  Analysis #1

: 160-17563-A-1-B

Sample Collection Date: 5/26/2016 10:50:00AM
Comment:

Batch
Batch Name: 254505

Description:

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM

Detector: AV197 SN: 50-117Z5
Acquisition Start Date: 6/8/2016 2:16:59PM

Live Time: 400.00 min.

Real Time: 400.00 min.

Background Date: 5/19/2016 1:01:38PM

Bkgd Info: Sample: ICB;AV197; Det: AV197; Spectrum #1; 5/19/2016
1:01:38 PM

Tracer

Acquisition

13715 Rider Trail North
Earth City, MO 63045
8:57:29PM 6/8/2016

Sample Volume : 0.50 Sample Units: L
First Stage Dilution: N/A

Aliquot: N/A Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 66.70%

Energy Calibration: 1C-9794;AV197-20151017
Efficiency Calibration:1C-9794;AV197-20151017
Calibration Date: 10/18/2015 3:55:22PM
Energy Cal: Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.48% +/- 0.31% TPU(2 sigma)

[ Y B = T = v
[SE < =T
1 L1110 11119811

courts

R

8]
F
11 1 1111 1e 11y ery ey iy eaiiiag

A
Py
L2233 U-235 234 V 232
A A T J A .'Mlu

1 1 1 1 1 1 1

iR .

2 A A L
T 1 T

T T T 1
3374 3574 3974 4274 4574 4374 5174 474
Energy (keV)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
374 6074 G374 6574 G974 7274 7374

General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:6/7/2016 5:16:06PM Nuclide Library: Uranium
MDA Constants: Ka =1.64 , KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pggr  Gross Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 4261.9 44.5 100.0 1 0.0000 1.00 1.378E-002 pCi/L
U-235 4381.2 4,396.0 -14.8 4269.3 4470.7 .0 80.2 0 0.0000 0.00 0.000E+000 pCi/L
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 10.7 99.8 5 0.0000 5.00 6.906E-002 pCi/L
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 86.1 100.1 517 3.7500 513.25 4.937E+000 pCi/L
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Analysis Report

THE LEADER IN ENVIRONMENTAL TESTING

13715 Rider Trail North
Earth City, MO 63045
8:57:16PM 6/8/2016

Sample

Sample Name: 160-17563-A-2-A Type: Sample
Spectrum #2  Analysis #1

: 160-17563-A-2-A

Sample Collection Date: 5/26/2016 2:00:00PM
Comment:

Sample Volume : 0.50 Sample Units: L
First Stage Dilution: N/A

Aliquot: N/A Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Batch
Batch Name: 254505

Description:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer
Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM
Acquisition

Detector: AV198 SN: 50-117AA7
Acquisition Start Date: 6/8/2016 2:17:00PM

Live Time: 400.00 min.

Real Time: 400.00 min.

Background Date: 5/19/2016 1:01:38PM

Bkgd Info: Sample: ICB;AV198; Det: AV198; Spectrum #1; 5/19/2016
1:01:38 PM

Tracer Nuclide: U-232
Tracer Recovery: 56.31%

Energy Calibration: CCV-9795;AV198-20151122
Efficiency Calibration:CCV-9795;AV198-20151122
Calibration Date: 11/22/2015 4:27:37PM
Energy Cal: Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 25.90% +/- 0.46% TPU(2 sigma)
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Energy (keV)
General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:6/7/2016 5:16:06PM Nuclide Library: Uranium
MDA Constants: Ka =1.64 , KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pggr  Gross Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 42619 249  100.0 3 0.8333 217 3.343E-002 pCi/L
U-235 4381.2 4,396.0 -14.8 4269.3 44707 183 80.2 3 2.0833 0.92 1.763E-002 pCi/L
U-234 4776.4 4,775.8 0.6 4530.3 48510 433 99.8 10 6.2500 3.75 5.797E-002 pCi/L
U-232 5343.2 5,320.3 22.9 5097.1 5410.3  86.3  100.1 464 5.4167 458.58 4.168E+000 pCilL
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Analysis Report

THE LEADER IN ENVIRONMENTAL TESTING

Sample

Sample Name: 160-17563-B-3-A Type: Sample
Spectrum #2  Analysis #1

: 160-17563-B-3-A

Sample Collection Date: 5/26/2016 3:15:00PM
Comment:

Batch
Batch Name: 254505

Description:

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM

Detector: AV199 SN: 50-117Z3
Acquisition Start Date: 6/8/2016 2:17:00PM

Live Time: 400.00 min.

Real Time: 400.01 min.

Background Date: 5/19/2016 1:01:39PM

Bkgd Info: Sample: ICB;AV199; Det: AV199; Spectrum #1; 5/19/2016
1:01:39 PM

Tracer

Acquisition

13715 Rider Trail North
Earth City, MO 63045
8:57:25PM 6/8/2016

Sample Volume : 0.50 Sample Units: L
First Stage Dilution: N/A

Aliquot: N/A Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 62.49%

Energy Calibration: 1C-9817;AV199-20151017
Efficiency Calibration:1C-9817;AV199-20151017
Calibration Date: 10/18/2015 3:55:29PM
Energy Cal: Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.71% +/- 0.30% TPU(2 sigma)
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General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:6/7/2016 5:16:06PM Nuclide Library: Uranium
MDA Constants: Ka =1.64 , KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pggr  Gross Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 4261.9 67.5 100.0 19 0.0000 19.00 2.768E-001 pCi/L
U-235 4381.2 4,396.0 -14.8 4269.3 4470.7 .0 80.2 0 0.0000 0.00 0.000E+000 pCi/L
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 77.0 99.8 23 0.4167 22.58 3.297E-001 pCi/L
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 83.0 100.1 488 2.5000 485.50 4.625E+000 pCi/L
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Analysis Report

THE LEADER IN ENVIRONMENTAL TESTING

Sample

Sample Name: 160-17563-B-4-A Type: Sample
Spectrum #2  Analysis #1

: 160-17563-B-4-A

Sample Collection Date: 5/26/2016 2:35:00PM
Comment:

Batch
Batch Name: 254505

Description:

Tracer Name: U-232_00032
Tracer Activity: 82.25 DPM / mL x (Vol.) 0.10 mL = 8.22 DPM
Tracer Ref. Date: 8/25/2011 12:03:08PM

Detector: AV200 SN: 50-117J6
Acquisition Start Date: 6/8/2016 2:17:00PM

Live Time: 400.00 min.

Real Time: 400.00 min.

Background Date: 5/20/2016 3:00:07PM

Bkgd Info: Sample: ICB;AV200; Det: AV200; Spectrum #1; 5/20/2016
3:00:07 PM

Tracer

Acquisition

13715 Rider Trail North
Earth City, MO 63045
8:57:34PM 6/8/2016

Sample Volume : 0.50 Sample Units: L
First Stage Dilution: N/A

Aliquot: N/A Aliquot Fraction: N/A

Dilution 2: N/A

Lab Preparation:

Client Name: Undefined
Client Contact:
Analyst: 60040

Tracer Nuclide: U-232
Tracer Recovery: 56.43%

Energy Calibration: 1C-9884;AV200-20151017
Efficiency Calibration:1C-9884;AV200-20151017
Calibration Date: 10/18/2015 3:55:33PM
Energy Cal: Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.41% +/- 0.35% TPU(2 sigma)
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General Analysis
Analysis Method: ROI Analysis, Set Name = UROI
Decay Correction:6/7/2016 5:16:06PM Nuclide Library: Uranium
MDA Constants: Ka =1.64 , KB = 1.64 MDA Source: Background
Nuclide Summary (ROI)
Peak Peak Peak ROI ROI
Energy Expected Diff Start End FWHM pggr  Gross Bkgd Net
Nuclide  kev keV keV keV keV keV % Counts Counts Counts Activity Units
U-238 4157.5 4,196.0 -38.5 3956.1 4261.9 126.0 100.0 3 1.2500 1.75 2.860E-002 pCi/L
U-235 4381.2 4,396.0 -14.8 4269.3 44707 1.0 80.2 1 0.0000 1.00 2.038E-002 pCi/L
U-234 4776.4 4,775.8 0.6 4530.3 4851.0 15.5 99.8 4 1.6667 2.33 3.821E-002 pCi/L
U-232 5343.2 5,320.3 22.9 5097.1 5410.3 69.6 100.1 438 5.0000 433.00 4.178E+000 pCi/L
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Daily Checks



Analysis Date: 06/08/16

Alpha Spectroscopy Daily Pulser Check

Gross Counts FWHM (keV) Pulser Center Energy (keV)
Detector Analysis Date  Result Criteria P/F Result Criteria P/F Result Criteria P/F Result Criteria P/F
AV192 06/08/16 10:01 5979  5701.2-6301.3 Pass 16.4 10-20 Pass 222.0 217.0-227.0 Pass 5022  4982.6-5062.6 Pass
AV193 06/08/16 10:01 5747  5571.4-6157.9 Pass 13.1 10-20 Pass 223.0 217.1-227.1 Pass 5030  4983.4-5063.4 Pass
AV195 06/08/16 10:01 5867  5665.0-6261.3 Pass 12.6 10-20 Pass 2240 219.1-229.1 Pass 5037  4998.0-5078.0 Pass
AV197 06/08/16 10:01 5966 5714.2-6315.7 Pass 16.6 10-20 Pass 2171 211.9-221.9 Pass 4986  4944.8-5024.8 Pass
AV198 06/08/16 10:01 6009  5708.4-6309.3 Pass 15.7 10-20 Pass 2251 219.2-229.2 Pass 5046  4998.7-5078.7 Pass
AV199 06/08/16 10:01 5767  5584.5-6172.3 Pass 12.8 10-20 Pass 2189 214.0-224.0 Pass 4999  4959.9-5039.9 Pass
AV200 06/08/16 10:01 6007  5688.6-6287.4 Pass 14.9 10-20 Pass 2220 216.9-226.9 Pass 5022  4981.7-5061.7 Pass
Page 1 of 1 TestAmerica St. Louis
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. Alpha-Spectroscopy TestAmerica St. Louis
TestAmerica Pulser Report 13715 Rider Trail North

Earth City, MO 63045
THE LEADER IN ENVIRONMENTAL TESTING 10:07:22AM 6/8/2016

Sample :
Sample Name: Pulser;AV192 Spectrum #12  Analysis #1

Comment:

Batch
Batch Name: May2016b

Description:

Acquisition

Detector: AV192, SN: 50-119J7 Energy Calibration Equation:
Acquisition Start Date: 6/8/2016 10:01:53AM )
Gain = 7.4575 keV / Ch

Live Time: 1.00 min.
Real Time: 1.00 min. Offset = 3,366.95 keV

Calibration Name: IC-8876;AV192-20151017 Quadratic = 0.0000 keV / Ch?
Calibration Date: 10/18/2015 3:55:07PM
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General Analysis
Analysis Method: Peak Fit Analysis

Nuclide Summary (Peak Search)

Peak Start End
Energy Energy Energy FWHM Fit Gross
Nuclide keV keV keV keV Area Counts
Pulser 5022.344  4994.411  5050.276 16.41 5,925.66 5,979.46
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy TestAmerica St. Louis

13715 Rider Trail North
Earth City, MO 63045
10:07:23AM 6/8/2016

Pulser Report

Sample Name: Pulser;AV193
Comment:

Sample :
Spectrum #12  Analysis #1

Batch Name: May2016b
Description:

Batch

Detector: AV193, SN: 50-11915
Acquisition Start Date: 6/8/2016 10:01:53AM

Live Time: 1.00 min.
Real Time: 1.00 min.
Calibration Name: IC-8877;AV193-20151017

Calibration Date: 10/18/2015 3:55:11PM

Acquisition
Energy Calibration Equation:

Gain =7.4575 keV / Ch
Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?
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Analysis Method: Peak Fit Analysis

Nuclide Summary (Peak Search)

1 1 1 1 1 1 1 1 1 1 1 1 1 1
5774 6074 6374 6574 6974 7274
Energy (ke\)

General Analysis

Peak Start End
Energy Energy Energy FWHM Fit Gross
Nuclide keV keV keV keV Area Counts
Pulser 5030.355 5008.013  5052.698 13.13 5,458.71 5,747.37
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. Alpha-Spectroscopy TestAmerica St. Louis
TestAmerica Pulser Report 13715 Rider Trail North

Earth City, MO 63045
THE LEADER IN ENVIRONMENTAL TESTING 10:07:27AM 6/8/2016
Sample

Sample Name: Pulser;AV195 Spectrum #12  Analysis #1
Comment:

Batch
Batch Name: May2016b

Description:

Acquisition

Detector: AV195, SN: 50-117AA2 Energy Calibration Equation:
Acquisition Start Date: 6/8/2016 10:01:53AM )
Gain = 7.4575 keV / Ch

Live Time: 1.00 min.
Real Time: 1.01 min. Offset = 3,366.95 keV

Calibration Name: 1C-9792:AV195-20151017a Quadratic = 0.0000 keV / Ch?
Calibration Date: 10/18/2015 3:55:41PM
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General Analysis
Analysis Method: Peak Fit Analysis

Nuclide Summary (Peak Search)

Peak Start End
Energy Energy Energy FWHM Fit Gross
Nuclide keV keV keV keV Area Counts
Pulser 5037.222 5015799  5058.645 12.59 5,622.80 5,867.23
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. Alpha-Spectroscopy TestAmerica St. Louis
TestAmerica Pulser Report 13715 Rider Trail North

Earth City, MO 63045
THE LEADER IN ENVIRONMENTAL TESTING 10:07:06AM 6/8/2016

Sample :
Sample Name: Pulser;AV197 Spectrum #12  Analysis #1

Comment:

Batch
Batch Name: May2016b

Description:

Acquisition

Detector: AV197 , SN: 50-117Z5 Energy Calibration Equation:
Acquisition Start Date: 6/8/2016 10:01:54AM )
Gain = 7.4575 keV / Ch

Live Time: 1.00 min.
Real Time: 1.00 min. Offset = 3,366.95 keV

Calibration Name: 1C-9794;AV197-20151017 Quadratic = 0.0000 keV / Ch?
Calibration Date: 10/18/2015 3:55:22PM
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General Analysis
Analysis Method: Peak Fit Analysis

Nuclide Summary (Peak Search)

Peak Start End
Energy Energy Energy FWHM Fit Gross
Nuclide keV keV keV keV Area Counts
Pulser 4986.102 4957.863  5014.340 16.59 5,497.12 5,965.58
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. Alpha-Spectroscopy TestAmerica St. Louis
TestAmerica Pulser Report 13715 Rider Trail North

Earth City, MO 63045
THE LEADER IN ENVIRONMENTAL TESTING 10:07:07AM 6/8/2016

Sample :
Sample Name: Pulser;AV198 Spectrum #12  Analysis #1

Comment:

Batch
Batch Name: May2016b

Description:

Acquisition

Detector: AV198, SN: 50-117AA7 Energy Calibration Equation:
Acquisition Start Date: 6/8/2016 10:01:54AM )
Gain = 7.4575 keV / Ch

Live Time: 1.00 min.
Real Time: 1.00 min. Offset = 3,366.95 keV

Calibration Name: CCV-9795;AV198-20151122 Quadratic = 0.0000 keV / Ch?
Calibration Date: 11/22/2015 4:27:37PM
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General Analysis
Analysis Method: Peak Fit Analysis

Nuclide Summary (Peak Search)

Peak Start End
Energy Energy Energy FWHM Fit Gross
Nuclide keV keV keV keV Area Counts
Pulser 5045.620 5018.962  5072.277 15.66 5,659.62 6,009.22
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. Alpha-Spectroscopy TestAmerica St. Louis
TestAmerica Pulser Report 13715 Rider Trail North

Earth City, MO 63045
THE LEADER IN ENVIRONMENTAL TESTING 10:07:09AM 6/8/2016

Sample :
Sample Name: Pulser;AV199 Spectrum #12  Analysis #1

Comment:

Batch
Batch Name: May2016b

Description:

Acquisition

Detector: AV199, SN: 50-117Z3 Energy Calibration Equation:
Acquisition Start Date: 6/8/2016 10:01:54AM )
Gain = 7.4575 keV / Ch

Live Time: 1.00 min.
Real Time: 1.00 min. Offset = 3,366.95 keV

Calibration Name: 1C-9817;AV199-20151017 Quadratic = 0.0000 keV / Ch?
Calibration Date: 10/18/2015 3:55:29PM
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General Analysis
Analysis Method: Peak Fit Analysis

Nuclide Summary (Peak Search)
Peak Start End
Energy Energy Energy FWHM Fit Gross
Nuclide keV keV keV keV Area Counts

Pulser 4999.373  4977.605 5021.140 12.79 5,036.62 5,767.22
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. Alpha-Spectroscopy TestAmerica St. Louis
TestAmerica Pulser Report 13715 Rider Trail North

Earth City, MO 63045
THE LEADER IN ENVIRONMENTAL TESTING 10:07:10AM 6/8/2016
Sample

Sample Name: Pulser;AV200 Spectrum #12  Analysis #1
Comment:

Batch
Batch Name: May2016b

Description:

Acquisition

Detector: AV200, SN: 50-117J6 Energy Calibration Equation:
Acquisition Start Date: 6/8/2016 10:01:54AM )
Gain = 7.4575 keV / Ch

Live Time: 1.00 min.
Real Time: 1.00 min. Offset = 3,366.95 keV

Calibration Name: 1C-9884;AV200-20151017 Quadratic = 0.0000 keV / Ch?
Calibration Date: 10/18/2015 3:55:33PM
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General Analysis
Analysis Method: Peak Fit Analysis

Nuclide Summary (Peak Search)

Peak Start End
Energy Energy Energy FWHM Fit Gross
Nuclide keV keV keV keV Area Counts
Pulser 5022.459 4997.134  5047.785 14.88 6,123.69 6,006.65
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Calibration Report

TestAmerica St. Louis
13715 Rider Trail North
Earth City, MO 63045

3:55:08PM

10/18/2015

Calibration

Sample Name: IC-8876;AV192-20151017

Description:
Detector: AV192

Analyst: 60040

Analysis Date: 10/18/2015 3:55:07PM
Calibration Type: Energy And Efficiency

Source Info

Certificate ID: 82235-334
Prepared by: Analytics
Description:

Certification Date: 6/4/2010 12:00:00PM

Acquisition

Detector: AV192 , SN: 50-119J7

Acquisition Start Date: 10/17/2015 6:13:38PM

Live Time: 140.00 min.
Real Time: 140.01 min.

Efficiency Calibration Name: [C-8876;AV192-20151017

Energy Calibration Equation:

Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 24.71% +/- 0.29% TPU(2 sigma)

s | |
2800 1 Th-23d Pu-23!3
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g 1800 -
o _
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] [
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- I | I
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I:I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I_'-.I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
121 & 81 8 11 1 1T 2 2 281 2 3 411 441 471 501 531 581
channels
General Analysis
Method: Manual (ROI) Initial 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)
Th-230 177 4,687.50 132 186 30.81 15,129.00 108.06
Pu-239 240 5,155.40 186 249 34.26 14,583.00 104.16
Am-241 284 5,485.70 249 303 35.26 14,907.00 106.48
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Calibration Report

Sample Name: IC-8877;AV193-20151017

Description:

Detector: AV193

Certificate ID: 82236-334
Prepared by: Analytics

Description:

So

Ac

Detector: AV193, SN: 50-11915
Acquisition Start Date: 10/17/2015 6:13:48PM

Live Time: 140.00 min.
Real Time: 140.01 min.

Efficiency Calibration Name: [C-8877;AV193-20151017

Calibration

TestAmerica St. Louis
13715 Rider Trail North
Earth City, MO 63045

8:28:25PM

11/23/2015

Analyst: 60040
Analysis Date: 10/18/2015 3:55:11PM
Calibration Type: Energy And Efficiency

urce Info

Certification Date: 6/2/2010 12:00:00PM

quisition

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 25.42% +/- 0.31% TPU(2 sigma)

] |
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1 2 4 81 3 11 441 AT 24 231 281 281 3 441 471 51 531 56
channels
General Analysis
Method: Manual (ROI) Initial Calibration: Yes
Algorithm: Linear Shelf: 0
Nuclide Activity Summary
Peak ROI ROI Peak Net Count
Nuclid Peak Energy Start End FWHM Rate
uclide Channel keV Channel  Channel keV Counts (cpm)
Th-230 177 4,687.50 132 186 30.15 14,591.00 104.22
Pu-239 240 5,155.40 186 249 33.33 14,933.00 106.66
Am-241 284 5,485.70 249 303 32.55 14,605.00 104.32
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THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectrosco TestAmerica St. Louis
P P ol 13715 Rider Trail North

Earth City, MO 63045
3:55:42PM 10/18/2015

Calibration Report

Calibration

Sample Name: IC-9792;AV195-20151017a
Description:
Detector: AV195

Analyst: 60040

Analysis Date: 10/18/2015 3:55:41PM
Calibration Type: Energy And Efficiency

Source Info

Certificate ID: 82240-334
Prepared by: Analytics
Description:

Certification Date: 6/8/2010 12:00:00PM

Acquisition

Detector: AV195, SN: 50-117AA2
Acquisition Start Date: 10/17/2015 6:19:39

Live Time: 140.00 min.
Real Time: 140.03 min.

Energy Calibration Equation:
PM Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency Calibration Name: [1C-9792;AV195-20151017: Efficiency: 25.85% +/- 0.30% TPU(2 sigma)
3400
3200 I
] Pu-239
2900 -
2700 4 Th-220
2500 4
2300 7 ‘ Am-244
£ 2000 ] |
E 2000 - ]
o 1800 -
1600 | ‘ |
1300
1100 | | }
900 - | |
1 i ' I
400 | | !
200 | J' .
I:I ] 1 1 1 1 1 1 LI 1 1 1 1 1 1 1 1 1 1 1 1 LI 1 I_'-:‘J 1 1 1 1 1 1 1 1 LI 1 1 1 1 1 1 1 1 1 1 1 1 1 LI 1 1 1 1
121 & 81 81 1 441 AT 2 23 281 284 321 351 381 411 441 471 501 B3 581
channels
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)
Th-230 177 4,687.50 132 186 29.97 13,714.00 97.96
Pu-239 240 5,155.40 186 249 31.72 15,476.00 110.54
Am-241 284 5,485.70 249 303 33.21 17,919.00 127.99
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THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectrosco TestAmerica St. Louis
P P ol 13715 Rider Trail North

Calibration Report Earth City, MO 63045
3:55:23PM  10/18/2015

Calibration

Sample Name: IC-9794;AV197-20151017

Description:
Detector: AV197

Analyst: 60040
Analysis Date: 10/18/2015 3:55:22PM
Calibration Type: Energy And Efficiency

Source Info

Certificate ID: 82242-334
Prepared by: Analytics
Description:

Certification Date: 6/8/2010 12:00:00PM

Acquisition

Detector: AV197 , SN: 50-117Z5

Energy Calibration Equation:

Acquisition Start Date: 10/17/2015 6:14:35PM Gain = 7.4575 keV / Ch

Live Time: 140.00 min.
Real Time: 140.01 min.

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency Calibration Name: [C-9794;AV197-20151017 Efficiency: 24.48% +/- 0.31% TPU(2 sigma)
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1 21 4 81 & 111 14

v 2 23 281 2 321 3 331 41 441 471 B 531 581

channels
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)
Th-230 177 4,687.50 132 186 31.00 13,395.00 95.68
Pu-239 240 5,155.40 186 249 33.69 13,158.00 93.99
Am-241 284 5,485.70 249 303 33.63 14,743.00 105.31
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THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Calibration Report

Sample Name: IC-9795;AV198-20151017

Description:

Detector: AV198

Certificate ID: 82243-334
Prepared by: Analytics

Description:

Detector: AV198 , SN: 50-117AA7
Acquisition Start Date: 10/17/2015 6:15:03PM

Live Time: 140.00 min.
Real Time: 140.01 min.

Efficiency Calibration Name: [1C-9795;AV198-20151017

Calibration

Source Info

Acquisition

TestAmerica St. Louis

13715 Rider Trail North

Earth City, MO 63045
8:28:33PM

11/23/2015

Analyst: 60040
Analysis Date: 10/18/2015 3:55:25PM
Calibration Type: Energy And Efficiency

Certification Date: 6/9/2010 12:00:00PM

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 26.02% +/- 0.34% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial 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)
Th-230 177 4,687.50 132 186 29.73 12,790.00 91.36
Pu-239 240 5,155.40 186 249 30.64 13,076.00 93.40
Am-241 284 5,485.70 249 303 31.11 13,863.00 99.02
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TestAmerica

Alpha-Spectrosco TestAmerica St. Louis
P P ol 13715 Rider Trail North

Earth City, MO 63045

Calibration Report

THE LEADER IN ENVIRONMENTAL TESTING 3:55:30PM 10/18/2015

Calibration

Sample Name: 1C-9817;AV199-20151017 Analyst: 60040

Description:
Detector: AV199

Analysis Date: 10/18/2015 3:55:29PM
Calibration Type: Energy And Efficiency

Certificate ID: 82244-334
Prepared by: Analytics
Description:

Source Info
Certification Date: 6/9/2010 12:00:00PM

Detector: AV199, SN: 50-117Z3
Acquisition Start Date: 10/17/2015 6:1

Live Time: 140.00 min.
Real Time: 140.01 min.

Acquisition

Energy Calibration Equation:
5:17PM Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency Calibration Name: [1C-9817;AV199-20151017 Efficiency: 24.71% +/- 0.30% TPU(2 sigma)
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channels
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)

Th-230 177 4,687.50 132 186 28.96 15,446.00 110.33

Pu-239 240 5,155.40 186 249 29.88 13,902.00 99.30

Am-241 284 5,485.70 249 303 29.92 14,059.00 100.42
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T t A . Alpha-Spectroscopy TestAmerica St. Louis
. . 13715 Rider Trail North
es MmeriCa Calibration Report Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING 3:55:34PM 10/18/2015

Calibration
Sample Name: 1C-9884;AV200-20151017 Analyst: 60040
Description: Analysis Date: 10/18/2015 3:55:33PM
Detector: AV200 Calibration Type: Energy And Efficiency
— Source Info
Certificate ID: 82245-334 Certification Date: 6/9/2010 12:00:00PM
Prepared by: Analytics
Description:
Acquisition
Detector: AV200 , SN: 50-117J6 Energy Calibration Equation:
Acquisition Start Date: 10/17/2015 6:15:29PM Gain = 7.4575 keV / Ch
Live Time: 140.00 min. Offset = 3,366.95 keV
Real Time: 140.01 min. Quadratic = 0.0000 keV / Ch?
Efficiency Calibration Name: [C-9884;AV200-20151017 Efficiency: 24.41% +/- 0.35% TPU(2 sigma)
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channels
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)
Th-230 177 4,687.50 132 186 29.48 13,618.00 97.27
Pu-239 240 5,155.40 186 249 32.34 11,160.00 79.71
Am-241 284 5,485.70 249 303 33.15 11,444.00 81.74

Page 186 of 455



Initial
Calibration
Verifications

Page 187 of 455



Detector: AV192

Alpha Spectroscopy Calibration Summary

Page 1 of 1

Page 188 of 455

Efficiency Efficiency Recovery
Lab Sample ID Analysis Date  Reagent ID Efficiency  Limits Recovery  Limits
IC 160-223489/1 10/17/15 18:13 82235-334_00001 0.2471 0.20-0.32
ICV 160-223607/1 11/01/15 14:23 82247-334_00001 0.2472 0.20-0.32 100.0 95-105
| CCV 160-252658/1 05/23/16 15:18 82235-334_00001 0.2372 0.20-0.32 96.0 95-105
Detector: AV193
B Efficiency  Efficiency Recovery
Lab Sample ID Analysis Date  Reagent ID Efficiency  Limits Recovery  Limits
IC 160-223490/1 10/17/15 18:13 82236-334_00001 0.2542 0.20-0.32
ICV 160-223608/1 11/01/15 14:24 82246-334_00001 0.2559 0.20-0.32 100.6 95-105
| CCV 160-252659/1 05/23/16 13:50 82236-334_00001 0.2506 0.20-0.32 98.6 95-105
Detector: AV195
B Efficiency Efficiency Recovery
Lab Sample ID Analysis Date  Reagent ID Efficiency  Limits Recovery  Limits
IC 160-223492/1 10/17/15 18:19 82240-334_00001 0.2585 0.20-0.32
ICV 160-223610/1 11/01/15 14:28 82243-334_00001 0.2594 0.20-0.32 1004 95-105
| CCV 160-252660/1 05/23/16 12:23 82240-334_00001 0.2500 0.20-0.32 96.7 95-105
Detector: AV197
B Efficiency  Efficiency Recovery
Lab Sample ID Analysis Date  Reagent ID Efficiency  Limits Recovery  Limits
IC 160-223494/1 10/17/15 18:14 82242-334_00001 0.2448 0.20-0.32
ICV 160-223612/1 11/01/15 14:25 82237-334_00003 0.2464 0.20-0.32 100.7 95-105
| CCV 160-252662/1 05/23/16 12:28 82242-334_00001 0.2366 0.20-0.32 96.7 95-105
Detector: AV198
B Efficiency Efficiency Recovery
Lab Sample ID Analysis Date = Reagent ID Efficiency  Limits Recovery  Limits
IC 160-223495/1 10/17/15 18:15 82243-334_00001 0.2602 0.20-0.32
ICV 160-223613/1 11/01/15 14:25 82240-334_00001 0.2541 0.20-0.32 97.6 95-105
| CCV 160-252663/1 05/23/16 12:38 82243-334_00001 0.2575 0.20-0.32 98.9 95-105
Detector: AV199
B Efficiency Efficiency Recovery
Lab Sample ID Analysis Date  Reagent ID Efficiency  Limits Recovery  Limits
IC 160-223496/1 10/17/15 18:15 82244-334_00001 0.2471 0.20-0.32
ICV 160-223614/1 11/01/15 14:25 82241-334_00001 0.2515 0.20-0.32 101.8 95-105
| CCV 160-252664/1 05/23/16 12:27 82244-334_00001 0.2409 0.20-0.32 97.5 95-105
Detector: AV200
B Efficiency  Efficiency Recovery
Lab Sample ID Analysis Date  Reagent ID Efficiency  Limits Recovery  Limits
IC 160-223497/1 10/17/15 18:15 82245-334_00001 0.2441 0.20-0.32
ICV 160-223615/1 11/01/15 14:26 82234-334_00001 0.2409 0.20-0.32 98.7 95-105
CCV 160-252665/1 05/23/16 12:37 82245-334_00001 0.2340 0.20-0.32 95.9 95-105

TestAmerica St. Louis



TestAmerica St. Louis
13715 Rider Trail North

Earth City, MO 63045
3:55:51PM 11/1/2015

Alpha-Spectroscopy

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Calibration Report

Calibration

Analyst: 60040
Analysis Date: 11/1/2015 3:55:50PM
Calibration Type: Energy And Efficiency

Sample Name: ICV-9886;AV192-20151101

Description:
Detector: AV192

Source Info

Certificate ID: 82247-334 Certification Date: 6/10/2010 12:00:00PM

Prepared by: Analytics
Description:

Acquisition

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 24.72% +/- 0.45% TPU(2 sigma)

Detector: AV192, SN: 50-119J7
Acquisition Start Date: 11/1/2015 2:23:52PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: ICV-9886;AV192-2015110
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
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)
Th-230 177 4,687.50 132 186 29.06 5,515.00 91.92
Pu-239 240 5,155.40 186 249 33.05 5,275.00 87.92
Am-241 284 5,485.70 249 303 32.16 5,456.00 90.93
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Sample Name: ICV-9885;AV193-20151101

Description:

Detector: AV193

Certificate ID: 82246-334
Prepared by: Analytics

Description:

Detector: AV193, SN: 50-11915
Acquisition Start Date: 11/1/2015 2:24:16PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: ICV-9885;AV193-2015110

Calibration

Source Info

Acquisition

Calibration Report

TestAmerica St. Louis
13715 Rider Trail North
Earth City, MO 63045

8:31:48PM

11/23/2015

Analyst: 60040

Analysis Date: 11/1/2015 3:55:53PM
Calibration Type: Energy And Efficiency

Certification Date: 6/9/2010 12:00:00PM

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?

Efficiency: 25.59% +/- 0.49% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
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)
Th-230 177 4,687.50 132 186 29.65 5,075.00 84.58
Pu-239 240 5,155.40 186 249 29.99 4,901.00 81.68
Am-241 284 5,485.70 249 303 30.60 5,573.00 92.88
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Sample Name: ICV-9795;AV195-20151101a
Description:
Detector: AV195

Certificate ID: 82243-334
Prepared by: Analytics
Description:

Detector: AV195, SN: 50-117AA2
Acquisition Start Date: 11/1/2015 2:28:52PM

Alpha-Spectroscopy

Calibration Report

Calibration

Source Info

Acquisition

TestAmerica St. Louis
13715 Rider Trail North

Earth City, MO 63045
3:56:20PM 11/1/2015

Analyst: 60040
Analysis Date: 11/1/2015 3:56:19PM
Calibration Type: Energy And Efficiency

Certification Date: 6/9/2010 12:00:00PM

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: ICV-9795;AV195-2015110

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 25.94% +/- 0.46% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
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)
Th-230 177 4,687.50 132 186 30.62 5,443.00 90.72
Pu-239 240 5,155.40 186 249 32.96 5,557.00 92.62
Am-241 284 5,485.70 249 303 32.40 5,972.00 99.53
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectrosco TestAmerica St. Louis
P P ol 13715 Rider Trail North

Calibration Report Earth Gity. MO 63045
3:56:03PM  11/1/2015

Calibration

Sample Name: ICV-9520;AV197-20151101

Description:
Detector: AV197

Analyst: 60040
Analysis Date: 11/1/2015 3:56:02PM
Calibration Type: Energy And Efficiency

Source Info

Certificate ID: 82237-334
Prepared by: Analytics
Description:

Certification Date: 6/1/2010 12:00:00PM

Acquisition

Detector: AV197 , SN: 50-117Z5

Acquisition Start Date: 11/1/2015 2:25:26PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency Calibration Name: ICV-9520;AV197-2015110 Efficiency: 24.64% +/- 0.46% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
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)
Th-230 177 4,687.50 132 186 34.77 5,112.00 85.20
Pu-239 240 5,155.40 186 249 36.23 5,886.00 98.10
Am-241 284 5,485.70 249 303 37.94 4,830.00 80.50
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T t A . Alpha-Spectroscopy TestAmerica St. Louis
. . 13715 Rider Trail North
es MmeriCa Calibration Report Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING 3:56:05PM  11/1/2015

Calibration
Sample Name: ICV-9792;AV198-20151101 Analyst: 60040
Description: Analysis Date: 11/1/2015 3:56:05PM
Detector: AV198 Calibration Type: Energy And Efficiency
— Source Info
Certificate ID: 82240-334 Certification Date: 6/8/2010 12:00:00PM
Prepared by: Analytics
Description:
Acquisition
Detector: AV198 , SN: 50-117AA7 Energy Calibration Equation:
Acquisition Start Date: 11/1/2015 2:25:40PM Gain = 7.4575 keV / Ch
Live Time: 60.00 min. Offset = 3,366.95 keV
Real Time: 60.00 min. Quadratic = 0.0000 keV / Ch?
Efficiency Calibration Name: ICV-9792;AV198-2015110 Efficiency: 25.41% +/- 0.40% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
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)
Th-230 177 4,687.50 132 186 32.43 5,791.00 96.52
Pu-239 240 5,155.40 186 249 33.43 6,533.00 108.88
Am-241 284 5,485.70 249 303 30.71 7,524.00 125.40
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TestAmerica St. Louis
13715 Rider Trail North

Earth City, MO 63045
8:32:06PM 11/23/2015

Alpha-Spectroscopy

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Calibration Report

Calibration

Analyst: 60040
Analysis Date: 11/1/2015 3:56:07PM
Calibration Type: Energy And Efficiency

Sample Name: ICV-9793;AV199-20151101
Description:
Detector: AV199

Source Info

Certificate ID: 82241-334
Prepared by: Analytics
Description:

Certification Date: 6/8/2010 12:00:00PM

Acquisition

Detector: AV199, SN: 50-117Z3

Acquisition Start Date: 11/1/2015 2:25:56PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: ICV-9793;AV199-2015110

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 25.15% +/- 0.42% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
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)
Th-230 177 4,687.50 132 186 29.93 5,988.00 99.80
Pu-239 240 5,155.40 186 249 30.79 6,118.00 101.97
Am-241 284 5,485.70 249 303 31.69 6,015.00 100.25
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Calibration Report

Sample Name: ICV-8875;AV200-20151101

Description:

Detector: AV200

Certificate ID: 82234-334
Prepared by: Analytics

Description:

Detector: AV200, SN: 50-117J6
Acquisition Start Date: 11/1/2015 2:26:11PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: ICV-8875;AV200-2015110

Calibration

Source Info

Acquisition

TestAmerica St. Louis

13715 Rider Trail North

Earth City, MO 63045

3:56:11PM

11/1/2015

Analyst: 60040

Analysis Date: 11/1/2015 3:56:11PM
Calibration Type: Energy And Efficiency

Certification Date: 6/2/2010 12:00:00PM

Energy Calibration Equation:

Gain =7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 24.09% +/- 0.45% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
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)
Th-230 177 4,687.50 132 186 31.02 4,670.00 77.83
Pu-239 240 5,155.40 186 249 33.77 5,472.00 91.20
Am-241 284 5,485.70 249 303 35.49 4,837.00 80.62
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Monthly
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Verifications



TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Calibration Report

TestAmerica St. Louis
13715 Rider Trail North

Earth City, MO 63045

4:19:17PM 5/23/2016

Calibration

Sample Name: CCV-8876;AV192-20160523

Description:

Detector: AV192

Analyst: 60040

Analysis Date: 5/23/2016 4:19:16PM
Calibration Type: Energy And Efficiency

Source Info

Certificate ID: 82235-334
Prepared by: Analytics

Description:

Certification Date: 6/4/2010 12:00:00PM

Acquisition

Detector: AV192 , SN: 50-119J7

Acquisition Start Date: 5/23/2016 3:18:15PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: CCV-8876;AV192-201605:.

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?
Efficiency: 23.72% +/- 0.39% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
Algorithm: Linear Shelf: 1
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)
Th-230 177 4,687.50 132 186 29.99 6,211.00 103.52
Pu-239 240 5,155.40 186 249 32.77 5,832.00 97.20
Am-241 284 5,485.70 249 303 35.31 6,291.00 104.85
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Calibration Report

Sample Name: CCV-8877;AV193-20160523

Description:

Detector: AV193

Certificate ID: 82236-334
Prepared by: Analytics

Description:

Detector: AV193, SN: 50-11915
Acquisition Start Date: 5/23/2016 1:50:02PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: CCV-8877;AV193-201605:.

Calibration

Source Info

Acquisition

TestAmerica St. Louis
13715 Rider Trail North

Earth City, MO 63045
3:01:42PM 5/23/2016

Analyst: 60040
Analysis Date: 5/23/2016 3:01:40PM
Calibration Type: Energy And Efficiency

Certification Date: 6/2/2010 12:00:00PM

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 25.06% +/- 0.41% TPU(2 sigma)
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General Analysis
Method: Manual (ROI) Initial Calibration: No
Algorithm: Linear Shelf: 1
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)
Th-230 177 4,687.50 132 186 3243 6,130.00 102.17
Pu-239 240 5,155.40 186 249 35.11 6,434.00 107.23
Am-241 284 5,485.70 249 303 32.97 6,086.00 101.43
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T t A . Alpha-Spectroscopy TestAmerica St. Louis
. . 13715 Rider Trail North
es MmeriCa Calibration Report Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING 1:38:19PM  5/23/2016

Calibration
Sample Name: CCV-9792;AV195-20160523 Analyst: 60040
Description: Analysis Date: 5/23/2016 1:38:18PM
Detector: AV195 Calibration Type: Energy And Efficiency
— Source Info
Certificate ID: 82240-334 Certification Date: 6/8/2010 12:00:00PM
Prepared by: Analytics
Description:
Acquisition
Detector: AV195, SN: 50-117AA2 Energy Calibration Equation:
Acquisition Start Date: 5/23/2016 12:23:48PM Gain = 7.4575 keV / Ch
Live Time: 60.00 min. Offset = 3,366.95 keV
Real Time: 60.00 min. Quadratic = 0.0000 keV / Ch?
Efficiency Calibration Name: CCV-9792;AV195-201605:. Efficiency: 25.00% +/- 0.40% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
Algorithm: Linear Shelf: 1
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
. Peak Energy Start End FWHM Rate
Nuclide Channel keV Channel  Channel keV Counts (cpm)
Th-230 177 4,687.50 132 186 33.00 5,586.00 93.10
Pu-239 240 5,155.40 186 249 32.27 6,612.00 110.20
Am-241 284 5,485.70 249 303 32.42 7,331.00 122.18
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T t A . Alpha-Spectroscopy TestAmerica St. Louis
. . 13715 Rider Trail North
es MmeriCa Calibration Report Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING 1:39:08PM  5/23/2016

Calibration
Sample Name: CCV-9794;AV197-20160523 Analyst: 60040
Description: Analysis Date: 5/23/2016 1:39:07PM
Detector: AV197 Calibration Type: Energy And Efficiency
= Source Info
Certificate ID: 82242-334 Certification Date: 6/8/2010 12:00:00PM
Prepared by: Analytics
Description:
Acquisition
Detector: AV197 , SN: 50-117Z5 Energy Calibration Equation:
Acquisition Start Date: 5/23/2016 12:28:08PM Gain = 7.4575 keV / Ch
Live Time: 60.00 min. Offset = 3,366.95 keV
Real Time: 60.00 min. Quadratic = 0.0000 keV / Ch?
Efficiency Calibration Name: CCV-9794;AV197-201605: Efficiency: 23.66% +/- 0.41% TPU(2 sigma)
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General Analysis
Method: Manual (ROI) Initial Calibration: No
Algorithm: Linear Shelf: 1
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
Nucli Peak Energy Start End FWHM Rate
uclide Channel keV Channel  Channel keV Counts (cpm)
Th-230 177 4,687.50 132 186 31.70 5,609.00 93.48
Pu-239 240 5,155.40 186 249 33.08 5,453.00 90.88
Am-241 284 5,485.70 249 303 34.50 6,039.00 100.65
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TestAmerica St. Louis
13715 Rider Trail North

Earth City, MO 63045
1:39:31PM 5/23/2016

Alpha-Spectroscopy

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Calibration Report

Calibration

Analyst: 60040
Analysis Date: 5/23/2016 1:39:30PM
Calibration Type: Energy And Efficiency

Sample Name: CCV-9795;AV198-20160523a
Description:
Detector: AV198

Source Info

Certificate ID: 82243-334 Certification Date: 6/9/2010 12:00:00PM
Prepared by: Analytics

Description:

Acquisition

Detector: AV198 , SN: 50-117AA7
Acquisition Start Date: 5/23/2016 12:38:08PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: CCV-9795;AV198-201605:

Energy Calibration Equation:
Gain = 7.4575 keV / Ch

Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Efficiency: 25.75% +/- 0.45% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
Algorithm: Linear Shelf: 1
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)
Th-230 177 4,687.50 132 186 30.82 5,463.00 91.05
Pu-239 240 5,155.40 186 249 31.08 5,508.00 91.80
Am-241 284 5,485.70 249 303 34.20 5,870.00 97.83
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Alpha-Spectroscopy TestAmerica St. Louis

TestAmerica Calibration Report 13715 Rider Trail North

Earth City, MO 63045
THE LEADER IN ENVIRONMENTAL TESTING 1:38:58PM  5/23/2016

Calibration
Sample Name: CCV-9817;AV199-20160523 Analyst: 60040

Description: Analysis Date: 5/23/2016 1:38:57PM
Detector: AV199 Calibration Type: Energy And Efficiency

= Source Info
Certificate ID: 82244-334 Certification Date: 6/9/2010 12:00:00PM

Prepared by: Analytics
Description:

Acquisition

Detector: AV199, SN: 50-11723 Energy Calibration Equation:
Acquisition Start Date: 5/23/2016 12:27:26PM Gain = 7.4575 keV / Ch

Live Time: 60.00 min. Offset = 3,366.95 keV
Real Time: 60.00 min. Quadratic = 0.0000 keV / Ch?

Efficiency Calibration Name: CCV-9817;AV199-201605:. Efficiency: 24.09% +/- 0.40% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
Algorithm: Linear Shelf: 1
Nuclide Activity Summary
Peak ROI ROI Peak Gross Net Count
. Peak Energy Start End FWHM Rate
Nuclide Channel keV Channel  Channel keV Counts (cpm)
Th-230 177 4,687.50 132 186 29.24 6,362.00 106.03
Pu-239 240 5,155.40 186 249 32.99 5,901.00 98.35
Am-241 284 5,485.70 249 303 30.64 5,870.00 97.83
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy

Calibration Report

Sample Name: CCV-9884;AV200-20160523a

Description:

Detector: AV200

Certificate ID: 82245-334
Prepared by: Analytics

Description:

Detector: AV200, SN: 50-117J6
Acquisition Start Date: 5/23/2016 12:37:41PM

Live Time: 60.00 min.
Real Time: 60.00 min.

Efficiency Calibration Name: CCV-9884;AV200-201605:

Calibration

Source Info

Acquisition

TestAmerica St. Louis

13715 Rider Trail North

Earth City, MO 63045

1:39:25PM

5/23/2016

Analyst: 60040

Analysis Date: 5/23/2016 1:39:24PM
Calibration Type: Energy And Efficiency

Certification Date: 6/9/2010 12:00:00PM

Energy Calibration Equation:

Gain =7.4575 keV / Ch

Offset = 3,366.95 keV

Quadratic = 0.0000 keV / Ch?

Efficiency: 23.40% +/- 0.45% TPU(2 sigma)
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channels
General Analysis
Method: Manual (ROI) Initial Calibration: No
Algorithm: Linear Shelf: 1
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)
Th-230 177 4,687.50 132 186 30.47 5,815.00 96.92
Pu-239 240 5,155.40 186 249 35.04 4,488.00 74.80
Am-241 284 5,485.70 249 303 32.39 4,562.00 76.03
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Alpha-Spectroscopy TestAmerica St. Louis

Te StA me rl Cd Analysis Report 13715 Rider Trail North

Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING S ; 5:02:49AM 5/20/2016
Lample
Sample Name: ICB;AV192 Spectrum #1  Analysis #1
Comment: Analyst: 60040
Batch
Batch Name: May2016
Description:
Acquisition
Detector: AV192 , SN: 50-119J7 Energy Calibration Equation:
Acquisition Start Date: 5/19/2016 1:01:37PM .
Live Time: 960.00 min. Gain =7.4575 keV / Ch
Real Time: 960.01 min. Offset = 3,366.95 keV ,
Calibration Name: 1C-8876;AV192-20151017 Quadratic = 0.0000 keV / Ch

Calibration Date: 10/18/2015 3:55:07PM
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Energy (keV)

General Analysis

Analysis Method: Absolute ROI Analysis, Set Name = 11/05_BackgroundRclide Library: Background ROI Library
Total Background Counts: 133.00
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Nuclide Summary (ROI)

RegionName Peak Energy Start Energy End Energy GrossCounts Count Rate CR Uncertainty
(keV) (keV) (keV) (CPM) (CPM)
Th-232 3,985.93 3,754.75 4,053.05 2.00 2.083E-003 1.804E-003
U-238 4,135.08 3,918.81 4,239.49 1.00 1.042E-003 1.473E-003
U-235 4,358.81 4,261.86 4,463.21 0.00 0.000E+000 1.473E-003
Th-230 4,679.48 4,403.55 4,746.60 1.00 1.042E-003 1.473E-003
U-234 4,709.31 4,507.96 4,821.17 3.00 3.125E-003 2.083E-003
Pu-242 4,903.21 4,679.48 4,947.95 4.00 4.167E-003 2.329E-003
Th-229 4,858.46 4,739.14 5,119.48 4.00 4.167E-003 2.329E-003
Np-237 4,783.89 4,768.97 4,806.26 1.00 1.042E-003 1.473E-003
Po-209 4,918.12 4,903.21 4,933.04 0.00 0.000E+000 1.473E-003
Pu-239 5,179.14 4,970.33 5,238.80 1.00 1.042E-003 1.473E-003
Am-243 5,231.34 5,052.36 5,305.92 1.00 1.042E-003 1.473E-003
U-232 5,253.71 5,059.82 5,402.86 4.00 4.167E-003 2.329E-003
Th-228 5,447 .61 5,186.59 5,507.27 14.00 1.458E-002 4.034E-003
Po-210 5,276.09 5,231.34 5,291.00 1.00 1.042E-003 1.473E-003
Pu-238 5,469.98 5,268.63 5,552.01 14.00 1.458E-002 4.034E-003
Am-241 5,484.90 5,298.46 5,604.22 14.00 1.458E-002 4.034E-003
Cm-245 5,417.78 5,395.41 5,447.61 6.00 6.250E-003 2.756E-003
Pu-236 5,760.83 5,611.67 5,887.60 30.00 3.125E-002 5.800E-003
Cm-244 5,775.74 5,641.51 5,902.52 30.00 3.125E-002 5.800E-003
Th-227 6,074.04 5,932.35 6,178.45 14.00 1.458E-002 4.034E-003
Cm-242 6,148.62 6,118.79 6,178.45 5.00 5.208E-003 2.552E-003
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Alpha-Spectroscopy TestAmerica St. Louis

Te StA me rl Cd Analysis Report 13715 Rider Trail North

Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING Samale 5:03:16AM 5/20/2016
Sample Name: ICB;AV193 T Spectrum #1  Analysis #1
Comment: Analyst: 60040
Batch

Batch Name: May2016
Description:

Acquisition
Detector: AV193, SN: 50-11915 Energy Calibration Equation:
Acquisition Start Date: 5/19/2016 1:01:37PM .
Live Time: 960.00 min. Gain =7.4575 keV / Ch
Real Time: 960.00 min. Offset =3,366.95keV
Calibration Name: IC-8877;AV193-20151017 Quadratic = 0.0000 keV / Ch

Calibration Date: 10/18/2015 3:55:11PM

Lr

counts

Rl |

Th-22U-233 fjuU-225 TU-Hp-2Fo-209

L W i

1 1 1 1 1 1 1 1 1
3374 3574 3874 4074 4374 4574 4774 5074 5274 5574 5774 LOV4 8274 5474
Energy (keV)

I I 1 1 I I
8774 8574 7174 7474

General Analysis

Analysis Method: Absolute ROI Analysis, Set Name = 11/05_BackgroundRclide Library: Background ROI Library
Total Background Counts: 81.00
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Nuclide Summary (ROI)

RegionName Peak Energy Start Energy End Energy GrossCounts Count Rate CR Uncertainty
(keV) (keV) (keV) (CPM) (CPM)
Th-232 3,985.93 3,754.75 4,053.05 1.00 1.042E-003 1.473E-003
U-238 4,135.08 3,918.81 4,239.49 0.00 0.000E+000 1.473E-003
U-235 4,358.81 4,261.86 4,463.21 0.00 0.000E+000 1.473E-003
Th-230 4,679.48 4,403.55 4,746.60 1.00 1.042E-003 1.473E-003
U-234 4,709.31 4,507.96 4,821.17 2.00 2.083E-003 1.804E-003
Pu-242 4,903.21 4,679.48 4,947.95 1.00 1.042E-003 1.473E-003
Th-229 4,858.46 4,739.14 5,119.48 1.00 1.042E-003 1.473E-003
Np-237 4,783.89 4,768.97 4,806.26 1.00 1.042E-003 1.473E-003
Po-209 4,918.12 4,903.21 4,933.04 0.00 0.000E+000 1.473E-003
Pu-239 5,179.14 4,970.33 5,238.80 0.00 0.000E+000 1.473E-003
Am-243 5,231.34 5,052.36 5,305.92 0.00 0.000E+000 1.473E-003
U-232 5,253.71 5,059.82 5,402.86 9.00 9.375E-003 3.294E-003
Th-228 5,447 .61 5,186.59 5,507.27 19.00 1.979E-002 4.658E-003
Po-210 5,276.09 5,231.34 5,291.00 0.00 0.000E+000 1.473E-003
Pu-238 5,469.98 5,268.63 5,552.01 20.00 2.083E-002 4.774E-003
Am-241 5,484.90 5,298.46 5,604.22 20.00 2.083E-002 4.774E-003
Cm-245 5,417.78 5,395.41 5,447.61 11.00 1.146E-002 3.608E-003
Pu-236 5,760.83 5,611.67 5,887.60 20.00 2.083E-002 4.774E-003
Cm-244 5,775.74 5,641.51 5,902.52 20.00 2.083E-002 4.774E-003
Th-227 6,074.04 5,932.35 6,178.45 7.00 7.292E-003 2.946E-003
Cm-242 6,148.62 6,118.79 6,178.45 4.00 4.167E-003 2.329E-003
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Alpha-Spectroscopy TestAmerica St. Louis

Te StA me rl Cd Analysis Report 13715 Rider Trail North

Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING Samale 5:03:06AM 5/20/2016
Sample Name: ICB;AV195 T Spectrum #1  Analysis #1
Comment: Analyst: 60040
Batch
Batch Name: May2016
Description:
Acquisition
Detector: AV195, SN: 50-117AA2 Energy Calibration Equation:
Acquisition Start Date: 5/19/2016 1:01:38PM .
Live Time: 960.00 min. Gain =7.4575 keV / Ch
Real Time: 960.00 min. Offset = 3,366.95 keV ,
Calibration Name: IC-9792;AV195-20151017a Quadratic = 0.0000 keV / Ch
Calibration Date: 10/18/2015 3:55:41PM
4
Th-z2&]
(]
E
g 31
(3]
2 4
- 240 m- 245 \l
1 ||
| || l [l |
Tlh-zalu-zas u-zals Th-23iTtPo-208 JPuPo-2101Am-241 cr-z Trllilr||';|-242
0 T T T T T T mlm‘l_ J_MIJM II: T T T

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3374 3574 3574 4274 4574 4874 5174 5474 5774 5074 6374 6574 6974 7274 7574
Energy (keV)

General Analysis

Analysis Method: Absolute ROI Analysis, Set Name = 11/05_BackgroundRclide Library: Background ROI Library
Total Background Counts: 51.00
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Nuclide Summary (ROI)

RegionName Peak Energy Start Energy End Energy GrossCounts Count Rate CR Uncertainty
(keV) (keV) (keV) (CPM) (CPM)
Th-232 3,985.93 3,754.75 4,053.05 0.00 0.000E+000 1.473E-003
U-238 4,135.08 3,918.81 4,239.49 0.00 0.000E+000 1.473E-003
U-235 4,358.81 4,261.86 4,463.21 0.00 0.000E+000 1.473E-003
Th-230 4,679.48 4,403.55 4,746.60 2.00 2.083E-003 1.804E-003
U-234 4,709.31 4,507.96 4,821.17 2.00 2.083E-003 1.804E-003
Pu-242 4,903.21 4,679.48 4,947.95 3.00 3.125E-003 2.083E-003
Th-229 4,858.46 4,739.14 5,119.48 2.00 2.083E-003 1.804E-003
Np-237 4,783.89 4,768.97 4,806.26 1.00 1.042E-003 1.473E-003
Po-209 4,918.12 4,903.21 4,933.04 0.00 0.000E+000 1.473E-003
Pu-239 5,179.14 4,970.33 5,238.80 1.00 1.042E-003 1.473E-003
Am-243 5,231.34 5,052.36 5,305.92 1.00 1.042E-003 1.473E-003
U-232 5,253.71 5,059.82 5,402.86 4.00 4.167E-003 2.329E-003
Th-228 5,447 .61 5,186.59 5,507.27 15.00 1.563E-002 4.167E-003
Po-210 5,276.09 5,231.34 5,291.00 1.00 1.042E-003 1.473E-003
Pu-238 5,469.98 5,268.63 5,552.01 15.00 1.563E-002 4.167E-003
Am-241 5,484.90 5,298.46 5,604.22 15.00 1.563E-002 4.167E-003
Cm-245 5,417.78 5,395.41 5,447.61 11.00 1.146E-002 3.608E-003
Pu-236 5,760.83 5,611.67 5,887.60 7.00 7.292E-003 2.946E-003
Cm-244 5,775.74 5,641.51 5,902.52 5.00 5.208E-003 2.552E-003
Th-227 6,074.04 5,932.35 6,178.45 3.00 3.125E-003 2.083E-003
Cm-242 6,148.62 6,118.79 6,178.45 1.00 1.042E-003 1.473E-003
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Alpha-Spectroscopy TestAmerica St. Louis

Te StA me rl Cd Analysis Report 13715 Rider Trail North

Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING S ; 5:03:29AM 5/20/2016
Lampie
Sample Name: ICB;AV197 Spectrum #1  Analysis #1
Comment: Analyst: 60040
Batch
Batch Name: May2016
Description:
Acquisition
Detector: AV197, SN: 50-117Z5 Energy Calibration Equation:
Acquisition Start Date: 5/19/2016 1:01:38PM .
Live Time: 960.00 min. Gain =7.4575 keV / Ch
Real Time: 960.01 min. Offset = 3,366.95 keV ,
Calibration Name: 1C-9794;AV197-20151017 Quadratic = 0.0000 keV / Ch

Calibration Date: 10/18/2015 3:55:22PM

counts
pd

1 |

Th-23U-220 gU-235 TU-Np-2Pa-200 gPA P o-20m-29531)() Cm-2 TrCm-242
1 " 3 1

NI I | TR "l

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3374 3574 874 4274 4574 4274 5174 5474 5774 8074 6374 6574 6074 7274 7574
Energy (keV)

General Analysis

Analysis Method: Absolute ROI Analysis, Set Name = 11/05_BackgroundRclide Library: Background ROI Library
Total Background Counts: 67.00
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Nuclide Summary (ROI)

RegionName Peak Enerqy Start Energy End Energy GrossCounts Count Rate CR Uncertainty
(keV) (keV) (keV) (CPM) (CPM)
Th-232 3,985.93 3,754.75 4,053.05 0.00 0.000E+000 1.473E-003
U-238 4,135.08 3,918.81 4,239.49 0.00 0.000E+000 1.473E-003
U-235 4,358.81 4,261.86 4,463.21 0.00 0.000E+000 1.473E-003
Th-230 4,679.48 4,403.55 4,746.60 0.00 0.000E+000 1.473E-003
U-234 4,709.31 4,507.96 4,821.17 0.00 0.000E+000 1.473E-003
Pu-242 4,903.21 4,679.48 4,947.95 1.00 1.042E-003 1.473E-003
Th-229 4,858.46 4,739.14 5,119.48 1.00 1.042E-003 1.473E-003
Np-237 4,783.89 4,768.97 4,806.26 0.00 0.000E+000 1.473E-003
Po-209 4,918.12 4,903.21 4,933.04 0.00 0.000E+000 1.473E-003
Pu-239 5,179.14 4,970.33 5,238.80 2.00 2.083E-003 1.804E-003
Am-243 5,231.34 5,052.36 5,305.92 3.00 3.125E-003 2.083E-003
U-232 5,253.71 5,059.82 5,402.86 9.00 9.375E-003 3.294E-003
Th-228 5,447.61 5,186.59 5,507.27 16.00 1.667E-002 4.295E-003
Po-210 5,276.09 5,231.34 5,291.00 1.00 1.042E-003 1.473E-003
Pu-238 5,469.98 5,268.63 5,552.01 15.00 1.563E-002 4.167E-003
Am-241 5,484.90 5,298.46 5,604.22 15.00 1.563E-002 4.167E-003
Cm-245 5,417.78 5,395.41 5,447 .61 8.00 8.333E-003 3.125E-003
Pu-236 5,760.83 5,611.67 5,887.60 17.00 1.771E-002 4.419E-003
Cm-244 5,775.74 5,641.51 5,902.52 16.00 1.667E-002 4.295E-003
Th-227 6,074.04 5,932.35 6,178.45 2.00 2.083E-003 1.804E-003
Cm-242 6,148.62 6,118.79 6,178.45 1.00 1.042E-003 1.473E-003
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy TestAmerica St. Louis

g 13715 Rider Trail North
Analys:s Report Earth City, MO 63045

5:07:10AM 5/20/2016

Sample Name: ICB;AV198
Comment:

Batch Name: May2016
Description:

Detector: AV198, SN: 50-117AA7
Acquisition Start Date: 5/19/2016 1:01:38PM

Live Time: 960.00 min.
Real Time: 960.29 min.
Calibration Name: CCV-9795;AV198-20151122

Calibration Date: 11/22/2015 4:27:37PM

Sample
Spectrum #1  Analysis #1
Analyst: 60040
Batch
Acquisition

Energy Calibration Equation:
Gain = 7.4575 keV / Ch
Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

Cm-2448) ThCm-242

E.
4
]
E
2 31
(3]
2_
" NN
Th23U238 UESEM
A T

3374 3':?'4 3rr4 39?4 41?4 43?’4 4':?'4

1 1 1 1 1 1 1 1 1
4774 4574 5174 5374 5574 5TT4 S5GY4 B174 B3IT4 B5T4 BYT4 BIT4 T1T4
Energy (keV)

General Analysis

Analysis Method: Absolute ROI Analysis, Set Name = 11/05_BackgroundRclide Library: Background ROI Library

Total Background Counts: 66.00
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Nuclide Summary (ROI)

RegionName Peak Enerqy Start Energy End Energy GrossCounts Count Rate CR Uncertainty
(keV) (keV) (keV) (CPM) (CPM)
Th-232 3,985.93 3,754.75 4,053.05 2.00 2.083E-003 1.804E-003
U-238 4,135.08 3,918.81 4,239.49 2.00 2.083E-003 1.804E-003
U-235 4,358.81 4,261.86 4,463.21 5.00 5.208E-003 2.552E-003
Th-230 4,679.48 4,403.55 4,746.60 20.00 2.083E-002 4.774E-003
U-234 4,709.31 4,507.96 4,821.17 17.00 1.771E-002 4.419E-003
Pu-242 4,903.21 4,679.48 4,947.95 7.00 7.292E-003 2.946E-003
Th-229 4,858.46 4,739.14 5,119.48 10.00 1.042E-002 3.455E-003
Np-237 4,783.89 4,768.97 4,806.26 0.00 0.000E+000 1.473E-003
Po-209 4,918.12 4,903.21 4,933.04 0.00 0.000E+000 1.473E-003
Pu-239 5,179.14 4,970.33 5,238.80 12.00 1.250E-002 3.756E-003
Am-243 5,231.34 5,052.36 5,305.92 16.00 1.667E-002 4.295E-003
U-232 5,253.71 5,059.82 5,402.86 16.00 1.667E-002 4.295E-003
Th-228 5,447.61 5,186.59 5,507.27 13.00 1.354E-002 3.898E-003
Po-210 5,276.09 5,231.34 5,291.00 8.00 8.333E-003 3.125E-003
Pu-238 5,469.98 5,268.63 5,552.01 4.00 4.167E-003 2.329E-003
Am-241 5,484.90 5,298.46 5,604.22 4.00 4.167E-003 2.329E-003
Cm-245 5,417.78 5,395.41 5,447 .61 0.00 0.000E+000 1.473E-003
Pu-236 5,760.83 5,611.67 5,887.60 8.00 8.333E-003 3.125E-003
Cm-244 5,775.74 5,641.51 5,902.52 5.00 5.208E-003 2.552E-003
Th-227 6,074.04 5,932.35 6,178.45 0.00 0.000E+000 1.473E-003
Cm-242 6,148.62 6,118.79 6,178.45 0.00 0.000E+000 1.473E-003
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Alpha-Spectroscopy TestAmerica St. Louis

Te StA me rl Cd Analysis Report 13715 Rider Trail North

Earth City, MO 63045

THE LEADER IN ENVIRONMENTAL TESTING S ; 5:03:23AM 5/20/2016
Lampie
Sample Name: ICB;AV199 Spectrum #1  Analysis #1
Comment: Analyst: 60040
Batch
Batch Name: May2016
Description:
Acquisition
Detector: AV199, SN: 50-117Z3 Energy Calibration Equation:
Acquisition Start Date: 5/19/2016 1:01:39PM .
Live Time: 960.00 min. Gain =7.4575 keV / Ch
Real Time: 960.01 min. Offset = 3,366.95 keV ,
Calibration Name: 1C-9817;AV199-20151017 Quadratic = 0.0000 keV / Ch

Calibration Date: 10/18/2015 3:55:29PM

Cm-245

counts
a L
e ————
7 T ——

1' i

[
Th-231-232 gU-235 TU-Np-ZPo-200 RPU-Po-21CPu-232 gCm-2 THCm-242
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0 T L T 1 I|| II T |I T |u Mm‘mml T |I| T || :|I | T T T L T 1 T
3374 3674 3974 4274 4574 4374 5174 5474 5774 5074 6374 G874 6974 7274 7574
Energy (keV)

General Analysis

Analysis Method: Absolute ROI Analysis, Set Name = 11/05_BackgroundRclide Library: Background ROI Library
Total Background Counts: 72.00
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Nuclide Summary (ROI)

RegionName Peak Energy Start Energy End Energy GrossCounts Count Rate CR Uncertainty
(keV) (keV) (keV) (CPM) (CPM)
Th-232 3,985.93 3,754.75 4,053.05 1.00 1.042E-003 1.473E-003
U-238 4,135.08 3,918.81 4,239.49 1.00 1.042E-003 1.473E-003
U-235 4,358.81 4,261.86 4,463.21 0.00 0.000E+000 1.473E-003
Th-230 4,679.48 4,403.55 4,746.60 0.00 0.000E+000 1.473E-003
U-234 4,709.31 4,507.96 4,821.17 1.00 1.042E-003 1.473E-003
Pu-242 4,903.21 4,679.48 4,947.95 1.00 1.042E-003 1.473E-003
Th-229 4,858.46 4,739.14 5,119.48 1.00 1.042E-003 1.473E-003
Np-237 4,783.89 4,768.97 4,806.26 1.00 1.042E-003 1.473E-003
Po-209 4,918.12 4,903.21 4,933.04 0.00 0.000E+000 1.473E-003
Pu-239 5,179.14 4,970.33 5,238.80 1.00 1.042E-003 1.473E-003
Am-243 5,231.34 5,052.36 5,305.92 1.00 1.042E-003 1.473E-003
U-232 5,253.71 5,059.82 5,402.86 6.00 6.250E-003 2.756E-003
Th-228 5,447 .61 5,186.59 5,507.27 14.00 1.458E-002 4.034E-003
Po-210 5,276.09 5,231.34 5,291.00 1.00 1.042E-003 1.473E-003
Pu-238 5,469.98 5,268.63 5,552.01 14.00 1.458E-002 4.034E-003
Am-241 5,484.90 5,298.46 5,604.22 14.00 1.458E-002 4.034E-003
Cm-245 5,417.78 5,395.41 5,447.61 9.00 9.375E-003 3.294E-003
Pu-236 5,760.83 5,611.67 5,887.60 17.00 1.771E-002 4.419E-003
Cm-244 5,775.74 5,641.51 5,902.52 17.00 1.771E-002 4.419E-003
Th-227 6,074.04 5,932.35 6,178.45 4.00 4.167E-003 2.329E-003
Cm-242 6,148.62 6,118.79 6,178.45 0.00 0.000E+000 1.473E-003
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Alpha-Spectroscopy TestAmerica St. Louis
13715 Rider Trail North
Earth City, MO 63045
7:00:31AM 5/21/2016

Analysis Report

Sample Name: ICB;AV200
Comment:

Batch Name: May2016a
Description:

Sample
Spectrum #1  Analysis #1
Analyst: 60040
Batch
Acquisition

Detector: AV200, SN: 50-117J6
Acquisition Start Date: 5/20/2016 3:00:07PM

Live Time: 960.00 min.
Real Time: 960.00 min.
Calibration Name: 1C-9884;AV200-20151017

Calibration Date: 10/18/2015 3:55:33PM

counts
pd

Th-Mp-2F0-209 gFu-2390Cm-245

Th-23U-222 Q||U-225 U-23Th-229:2 [P -2 1CAm- 241 |IC m-2 THCm-242
o 4] 1 I E

Energy Calibration Equation:
Gain = 7.4575 keV / Ch
Offset = 3,366.95 keV
Quadratic = 0.0000 keV / Ch?

L I
I:I LI | LI N B | I |

I I
3374 3874 3574 4274 4574

/] H'J
1Ll

1 1 1 1 1 1 1 1 1 1
4874 5174 5474 5774 5074 5374 6574 60974 7274 7574
Energy (keV)

General Analysis

Analysis Method: Absolute ROI Analysis, Set Name = 11/05_BackgroundRclide Library: Background ROI Library

Total Background Counts: 67.00
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Nuclide Summary (ROI)

RegionName Peak Energy Start Energy End Energy GrossCounts Count Rate CR Uncertainty
(keV) (keV) (keV) (CPM) (CPM)
Th-232 3,985.93 3,754.75 4,053.05 4.00 4.167E-003 2.329E-003
U-238 4,135.08 3,918.81 4,239.49 3.00 3.125E-003 2.083E-003
U-235 4,358.81 4,261.86 4,463.21 1.00 1.042E-003 1.473E-003
Th-230 4,679.48 4,403.55 4,746.60 4.00 4.167E-003 2.329E-003
U-234 4,709.31 4,507.96 4,821.17 5.00 5.208E-003 2.552E-003
Pu-242 4,903.21 4,679.48 4,947.95 5.00 5.208E-003 2.552E-003
Th-229 4,858.46 4,739.14 5,119.48 3.00 3.125E-003 2.083E-003
Np-237 4,783.89 4,768.97 4,806.26 1.00 1.042E-003 1.473E-003
Po-209 4,918.12 4,903.21 4,933.04 1.00 1.042E-003 1.473E-003
Pu-239 5,179.14 4,970.33 5,238.80 2.00 2.083E-003 1.804E-003
Am-243 5,231.34 5,052.36 5,305.92 5.00 5.208E-003 2.552E-003
U-232 5,253.71 5,059.82 5,402.86 10.00 1.042E-002 3.455E-003
Th-228 5,447.61 5,186.59 5,507.27 16.00 1.667E-002 4.295E-003
Po-210 5,276.09 5,231.34 5,291.00 1.00 1.042E-003 1.473E-003
Pu-238 5,469.98 5,268.63 5,552.01 14.00 1.458E-002 4.034E-003
Am-241 5,484.90 5,298.46 5,604.22 14.00 1.458E-002 4.034E-003
Cm-245 5,417.78 5,395.41 5,447.61 9.00 9.375E-003 3.294E-003
Pu-236 5,760.83 5,611.67 5,887.60 11.00 1.146E-002 3.608E-003
Cm-244 5,775.74 5,641.51 5,902.52 9.00 9.375E-003 3.294E-003
Th-227 6,074.04 5,932.35 6,178.45 3.00 3.125E-003 2.083E-003
Cm-242 6,148.62 6,118.79 6,178.45 0.00 0.000E+000 1.473E-003
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Run Logs
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Alpha Spectroscopy Run Log

Detector: AV192

Count Analysis Prep Analyst
Analysis Date  Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
10/17/15 18:13 140 IC 160-223489/1 223489 PS
11/01/15 14:23 60 ICV 160-223607/1 223607 PS
05/19/16 13:01 960 ICB 160-252344/1 252344 ] PS
05/23/16 15:18 60 CCV 160-252658/1 252658 PS
06/08/16 10:01 1 PULSER 160-255590/1 255590 ALD
| 06/08/16 14:16 400 MB 160-254505/1-A 255590 254505 A-01-R ALD
Detector: AV193
Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
10/17/15 18:13 140 IC 160-223490/1 223490 PS
11/01/15 14:24 60 ICV 160-223608/1 223608 PS
05/19/16 13:01 960 ICB 16025234511 252345 ] PS
05/23/16 13:50 60 CCV 160-252659/1 252659 PS
06/08/16 10:01 1 PULSER 160-255591/1 255591 ALD
| 06/08/16 14:16 400 LCS 160-254505/2-A 255591 254505 A-01-R ALD
Detector: AV195
Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
10/17/15 18:19 140 IC 160-223492/1 223492 PS
11/01/15 14:28 60 ICV 160-223610/1 223610 PS
05/19/16 13:01 960 ICB 1602523471 252347 ] PS
05/23/16 12:23 60 CCV 160-252660/1 252660 PS
06/08/16 10:01 1 PULSER 160-255592/1 255592 ALD
| 06/08/16 14:16 400 LCSD 160-254505/3-A 255592 254505 A-01-R ALD
Detector: AV197
Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
10/17/15 18:14 140 IC 160-223494/1 223494 PS
11/01/15 14:25 60 ICV 160-223612/1 223612 PS
05119/16 13:01 960 ICB160-252349/1 252349 PS
05/23/16 12:28 60 CCV 160-252662/1 252662 PS
06/08/16 10:01 1 PULSER 160-255594/1 255594 ALD
| 06/08/16 14:16 400 160-17563-1 GW-GWW-052616 255594 254505 A-01-R ALD
Detector: AV198
Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
10/17/15 18:15 140 1C 160-223495/1 223495 PS
11/01/15 14:25 60 ICV 160-223613/1 223613 PS
05(19/16 13:01 960 ICB160-262350/1 252350 PS
05/23/16 12:38 60 CCV 160-252663/1 252663 PS
06/08/16 10:01 1 PULSER 160-255595/1 255595 ALD
| 06/08/16 14:17 400 160-17563-2 GW-NB34-052616 255595 254505 A-01-R ALD
Detector: AV199
Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
10/17/15 18:15 140 1C 160-223496/1 223496 PS
11/01/15 14:25 60 ICV 160-223614/1 223614 PS
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Alpha Spectroscopy Run Log

Detector: AV199 (Continued)

Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
0519/16 13:01 960 ICB160-262351/1 252351 | PS
05/23/16 12:27 60 CCV 160-252664/1 252664 PS
06/08/16 10:01 1 PULSER 160-255733/1 255733 ALD
| 06/08/16 14:17 400 160-17563-3 GW-GWY-052616 255733 254505 A-01-R ALD
Detector: AV200

Count Analysis Prep Analyst
Analysis Date  Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
10/17/15 18:15 140 1C 160-223497/1 223497 PS
11/01/15 14:26 60 ICV 160-223615/1 223615 PS
052016 15:00 960 ICB160-252421/1 252424 | PS
05/23/16 12:37 60 CCV 160-252665/1 252665 PS
06/08/16 10:01 1 PULSER 160-255596/1 255596 ALD
| 06/08/16 14:17 400 160-17563-4 GW-PZ02-052616 255596 254505 A-01-R ALD
Page 2 of 2 TestAmerica St. Louis
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GAMMA SPECTROSCOPY



Method TC-02-RC
Tracers

Technetium-99 Tracers
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Prep Batch: 254137

Technetium-99 Tracers Prep
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Test America St. Louis Spectrum ID: 5 Gamma 20160963
Sample Description: 254137 Gamma TCCLBA 160-254137~1-A
Detector: Detector # 5
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBA 160-254137~1-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 15:26:50 Real Time: 603 sec
Analysis Time: 6/1/2016 15:37 Dead Time: 0.41 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 5 Soil TunaCan.Clb
Efficiency Cal Desc: 5 Soil TunaCan 90099 032612
Efficiency Cal Date: 3/27/2012 17:20

Energy Cal Date: 2/28/2012 19:35
Library: Client Tc-99m.1lib
Bkgd Correction File: 5 2016-05-07 0551.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 .524E+02 7.2 3.258E+01 3.990E+01 2.350E+01

Total 4.524E+02

Analyst: Mike Aldridge

(Page 1 of 5)
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:37:41 PMPage 1
TestAmerica Inc Spectrum name: 5 Gamma 20160963 .Anl

Sample description
254137 Gamma TCCLBA 160-254137~1-A

Spectrum Filename: C:\User\SPC\Det5\5 Gamma 20160963 .Anl

Acquisition information

Start time: 6/1/2016 3:26:50 PM
Live time: 600

Real time: 603

Dead time: 0.41 %

Detector ID: 5

Detector system
Ge 5 SN/157

Calibration
Filename: 5 Soil TunaCan.Clb
5 Soil TunaCan 90099 032612

Energy Calibration

Created: 2/28/2012 7:35:48 PM
Zero offset: 0.158 keVv
Gain: 0.250 keV/channel
Quadratic: 3.911E-08 keV/channel”2
Efficiency Calibration
Created: 3/27/2012 5:20:37 PM
Knee Energy: 165.85 keV
Above the Knee: Quadratic Uncertainty = 0.87 %
Log (Eff) : 6.466115E-01 + (-7.830454E-01*Log(E) ) +
( -4.117504E-03*Log(E)A2 )
Below the Knee: Quadratic Uncertainty = 1.43 %
Log (Eff) : -2.462251E+01 + ( 9.075211E+00*Log(E) ) +

( -9.664422E-01*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.62keV )

Stop channel: 8000 ( 2000.81keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 3:37:41 PMPage 2
5 Gamma 20160963 .Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

5 2016-05-07_0551.PBC
5/7/2016 5:51:59 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0525
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.46 203. 7.20 0.71 3.412E-02 140.51 89.060 4.524E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.88 140.51 3. 203. 0.339 7.20 0.705D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

(Page 3 of 5)

Page 227 of 455



ORTEC g v - i (3263) Env32 G800W064 6/1/2016 3:37:41 PMPage 3
TestAmerica Inc Spectrum name: 5 Gamma 20160963 .Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4 .5239E+02 2.51E-01
Energy duplication
140.51 4.524E+02 ( 2.350E+01 7.20E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:37:41 PMPage 4
TestAmerica Inc Spectrum name: 5 Gamma 20160963 .Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 3.0417E+02 4 .5239E+02 7.201E+00% 2.35E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.8 keV) 3.042E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.8 keV) 4.5238528E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 7 Gamma 20161280
Sample Description: 254137 Gamma TCCLBA 160-254137~1-A
Detector: Detector # 7
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBA 160-254137~1-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 15:44:26 Real Time: 607 sec
Analysis Time: 6/1/2016 15:55 Dead Time: 1.20 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 7 _Soil TunaCan.Clb
Efficiency Cal Desc: 7 TunaCan 90099 032712
Efficiency Cal Date: 3/16/2012 11:45

Energy Cal Date: 2/23/2012 08:40
Library: Client Tc-99m.1lib
Bkgd Correction File: 7 2016-05-07_ 0559.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 .685E+02 5.7 2.671E+01 3.582E+01 1.554E+01

Total 4.685E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32
TestAmerica Inc

Sample description

Spectrum name:

G800W064 6/1/2016 3:55:02 PMPage 1

254137 Gamma TCCLBA 160-254137~1-A

Spectrum Filename: C:\User\SPC\Det7\7 Gamma 20161280.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 7 SN/154

Calibration
Filename:
7 _TunaCan_90099 032712

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:
Peak search sensitivity:
Sample Size:
Activity scaling factor:

Detection limit method:

6/1/2016 3:44:26 PM
600
607

1.20

o\°

7

7 Soil TunaCan.Clb

2/23/2012 8:40:56 AM
0.117 keVv
0.250 keV/channel

3.508E-09 keV/channel”2

3/16/2012 11:45:14 AM
165.85 keV

Quadratic Uncertainty = 0.87
6.716580E-01 + (-6.166540E-01*Log (E)

( -2.065917E-02*Log (E

7 Gamma 20161280.Anl

)

Quadratic Uncertainty = 1.48
-2.689695E+01 + ( 1.019544E+01*Log(E) )

( -1.081671E+00*Log (E

Client Tc-99m.1lib
0.500
Library based

Env32 G800W064

150 ( 37.61keV )
8000 ( 2000.13keV )
1000.000%

3

1.0000E+00 +/- 0.000E+00

[
o

1.0000E+00/( 3.7000E-02%*

2.7027E+01

Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 3:55:02 PMPage 2
7 Gamma 20161280.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

7 2016-05-07_0559.PBC
5/7/2016 5:59:56 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.1314
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.39 318. 5.70 0.92 5.338E-02 140.51 89.060 4.685E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.63 140.51 3. 318. 0.530 5.70 0.924D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:55:02 PMPage 3
TestAmerica Inc Spectrum name: 7 Gamma 20161280.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4 .6849E+02 2.51E-01
Energy duplication
140.51 4.685E+02 ( 1.554E+01 5.70E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:55:02 PMPage 4
TestAmerica Inc Spectrum name: 7 Gamma 20161280.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 3.0454E+02 4.6849E+02 5.701E+00% 1.55E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.1 keV) 3.045E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.1 keV) 4.6849094E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 8 Gamma 20160677
Sample Description: 254137 Gamma TCCLBA 160-254137~1-A
Detector: Detector # 8
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBA 160-254137~1-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 16:21:03 Real Time: 617 sec
Analysis Time: 6/1/2016 16:31 Dead Time: 2.83 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 3.932E+02 7.4 2.898E+01 3.523E+01 1.575E+01

Total 3.932E+402

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 4:31:35 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160677 .Anl

Sample description
254137 Gamma TCCLBA 160-254137~1-A
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160677.Anl

Acquisition information

Start time: 6/1/2016 4:21:03 PM
Live time: 600

Real time: 617

Dead time: 2.83 %

Detector 1ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 4:31:35 PMPage 2
8 Gamma 20160677.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

8 2016-05-07 1503.PBC
5/7/2016 3:03:11 PM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0439
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.56 184. 7.37 0.85 3.945E-02 140.51 89.060 3.932E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.86 140.51 0. 184. 0.307 7.37 0.849D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 4:31:35 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160677 .Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 3.9316E+02 2.51E-01
Energy duplication
140.51 3.932E+02 ( 1.575E+01 7.37E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 4:31:35 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160677 .Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 2.3822E+02 3.9316E+02 7.372E+00% 1.57E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 2.382E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 3.9315674E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 7 Gamma 20161279
Sample Description: 254137 Gamma TCCLBB 160-254137~2-A
Detector: Detector # 7
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBB 160-254137~2-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 15:27:49 Real Time: 607 sec
Analysis Time: 6/1/2016 15:38 Dead Time: 1.21 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 7 _Soil TunaCan.Clb
Efficiency Cal Desc: 7 TunaCan 90099 032712
Efficiency Cal Date: 3/16/2012 11:45

Energy Cal Date: 2/23/2012 08:40
Library: Client Tc-99m.1lib
Bkgd Correction File: 7 2016-05-07_ 0559.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 .695E+02 5.6 2.630E+01 3.555E+01 1.505E+01

Total 4.695E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32
TestAmerica Inc

Sample description

Spectrum name:

G800W064 6/1/2016 3:38:21 PMPage 1

254137 Gamma TCCLBB 160-254137~2-A

Spectrum Filename: C:\User\SPC\Det7\7 Gamma 20161279.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 7 SN/154

Calibration
Filename:
7 _TunaCan_90099 032712

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:
Peak search sensitivity:
Sample Size:
Activity scaling factor:

Detection limit method:

6/1/2016 3:27:49 PM
600
607

1.21

o\°

7

7 Soil TunaCan.Clb

2/23/2012 8:40:56 AM
0.117 keVv
0.250 keV/channel

3.508E-09 keV/channel”2

3/16/2012 11:45:14 AM
165.85 keV

Quadratic Uncertainty = 0.87
6.716580E-01 + (-6.166540E-01*Log (E)

( -2.065917E-02*Log (E

7 Gamma 20161279.Anl

)

Quadratic Uncertainty = 1.48
-2.689695E+01 + ( 1.019544E+01*Log(E) )

( -1.081671E+00*Log (E

Client Tc-99m.1lib
0.500
Library based

Env32 G800W064

150 ( 37.61keV )
8000 ( 2000.13keV )
1000.000%

3

1.0000E+00 +/- 0.000E+00

[
o

1.0000E+00/( 3.7000E-02%*

2.7027E+01

Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 3:38:21 PMPage 2
7 Gamma 20161279.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

7 2016-05-07_0559.PBC
5/7/2016 5:59:56 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0728
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.44 329. 5.60 0.78 5.337E-02 140.51 89.060 4.695E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.63 140.51 3. 329. 0.549 5.60 0.783D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:38:21 PMPage 3
TestAmerica Inc Spectrum name: 7 Gamma 20161279.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4 .6948E+02 2.51E-01
Energy duplication
140.51 4.695E+02 ( 1.505E+01 5.60E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 3:38:21 PMPage 4
TestAmerica Inc Spectrum name: 7 Gamma 20161279.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 3.1506E+02 4.6948E+02 5.602E+00% 1.51E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.1 keV) 3.151E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.1 keV) 4.6947565E+02 pCi/Sample

The library has energies which are not separable.

(Page 5 of 5)
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Test America St. Louis Spectrum ID: 8 Gamma 20160676
Sample Description: 254137 Gamma TCCLBB 160-254137~2-A
Detector: Detector # 8
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBB 160-254137~2-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 15:43:26 Real Time: 617 sec
Analysis Time: 6/1/2016 15:54 Dead Time: 2.83 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4.781E+02 6.7 3.182E+01 4 .007E+01 2.272E+01

Total 4.781E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 3:54:31 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160676 .Anl

Sample description
254137 Gamma TCCLBB 160-254137~2-A
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160676 .Anl

Acquisition information

Start time: 6/1/2016 3:43:26 PM
Live time: 600

Real time: 617

Dead time: 2.83 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 3:54:31 PMPage 2
8 Gamma 20160676 .Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

8 2016-05-07 1503.PBC
5/7/2016 3:03:11 PM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0018
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.51 240. 6.66 1.00 3.945E-02 140.51 89.060 4.781lE+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.86 140.51 4. 240. 0.401 6.66 0.999D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:54:31 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160676 .Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4.7809E+02 2.51E-01
Energy duplication
140.51 4.781E+02 ( 2.272E+01 6.66E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 3:54:31 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160676 .Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 3.1137E+02 4.7809E+02 6.656E+00% 2.27E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 3.114E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 4.7808997E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 5 Gamma 20160965
Sample Description: 254137 Gamma TCCLBB 160-254137~2-A
Detector: Detector # 5
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBB 160-254137~2-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 16:18:24 Real Time: 603 sec
Analysis Time: 6/1/2016 16:29 Dead Time: 0.44 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 5 Soil TunaCan.Clb
Efficiency Cal Desc: 5 Soil TunaCan 90099 032612
Efficiency Cal Date: 3/27/2012 17:20

Energy Cal Date: 2/28/2012 19:35
Library: Client Tc-99m.1lib
Bkgd Correction File: 5 2016-05-07 0551.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 3.872E+02 8.2 3.170E+01 3.733E+01 2.478E+01

Total 3.872E+02

Analyst: Mike Aldridge
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 4:29:15 PMPage 1
TestAmerica Inc Spectrum name: 5 Gamma 20160965.Anl

Sample description
254137 Gamma TCCLBB 160-254137~2-A

Spectrum Filename: C:\User\SPC\Det5\5 Gamma 20160965.Anl

Acquisition information

Start time: 6/1/2016 4:18:24 PM
Live time: 600

Real time: 603

Dead time: 0.44 %

Detector ID: 5

Detector system
Ge 5 SN/157

Calibration
Filename: 5 Soil TunaCan.Clb
5 Soil TunaCan 90099 032612

Energy Calibration

Created: 2/28/2012 7:35:48 PM
Zero offset: 0.158 keVv
Gain: 0.250 keV/channel
Quadratic: 3.911E-08 keV/channel”2
Efficiency Calibration
Created: 3/27/2012 5:20:37 PM
Knee Energy: 165.85 keV
Above the Knee: Quadratic Uncertainty = 0.87 %
Log (Eff) : 6.466115E-01 + (-7.830454E-01*Log(E) ) +
( -4.117504E-03*Log(E)A2 )
Below the Knee: Quadratic Uncertainty = 1.43 %
Log (Eff) : -2.462251E+01 + ( 9.075211E+00*Log(E) ) +

( -9.664422E-01*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.62keV )

Stop channel: 8000 ( 2000.81keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 4:29:15 PMPage 2
5 Gamma 20160965.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

5 2016-05-07_0551.PBC
5/7/2016 5:51:59 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0042
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.51 158. 8.19 0.57 3.411E-02 140.51 89.060 3.872E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.88 140.51 2. 158. 0.262 8.19 0.572D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 4:29:15 PMPage 3
TestAmerica Inc Spectrum name: 5 Gamma 20160965.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 3.8718E+02 2.51E-01
Energy duplication
140.51 3.872E+02 ( 2.478E+01 8.19E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 4:29:15 PMPage 4
TestAmerica Inc Spectrum name: 5 Gamma 20160965.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 2.3580E+02 3.8718E+02 8.187E+00% 2.48E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.8 keV) 2.358E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.8 keV) 3.8718463E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 8 Gamma 20160675
Sample Description: 254137 Gamma TCCLBC 160-254137~3-A
Detector: Detector # 8
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBC 160-254137~3-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 15:29:14 Real Time: 617 sec
Analysis Time: 6/1/2016 15:39 Dead Time: 2.82 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 .739E+02 6.4 3.028E+01 3.872E+01 1.426E+01

Total 4.739E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 3:39:47 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160675.Anl

Sample description
254137 Gamma TCCLBC 160-254137~3-A
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160675.Anl

Acquisition information

Start time: 6/1/2016 3:29:14 PM
Live time: 600

Real time: 617

Dead time: 2.82 %

Detector 1ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method

(Page 2 of 5)

Page 262 of 455



ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 3:39:47 PMPage 2
8 Gamma 20160675.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

8 2016-05-07 1503.PBC
5/7/2016 3:03:11 PM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0177
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.49 245. 6.39 0.94 3.946E-02 140.51 89.060 4.739E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.86 140.51 0. 245. 0.408 6.39 0.940D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:39:47 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160675.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4.7394E+02 2.51E-01
Energy duplication
140.51 4.739E+02 ( 1.426E+01 6.39E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 3:39:47 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160675.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 3.1720E+02 4.7394E+02 6.389E+00% 1.43E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 3.172E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 4.7394147E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 5 Gamma 20160964
Sample Description: 254137 Gamma TCCLBC 160-254137~3-A
Detector: Detector # 5
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBC 160-254137~3-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 15:45:48 Real Time: 602 sec
Analysis Time: 6/1/2016 15:56 Dead Time: 0.38 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 5 Soil TunaCan.Clb
Efficiency Cal Desc: 5 Soil TunaCan 90099 032612
Efficiency Cal Date: 3/27/2012 17:20

Energy Cal Date: 2/28/2012 19:35
Library: Client Tc-99m.1lib
Bkgd Correction File: 5 2016-05-07 0551.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4.087E+02 7.9 3.225E+401 3.838E+01 3.262E+01

Total 4.087E+02

Analyst: Mike Aldridge
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:56:10 PMPage 1
TestAmerica Inc Spectrum name: 5 Gamma 20160964 .Anl

Sample description
254137 Gamma TCCLBC 160-254137~3-A

Spectrum Filename: C:\User\SPC\Det5\5 Gamma 20160964 .Anl

Acquisition information

Start time: 6/1/2016 3:45:48 PM
Live time: 600

Real time: 602

Dead time: 0.38 %

Detector ID: 5

Detector system
Ge 5 SN/157

Calibration
Filename: 5 Soil TunaCan.Clb
5 Soil TunaCan 90099 032612

Energy Calibration

Created: 2/28/2012 7:35:48 PM
Zero offset: 0.158 keVv
Gain: 0.250 keV/channel
Quadratic: 3.911E-08 keV/channel”2
Efficiency Calibration
Created: 3/27/2012 5:20:37 PM
Knee Energy: 165.85 keV
Above the Knee: Quadratic Uncertainty = 0.87 %
Log (Eff) : 6.466115E-01 + (-7.830454E-01*Log(E) ) +
( -4.117504E-03*Log(E)A2 )
Below the Knee: Quadratic Uncertainty = 1.43 %
Log (Eff) : -2.462251E+01 + ( 9.075211E+00*Log(E) ) +

( -9.664422E-01*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.62keV )

Stop channel: 8000 ( 2000.81keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method

(Page 2 of 5)
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 3:56:10 PMPage 2
5 Gamma 20160964 .Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

5 2016-05-07_0551.PBC
5/7/2016 5:51:59 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0342
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.48 177. 7.89 0.84 3.411E-02 140.51 89.060 4.087E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.88 140.51 6. 177. 0.295 7.89 0.838D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:56:10 PMPage 3
TestAmerica Inc Spectrum name: 5 Gamma 20160964 .Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4.0873E+02 2.51E-01
Energy duplication
140.51 4.087E+02 ( 3.262E+01 7.89E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 3:56:10 PMPage 4
TestAmerica Inc Spectrum name: 5 Gamma 20160964 .Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 2.6499E+02 4.0873E+02 7.889E+00% 3.26E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.8 keV) 2.650E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.8 keV) 4.0873001E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 7 Gamma 20161281
Sample Description: 254137 Gamma TCCLBC 160-254137~3-A
Detector: Detector # 7
Batch ID: 254137
Work Order Number: Gamma
Lot Number: TCCLBC 160-254137~3-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 16:19:23 Real Time: 607 sec
Analysis Time: 6/1/2016 16:29 Dead Time: 1.19 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 7 _Soil TunaCan.Clb
Efficiency Cal Desc: 7 TunaCan 90099 032712
Efficiency Cal Date: 3/16/2012 11:45

Energy Cal Date: 2/23/2012 08:40
Library: Client Tc-99m.1lib
Bkgd Correction File: 7 2016-05-07_ 0559.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 535E+02 6.1 2.781E+01 3.615E+01 2.224E+01

Total 4 .535E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32
TestAmerica Inc

Sample description

Spectrum name:

G800W064 6/1/2016 4:29:54 PMPage 1

254137 Gamma TCCLBC 160-254137~3-A

Spectrum Filename: C:\User\SPC\Det7\7 Gamma 20161281.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 7 SN/154

Calibration
Filename:
7 _TunaCan_90099 032712

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:
Peak search sensitivity:
Sample Size:
Activity scaling factor:

Detection limit method:

6/1/2016 4:19:23 PM
600
607

1.19

o\°

7

7 Soil TunaCan.Clb

2/23/2012 8:40:56 AM
0.117 keVv
0.250 keV/channel

3.508E-09 keV/channel”2

3/16/2012 11:45:14 AM
165.85 keV

Quadratic Uncertainty = 0.87
6.716580E-01 + (-6.166540E-01*Log (E)

( -2.065917E-02*Log (E

7 Gamma 20161281.Anl

)

Quadratic Uncertainty = 1.48
-2.689695E+01 + ( 1.019544E+01*Log(E) )

( -1.081671E+00*Log (E

Client Tc-99m.1lib
0.500
Library based

Env32 G800W064

150 ( 37.61keV )
8000 ( 2000.13keV )
1000.000%

3

1.0000E+00 +/- 0.000E+00

[
o

1.0000E+00/( 3.7000E-02%*

2.7027E+01

Reg. Guide 4.16 Method

(Page 2 of 5)

Page 274 of 455

1.0000E+00)

+

=+



ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 4:29:54 PMPage 2
7 Gamma 20161281.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

7 2016-05-07_0559.PBC
5/7/2016 5:59:56 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0863
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.43 288. 6.13 0.92 5.337E-02 140.51 89.060 4.535E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.63 140.51 6. 288. 0.480 6.13 0.917D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 4:29:54 PMPage 3
TestAmerica Inc Spectrum name: 7 Gamma 20161281 .Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4 .5349E+02 2.51E-01
Energy duplication
140.51 4.535E+02 ( 2.224E+01 6.13E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 4:29:54 PMPage 4
TestAmerica Inc Spectrum name: 7 Gamma 20161281 .Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 2.7566E+02 4 .5349E+02 6.133E+00% 2.22E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.1 keV) 2.757E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.1 keV) 4.5349152E+02 pCi/Sample

The library has energies which are not separable.
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Prep Batch: 254155

Technetium-99 Tracers Prep
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Test America St. Louis

Sample Description:

Spectrum ID:

254155 Gamma MB 160-254155~1-A

Detector: Detector # 7
Batch ID: 254155
Work Order Number: Gamma

Lot Number:

MB 160-254155~1-A

7 Gamma 20161283

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 18:03:50 Real Time: 607 sec
Analysis Time: 6/1/2016 18:14 Dead Time: 1.17 %
Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 7 _Soil TunaCan.Clb
Efficiency Cal Desc: 7 TunaCan 90099 032712
Efficiency Cal Date: 3/16/2012 11:45
Energy Cal Date: 2/23/2012 08:40
Library: Client Tc-99m.lib
Bkgd Correction File: 7 2016-05-07_ 0559.PBC
1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable
Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample
TC-99M 4 .381E+02 6.8 2.989E+01 3.730E+01 2.388E+01
Total 4 .381E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32
TestAmerica Inc

Sample description

Spectrum name:

G800W064 6/1/2016 6:14:21 PMPage 1

254155 Gamma MB 160-254155~1-A

Spectrum Filename: C:\User\SPC\Det7\7 Gamma 20161283 .Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 7 SN/154

Calibration
Filename:
7 _TunaCan_90099 032712

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:
Peak search sensitivity:
Sample Size:
Activity scaling factor:

Detection limit method:

6/1/2016 6:03:50 PM
600
607
1.17 %
7

7 Soil TunaCan.Clb

2/23/2012 8:40:56 AM
0.117 keVv
0.250 keV/channel

3.508E-09 keV/channel”2

3/16/2012 11:45:14 AM
165.85 keV

Quadratic Uncertainty = 0.87
6.716580E-01 + (-6.166540E-01*Log (E)

( -2.065917E-02*Log (E

7 Gamma 20161283 .Anl

)

Quadratic Uncertainty = 1.48
-2.689695E+01 + ( 1.019544E+01*Log(E) )

( -1.081671E+00*Log (E

Client Tc-99m.1lib
0.500
Library based

Env32 G800W064

150 ( 37.61keV )
8000 ( 2000.13keV )
1000.000%

3

1.0000E+00 +/- 0.000E+00

[
o

1.0000E+00/( 3.7000E-02%*

2.7027E+01

Reg. Guide 4.16 Method

(Page 2 of 5)

Page 281 of 455

1.0000E+00)

+

=+



ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 6:14:21 PMPage 2
7 Gamma 20161283 .Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

7 2016-05-07_0559.PBC
5/7/2016 5:59:56 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0929
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.42 228. 6.82 0.94 5.337E-02 140.51 89.060 4.381E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.63 140.51 4. 228. 0.379 6.82 0.936D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 GB800W064 6/1/2016 6:14:21 PMPage 3
TestAmerica Inc Spectrum name: 7 Gamma 20161283 .Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4 .3806E+02 2.51E-01
Energy duplication
140.51 4.381E+02 ( 2.388E+01 6.82E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 6:14:21 PMPage 4
TestAmerica Inc Spectrum name: 7 Gamma 20161283 .Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 2.1791E+02 4 .3806E+02 6.824E+00% 2.39E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.1 keV) 2.179E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.1 keV) 4.3806033E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 8 Gamma 20160679
Sample Description: 254155 Gamma LCS 160-254155~2-A
Detector: Detector # 8
Batch ID: 254155
Work Order Number: Gamma
Lot Number: LCS 160-254155~2-A

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 18:05:09 Real Time: 618 sec
Analysis Time: 6/1/2016 18:15 Dead Time: 2.83 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 .440E+02 7.9 3.511E+01 4.176E+01 2.754E+01

Total 4.440E+02

Analyst: Mike Aldridge
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 6:15:42 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160679.Anl

Sample description
254155 Gamma LCS 160-254155~2-A
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160679.Anl

Acquisition information

Start time: 6/1/2016 6:05:09 PM
Live time: 600

Real time: 618

Dead time: 2.83 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 6:15:42 PMPage 2
8 Gamma 20160679.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

8 2016-05-07 1503.PBC
5/7/2016 3:03:11 PM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0177
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.53 170. 7.91 0.88 3.945E-02 140.51 89.060 4.440E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.86 140.51 3. 170. 0.284 7.91 0.884D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 6:15:42 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160679.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4.4401E+02 2.51E-01
Energy duplication
140.51 4.440E+02 ( 2.754E+01 7.91E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 6:15:42 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160679.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 2.2031E+02 4.4401E+02 7.907E+00% 2.75E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 2.203E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 4.4400641E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 8 Gamma 20160680
Sample Description: 254155 Gamma 160-17543-AD-1-D DU
Detector: Detector # 8
Batch ID: 254155
Work Order Number: Gamma
Lot Number: 160-17543-AD-1-D DU

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 18:30:48 Real Time: 618 sec
Analysis Time: 6/1/2016 18:41 Dead Time: 2.83 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 . 495E+02 7.8 3.510E+01 4 .191E+01 2.020E+01

Total 4.495E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 6:41:55 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160680.Anl

Sample description
254155 Gamma 160-17543-AD-1-D DU
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160680.Anl

Acquisition information

Start time: 6/1/2016 6:30:48 PM
Live time: 600

Real time: 618

Dead time: 2.83 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 6:41:55 PMPage 2
8 Gamma 20160680.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

8 2016-05-07 1503.PBC
5/7/2016 3:03:11 PM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0228
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.53 164. 7.81 0.74 3.945E-02 140.51 89.060 4.495E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.86 140.51 0. 164. 0.273 7.81 0.742D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 6:41:55 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160680.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4.4951E+02 2.51E-01
Energy duplication
140.51 4.495E+02 ( 2.020E+01 7.81E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 6:41:55 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160680.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 2.1233E+02 4 .4951E+02 7.809E+00% 2.02E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 2.123E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 4.4950821E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 8 Gamma 20160681
Sample Description: 254155 Gamma 160-17563-B-1-B
Detector: Detector # 8
Batch ID: 254155
Work Order Number: Gamma
Lot Number: 160-17563-B-1-B

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 18:43:08 Real Time: 617 sec
Analysis Time: 6/1/2016 18:54 Dead Time: 2.83 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 3.742E+02 9.2 3.425E+401 3.919E+01 3.586E+01

Total 3.742E+02

Analyst: Mike Aldridge
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 6:54:15 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160681.Anl

Sample description
254155 Gamma_160-17563-B-1-B
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160681.Anl

Acquisition information

Start time: 6/1/2016 6:43:08 PM
Live time: 600

Real time: 617

Dead time: 2.83 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 6:54:15 PMPage 2
8 Gamma 20160681.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

8 2016-05-07 1503.PBC
5/7/2016 3:03:11 PM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0759
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.43 133. 9.15 1.06 3.946E-02 140.51 89.060 3.742E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.86 140.51 5. 133. 0.222 9.15 1.058D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 6:54:15 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160681.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 3.7421E+02 2.51E-01
Energy duplication
140.51 3.742E+02 ( 3.586E+01 9.15E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 6:54:15 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160681.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 1.7262E+02 3.7421E+02 9.152E+00% 3.59E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 1.726E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 3.7420718E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 5 Gamma 20160970
Sample Description: 254155 Gamma 160-17563-B-2-C
Detector: Detector # 5
Batch ID: 254155
Work Order Number: Gamma
Lot Number: 160-17563-B-2-C

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 18:58:20 Real Time: 602 sec
Analysis Time: 6/1/2016 19:08 Dead Time: 0.35 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 5 Soil TunaCan.Clb
Efficiency Cal Desc: 5 Soil TunaCan 90099 032612
Efficiency Cal Date: 3/27/2012 17:20

Energy Cal Date: 2/28/2012 19:35
Library: Client Tc-99m.1lib
Bkgd Correction File: 5 2016-05-07 0551.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 3.765E+02 10.0 3.757E+01 4.218E+01 4 .147E+01

Total 3.765E+02

Analyst: Mike Aldridge
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 7:08:41 PMPage 1
TestAmerica Inc Spectrum name: 5 Gamma 20160970.Anl

Sample description
254155 Gamma_160-17563-B-2-C

Spectrum Filename: C:\User\SPC\Det5\5 Gamma 20160970.Anl

Acquisition information

Start time: 6/1/2016 6:58:20 PM
Live time: 600

Real time: 602

Dead time: 0.35 %

Detector ID: 5

Detector system
Ge 5 SN/157

Calibration
Filename: 5 Soil TunaCan.Clb
5 Soil TunaCan 90099 032612

Energy Calibration

Created: 2/28/2012 7:35:48 PM
Zero offset: 0.158 keVv
Gain: 0.250 keV/channel
Quadratic: 3.911E-08 keV/channel”2
Efficiency Calibration
Created: 3/27/2012 5:20:37 PM
Knee Energy: 165.85 keV
Above the Knee: Quadratic Uncertainty = 0.87 %
Log (Eff) : 6.466115E-01 + (-7.830454E-01*Log(E) ) +
( -4.117504E-03*Log(E)A2 )
Below the Knee: Quadratic Uncertainty = 1.43 %
Log (Eff) : -2.462251E+01 + ( 9.075211E+00*Log(E) ) +

( -9.664422E-01*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.62keV )

Stop channel: 8000 ( 2000.81keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 7:08:41 PMPage 2
5 Gamma 20160970.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

5 2016-05-07_0551.PBC
5/7/2016 5:51:59 AM

NO
NO
NO

5.00E+01 %

Normalized diff: 0.0954
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.43 113. 9.98 0.90 3.412E-02 140.51 89.060 3.765E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.88 140.51 4. 113. 0.188 9.98 0.903D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 7:08:41 PMPage 3
TestAmerica Inc Spectrum name: 5 Gamma 20160970.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 3.7647E+02 2.51E-01
Energy duplication
140.51 3.765E+02 ( 4.147E+01 9.98E+00 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 7:08:41 PMPage 4
TestAmerica Inc Spectrum name: 5 Gamma 20160970.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 1.6868E+02 3.7647E+02 9.978E+00% 4 .15E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.8 keV) 1.687E+02 pCi/Sample
Total Decayed Activity ( 37.6 to 2000.8 keV) 3.7647183E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 8 Gamma 20160683
Sample Description: 254155 Gamma 160-17563-A-3-C
Detector: Detector # 8
Batch ID: 254155
Work Order Number: Gamma
Lot Number: 160-17563-A-3-C

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 22:38:08 Real Time: 618 sec
Analysis Time: 6/1/2016 22:48 Dead Time: 2.86 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4 .142E+02 10.3 4 .272E+01 4.764E+01 3.247E+01

Total 4.142E+02

Analyst: Aaron Schroder
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 10:48:41 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160683 .Anl

Sample description
254155 Gamma_160-17563-A-3-C
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160683 .Anl

Acquisition information

Start time: 6/1/2016 10:38:08 PM
Live time: 600

Real time: 618

Dead time: 2.86 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 10:48:41 PMPage 2

TestAmerica Inc Spectrum name: 8 Gamma 20160683 .Anl
Random error: 4.0000000E+00
Systematic error: 4.0000000E+00
Fraction Limit: 0.000%
Background width: 3
Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: YES 6/1/2016 12:00:00 PM
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: YES 8 2016-05-07 _1503.PBC
5/7/2016 3:03:11 PM
Absorption (Internal): NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 1 cutoff: 5.00E+01 %
Energy Calibration
Normalized diff: 0.0043

Fokk ok x SUMMARY O F PEAKS IN R ANGE Fokk ok x

Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.51 94 . 10.31 0.89 3.945E-02 140.51 89.060 4.142E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k

Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV

TC-99M 561.86 140.51 0. 94 . 0.157 10.31 0.894D

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - i (3263) Env32 G800W064 6/1/2016 10:48:41 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160683 .Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4.1417E+02 2.51E-01
Energy duplication
140.51 4.142E+02 ( 3.247E+01 1.03E+01 8.91E+01 G K

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 10:48:41 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160683 .Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M 1.2170E+02 4.1417E+02 1.031E+01% 3.25E+01

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 1.217E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 4.1416510E+02 pCi/Sample

The library has energies which are not separable.
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Test America St. Louis Spectrum ID: 8 Gamma 20160682
Sample Description: 254155 Gamma 160-17563-A-4-C
Detector: Detector # 8
Batch ID: 254155
Work Order Number: Gamma
Lot Number: 160-17563-A-4-C

Decay to Time: 6/1/2016 12:00 Live Time: 600 sec
Acquisition Time: 6/1/2016 18:55:52 Real Time: 617 sec
Analysis Time: 6/1/2016 19:06 Dead Time: 2.83 %

Analysis Quantity: 1.000E+00 Sample
Efficiency Cal File: 8 Soil TunaCan.Clb
Efficiency Cal Desc: 8 Soil TunaCan 90099 032712
Efficiency Cal Date: 3/28/2012 10:35

Energy Cal Date: 2/28/2012 10:34
Library: Client Tc-99m.1lib
Bkgd Correction File: 8 2016-05-07 1503.PBC

1-Sigma 1-Sigma 1-Sigma Minimum
Counting Counting Total Detectable

Nuclide Activity Uncert Uncert Uncert Activity
pCi/Sample % pCi/Sample pCi/Sample pCi/Sample

TC-99M 4.189E+02 9.0 3.765E+01 4 327E+01 4 . 409E+01

Total 4.189E+02

Analyst: Mike Aldridge
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 7:06:56 PMPage 1
TestAmerica Inc Spectrum name: 8 Gamma 20160682.Anl

Sample description
254155 Gamma_160-17563-A-4-C
Spectrum Filename: C:\User\SPC\Det8\8 Gamma 20160682.Anl

Acquisition information

Start time: 6/1/2016 6:55:52 PM
Live time: 600

Real time: 617

Dead time: 2.83 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv

Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2

Efficiency Calibration

Created: 3/28/2012 10:35:20 AM

Knee Energy: 165.85 keV

Above the Knee: Quadratic Uncertainty = 1.39 %

Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( —2.572270E—O2*Log(E)A2 )

Below the Knee: Quadratic Uncertainty = 1.71 %

Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: Client Tc-99m.1lib
Library Match Width: 0.500
Peak stripping: Library based

Analysis parameters

Analysis engine: Env3?2 G800W064

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.97keV )

Peak rejection level: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00 +/- 0.000E+00%

Activity scaling factor: 1.0000E+00/( 3.7000E-02* 1.0000E+00) =
2.7027E+01

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - i
TestAmerica Inc

(3263) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:
Activity range factor:
Min. step backg. energy
Multiplet shift channel

'_l
NONDNWO D

Corrections

total peaks alloc.

Decay correct to date:

Decay during acquisition:
Decay during collection:

True coincidence correction:
Peaked background correction:

Absorption (Internal) :
Geometry correction:
Random summing:

1 cutoff:
Energy Calibration

G800WO64
Spectrum name:

6/1/2016 7:06:56 PMPage 2
8 Gamma 20160682.Anl

.0000000E+00
.0000000E+00
.000%

.000
.000
.000
.000

Status
YES
YES
NO
NO
YES

Comments
6/1/2016 12:00:00 PM

8 2016-05-07 1503.PBC
5/7/2016 3:03:11 PM

NO
NO
NO

5.00E+01 %

Normalized diff: 1.0000
*kkx*x SUMMARY O F PEAKS IN RANGE * ok kxx
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio pCi/Samp
140.53 1l46. 8.86 0.89 3.945E-02 140.51 89.060 4.209E+02 TCOSM

No unknown peaks passed sensitivity test.

This section based on library: Client Tc-99m.lib

kkkkkkkxkk*xk*kx**x T D E N T I F I E D P E A K S U M MAIRY **kkkkkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
TC-99M 561.86 140.51 7. 1l46. 0.243 8.99 1.085D
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 7:06:56 PMPage 3
TestAmerica Inc Spectrum name: 8 Gamma 20160682.Anl

*ok ok ok x SUMMARY O F LIBRARY PEAK US AGE Fok ok ok x

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value

pCi/Sample keVv pCi/Sample pCi/Sample COMMENTS
TC-99M I 4.1894E+02 2.51E-01

Energy duplication
140.51 4.189E+02 ?( 4.409E+01 8.99E+00 8.91E+01 G K
( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkkk*x* D T S CARDED I SOTOTPE DPEUZAIEKTS S *kkkkhhkkhhhhhkkhsk
Nuclide Centroid Background Net Area Intensity Uncert Activity

)

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction
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ORTEC g v - 1 (3263) Env32 G800W064 6/1/2016 7:06:56 PMPage 4
TestAmerica Inc Spectrum name: 8 Gamma 20160682.Anl

* ok ok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * Kok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
pCi/Sample pCi/Sample pCi/Sample
TC-99M # 1.8859E+02 4.1894E+02 8.986E+00% 4.41E+01
# - All peaks for activity calculation had bad shape.
* - Activity omitted from total
& - Activity omitted from total and all peaks had bad shape.
< - MDA value printed.
A - Activity printed, but activity < MDA.
B - Activity < MDA and failed test.
C - Area < Critical level.
F - Failed fraction or key line test.
H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 1.886E+02 pCi/Sample
Total Decayed Activity ( 37.5 to 2000.0 keV) 4.1893509E+02 pCi/Sample

The library has energies which are not separable.
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Daily Checks



Test America
St. Louis
Background Check

Spectrum: 5 20160601001 BG
Description: Background Contamination Check

Acquired: 6/1/2016 12:26:14 AM

Detector: Detector # 5

Background Evaluation Criteria:

1) Place instrument out of service if Countrate exceeds Control Limits.

2) Investigate high countrate and take corrective action as necessary i1f Countrate
exceeds Tolerance Limits.

Target L _Ctrl L Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.45 1.30 1.35 1.45 1.55 1.60 PASS
Analyst: Aaron Schroder Reviewer: kody Saulters
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Test America
St. Louis
Quality Control Check

Spectrum: 5 20160601002 QCAsLeft
Description: Quality control Check (QC Source 'A') Post Stabilization
Acquired: 6/1/2016 5:44:46 AM
Detector: Detector # 5
Quality Control Evaluation Criteria:
1) Notify Supervisor if 'AS FOUND' parameters exceed Tolerance or Control Limits.
2) Place out of service if 'AS LEFT' parameters exceed Tolerance or Control Limits.

Target L Ctrl L Tol Measured H Tol H Ctrl Results

QA-60

Channel 238.00 236.00 237.00 237.90 239.00 240.00 PASS
Energy 59.54 59.04 59.29 59.59 59.79 60.04 PASS
FWHM 0.74 0.00 0.00 0.73 1.84 1.94 PASS
ActivityDiff 636.60 -5.00 -4.00 -0.58 4.00 5.00 PASS
QA-662

FWHM 1.36 0.00 0.00 1.35 3.06 3.16 PASS
ActivityDiff 596.80 -5.00 -4.00 -3.17 4.00 5.00 PASS
QA-1332

Channel 5330.00 5327.00 5328.00 5330.20 5332.00 5333.00 PASS
Energy 1332.51 1331.76 1332.01 1332.59 1333.01 1333.26 PASS
FWHM 1.90 0.00 0.00 1.95 4.10 4.20 PASS
ActivityDiff 1164.20 -5.00 -4.00 -1.08 4.00 5.00 PASS

Analyst: kody Saulters Reviewer: kody Saulters
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Test America
St. Louis
Background Check

Spectrum: 7 20160601001 BG

Description: Background Contamination Check
Acquired: 6/1/2016 12:27:07 AM
Detector: Detector # 7

Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.

2) Investigate high countrate and take corrective action as necessary i1f Countrate
exceeds Tolerance Limits.

Target L _Ctrl L Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.30 1.16 1.21 1.29 1.40 1.45 PASS
Analyst: Aaron Schroder Reviewer: kody Saulters
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Test America
St. Louis
Quality Control Check

Spectrum: 7_20160601002_QCAsLeft
Description: Quality control Check (QC Source 'C') Post Stabilization
Acquired: 6/1/2016 5:47:41 AM
Detector: Detector # 7
Quality Control Evaluation Criteria:
1) Notify Supervisor if 'AS FOUND' parameters exceed Tolerance or Control Limits.
2) Place out of service if 'AS LEFT' parameters exceed Tolerance or Control Limits.

Target L Ctrl L Tol Measured H Tol H Ctrl Results

QA-60

Channel 238.00 236.00 237.00 237.80 239.00 240.00 PASS
Energy 59.58 59.04 59.29 59.58 59.79 60.04 PASS
FWHM 0.84 0.00 0.00 0.88 1.94 2.04 PASS
ActivityDiff 647.00 -5.00 -4.00 1.18 4.00 5.00 PASS
QA-662

FWHM 1.45 0.00 0.00 1.45 3.15 3.25 PASS
ActivityDiff 606.50 -5.00 -4.00 1.11 4.00 5.00 PASS
QA-1332

Channel 5330.00 5327.00 5328.00 5330.30 5332.00 5333.00 PASS
Energy 1332.51 1331.76 1332.01 1332.67 1333.01 1333.26 PASS
FWHM 1.98 0.00 0.00 1.83 4.18 4.28 PASS
ActivityDiff 1183.00 -5.00 -4.00 0.94 4.00 5.00 PASS

Analyst: kody Saulters Reviewer: kody Saulters
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Test America
St. Louis
Background Check

Spectrum: 8 20160601001 BG
Description: Background Contamination Check
Acquired: 6/1/2016 12:28:12 AM
Detector: Detector # 8
Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.
2) Investigate high countrate and take corrective action as necessary i1f Countrate

exceeds Tolerance Limits.

Target L _Ctrl L Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.56 1.39 1.45 1.61 1.68 1.74 PASS
Analyst: Aaron Schroder Reviewer: kody Saulters
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Test America
St. Louis
Quality Control Check

Spectrum: 8 20160601002 QCAsLeft
Description: Quality control Check (QC Source 'D') Post Stabilization
Acquired: 6/1/2016 5:48:45 AM
Detector: Detector # 8
Quality Control Evaluation Criteria:
1) Notify Supervisor if 'AS FOUND' parameters exceed Tolerance or Control Limits.
2) Place out of service if 'AS LEFT' parameters exceed Tolerance or Control Limits.

Target L Ctrl L Tol Measured H Tol H Ctrl Results

QA-60

Channel 238.00 236.00 237.00 237.80 239.00 240.00 PASS
Energy 59.54 59.04 59.29 59.52 59.79 60.04 PASS
FWHM 1.10 0.00 0.00 0.85 2.20 2.30 PASS
ActivityDiff 650.60 -5.00 -4.00 -1.24 4.00 5.00 PASS
QA-662

FWHM 1.53 0.00 0.00 1.33 3.23 3.33 PASS
ActivityDiff 609.90 -5.00 -4.00 0.27 4.00 5.00 PASS
QA-1332

Channel 5330.00 5327.00 5328.00 5330.70 5332.00 5333.00 PASS
Energy 1332.51 1331.76 1332.01 1332.66 1333.01 1333.26 PASS
FWHM 1.90 0.00 0.00 1.79 4.10 4.20 PASS
ActivityDiff 1189.70 -5.00 -4.00 -2.38 4.00 5.00 PASS

Analyst: kody Saulters Reviewer: kody Saulters
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Ge05_90099_solidcert 2012.xls

Gamma Verification per Geometry

Detector: Geb
Geometry: Tunacan
Reference date 1/1/2012
Calibration Standard: 90099
Standard volume g/ vial 1550
Standard volume transferred in g / geometry 317.8
lab ID# of cal standard  Rad12-0007
Isotope Czr;i:‘it::lials\:f;;\;ity GAec?trir\]/?tt;y y abundance | Bg/sample Rcezl:;tts %recovery
gammas/sec
Pb-210 3094 634 0.0425 14926 14353 96.2
Am-241 2037 418 0.3590 1163 1230.2 105.7
Cd-109 2881 591 0.0361 16363 16101 98.4
Co-57 1511 310 0.8560 362 347.72 96.1
Ce-139 2139 439 0.7990 549 538.4 98.1
Hg-203 4651 954 0,8146 1171 1208.4 103.2
Sn-113 3015 618 0.6400 966 972.07 100.6
Cs-137 1938 397 0.8510 467 462.35 99.0
Y-88 7264 1489 0.9370 1589 1559.3 98.1
Co-60 3580 734 0.9997 734 722.51 98.4
Co-60 3581 734 0.9999 734 739.67 100.7
Y-88 7690 1577 0.9920 1589 1613.8 101.5
Reviewed By:  Jody Watson
Date: 3/27/2012

SOP: ST-RD-0102 current rev

CalVerif_tuna can
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5 Soil_TunaCan.Clb
3/27/2012 Time:
3/27/2012 Time:

Calibration Data from file:
Energy Calibration Date:
Efficiency Calibration Date:

5:20:02 PM
5:20:37 PM

Calibration Description:

5 Soil_TunaCan_ 90099 032612

Energy Calibration Fit
Energy = 0.1351 +0.249831*Channel +2.72022e-008*Channel**2
FWHM (ch) = 2.8138 4+0.001050*Channel -2.57606e-008*Channel**2

Energy/FWHM Table

Date & Time

Channel Energy(keV) Fit(keV) Delta FWHM(keV) Fit(keV) Delta
186.01 46.54 46.61 -0.15% 0.74 0.75 -1.17%
237.86 59.54 59.56 -0.04% 0.74 0.77 -4.07%
351.46 88.03 87.95 0.10% 0.80 0.79 1.28%
487.52 122.06 121.94 0.10% 0.85 0.83 2.66%
663.26 165.85 165.85 0.00% 0.88 0.87 0.98%

1116.90 279.17 279.20 -0.01% 0.97 0.99 -2.35%

1567.36 391.69 391.78 -0.02% 1.12 1.10 1.78%

2647 .45 661.66 661.74 -0.01% 1.38 1.35 1.91%

3592 .51 898.02 898.01 0.00% 1.55 1.56 -1.11%

4692.96 1173.24 1173.18 0.00% 1.77 1.79 -1.18%

5329.72 1332.50 1332.44 0.00% 1.93 /’ 1.92 0.31%

7342 .77 1836.01 1836.05 -0.00% 2.29 2.29 0.24%

v
Efficiency Calibration Fit
Knee Energy = 165.85 keV
Above the Knee: Quadratic Uncertainty = 0.8682 %
Ln(Eff) = 0.6466 -0.783045*Ln(Eng) -0.0041175*% (Ln(Eng) ) **2
Below the Knee: Quadratic Uncertainty = 1.4296 %
Ln(Eff) = -24.6225 +9.075211*Ln(Eng) -0.966442% (Ln(Eng)) **2
Efficiency Table
Energy Efficiency Fit Delta
46.54 1.7205E-002 1.7882E-002 -3.93%
59.54 2.6619E-002 2.5335E-002 4.82%
88.03 3.4045E-002 3.4617E-002 -1.68%
122.06 3.4394E-002 3.5819E-002 -4 .,15%
165.85 ============== K€€ ==s==s==s=z=====
165.85 3.0704E-002 3.1331E-002 ~2.04%
279,17 2.1030E-002 2.0365E-002 3.17%
391.69 1.5475E-002 1.5370E-002 0.68%
661.66 9.8486E~003 9.9244E-003 -0.77%
898.02 7.5404E-003 7.6837E-003 -1.90%
1173.24 6.0360E-003 6.1381E-003 ~1.69%
1332.50 5.5560E-003 ©5.5144E-003 0.75% J/
1836.01 4.2722E-003 4.2078E-003 1.51%
Calibration Certificate Table
Isotope Energy Pct Halflife Activity GPS Error
Pb-210 46.54  4.25 8.15E+003 14918.00 634.00 4.10% 1/1/2012
Am-241 59.54 35.70 1.58E+005 1170.90 418.00 3.50% 1/1/2012
Cd-109 88.03 3.61 4.63E+002 16371.00 591.00 4.70% 1/1/2012
Co-57 122.06 85.60 2.72E+002 362,15 310.00 4.10% 1/1/2012
Ce-139 ©165.85 79.90 1.38E+002 549,44 439,00 3.90% 1/1/2012
Hg-203 279.17 81.50 4.66E+001 1170.60 954.00 3.80% 1/1/2012
Sn-113 391.69 64.00 1.15E+002 965.63 618.00 3.90% 1/1/2012
Cs-137 661.66 85.21 1.10E+004 465.91 397.00 4.00% 1/1/2012
Y-88 898.02 93.70 1.07E+002 1589.10 1489.00 3.90% 1/1/2012
Co-60 1173.24 99.90 1.93E+003 734.73 734.00 4.00% 1/1/2012
Co-60 1332.50 99.98 1.93E+003 734.15 734 .00 4.00% 1/1/2012
Y-88 1836.01 99.20 1.07E+002 1589.70 1577.00 4.00% 1/1/2012
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ORTEC g v - i Env32

TestAmerica

(1087)

Sample description
5 TunaCan_90099 032612

G53W4 .25
Spectrum name:

3/27/2012 5:22:03 PM
5 TunaCan_20120810.Anl

Spectrum Filename: C:\User\SPC\Det5\5 TunaCan 20120810.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 5 SN/157

Calibration
Filename:
5_Soil_TunaCan_90099 032612

Energy Calibration
Created:
Zero offget:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:
Peak search sensitivity:
Sample Size: :
Activity scaling factor:

Detection limit method:

3/26/2012 3:05:42 PM
3600
3652

1.44

5

a0

5 _Soil TunaCan.Clb

3/27/2012 5:20:02 PM
0.135 keVv

0.250 keV/channel
2.720E-08 keV/channel”2

3/27/2012 5:20:37 PM

165.85 keV
Quadratic Uncertainty = 0.87 %
6.466115E-01 + (-7.830454E-01*Log(E) ) +
( -4.117504E-03*Log (E) "2 )
Quadratic Uncertainty = 1.43 %
-2.462251E+01 + ( 9.075211E+00*Log(E) ) +

( -9.664422E-01*Log(E)"2 )

DET EnergyStandardMix & Pb.Lib
0.500
Library based

Env32 G53W4 .25
150 37.61keV )
8000 ( 2000.53keV )
10.000%
3
1.0000E+00
1.0000E+00/( 1.0000E+00* 1.0000E+00) =
1.0000E+00

Reg. Guide 4.16 Method
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ORTEC g v -
TegstAmerica

i (1087) Env32

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:

Activity range factor:

Min.

Corrections
Decay correct to date:
Decay during acquisition:
Decay during collection:
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal):
Geometry correction:
Random summing:

total peaks alloc.

step backg.
Multiplet shift channel

Energy Calibration

energy

12 cutoff:

G53W4 ., 25

Spectrum name:

4.0000000E+00
4.0000000E+00

0.000%

average of three points.

12.000
2.000
0.000
2.000

Status

YES
NO
NO

NO
NO
NO

5.00E+01%

3/27/2012 5:22:03 PM
5 TunaCan_20120810.Anl

Comments
1/1/2012 11:00:00 AM

Normalized diff: 0.0527
kKKK SUMMARY o F PEAKS I RANGE hokokkk
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nue
Energy Factor Energy Ratio Bg
46.61 38986, 0.74 0.74 1.793E-02 46,54 4,250 1.435E+04 Pb210
59.56 40041, 0.74 0.74 2.535E-02 59.54 35.700 1.230E+03 AM241
70.85 1493. 9.22 0.78 3.019E-02
72.87 2354, 5.96 0.78 3.089E-02
87.95 63754, 0.53 0.80 3.460E-02 88.03 3.610 1.610E+04 CD109
121.94 30888. 0,76 0.85 3,583E-02 122,06 85.600 3,477E+02 CO57
136.41 3768, 3,80 0,89 3.457E-02
165.85 31597. 0.74 0.88 3.066E-02 165.85 79.900 5.384E+02 Cel39
279.20 20358. 0.87 0.97 2.036E-02 279.17 81.500 1.208E+03 Hg203
391.78 20611. 0.93 1.12 1.537E-02 391.69 64.000 9.721E+02 SN113
661.74 14000. 1.10 1.38 9.923E-03 v66l.66 85.210 4,623E+02 8137
898.01 23228. 0.82 1,55 7.684E-03 898.02 93,700 1,559E+03 Y898
1173.18 15468. 0.93 1.77 6.138E-03 1173.24 99.900 7.225E+02 Col1l73
1332.44 14238. 0.98 1.93 5.515E-03 1332.50 99.982 7.397E+02 Col332
1836.04 13938. 0.87 2.30 4 ,208E-03 1836.01 99.200 1.614E+03 Y1836
EE R R U N I D E N T I F I E D P E A K S U M M A R Y EE R R O R

Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keV Nuclide

291.16 72.88 8722. 2253. 7.295E+04 7.09 0.801 -

545 .44 136.41 5274, 3768. 1.090E+05 3.80 0.888 -
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0

RTEC g v - 1 (1087)

TestAmerica

Peak fails shape

tests.

Peak area deconvoluted,
Peak written from unknown list.
Area < Critical level.

Env32 G53W4.25 3/27/2012 5:22:03 PM

Spectrum name: 5 TunaCan_20120810.Anl

This section based on library: DET EnergyStandardMix & Pb.Lib

kkkkhkkkkkxxkx%*x% T D ENTTIFEFTI ERD P E A K

QG UMMAR Y #**kkkrrkhhhhkhk

Nuclide Peak Centroid Background Net Area Intensity  Uncert FWHM
Channel Energy Counts Counts Ctg/Sec 1 Sigma % keV
Pb-210 186.01 46.61 12895. 38986. 10.829 0.74 0.743
AM-241 237.86 59.56 13293, 40041. 11.122 0.74 0.735
CD-109 351.46 87.95 12894. 63754 . 17.710 0.53 0.805
CO-57 487.52 121.94 6935. 30888. 8.580 0.76 0.852
Ce-139 663.26 165.85 5616, 31597. 8.777 0.74 0.883
Hg-203 1116.90 279.20 2848, 20358, 5,655 0.87 0.966
SN-113 1567.36 391.78 3046. 20611, 5.725 0.93 1.119
Cs-137 2647.45 661,74 1982, 14000. 3.889 1.10 1.380
Y-898 3592.51 898.01 1944. 23228. 6.452 0.82 1.547
Co-1173 4692.96 1173.18 847 . 15468, 4,297 0,93 1.774
Co-1332 5329.75 1332.44 693. 14238. 3.955 0.98 1.927
Y-1836 7342.72 1836,04 102. 13938, 3.872 0.87 2,295
g - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
FhEk kN SUMMARY O F LIBRARY P EAK USAGE *ERKA
- Nuclide - Average =  -~==------==-- Peak --------~-~~~--~-
Name Code Activity Energy Activity Code MDA Value
Bg kev Bg Bg COMMENTS
Pb-210 N 1.4353E+04 8.15E+03
46.54 1.435E+04 ( 1.958E+02 .44E-01 4.25E+00 G
AM-241 1.2302E+03 1.58E+05
59.54 1.230E+03 ( 1.659E+01 7.44E-01 3.57E+01 G
CD-~109 1.6101E+04 4.63E+02
88,03 1.610E+04 ( 1.343E+02 .28E-01 3.61E+00 G
CO-57 3.4772E+02 2.72E+02
122,06 3.477E+02 ( 4.399E+00 7.60E-01 8.56E+01 G
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5_TunaCan_20120810.Anl

Comments

1.38E+02
36E-01 7.99E+01

4.66E+01

.69E-01 8,15E+01

1.15E+02

.31E-01 6.40E+01

1.10E+04

.10E+00 8.52E+01L

1.07E+02

.19E-01 9.37E+01

1.93E+03

.30E-01 9.99E+01

1.93E+03

.82E-01 1.00E+02

1.07B+02

ORTEC g v - 1 (1087) Env32 G53W4.25 3/27/2012 5:22:03 PM
TestAmerica Spectrum name:
Nuclide Ave activity Energy Activity Code Peak MDA

Ce-139 5.3840E+02
165.85 5.384E+02 ( 5.997E+00 7.

Hg-203 1.2084E+03
279.17 1,208E+03 ( 1.492E+01 8

SN-113 9.7207E+02
391.69 9.721E+02 ( 1.226E+01 9

C8-137 4.6235E+02
661.66 4.623E+02 ( 6.941E+00 1

Y-898 1.5593E+03
898.02 1.559E+03 ( 1.397E+01 8

Co-1173 7.2251E402
1173.24 7.225E+02 ( 6.463E+00 9

Co-1332 7.3967E+02
1332.50 7.397E+02 ( 6.515E+00 9

Y-1836 1.6138E+03
1836.01 1.614E+03 ( 5,776E+00 8

Lr o0 @ -

+

1

li

Nucl

Z e

This peak used in the nuclide activity average.

Peak is too wide, but only one peak in library.

Peak ig part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

Peak is too wide at FW25M, but ok at FWHM.

Peak fails sensitivity test.

Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
Peakbackground subtraction

Peak is too close to another for the actiwvity

to be found directly.

bPeak Codes:

G Gamma Ray

X - X-Ray

P - Posgitron Decay
S - Single-Escape

ide Codes:

Thermal Neutron Activation
Fast Neutron Activation
Fission Product

Naturally Occurring Isotope
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ORTEC g v - 1 (1087) Env32 G53W4.25 3/27/2012 5:22:03 PM

TestAmerica Spectrum name: 5_TunaCan_20120810.Anl
P - Photon Reaction D - Double-Escape
C - Charged Particle Reaction K - Key Line
M - No MDA Calculation A - Not in Average
R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

REkKkKhkkkkk*x%k%% D T S CARDED I S OTOPE PEAIEKS *tkkwhhhkhhhhhdk
Nuclide Centroid Background Net Area Intensity Uncert Activity

o)

Energy Counts Counts Cte/Sec 1 Sigma %

P - Peakbackground subtraction

wk kKK SUMMARY O F NUCLTIDES IN SAMPILE w ok kKK
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
Bg Bqg

Pb-210 1.4250E+04 1.4353E+04 7.439E-01% 1.96E+02
AM-241 1.2297E+03 1.2302E403 7.442E-01% 1.66E401
CD-109 1.4172E+04 1.6101E+04 5.277E-01% 1.34E+02
CO-57 2.7983E4+02 3.4772E+02 7.604E-01% 4.40E+00
Ce-139 3.5061E+02 5.3840E+02 7.359E-01% 6.00E+00
Hg-203 3.4071E+02 1.2084E+03 8.687E-01% 1.49E+01
SN-113 5.8200E+02 9.7207E+02 9.315E-01% 1.23E+01
CS-137 4,5987E+02 4.6235E+02 1,097E+00% 6.94E+00
Y-898 8.9620E+02 1.5593E+03 8.189E-01% 1.40E+01
Co-1173 7.0069E+02 7.2251E+02 9.300E-01% 6.46E+00
Co-1332 7.1733E+02 7.3967E+02 9.821E-01% 6.52E+00
Y-1836 9.2756E+02 1.6138E+03 8.711E-01% 5.78E+00

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY e i
Total Activity ( 37.6 to 2000.5 keV) 3.491E+04 Bqg
Total Decayed Activity ( 37.6 to 2000.5 keV) 3.9848164E+04 Bg
Analyzed by:

Admin
Reviewed by:
Supervisor

Laboratory: TestAmerica
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Ge07_90099_solidcert 2012 TALS.xls

Gamma Verification per Geometry

Detector: Ge7
Geometry: Tunacan
Reference date 1/1/2012

Calibration Standard: - 90099

Standard volume g / vial 1550

Standard volume transferred in g / geometry 317.8

lab ID# of cal standard 6699

Isotope Czr;irf'i:::a:;:stl\gty GAe::)tI:I?tt;y yabundance | Bg/sample Rf; ZL:IT:S Y%recovery
gammas/sec

Pb-210 3094 634 0.0425 14926 14726 98.7
Am-241 2037 418 0.3590 1163 1241.6 106.7
Cd-109 2881 591 0.0361 16363 15976 97.6
Co-57 1511 310 0.8560 362 346.77 95.8
Ce-139 2139 439 0.7990 549 539.48 98.3
Hg-203 4651 954 0.8146 1171 1199.2 102.4
Sn-113 3015 618 0.6400 066 976.76 101.1
Cs-137 1938 397 0.8510 467 467.66 100.2
Y-88 7264 1489 0.9370 1589 1567.3 98.6
Co-60 3580 734 0.9997 734 726.23 98.9
Co-60 3581 734 0.9999 734 719.64 98.0
Y-88 7690 1577 0.9920 1589 1635.7 102.9

Reviewed By: Jody Watson

Date: 3/16/2012

SOP: ST-RD-0102 current rev CalVerif_tuna can (2)
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Calibration Data from file: 7 Soil TunaCan.Clb
Energy Calibration Date: 3/16/2012 Time: 11:44:50 AM
Efficiency Calibration Date: 3/16/2012 Time: 11:45:14 AM

Calibration Description:
7 TunaCan 90099 030512

Energy Calibration Fit

Energy = 0.1533 +0.249954*Channel +6.71576e~-009*Channel**2
FWHM (ch) = 3.2969 +0.001030*Channel -2.25091e~008*Channel**2
Energy/FWHM Table
Channel Energy(keV) Fit (keV) Delta FWHM(keV) Fit (keV) Delta
185.73 46.54 46.58 ~0.08% 0.86 0.87 -1.80%
237.72 59.54 59.57 -0.06% 0.86 0.88 -3.29%
351.56 88.03 88.03 0.00% 0.91 0.91 -0.17%
487.42 122.06 121.99 0.06% 0.97 0.95 2.36%
662.55 165.85 165.76 0.05% 1.00 0.99 1.26%
1116.52 279.17 279.24 -0.03% 1.13 1.10 1.85%
1566.54 391.69 391.73 -0.01% 1.21 1.21 ~0.23%
2646.25 661.66 661.64 0.00% 1.47 1.47 0.54%
3591.85 898.02 898.04 -0.00% 1.66 1.68 ~-1.15%
4692.53 1173.24 1173.22 0.00% 1.92 1.91 0.69%
5329.58 1332.50 1332.49 0.00% 2.02 2.04 -0.87%
7343.37 1836.01 1836.02 -0.00% 2.42 2.41 0.28%

Efficiency Calibration Fit

Knee Energy = 165.85 keV
Above the Knee: Quadratic Uncertainty = 0.8690 %
In(Eff) = 0.6717 -0.616654*Ln{(Eng) -0.0206592* (Ln (Eng) ) **2
Below the Knee: Quadratic Uncertainty = 1.4845 %
In(Eff) = -26.8969 +10.195443*Ln(Eng) -1.08167*(Ln(Eng))**2
Efficiency Table
Energy Efficiency Fit Delta
46.54 2.3732E-002 2.4829E-002 -4.62%
59.54 3.9252E-002 3.7016E-002 5.70%
88.03 5.1999E-002 5.3285E-002 ~2.47%
122.06 5.3679E-002 5.6057E-002 ~-4.,43%

165.85 = Knee

165.85 4.7932E-002 4.8811E-002 -1.83%
279.17 3.2322E-002 3.1541E-002 2.42%
391.69 2.3837E~002 2.3601E-002 0.99%
661.66 1.4947E-002 1.4924E-002 0.15%
898,02 1.1205E-002 1.1367E-002 -1.45%
1173.24 8.8255E-003 8.9287E-003 -1.17%
1332.50 7.7833E-003 7.9508E-003 ~2.15%
1836.01 6.0876E-003 5.9192E-003 2.77%

Calibration Certificate Table

Isotope Energy Pct Halflife Activity GPS Error Date & Time
Pb-210 46.54 4,25 8.15E+003 14941.00 635.00 4.10% 1/1/2012 11:00:00 AM
Am-241 59.54 35.70 1.58E+005 1170.90 418.00 3.50% 1/1/2012 11:00:00 AM
Cd-109 88.03 3.61 4.63E+002 16371,00 591.00 4.70% 1/1/2012 11:00:00 AM
Co~-57 122.06 85.60 2.72E+002 362.15 310.00 4.10% 1/1/2012 11:00:00 AM
Ce~139 165.85 79.90 1.38E+002 549.44 439,00 3.90% 1/1/2012 11:00:00 AM
Hg-203 279.17 81.50 4.66E+001 1170.60 954,00 3.80% 1/1/2012 11:00:00 AM
Sn-113 391.69 64.00 1.15E+002 967.19 619,00 3.90% 1/1/2012 11:00:00 AM
Cs~137 661.66 85.21 1.10E+004 467.08 398.00 4.00% 1/1/2012 11:00:00 AM
Y-88 898.02 93.70 1.07E+002 1590.20 1490.00 3.90% 1/1/2012 11:00:00 AM
Co-60 1173.24 99.90 1.93E+003 734.73 734.00 4.00% 1/1/2012 11:00:00 AM
Co-60 1332.50 99.98 1.93E+003 735.15 735.00 4.00% 1/1/2012 11:00:00 AM

1.07E+002 1590.70 1578.00 4.00% 1/1/2012 11:00:00 AM

Y-88 1836.01 99.20
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TestAmerica

Sample description

7_TunaCan_90099 030512

G5H3W4 .25

Spectrum Filename: C:\User\SPC\Det7\7 TunaCan_20120388.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system

Ge 7 SN/154

Calibration
Filename:

7 _TunaCan 90099 032712

Energy Calibration

Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration

Created:
Knee Energy:

Above the Knee:

Log(Eff) :

Below the Knee:

Log (Eff) :

Library Files

Main analysis library:
Library Match Width:

Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:

Peak rejection level:
Peak search sensitivity:

Sample Size:

Activity scaling factor:

Detection limit method:

3/5/2012 2:07:36 PM

3600
3721

3.25 %
7

7 Soil_ TunaCan.Clb

3/16/2012 11:44:50 AM
0.153 keV

0.250 keV/channel
6.716E-09 keV/channel”2

3/16/2012 11:45:14 AM
165.85 keV

2/28/2014 11:43:43 AM
Spectrum name: 7_TunaCan_20120388.Anl

Quadratic Uncertainty = 0.87 %
6.716580E~01 + (-6.166540E~01*Log(E) ) +
( =2.065917E-02*Log{(E) "2 ")

Quadratic Uncertainty = 1.48 %
-2.689695E+01 + ( 1.019544E+01*Log(E) ) +

( -1.081671E+00*Log(E) "2

)

DET FnergyStandardMix & Pb.Lib

0.500
Library based

Env32 G53W4.25
150 ¢ 37.65keV )
8000 ( 2000.21keV )
10.000%
3
1.0000E+0Q0
1.0000E+00/( 1.0000E+00%*
1.0000E+0Q0

Reg. Guide 4.16 Method
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ORTEC g v — 1 (1087) Env32 G53W4.25 2/28/2014 11:43:43 AM

TestAmerica . Spectrum name: 7_TunaCan_20120388.Anl
Random error: 4.0000000E+00
Systematic error: 4.0000000E+00
Fraction Limit: 0.000%
Background width: average of three points.
Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: YES 1/1/2012 11:00:00 AM
Decay during acquisition: NO
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Bbsorption (Internal}): NO
Geometry correction: NO
Random summing: NO

total peaks alloc. 12 cutoff: 5.00E+01%

Energy Calibration

Normalized diff: ' 0.0324
Kokok ok ok SUMMARY o F PEAKS I N RANGE hodokok ok
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio Bg
46.63 53946, 0.53 0.87 2.487E-02 46,54 4.250 1.,428E+04 Pb210
59.57 59050. 0.65 0.86 3.704E-02 59.54 35,700 1.242E+03 AM241
70.74 2770. 6.58 0.90 4.527E-02
72.95 4536. 4,27 0.90 4.661E-02
88.03 100494. 0.43 0.91 5.328E-02 88.03 3.610 1.598E+04 CD109
121.99 50865. 0.71 0.97 5.606E-02 122.06 85.600 3.468E+02 CO57
136.41 6524, 3.77 0.93 5.411E~02
165.76 54838, 0.57 1.00 4.767E~02 165.85 79.900 b5.395E+02 Cel39
255,13 1772. 7.37 1.21 3.404E-02
279.24 42776. 0.59 1.13 3.153E-02 279.17 81.500 1.199E+03 Hg203
391.73 36096. 0.66 1.21 2.360E-02 391.69 64.000 9.768E+02 SN113
661.68 21323. 0.77 1.47 1.492E-02 661.66 85.210 4.677E+02 CS137
898.03 39603. 0.63 1.66 1.137E-02 898.02 93,700 1.567E+03 Y898
1173.21 22788. 0.85 1.92 8.929E-03 1173.24 99.900 7.262E+02 Coll73
1332.49 20124, 0.85 2,02 7.951E~03 1332.50 99.982 7.196E+02 Col332
1836.00 22787, 0.70 2.43 5.919E~03 1836.01 99.200 1.636E+03 Y1836
Kok ok k kR ok ok ok ok ok ok UNIDENTTIU FTIUETD P E AK S UMMARY ko ke ok ok ok ok ok ok ok ok ok
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma & keV Nuclide
282.41 70.73 15146, 2828. 6.248E+04 6.43 0.896 - D
291.25 72.94 16305. 4682, 1.005E+05 4.12 0.899 - D
545,11 136.41 12980. 6524. 1.206E+05 3.77 0.932 -
1020.07 255.13 4580. 1772. 5.204E4+04 7.37 1.209 -~
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ORTEC g v - i

TestAmerica

s - Peak fails shape tests.

D Peak area deconvoluted.

I, = Peak written from unknown list.
C - Area < Critical level.

(1087)

Env32 G53W4.25 2/28/2014 11:43:43 AM

Spectrum name: 7 TunaCan_20120388.Anl

This section based on library: DET EnergyStandardMix & Pb.Lib

*khkkkkkkkkkikkk* T D E N T I FI ED PE A K S UMMARY ko kok ok ko ok ok okkkok
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
Pb-210 185.73 46.58 19825. 5563¢6. 15.454 0.65 0.856
AM-241 237.72 59.57 21942, 59050. 16.403 0.65 0.857
CD-109 351.56 88.03 21396. 100494, 27.915 0.43 0.912
CO-57 487 .42 121.99 16859. 50865. 14.129 0.71 0.971
Ce—-139 662.55 165.76 9893. 54838. 15.233 0.57 1.005
Hg-203 1116.52 279.24 5111. 42776. 11.882 0.59 1.126
SN-113 1566.54 391.73 4106. 36096, 10.027 0.66 1.211
CS-137 2646.33 661.66 2922, 21323. 5.923 0.77 1.466D
Y-898 3591.84 898.03 3210. 39603. 11.001 0.63 1.659
Co-1173 4692.50 1173.21 1804. 22788, 6.330 0.85 1.924
Co-1332 5329.58 1332.49 1286. 20124, 5.590 0.85 2.020
Y-1836 7343.30 1836.00 283. 22787, 6.330 0.70 2.426

s — Peak fails shape tests.
D - Peak area deconvoluted.

A Derived peak area.

%ok ok Kk

S

UMMARY

- Nuclide - Average
Name Code Activity

L T BRARY PEAK USAGE Hkdk K

————————— Peak -—--=——m—mmm—m
Energy Activity Code MDA Value

Bag Bg Bqg COMMENTS

Pb-210 N 1.4726E+04 8.15E+03

46.54 1.473E+04 ( 1.744E+02 6.52E-01 4.25E+00 G
AM-241 1.2416E+03 1.58E+05

59.54 1.242E+03 ( 1.457E+01 6.49E-01 3.57E+01 G
CD-109 1.5976E+04 4,63E+02

88.03 1.598E+04 ( 1.088E+02 4.29E-01 3.61E+00 G
CO-57 3.4677E+02 2.72E+02

122.06 3.468E+02 ( 4.144E+00 7.08E-01 8.56E+01 G
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(1087) Env32 G53W4.25 2/28/2014 11:43:

This peak used in the nuclide activity average.

Peak is too wide, but only one peak in library.

Peak is part of a multiplet and this area went
negative during deconvolution.

Peak 1s too narrow.

Peak is too wide at FW25M, but ok at FWHM.

Peak fails sensitivity test.

Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
Peakbackground subtraction

Peak i1s too close to another for the activity

to be found directly.

ide Codes: Peak Codes:
Thermal Neutron Activation G - Gamma Ray
Fast Neutron Activation X - X-Ray

P - Positron Decay
S - Single-Escape

Fission Product
Naturally Occurring Isotope
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43 AM

1.38E+02
65E-01 7.99E+01

4.66E+01

.92E-01 8.15E+01

1.15E+02

.55E-01 6.40E+01

1.10E+04

.73E-01 8.52E+01

1.07E+02

.29E~01 9.37E+01

1.93E+03

.53E-01 9.99E+01

1.93E+03

.54E~01 1.00E+02

1.07E+02

TestAmerica Spectrum name: 7 TunaCan_20120388.Anl
Nuclide Ave activity Energy Activity Code Peak MDA Comments
Ce-139 5.3948E+02
165.85 5.395E+02 ( 4.586E+00 5.
Hg-203 1.1992E+03
279.17 1.199E+03 ( 9.415E+00 5
SN-113 9.7676E+02
391.69 9.768E+02 ( 8.153E+00 6
CS-137 4.6766E+02
661.66 4.677E+02 ( 5.584E+00 7
Y-898 1.5673E+03
898.02 1.567E+03 ( 1.056E+01 6
Co-1173 7.2623E+02
1173.24 7.262E+02 ( 6.394E+00 8
Co-1332 7.1964E+02 :
1332.50 7.196E+02 ( 6.072E+00 8
Y-1836 1.6357E+03
1836.01 1.636E+03 ( 5.819E+00 7

.02E-01 9.92E+01




ORTEC g v - i (1087) Env32 Gb53W4.25 2/28/2014 11:43:43 AM
TestAmerica Spectrum name: 7 TunaCan 20120388.Anl

- Double-Escape

- Key Line

Not in Average

- Coincidence Peak

P - Photon Reaction

C - Charged Particle Reaction
M - No MDA Calculation
R
H

QP RU
]

- Coincidence Corrected
- Halflife limit exceeded

AkkkkdkkkrkKkkkxk* DI S CARDED I SOTOPE P EAKS *kkkkhkhkkkdhsrsk
Nuclide Centroid Background Net Area Intensity Uncert Activity
Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

*kokodok SUMMARY o F NUCLIDES IN SAMPLE Fkkokk
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
Bg Bg

Pb-210 1.4646E+04 1.4726E+04 6.521E-01% 1.74E+02
AM-241 1.2413E+03 1.2416E+03 6.489E-01% 1.46E+01
CD-109 1,4512E+04 1.5976E+04 4,292E-01% 1.09E+02
CO-57 2.9445E+02 3.4677E+02 7.076E-01% 4.14E+00
Ce-139 3.9059E+02 5.3948E+02 5.652E-01% 4,.59E+00
Hg-203 4.,6224E+02 1.1992E+03 5.917E-01% 9.42E+00
SN-113 6.6381lE+02 9.7676E+02 6.552E-01% 8.15E+00
Cs-137 4,6577E+02 4.6766E+02 7.730E-01% 5.58E+00
Y-898 1.0329E+03 1.5673E+03 6.291E-01% 1.06E+01
Co-1173 7.0966E+02 7.2623E+02 8.534E~01% 6.39E+00
Co-1332 7.0321E+02 7.1964E+02 8.542E-01% 6.07E+00
Y-1836 1.0780E+03 1.6357E+03 7.017E-01% 5

.82E+00
< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

I - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY e e —
Total Activity ( 701.8 to 2000.2 keV) 3.620E+04 Bg
Total Decayed Activity ( 701.8 to 2000.2 keV) 4.0121711E+04 Bg

Analyzed by:

Admin

Reviewed by:

Supervisor

Laboratory: TestAmerica

Page 343 of 455




Ge08_90099_solidcert 2012 TALS.xls

Gamma Verification per Geometry

Detector: Ge8
Geometry: Tunhacan
Reference daté 1/1/2012

Calibration Standard: 90099

Standard volume g / vial 1550

Standard volume transferred in g / geometry 317.8

lab ID# of cal standard 6699

Isotope Czr:i:::]ials\;:stl\;ity G::t?:/?tt;y y abundance | Bg/sample R?e (::;tts %recovery
gammas/sec

Pb-210 3094 634 0.0425 14926 14960 100.2
Am-241 2037 418 0.3590 1163 1240.5 106.6
Cd-109 2881 591 0.0361 16363 16066 98.2
Co-57 1511 310 0.8560 362 345,12 95.4
Ce-139 2139 439 0.7990 549 536.34 97.7
Hg-203 4651 954 0.8146 1171 1218.2 104.1
Sh-113 3015 618 0.6400 966 967.15 100.1
Cs-137 1938 397 0.8510 467 465.86 99.8
Y-88 7264 1489 0.9370 1589 1552.1 97.6
Co-60 3580 734 0.9997 734 724.48 98.7
Co-60 3581 734 0.9999 734 729.98 99.4
Y-88 7690 1577 0.9920 1589 1627.2 102.4

Reviewed By: Jody Watson

Date: 3/28/2012

SOP: ST-RD-0102 current rev

CalVerif_tuna can
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Calibration Data from file:
Energy Calibration Date:
Efficiency Calibration Date:

8_Soil_TunaCan.Clb
3/28/2012 Time:
3/28/2012 Time:

10:35:07 AM
10:35:20 AM

Calibration Description:
8_Soil TunaCan 90099 032712

Energy Calibration Fit
Energy 0,0505 +0.250025*Channel +8.06699e-010*Channel**2
FWHM (ch) 3.6351 +0.000832*Channel -2.49195e-008*%Channel**2

Energy/FWHM Table

Channel Energy (keV) Fit(keV) Delta FWHM(keV) Fit (keV) Delta
185.74 46.54 46.49 0.11% 0.94 0.95 -0.61%
237.86 59.54 59.52 0.03% 0.95 0.96 -1.36%
351.89 88.03 88.03 -0.00% 0.97 0.98 -1.63%
488.04 122.06 122.07 -0.01% 1.01 1.01 0.12%
663.26 165.85 165.88 -0.02% 1.07 1.04 2.17%
1116.59 279,17 279.23 -0.02% 1.15 1.13 1.73%
1566.40 391.69 391.69 -0.00% 1.22 1.22 0.24%
2645.92 661.66 661.60 0.01% 1.39 1.42 -1.95%
3591.62 898.02 898.05 -0.00% 1.61 1.58 2.16%
4692.17 1173.24 1173.23 0.00% 1.74 1.75 -0.61%
5329.14 1332.50 1332.49 0.00% 1.82 1.84 -1.05%
7342.97 1836.01 1836.02 -0.00% 2.11 2.10 0.42%
Efficiency Calibration Fit
Knee Energy = 165.85 keV
Above the Knee: Quadratic Uncertainty = 1.3942 %
In(Eff) = -0.1099 -0.495854*Ln(Eng) -0.0257227% (Ln(Eng) ) **2
Below the Knee: Quadratic Uncertainty = 1.7131 %
ILn(Bff) = -25.2530 +9.398253*Ln (Eng) -1.00003* (Ln (Eng) ) **2
Efficiency Table
Energy Efficiency Fit Delta
46.54 1,9170E-002 2.0055E-002 -4.62%
59.54 3.0526E-002 2.8813E-002 5.61%
88.03 3.9175E-002 3.9918E-002 -1.90%
122.06 3.9509E-002 4.1457E-002 -4.,93%
165.85 ============== Knee ==============
165.85 3.5429E-002 3.6291E-002 -2.43%
279.17 2.5270E-002 2.4275E-002 3.94%
391.69 1.8582E-002 1.8550E-002 0.17%
661.66 1.2089E-002 1.2090E-002 -0.01%
898.02 9.1435E-003 9.3604E-003 -2.,37%
1173.24 7.3487E-003 7.4527E-003 -1.42%
1332.50 6.6398E-003 6.6776E-003 -0.57%
1836.01 5.1654E-003 5.0457E-003 2.32%
Calibration Certificate Table
Isotope Energy Pet Halflife Activity GPS Error Date & Time
Pb-210 46.54 4.25 8.15E+003 14918.00 634.00 4.10% 1/1/2012 11:00:00 AM
Am-~241 59.54 35,70 1.58E+005 1170.90 418.00 3.50% 1/1/2012 11:00:00 AM
Cd-109 88.03 3.61 4.63E+002 16371.00 591.00 4.70% 1/1/2012 11:00:00 AM
Co-57 122.06 85.60 2.72E+002 362.15 310.00 4.10% 1/1/2012 11:00:00 AM
Ce-139 165.85 79,90 1.38E+002 549,44 439.00 3,90% 1/1/2012 11:00:00 AM
Hg-203 279.17 81.50 4.66E+001 1170.60 954.00 3.80% 1/1/2012 11:00:00 AM
Sn-113 391.69 64.00 1.15E+002 965.63 618.00 3.90% 1/1/2012 11:00:00 AM
Cs-137 661.66 85.21 1.10E+004 465,91 397.00 4.00% 1/1/2012 11:00:00 AM
Y-88 898.02 93,70 1.07E+002 1589.10 1489.00 3.90% 1/1/2012 11:00:00 AM
Co-60 1173.24 99.90 1.93E+003 734.73 734.00 4.00% 1/1/2012 11:00:00 AM
Co-60 1332.50 99.98 1.93E+003 734.15 734.00 4.00% 1/1/2012 11:00:00 AM
Y-88 1836.01 99.20 1.07E+002 1589.70 1577.00 4.00% 1/1/2012 11:00:00 AM
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TestAmerica

(1087)

Sample description
8 TunaCan_90099_032712

G53W4.25
Spectrum name:

3/28/2012 10:36:01 AM
8 TunaCan_20120676.Anl

Spectrum Filename: C:\User\SPC\Det8\8 TunaCan 20120676.Anl

Acquisition information
' Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 8 SN/174

Calibration
Filename:
8 Soil TunaCan_90099_ 032712

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:
Peak search sensitivity:
Sample Size:
Activity scaling factor:

Detection limit method:

3/27/2012 10:58:29 AM
3600
3655
1.49 %
8

8_Soil_TunaCan.Clb

3/28/2012 10:35:07 AM
0.050 kev

0.250 keV/channel
8.067E-10 keV/channel”2

3/28/2012 10:35:20 AM
165.85 keV

Quadratic Uncertainty 1.39
-1.098764E-01 + (-4.958544E-01*Log(E) )
( -2.572270E-02*Log (E) "2 )

Quadratic Uncertainty 1.71
-2.525301E+01 + ( 9.398253E+00*Log (E) )
( -1.000034E+00*Log (E) "2 )

DET EnergyStandardMix & Pb.Lib
0.500
Library basged

Env32 G53W4 .25
150 ( 37.55keV )
8000 ( 2000.30keV )
10.000%
3
1.0000E+00
1.0000E+00/( 1.0000E+00* 1.0000E+00)
1.0000E+00

Reg. Guide 4.16 Method
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ORTEC g v - 1 (1087)

TestAmerica

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:

Activity range factor:

Min.

Corrections
Decay correct to date:
Decay during acquisition:
Decay during collection:
True coincidence correction: NO
Peaked background correction: NO

step backg.
Multiplet shift channel

Env32

energy

G53W4.25 3/28/2012 10:36:01 AM
: 8_TunaCan_20120676.Anl

Spectrum name

4.,0000000E
4.0000000E
0.000%

+00
+00

average of three points.

12.000
2.000
0.000
2.000

Status
YES
NO
NO

Comments
1/1/2012 11:00:00 AM

Absorption (Internal): NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 12 cutoff: 5.00E+01%
Energy Calibration
Normalized diff: 0.0205
ok kK SUMMARY O F PEAKS IN RANGE *hEkkk
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio Bg
46,54 43426. 0.60 0.95 2.002E-02 46.54 4,250 1.426E+04 Pb210
59.52 45918. 0.77 0.95 2.880E-02 59.54 35.700 1.240E+03 AM241
72.86 2434. 6.68 0.97 3.542E-02
88.03 73269. 0.53 0.97 3.992E-02 88.03 3.610 1.607E+04 CD109
122.07 35407. 0.77 1.01 4.146E-02 122.06 85.600 3.451E+02 CO57
136.51 4312. 4.44 1.06 3.999E-02
165.88 36308. 0.76 1.07 3.629E-02 165.85 79.900 5.363E+02 Cel39
279.23 24162. 0.88 1.15 2.427E-02 279.17 81.500 1.218E+03 Hg203
391.69 24625. 0.77 1.22 1.855E-02 391.69 64.000 9.671E+02 SN113
661,60 17184. 1.10 1.39 1.209E-02 661.66 85.210 4.659E+02 CS137
898.05 28015. 0.71 1.61 9.360E-03 898.02 93.700 1.552E+03 Y898
1173.23 18826. 0.79 1.74 7.453E-03 1173.24 99.900 7.245E+4+02 Coll73
1332.49 17010. 0.84 1.82 6.678E-03 1332.50 99.982 7.300E+02 Col332
1836.02 16762. 0.79 2.11 5.046E-03 1836.01 99,200 1.627E+03 Y1836
hkhkkkkkkkx%x%% UN I D E N T I F I ED P RER A K S UMMATR Y XhkhkkRkhRik
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keV Nuclide
291.19 72 .85 12003. 2434, 6.872E+04 6.68 0.969 - D
545,78 136.51 8432. 4312, 1.078E+05 4.44 1.059 -
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ORTEC g v - 1 (1087) Env32 G53W4.25 3/28/2012 10:36:01 AM
TestAmerica Spectrum name: 8 TunaCan_20120676.Anl

s - Peak fails shape tests.

D - Peak area deconvoluted.

L - Peak written from unknown list.
C - Area < Critical level.

This section based on library: DET EnergyStandardMix & Pb.Lib

kkkkhkkkkkdkk %% T D ENTIFIZETD PE AK S UMMAR Y *kkkddbrdhrkd¥k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
Pb-210 185.74 46.49 17505. 45568. 12.658 0.76 0.942
AM-241 237.86 59.52 18397. 45918. 12,755 0.77 0.945
CD-109 351.89 88.03 17370. 73269. 20.353 0.53 0.966
CO-57 488.04 122.07 9639. 35407. 9.835 0.77 1.010
Ce-139 663.26 165.88 8356. 36308. 10.085 0.76 1.067
Hg-203 1116.59 279.23 4382. 24162. 6.712 0.88 1.153
SN-113 1566.40 391.69 2677. 24625, 6.840 0.77 1.223
CS-137 2645.92 661.60 3145, 17184. 4.773 1.10 1.389
Y-898 3591.62 898.05 1881. 28015. 7.782 0.71 1.611
Co-1173 4692.17 1173.23 650. 18826. 5.229 0.79 1.738
Co-1332 5329.14 1332.49 576. 17010. 4.725 0.84 1.822
Y-1836 7342.97 1836.02 111. 16762. 4.656 0.79 2.110

g - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

kAR SUMMARY OF LIBRARY PEAK USAGE Fhdkdok

- Nuclide - Average = ----===-=-----~ Peak -----------=-~-
Name Code Activity Energy  Activity Code MDA Value
Bg kev Bg Bg COMMENTS
Pb-210 N 1.4960E+04 8.15E+03
46.54 1.496E+04 ( 2.033E+02 7.55E-01 4.25E+00 G
AM-241 1.2405E+403 1.58E+05
59.54 1.240E+03 ( 1.715E+01 7.72E-01 3.57E+01 G
CD-109 1.6066E+04 4.63E+02
88.03 1.607E+04 ( 1.353E+02 5.26E-01 3.61E+00 G
CO-57 3.4512E+02 2.72E+402
122.06 3.451E+02 ( 4.486E+00 7.68E~01l 8.56E+01 G
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ORTEC g v - 1 (1087) Env32 G53W4.25 3/28/2012 10:36:01 AM

TestAmerica Spectrum name: 8_TunaCan 20120676.Anl

Nuclide Ave activity Energy Activity Code Peak MDA Comments

Ce-139 5.3634E+02 1.38E+02
165.85 5.363E+02 ( 6.333E+00 7.56E-01 7.99E+01

Hg-203 1.2182E+03 4.66E+01
279.17 1.218E+03 ( 1.569E+01 8.81E-01 8.15E+01

SN-113 9.6715E+02 1.15E+02
391.69 9,671E+02 ( 9.575E+00 7.73E-01 6.40E+01

Cs-137 4.6586E+02 1.10E+04
661.66 4.659E+02 ( 7.158E+00 1.10E+00 8.52E+01

Y-898 1.5521E+03 1.07E+02
898.02 1.552E+03 ( 1.135E+01 7.10E-01 9.37E+01

Co-1173 7.2448E+02 1.93E+03
1173.24 7.245E+02 ( 4.676E+00 7.93E-01 9.99E+01

Co-1332 7.2998E4+02 1.93E4+03
1332.50 7.300E+02 ( 4.916E+00 8.45E-01 1.00E+02

Y-1836 1.6272E+03 1.07E+02
1836.01 1.627E+03 ( 5.029E+00 7.91E-01 9.92E+01

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
| - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak 1g too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more qualification tests.
Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outgide analysis energy range.
Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
Peak is too close to another for the activity
to be found directly.

Ur o0 ® U

Lo+
[

il
1

ol
[

——
1

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Pogitron Decay
N - Naturally Occurring Isotope S - Single-Escape
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ORTEC g v - 1 (1087) Env32 G53W4.25 3/28/2012 10:36:01 AM

TestAmerica Spectrum name: 8_TunaCan_20120676.Anl
P - Photon Reaction D - Double-Escape
C - Charged Particle Reaction K - Key Line
M - No MDA Calculation A - Not in Average
R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

hkkkhhrxkkkkdd** D I S CARDED I SO TODPE DPEZBIAIEKGSG *kkhkbhhkbkhhhrhn
Nuclide Centroid Background Net Area Intensgity Uncert Activity
Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

w Ak Ak SUMMARY O F NUCLTIDES IN SAMPLE hkk Kk
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
Bg Bg

Pb-210 1.4851E+04 1.4960E+04 7.555E-01% 2.03E+02
AM-2471 1.2400E+03 1.2405E+03 7.719E-01% 1.71E4+01
CD-109 1.4124E+04 1.6066E+04 5.260E-01% 1.35E+02
CO-57 2.7715E+02 3.4512E4+02 7.681E-01% 4.49E+00
Ce-139 3.4782E+02 5.3634E+02 7.558E-01% 6.33E+00
Hg-203 3.3925E+02 1.2182E+03 8.812E-01% 1.57E+01
SN-113 5.7617E+02 9.6715E+02 7.729E-01% 9.58E+00
Cs-137 4.6334E+02 4.6586E+02 1.105E+00% 7.16E+00
Y-898 8.8728E+02 1.5521E+03 7.104E-01% 1.13E+01
Co-1173 7.0239E+02 7.2448E402 7.931E-01% 4.68E+00
Co-1332 7.0772E4+02 7.2998E+02 8.450E-01% 4 .92E+00
Y-1836 9.3024E+02 1.6272E+03 7.905E-01% 5.03E+00

< - MDA value printed.
A - Activity printed, but activity < MDA.
B - Activity < MDA and failed test.
C - Area < Critical level.
F - Failed fraction or key line test.
H - Halflife limit exceeded
————————————————————————————— SUMMARY e

Total Activity ( 82.3 to 2000.3 keV) 3.545E+04 Bqg
Total Decayed Activity ( 82.3 to 2000.3 keV) 4.0432598E+04 Bg
Analyzed by:
Admin
Reviewed by:
Supervisor

Laboratory: TestAmerica
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Ge05_90099_solidcert 2012

2nd Source Verification

Detector: Geb5
Geometry: Tunacan
Reference date 1/1/2010
Source: 81427-334
Standard volume g/ vial 1550
Standard volume transferred in g / geometry 318.5
lab ID# of cal standard 6665
Isotope Czr;i::ic]ia»:«;:stl\::ity G:gt?l?:yry yabundance | Bg/sample RCe c:::?tts %recovery
Am-241 2034 418 0.359 1164 1160.9 99.7
Cs-137 1926 396 0.851 465 442.36 95.1
Co-60 3611 742 0.99974 742 700.21 94.3
Co-60 3612 742 0.999856 742 701.86 94.6
Reviewed By: Jody Watson
Date: 3/27/2012

SOP: ST-RD-0102 current rev

2nd source tuna can

Page 352 of 455




5_TunaCan2nd_20120813

ORTEC g v - i (3263) Env32 G53w4.25 3/28/2012 7:35:49 AM Page 1
TestAmerica Spectrum name: 5_TunaCan2nd_20120813.Anl
Sample description

5_TunaCan2nd_Rad10_032712
Spectrum Filename: C:\User\SPC\Det5\5_TunaCan2nd_20120813.Anl

Acquisition information

Start time: 3/27/2012 10:12:05 AM
Live time: 7200

Real time: 7250

Dead time: 0.69 %

Detector ID: 5

Detector system
Ge 5 SN/157

Calibration
Filename: 5_Soil_TunacCan.Clb
5_Soi1_TunaCan_90099_032612

Energy Calibration

Created: 3/27/2012 5:20:02 PM
Zero offset: 0.135 kev
Gain: 0.250 kev/channel
Quadratic: 2.720E-08 keVv/channelA2
Efficiency Calibration
Created: 3/27/2012 5:20:37 PM
Knee Energy: 165.85 kev
Above the Knee: Quadratic Uncertainty = 0.87 %
Log(Eff): 6.466115E-01 + (-7.830454E-01*Log(E) ) +
( -4.117504E-03*Log(E)A2 )
Below the Knee: Quadratic Uncertainty = 1.43 %
Log(Eff): -2.462251E+01 + ( 9.075211E+00*Log(E) ) +

( -9.664422E-01*Log(E)A2 )

Library Files

Main analysis Tibrary: DET_EnergyStandardMix & Pb.Lib

Library Match width: 0.500

Peak stripping: Library based

Analysis parameters

Analysis engine: Env32  G53w4.25

Start channel: 150 ( 37.61kev )

Stop channel: 8000 ( 2000.53kev )

Peak rejection Tevel: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00

Activity scaling factor: 1.0000E+00/( 1.0000E+00* 1.0000E+00) =
1.0000E+00

Detection 1limit method: Reg. Guide 4.16 Method

ORTEC g v - 1 (3263) Env32 G53w4.25 3/28/2012 7:35:49 AM Page 2
TestAmerica Spectrum name: 5_TunaCan2nd_20120813.Anl
Page 1
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Random error:
Systematic error:
Fraction Limit:
Background width:

Corrections

5_TunaCan2nd_20120813

4.0000000E+00
4.0000000E+00

0.000%

average of three points.

Half Tives decay Timit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Status
Decay correct to date: YES
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO

Peaked background correction: YES

Absorption (Internal):
Geometry correction:
Random summing:

NO
NO
NO

Ccomments

1/1/2010 11:00:00 AM

5.2012-02-26_0305.PBC
2/26/2012 3:05:30 AM

total peaks alloc. 12 cutoff: 5.00E+01%
Energy Calibration
Normalized diff: 33.1557
v de e SUMMARY OF PEAKS IN RANGE ok
Peak Area Uncert FWHM corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio Bg/SampT
36.81 1005. 12.08 0.62 1.151E-02
46.61 72616. 0.49 0.73 1.792E-02 46.54 4.250 .421E+04 Pb210
49.73 1326. 15.18 0.68 1.987E-02
59.57 75329. 0.49 0.74 2.535E-02 59.54 35.700 .161E+03 AM241
87.94 40851. 0.68 0.80 3.460E-02 88.03 3.610 .542E+04 CD109
96.44 148. 47.31 0.80 3.568E-02
99.01 160. 48.52 0.81 3.589E-02
105.59 109. 69.79 0.52 3.619E-02
121.94 9225. 1.66 0.84 3.583E-02 122.06 85.600 .348E+02 €057
129.89 126. 62.97 0.30 3.522E-02
136.43 1263. 7.42 0.90 3.457E-02
165.86 1574. 6.14 0.84 3.133E-02 165.85 79.900 .319E+02 cel39
238.72 327. 27.04 0.86 2.319E-02
247 .25 57. 84.47 0.31 2.252E-02
259.02 93. 60.17 0.97 2.167E-02
260.46 98. 58.62 0.97 2.157E-02
322.65 45. 91.14 0.46 1.806E-02
351.63 256. 27.79 1.06 1.681E-02
391.95 494. 16.33 1.15 1.536E-02 391.69 64.000 .501E+02 SN113
407.02 43. 90.43 0.56 1.489E-02
412.80 202. 35.90 0.77 1.471E-02
420.83 123. 52.91 0.72 1.448E-02
510.72 188. 44.32 0.50 1.232E-02
542.81 148. 28.69 0.36 1.171E-02
583.30 161. 33.50 0.69 1.103E-02
661.70 25605. 0.71 1.39 9.924e-03 661.66 85.210 .424E+02 CSs137
762.61 129. 36.06 0.79 8.812E-03
796.90 151. 38.71 0.30 8.493E-03
886.67 129. 46.77 0.30 7.766E-03
897.77 428. 19.21 1.38 7.686E-03 898.02 93.700 .665E+03 Y898
932.49 230. 35.52 0.82 7.445e-03
Page 2
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28 6.970E-03

79 6.138E-03 1173.24 99.900 7.002E+02 Co0l173
87 5.515E-03 1332.50 99.982 7.019E+02 Col332
56 4.208E-03 1836.01 99.200 1.642E+03 Y1836

1008.65 104. 56.29 O.
1173.15 23044 0.73 1.
1332.39 20769. 0.71 1.
1836.05 245, 7.47 1.

B R R Y u NIDENTTITFEFTIETD P E A K S U MMARY B SR L
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected

Channel Energy  Counts Counts * Area 1 sigma % kev Nuclide
146.78 36.81 4847. 1005. 8.731E+04 12.08 0.625 -
198.52 49.73 12365. 1326. 6.673E+04 15.18 0.681 - s
385.40 96.42 1874. 90. 2.532e+03 71.31 0.588 - sc
395.68 98.99 2103. 121. 3.381E+03 58.44 0.394 - s

ORTEC g v - i (3263) Env32 G53w4.25 3/28/2012 7:35:49 AM Page 3
TestAmerica Spectrum name: 5_TunaCan2nd_20120813.Anl

Channel Energy Background Net area Eff*Area Uncert FWHM Suspected

422.09 105.59 2271. 109. 3.012E+03 69.79 0.518 - sc
519.32 129.89 2194, 126. 3.592E+03 62.97 0.298 - s
545.51  136.43 2377. 1263. 3.654E+04 7.42 0.900 - s
954.90 238.72 2247. 327. 1.410E+04 27.04 0.863 - SM
989.00 247.25 1031. 57. 2.516E+03 84.47 0.312 - sc
1036.13  259.01 1532. 93. 4.309e+03 60.17 0.968 - D
1041.90 260.46 1588. 98. 4.525E+03 58.62 0.970 - D
1290.76  322.65 744, 45. 2.473e+03 91.14 0.455 - C
1406.70  351.63 1442. 256. 1.523e+04 27.79 1.058 - s
1628.36  407.02 667. 43. 2.866E+03 90.43 0.562 - sC
1651.47 412.80 1438. 202. 1.370e+04 35.90 0.775 - s
1683.60 420.83 1291. 123. 8.472E+03 52.91 0.720 - s
2043.25 510.72 1553. 188. 1.523E+04 44.32 0.503 - s
2171.67 542.81 587. 148. 1.267e+04 28.69 0.362 - s
2333.63 583.30 785. 161. 1.460E+04 33.50 0.694 - s
3050.97 762.61 614. 129. 1.468e+04 36.06 0.794 - s
3188.11  796.90 856. 151. 1.782e+04 38.71 0.295 - s
3547.15 886.67 963. 129. 1.665E+04 46.77 0.296 - s
3730.41  932.49 1438. 230. 3.096E+04 35.52 0.818 - s
4035.01 1008.65 864. 104. 1.490E+04 56.29 0.275 - s
s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown Tist.
C - Area < Critical Tevel.
M - Peak is close to a Tibrary peak.
This section based on library: DET_EnergyStandardMmix & Pb.Lib
FedededededddefddeNdd IDENTIFTIETD PEAK SUMMARY Thdeddededdde N
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/sec 1 Sigma % kev
Pb-210 186.01 46.61 16470. 72552. 10.077 0.49 0.733
AM-241 237.88 59.57 15419. 75329. 10.462 0.49 0.735
CD-109 351.46 87.94 8772. 40851. 5.674 0.68 0.804
Co-57 487.54 121.94 3880. 9225. 1.281 1.66 0.838
Ce-139 663.30 165.86 2329. 1574. 0.219 6.14 0.840
SN-113  1568.04  391.95 1640. 494. 0.069 16.33 1.153
CS-137 2647.28 661.70 1362. 25582. 3.553 0.71 1.39%4
Y-898 3591.55 897.77 1410. 428. 0.060 19.21 1.376
Page 3
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Co-1173 4692.83 1173.15 788. 23044. 3.201 0.73 1.786
Co-1332 5329.55 1332.39 98. 20769. 2.885 0.71 1.870
Y-1836  7342.76 1836.05 15. 245. 0.034 7.47 1.556s

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

ORTEC g v - i (3263) Env32 G53w4.25 3/28/2012 7:35:49 AM Page 4
TestAmerica Spectrum name: 5_TunaCan2nd_20120813.Anl

R SUMMARY OF LIBRARY P EAK USAGE

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy  Activity Code MDA Vvalue
Bg/Sample kev Bg/Sample Bg/Sample COMMENTS
Pb-210 N  1.4212E+04 8.15E+03
46.54 1.421E+04 (P 1.177E+02 4.91E-01 4.25E+00
AM-241 1.1609E+03 1.58E+05
59.54 1.161E+03 ( 8.959e+00 4.87E-01 3.57E+01
CD-109 1.5419e+04 4.63E+02
88.03 1.542E+04 ( 1.658E+02 6.81E-01 3.61E+00
COo-57 3.3478E+02 2.72E+02
122.06 3.348E+02 ( 1.063E+01 1.66E+00 8.56E+01
Ce-139 5.3191E+02 1.38E+02
165.85 5.319e+02 ( 7.689E+01 6.14E+00 7.99E+01
Hg-203 -6.5193E-03 4.66E+01
279.17-6.519e-03 %( 1.788E+00 8.22E+03 8.15E+01
SN-113 9.5011E+02 1.15E+02
391.69 9.501E+02 ( 3.682E+02 1.63E+01 6.40E+01
Ccs-137 4.4236E+02 1.10E+04
661.66 4.424E+02 (P 3.020E+00 7.12E-01 8.52E+01
Y-898 1.6655E+03 1.07E+02
898.02 1.665E+03 ( 6.908E+02 1.92E+01 9.37E+01
Co-1173 7.0021E+02 1.93E+03
1173.24 7.002E+02 ( 4.056E+00 7.32E-01 9.99E+01
Co-1332 7.0186E+02 1.93E+03
1332.50 7.019e+02 ( 1.651E+00 7.07E-01 1.00E+02
Y-1836 1.6424E+03 1.07E+02

1836.01 1.642E+03 ( 1.392E+02 7.47E+00 9.92E+01
( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in Tibrary.
I - Peak is part of a multiplet and this area went

negative during deconvolution.
? - Peak is too narrow.
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5_TunaCan2nd_20120813
(3263) Env32 G53w4.25 3/28/2012 7:35:49 AM Page 5

ORTEC g Vv - i
Spectrum name: 5_TunaCan2nd_20120813.Anl

TestAmerica

@ - Peak is too wide at FwW25M, but ok at FWHM.

- Peak fails sensitivity test.

- Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

Calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.
Peakbackground subtraction

Peak is too close to another for the activity

to be found directly.

AR

oIl 1 +
[ I I

'l
I

ORTEC g V

TestAmerica

- 1 (3263) Env32 G53w4.25
Spectrum name:

3/28/2012 7:35:49 AM
5_TunaCan2nd_20120813.Anl

# - Al1l peaks for activity calculation had bad shape.

e
=

- Activity omitted from total

& - Activity omitted from total and all peaks had bad shape.
Page 5
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Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay

N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak

H - Halflife Timit exceeded
B R R Y DI S C A RDED I S 0 T 0 P E P E A K S R S SR SR
Nuc11de Centroid Background Net Area Intensity Uncert Activity

Energy  Counts Counts Cts/sec 1 Sigma %

P - Peakbackground subtraction

v de ek SUMMARY OF NUCLIDES IN SAMPLE
Time of Count Time Corrected Uncertainty 1 Sigma
NucTlide Activity Activity Counting MDA
Bg/SampTle Bg/Sample Bg/Sample

Pb-210 1.3259E+04 1.4212e+04 4.918E-01% 1.18E+02
AM-241 1.1568E+03 1.1609E+03 4.867E-01% 8.96E+00
CD-109 4.5403E+03 1.5419e+04 6.810E-01% 1.66E+02
Co-57 4.1787e+01 3.3478E+02 1.660E+00% 1.06E+01
Ce-139 8.7347E+00 5.3191E+02 6.138E+00% 7.69E+01
Hg-203 #A 6.5193E-03 >12 Halflives  8.2197e+03%  1.7882E+00
SN-113 6.9747E+00 9.5011E+02 1.633E+01% 3.68E+02
Cs-137 4.2015E+02 4.4236E+02 7.122E-01% 3.02E+00
Y-898 8.2662E+00 1.6655E+03 1.921E+01% 6.91E+02
Co-1173 5.2196E+02 7.0021E+02 7.316E-01% 4.06E+00
Co-1332 5.2320E+02 7.0186E+02 7.069E-01% 1.65E+00
Y-1836 8.1520E+00 1.6424E+03 7.471E+00% 1.39E+02

Page 6



MDA value printed.

- Area < Critical Tevel.

Halflife 1imit exceeded

Total Activity ( 279.0 to 2000.5 kev)

5_TunaCan2nd_20120813

Activity printed, but activity < MDA.
Activity < MDA and failed test.

Failed fraction or key line test.

SUMMARY

2.050E+04 Bqg/Ssample

Total Decayed Activity ( 279.0 to 2000.5 kev) 3.7761527E+04 Bqg/Sample

Page 6
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Ge07_90099_solidcert 2012 TALS .xls

2nd Source Verification

Detector: Ge7
Geometry: Tunacan
Reference date 1/1/2010
Source: 81427-334
Standard volume g / vial 1550
Standard volume transferred in g / geometry 318.5
lab [D# of cal standard 6665
Isotope Czr;irfri::aglcst;\éity G:gt':, ?tt;y vy abundance | Bg/sample é; Z‘;Ttts %recovery
Am-241 2034 418 0.359 1164 1150.4 98.8
Cs-137 1926 396 0.851 465 440.47 94.7
Co-60 3611 742 0.99974 742 681.72 91.9
Co-60 3612 742 0.999856 742 692.1 93.2
Reviewed By: Jody Watson
Date: 3/27/12012

SOP: ST-RD-0102 current rev

2nd source tuna can
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ORTEC g v - 1
TestAmerica

(3263)

Sample description

Env32

@53W4.25 3/28/2012 8:52:25 AM
Spectrum name: 7_TunaCan2ndSource_20120479.Anl

7_TunaCan2ndSource_81427-334_ 032712

Spectrum Filename: C:\User\SPC\Det7\7_TunaCan2ndSource 20120479.Anl

Acquigition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 7 SN/154

Calibration
Filename:
7_TunaCan_90099_032712

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (EEff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:

Peak search sensitivity:

Sample Size:

Activity scaling factor:

Detection limit method:

3/27/2012 3:25:25 PM
3600
3684
2.28 %
7

7_Soil TunaCan.Clb

3/16/2012 11:44:50 AM
0.153 kev

0.250 keV/channel
6.716E-09 keV/channel”2

3/16/2012 11:45:14 AM
165.85 keV

Quadratic Uncertainty = 0.87 %
6.716580E-01 + (-6.166540E-01*Log(E) ) +
( -2.065917E-02*Log (E) "2 )

Quadratic Uncertainty = 1.48 %
-2.689695E+01 + ( 1.019544E+01*Log(E) ) +
( —1.081671E+OO*Log(E)A2 )

DET_ EnergyStandardMix & Pb.Lib
0.500
Library based

Env32 G53W4 .25
150 ( 37.65keV )
8000 ( 2000.21keV )
1000.000%
3
1.0000E+00
1.0000E+00/( 1.0000E+00* 1.0000E+00) =
1.0000E+00

Reg. Guide 4.16 Method
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ORTEC g v -~ 1 (3263) Env32 @G5

3W4.25 3/28/2012 8:52:25 AM

TestAmerica Spectrum name: 7_TunaCan2ndSource_20120479.Anl

Random error:

Systematic error:

Fraction Limit:

Background width:

Half lives decay limit: 1
Activity range factor:

Min. step backg. energy
Multiplet shift channel

Corrections
Decay correct to date:
Decay during acquisition:
Decay during collection:
True coincidence correction:

Peaked background correction:

Absorption (Internal):
Geometry correction:
Random summing:

total peaks alloc. 11 cutoff: 5.0
Energy Calibration
Normalized diff:

koo k& SUMMARY o F PEA

4.0000000E+00
4.0000000E+00

0.000%

average of three points.
2.000

2.000

0.000

2.000

Status Comments

YES 1/1/2010 11:00:00 AM

YES

NO

NO

YES 7_2012-02-26_0327.PBC
2/26/2012 3:27:47 BM

NO

NO

NO
0E+01%

0.0270

K S IN RANGE *k ok ok

Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio Bg/Sampl
36.65 788, 12.78 0.82 1.487E~-02
40.49 109. 96.90 0.59 1.869E-02
46.62 49142. 0.63 0.84 2.491E-02 46.54 4.250 1.386E+04 Pb210
49.64 876. 18.72 0.86 2.792E-02
59.61 54530. 0.58 0.87 3.707E-02 59.54 35.700 1.150E+03 AM241
76.99 260. 38.90 1.03 4.881E-02
88.06 31019. 0.77 0.89 ©5.329E-02 88.03 3.610 1.522E+04 CD109
122,04 6834. 2.04 0.94 5.606E-02 122.06 85,600 3.171E+02 CO57
136.41 810. 9.51 1.00 b5.411E-02
165.84 1193. 6.45 0.96 4.765E-02 165.85 79.900 5.180E+402 Cel39
185.66 92. 57.01 0,73 4.445E-02
213.19 122. 50.56 0.75 3.960E-02
272.80 146. 47.29 0.28 3.217E-02 i
391.67 372. 19.60 1.11 2.360E-02 391.69 64.000 9.332E+02 SN113
442 .91 47. 93,72 0.45 2.122E-02
483,77 95. 38.10 0.62 1.,965E-02
524.63 67. 65.12 0.73 1.831E-02
604.78 31. 59.37 0.27 1.616E-02
628.99 32, 94.37 0.58 1.561lE-02
661.67 19152. 0.86 1.47 1.492E-02 661.66 85.210 4.405E+02 C8137
898.03 322. 23.53 1.90 1.137E-02 898.02 93.700 1.694E+03 Y898
910,18 180. 33.99 0.85 1.123E-02
963.79 49, 71.39 0.69 1.067E-02
1173.23 16317. 0.86 1.89 8.929E-03 1173.24 99.900 6.817E+02 Coll73
1332.49 14763. 0.85 2.04 7.951E-03 1332.50 99.982 6.921E+02 Col332
1836.09 186. S.19 1.40 ©5.919E-03 1836.01 99.200 1.780E+03 Y1836
*hkkkhdwkvddd UN I DENTTIPFTIETD PE A K S UMMADRY **%kdddkddddw
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keVv Nuclide
146.00 36.65 3116. 788. 5.300E+04 12.78 0.819 -
161.37 40.49 4419. 109. 5.831E+03 96.90 0.587 -~ (e
197.99 49.64 8222. g8Bage 363 e 465  18.72 0.855 - sM




307.39 76.99 3728. 260, 5.319E+03 38.90 1.033 -
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ORTEC g v - 1

(3263) Env32

G53W4.25

3/28/2012 8:52:25 AM

TestAmerica Spectrum name: 7_TunaCan2ndSource_20120479.Anl
Channel Energy Background Net area Eff*Area Uncert FWHM Suspected
545.11 136.41 1706. 810. 1.497E+04 9.51 1.002 -

742.15 185.66 1076. 92. 2.081lE+03 57.01 0.725 - <]
852.30 213.19 1296. 122, 3.077E+03 50.56 0.748 - s
1090.74 272 .80 1320. 146. 4.539E+03 47.29 0.283 ~ S
1771.26 442.91 710. 47. 2.215E+03 93,72 0.453 - sc
1934.71 483.77 486. 95. 4.835E+03 38.10 0.616 - s
2098.18 524.63 583. 67. 3.669E+03 65,12 0.732 - s
2418.80 604.78 172. 31. 1.939E+03 59.37 0.268 - 8
2515.62 628.99 330. 32. 2.050E+03 94.37 0.581 - sc
3640.41 910.18 855. 180. 1.603E+04 33.99 0.852 - 8
3854.87 963.79 447, 49, 4.625E+03 71.39 0.695 - s

s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown list.
C - Area < Critical level.
M - Peak is close to a library peak.
This section based on library: DET EnergyStandardMix & Pb.Lib
Khkrwxkkdd kRdxxx T D BENT I F I E D P E A K S UM M A R Y kkhkkkhkhkhkrhkkk*k

Nuclide Peak Centroid Background Net Area Intensity  Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV

Pb-210 185.90 46.62 12530. 49107. 13.641 0.63 0.840
AM-241 237.87 59.61 10985. 54530, 15.147 0.58 0.871
CD-109 351.70 88.06 6100. 31019. 8.616 0.77 0.892
CO-57 487.62 122.04 3040. 6834. 1.898 2,04 0.937
Ce-139 662.88 165.84 1495. 1193. 0.331 6.45 0.956
Hg-203 1114.79 278.81 2119. -42, -0.012 155.58 1.105s
SN-113 1566.31 391.67 1236. 372. 0.103 19.60 1.107
Cs-137 2646.35 661.67 1156. 19152. 5.320 0.86 1.474
Y-898 3591.81 898.03 1084. 322. 0.089 23.53 1.897
Co=-1173 4692.59 1173.23 493. 16317. 4.532 0.86 1.893
Co-1332 5329.55 1332.49 127. 14763. 4.101 0.85 2.038
Y-1836 7343.66 1836.09 l6. 186. 0.052 9.19 1.399s

g - Peak fails shape tests.

D - Peak area deconvoluted.

A Derived peak area.
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ORTEC g v - 1 (3263) Env32 G53W4.25 3/28/2012 8:52:25 AM
TestAmerica Spectrum name: 7_TunaCan2ndSource_20120479.Anl

*kk k% SUMMARY OF LIBRARY PEAK USAGE kkkhk

- Nuclide - Average = ------=--===- Peak -~----n-------
Name Code Activity Energy  Activity Code MDA Value

Bg/Sample keV Bg/Sample Bg/Sample COMMENTS
Pb-210 N 1.3857E+04 8.15E+03

46.54 1.386E+04 (P 1.480E+02 6.34E-01 4.25E+00 G

AM-241 1.1504E+03 1.58E+05
59,54 1.150E+03 ( 1.036E+01 5.81E-01 3.57E+01 G
CD-109 1.5217E+04 4.63E+02

88.03 1.522E+04 ( 1.799E+02 7.73E-01 3.61E+00 G

Co0-57 3.1712E+02 2.72E+02
122.06 3.171E+02 ( 1.205E+01 2.04E+00 8.56E+01 G

Ce-139 5.1801E+02 1.38E+02
165.85 5.180E+02 ( 7.941E+01 6.45E+00 7.99E+401 G

Hg-203 -4.5441E-01 4.66E+01
279.17-4.544E-01 ?( 2,347E+00 1.56E+02 8.15E+01 G
SN-113 9.3315E+02 1.15E+02
391.69 9.332E+02 ( 4.178E+02 1.96E+01 6.40E+01 G
CS-137 4.4047E+02 1.10E+04

661.66 4.405E+02 ( 3.706E+00 8.56E-01 8.52E+01 G

Y-898 1.6944E+03 1.07E+02
898.02 1.694E+03 ( 8.216E+02 2.35E+01 9.37E+01 G

Co-1173 6.8172E+02 1.93E+03

1173.24 6.817E+02 ( 4.436E+00 8.58E-01 9.99E+01 G
Co-1332 6.9210E+02 1.93E+03

1332.50 6.921E+02 ( 2.586E+00 8.49E-01 1.00E+02 G
Y-1836 1.7801E+03 1.07E+02

1836.01 1.780E+03 ( 2.065E+02 9.19E+00 9.92E+01 G
( - This peak used in the nuclide activity average.

* - Peak is too wide, but only one peak in library.
| - Peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

=)
1
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ORTEC g v - 1 (3263) Env32 G53W4.25 3/28/2012 8:52:25 AM

TestAmerica Spectrum name: 7_TunaCan2ndSource_20120479.Anl
@ - Peak 1g too wide at FW25M, but ok at FWHM.
% - Peak fails sensitivity test.
$ - Peak identified, but first peak of this nuclide

i
1

2]
i

Nucl

DW= uEHgdg
1

kR K KKK

failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
Peakbackground subtraction

Peak is too close to another for the activity

to be found directly.

ide Codes: Peak Codes:

Thermal Neutron Activation - Gamma Ray

Fast Neutron Activation - X-Ray

Fission Product - Positron Decay
Naturally Occurring Isotope - Single-Escape
Photon Reaction Double-Escape
Charged Particle Reaction - Key Line

No MDA Calculation - Not in Average
Coincidence Corrected - Coincidence Peak
Halflife limit exceeded

QPrRUngXae
1

kkkkkkk** D I S CARDED I S OTOPE PEAEKS *kkhkhhhrhkhhhkhd

Nuclide Centroid Background Net Area Intensity Uncert Activity

Energy Counts Counts Cts/Sec 1 Sigma %
Hg-203 278.81 2119. -42. -0.012 155.58 0.000E+00
P - Peakbackground subtraction

Hhhhw SUMMARY O F NUCLTIDES IN SAMPLE Fokok ok ok

Time of Count Time Corrected Uncertainty 1 Sigma
Nuclide Activity Activity Counting MDA

Bg/Sample Bg/Sample Bg/Sample

Pb-210 1.2927E+04 1.3857E+04 6.344E-01% 1.48E+02
AM-241 1.1462E+03 1.1504E4+03 5.808E-01% 1.04E+01
CD-109 4.4794E+03 1.5217E404 7.727E-01% 1.80E+02
CO-57 3.9561E+01 3.1712E402 2.043E+00% 1.20E+01
Ce-139 8.4971E+00 5.1801E+02 6.453E+00% 7.94E+01
Hg-203 #A -4.5441E-01 >12 Halflives 1.5558E+02% 2.3474E400 i
SN-113 6.8413E+00 9.3315E+02 1.960E+01% 4.18E+02
CS-137 4.1835E+02 4.4047E+02 8.557E-01% 3.71E+00
Y-898 8.3979E+00 1.6944E+03 2.353E+01% 8.22E+02
Co-1173 5.0814E+02 6.8172E+02 8.581E-01% 4.44E+00
Co-1332 5.1588E+02 6.9210E+02 8.485E-01% 2.59E+00
Y-1836 8.8227E+00 1.7801E+03 9.190E+00% 2.07E+02
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ORTEC g v - 1 (3263) Env32 @G53W4.25 3/28/2012 8:52:25 AM
TestAmerica Spectrum name: 7_TunaCan2ndSource_20120479.Anl

- All peaks for activity calculation had bad shape.

- Activity omitted from total

- Activity omitted from total and all peaks had bad shape.

- MDA value printed.

Activity printed, but activity < MDA.

- Activity < MDA and failed test.

- Area < Critical level.

- Failed fraction or key line test.

- Halflife limit exceeded

————————————————————————————— SUMMARY e e
Total Activity ( 37.6 to 2000.2 keV) 2.007E+04 Bg/Sample

Total Decayed Activity ( 37.6 to 2000.2 keV) 3.7281199E+04 Bg/Sample

jan iz d WA %3
i

Analyzed by:

Admin

Reviewed by:

Supervisor

Laboratory: TestAmerica
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Ge08_90099_solidcert 2012

2nd Source Verification

Detector: Ge8
Geometry: Tunacan
Reference date 1/1/2010
Source: 81427-334
Standard volume g/ vial 1550
Standard volume transferred in g / geometry 318.5
lab ID# of cal standard 6665
Isotope Czr;i::ic]ia»:«;:stl\::ity G:gt?l?:yry yabundance | Bg/sample RCe c:::?tts %recovery
Am-241 2034 418 0.359 1164 1175.4 101.0
Cs-137 1926 396 0.851 465 446.61 96.0
Co-60 3611 742 0.99974 742 697.22 93.9
Co-60 3612 742 0.999856 742 691.92 93.2
Reviewed By: Jody Watson
Date: 3/29/2012

SOP: ST-RD-0102 current rev

2nd source tuna can
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8_TunacCan2nd_20120697

ORTEC g v - i (3263) Env32 G53w4.25 3/29/2012 7:45:38 AM Page 1
TestAmerica Spectrum name: 8_TunaCan2nd_20120697.Anl
Sample description

8_TunaCan_81427-334_2ndsource_032912
Spectrum Filename: C:\User\SPC\Det8\8_TunaCan2nd_20120697.Anl

Acquisition information

Start time: 3/29/2012 1:58:04 AM
Live time: 3600

Real time: 3622

Dead time: 0.61 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8_Soil_Tunacan.cClb
8_Soi1_TunaCan_90099_032712

Energy Calibration

Created: 3/28/2012 10:35:07 AM
Zero offset: 0.050 kev
Gain: 0.250 kev/channel
Quadratic: 8.067E-10 kev/channelA2
Efficiency Calibration
Created: 3/28/2012 10:35:20 AM
Knee Energy: 165.85 kev
Above the Knee: Quadratic Uncertainty = 1.39 %
Log(Eff): -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( -2.572270E-02*Log(E)A2 )
Below the Knee: Quadratic Uncertainty = 1.71 %
Log(Eff): -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log(E)A2 )

Library Files

Main analysis Tibrary: DET_EnergyStandardMix & Pb.Lib

Library Match width: 0.500

Peak stripping: Library based

Analysis parameters

Analysis engine: Env32  G53w4.25

Start channel: 150 ( 37.55kev )

Stop channel: 8000 ( 2000.30kev )

Peak rejection Tevel: 1000.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00

Activity scaling factor: 1.0000E+00/( 1.0000E+00* 1.0000E+00) =
1.0000E+00

Detection 1limit method: Reg. Guide 4.16 Method

ORTEC g v - 1 (3263) Env32 G53w4.25 3/29/2012 7:45:38 AM Page 2
TestAmerica Spectrum name: 8_TunaCan2nd_20120697.Anl
Page 1
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R

andom error:

8_TunacCan2nd_20120697

4.0000000E+00
4.0000000E+00

Systematic error:

Fraction Limit: 0.000%
Background width: average of three points.
Half Tives decay Timit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Ccomments
Decay correct to date: YES 1/1/2010 11:00:00 AM
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: YES 8_2012-03-02_0402.PBC
3/2/2012 4:02:11 AMm
Absorption (Internal): NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 12 cutoff: 5.00E+01%
Energy Calibration
Normalized diff: 27.9595
#k%¥%¥%¥ S UMMARY OF PEAKS IN RANGE o
Peak Area Uncert FWHM corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio Bg/SampT
36.61 594. 17.47 1.15 1.254E-02
46.53 38495. 0.62 0.95 2.001E-02 46.54 4.250 1.345e+04 Pb210
49.81 542. 25.92 1.04 2.243E-02
59.48 43371. 0.71 0.98 2.878E-02 59.54 35.700 1.175E+03 AM241
84.86 327. 26.82 0.98 3.922E-02
88.03 22911. 0.76 0.98 3.992e-02 88.03 3.610 1.504E+04 CD109
122.06 5318. 2.55 1.03 4.146E-02 122.06 85.600 3.349E+02 CO57
136.54 691. 14.03 0.89 3.998E-02
165.93 1033. 8.62 1.19 3.628E-02 165.85 79.900 6.077E+02 Cel39
177.05 71. 70.08 0.69 3.453E-02
185.74 128. 40.98 0.85 3.329e-02
227.93 52. 65.04 0.45 2.844E-02
270.79 87. 50.41 0.41 2.486E-02
278.94 44. 131.33 1.13 2.428e-02 279.17 81.500 HL>Cutoff Hg203
302.52 63. 54.81 0.69 2.279e-02
370.09 35. 84.23 0.41 1.941E-02
391.61 316. 17.91 0.81 1.855E-02 391.69 64.000 1.016E+03 SN113
409.22 93. 50.95 0.41 1.791e-02
428.24 88. 46.51 0.39 1.726E-02
564.57 72. 45.26 0.57 1.378E-02
591.73 73. 42.60 0.61 1.326E-02
661.62 15734. 0.88 1.38 1.209e-02 661.66 85.210 4.466E+02 Cs137
720.39 41. 72.89 0.46 1.126E-02
831.73 36. 50.61 0.44 9.986E-03
897.91 396. 17.93 1.52 9.360E-03 898.02 93.700 2.554E+03 Y898
1092.31 69. 44.41 0.50 7.924e-03
1173.30 13922. 0.92 1.73 7.452e-03 1173.24 99.900 6.972E+02 Coll73
1332.56 12390. 0.92 1.75 6.677E-03 1332.50 99.982 6.919E+02 Col332
1836.18 152 9.00 1.63 5.046E-03 1836.01 99.200 1.724eE+03 Y1836
Page 2
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8_TunacCan2nd_20120697

TR T TN TN NN N UNIDENTTIFTIETD PEAK S UMMARY R O SR L
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy  Counts Counts * Area 1 sigma % kev Nuclide
146.23 36.61 3218. 594. 4.742e+04 17.47 1.147 - s
199.01 49.81 6400. 542. 2.416E+04 25.92 1.039 - SM
339.16 84.85 3491. 236. 6.026E+03 42.58 0.697 - SM
0
ORTEC g v - i (3263) Env32 G53w4.25 3/29/2012 7:45:38 AM Page 3

TestAmerica

Spectrum name: 8_TunaCan2nd_20120697.Anl

Channel Energy Background Net area Eff*Area Uncert  FWHM Suspected
545.91 136.54 2178. 691. 1.728e+04 14.03 0.888 -
707.94  177.05 893. 71. 2.046e+03 70.08 0.693 - sM
742.68 185.74 978. 128. 3.835e+03 40.98 0.847 - SM
911.43  227.93 546. 52. 1.829e+03 65.04 0.445 - sC
1082.86 270.79 683. 87. 3.486E+03 50.41 0.413 - SM
1209.76  302.52 484. 63. 2.765E+03 54.81 0.692 - s
1480.00 370.09 385. 35. 1.803E+03 84.23 0.412 - sc
1636.49  409.22 685. 93. 5.212E+03 50.95 0.407 - s
1712.56  428.24 565. 88. 5.117E+03 46.51 0.393 - s
2257.86 564.57 330. 72. 5.224e+03 45.26 0.565 - s
2366.45 591.73 298. 73. 5.505e+03 42.60 0.613 - s
2881.06 720.39 284. 41. 3.640E+03 72.89 0.464 - s
3326.37 831.73 148. 36. 3.605E+03 50.61 0.439 - s
4368.55 1092.31 290. 69. 8.708E+03 44.41 0.495 - s
s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown Tist.
C - Area < Critical Tevel.
M - Peak is close to a Tibrary peak.
This section based on library: DET_EnergyStandardmix & Pb.Lib
R R Rt R R R R Rt Y IDENTTITFTIED P E AK S U MMARY E R S S
Nuc11de Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/sec 1 Sigma % kev
Pb-210 185.71 46.48 12173. 40702. 11.306 0.74 0.992
AM-241 237.70 59.48 10649. 43371. 12.047 0.71 0.984
CD-109 351.85 88.02 4506. 23196. 6.443 0.88 1.056
Co-57 487.99 122.06 2908. 5318. 1.477 2.55 1.026
Ce-139 663.47 165.93 1722. 1033. 0.287 8.62 1.189s
Hg-203  1115.46 278.94 1642. 44 0.012 131.33 1.133
SN-113  1566.07 391.61 822. 316. 0.088 17.91 0.806s
Cs-137 2646.01 661.62 665. 15731. 4.370 0.88 1.379
Y-898 3591.03 897.91 871. 396. 0.110 17.93 1.524
Co-1173 4692.46 1173.30 374. 13922. 3.867 0.92 1.726
Co-1332 5329.42 1332.56 82. 12390. 3.442 0.92 1.753
Y-1836  7343.62 1836.18 6. 152. 0.042 9.00 1.626s
s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.
0
ORTEC g v - i (3263) Env32 G53w4.25 3/29/2012 7:45:38 AM Page 4

TestAmerica

Spectrum name: 8_TunaCan2nd_20120697.Anl

Page 3
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8_TunacCan2nd_20120697

v e SUMMARY OF LIBRARY P E AK USAGE
- Nuclide - Average = -----------—- Peak --------------
Name Code Activity Energy  Activity Code MDA Vvalue
Bg/Sample kev Bg/Sample Bg/Sample COMMENTS
Pb-210 N  1.4221E+04 8.15E+03
46.54 1.422E+04 ( 1.806E+02 7.43E-01 4.25E+00
AM-241 1.1754E+03 1.58E+05
59.54 1.175e+03 ( 1.311E+01 7.10E-01 3.57E+01
CD-109 1.5223E+04 4.63E+02
88.03 1.522E+04 ( 2.071E+02 8.83E-01 3.61E+00
Co-57 3.3494E+02 2.72E+02
122.06 3.349e+02 ( 1.600E+01 2.55E+00 8.56E+01
Ce-139 6.0766E+02 1.38E+02
165.85 6.077E+02 *( 1.153E+02 8.62E+00 7.99E+01
Hg-203 6.1671E-01 4.66E+01
279.17 6.167E-01 ( 2.689E+00 1.31E+02 8.15E+01
SN-113 1.0157E+03 1.15E+02
391.69 1.016E+03 ( 4.390E+02 1.79E+01 6.40E+01
Ccs-137 4.4661E+02 1.10E+04
661.66 4.466E+02 (P 3.489E+00 8.85E-01 8.52E+01
Y-898 2.5543E+03 1.07E+02
898.02 2.554E+03 ( 9.046E+02 1.79E+01 9.37E+01
Co-1173 6.9722E+02 1.93E+03
1173.24 6.972E+02 ( 4.649E+00 9.19E-01 9.99E+01
Co-1332 6.9192E+02 1.93E+03
1332.50 6.919e+02 ( 2.515E+00 9.18E-01 1.00E+02
Y-1836 1.7236E+03 1.07E+02
1836.01 1.724e+03 ( 1.542E+02 9.00E+00 9.92E+01
( - This peak used in the nuclide activity average.

ORTEC g v - i (3263) Env32 G53w4.25

Peak is too wide, but only one peak in library.
Peak is part of a multiplet and this area went
negative during deconvolution.
Peak is too narrow.

TestAmerica

@
%
$

ol 1 +

Spectrum name:

3/29/2012 7:45:38 AM

Page 5

8_TunacCan2nd_20120697.An1

Peak is too wide at Fw25M, but ok at FwHM.
Peak fails sensitivity test.
Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.

Peak outside analysis energy range.
Calculated peak centroid is not close enough to the

Tibrary energy centroid for positive identification.

Page 4
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8_TunacCan2nd_20120697
P - Peakbackground subtraction
} - Peak 1is too close to another for the activity
to be found directly.

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay

N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak

H - Halflife Timit exceeded
B R R Y DI S C A RDED I S 0 T 0 P E P E A K S R R R R At
Nuclide Centroid Background Net Area  Intensity Uncert Activity

Energy  Counts Counts Cts/Ssec 1 Sigma %

P - Peakbackground subtraction

v de vk SUMMARY OF NUCLIDES IN SAMPLE
Time of Count Time Corrected Uncertainty 1 Sigma
NucTide Activity Activity Counting MDA
Bg/Sample Bg/Sample Bg/Sample
Pb-210 1.3265E+04 1.4221E+04 7.429E-01% 1.81E+02
AM-241 1.1712e+03 1.1754E+03 7.101E-01% 1.31e+01
CD-109 4.4713e+03 1.5223E+04 8.832E-01% 2.07E+02
Co-57 4.1631E+01 3.3494E+02 2.551E+00% 1.60E+01
Ce-139 # 9.8959E+00 6.0766E+02 8.616E+00% 1.15E+02
Hg-203 A 6.1671E-01 >12 Halflives  1.3133E+02% 2.6892E+00
SN-113 7.3819E+00 1.0157E+03 1.791E+01% 4.39E+02
Cs-137 4.2415E+02 4.4661E+02 8.848E-01% 3.49e+00
Y-898 1.2542e+01 2.5543E+03 1.793E+01% 9.05E+02
Co-1173 5.1942E+02 6.9722E+02 9.185E-01% 4.65E+00
Co-1332 5.1548E+02 6.9192E+02 9.176E-01% 2.52E+00
Y-1836 8.4633E+00 1.7236€E+03 8.997E+00% 1.54E+02
0
ORTEC g v - i (3263) Env32 G53w4.25 3/29/2012 7:45:38 AM Page 6

TestAmerica Spectrum name: 8_TunaCan2nd_20120697.Anl

# - Al1l peaks for activity calculation had bad shape.

Activity omitted from total

Activity omitted from total and all peaks had bad shape.

MDA value printed.

Activity printed, but activity < MDA.

Activity < MDA and failed test.

Area < Critical Tevel.

Failed fraction or key line test.

Halflife Timit exceeded

————————————————————————————— SUMMARY e -
Total Activity ( 37.6 to 2000.3 kev) 2.045E+04 Bq/Sample

Total Decayed Activity ( 37.6 to 2000.3 kev) 3.8690848E+04 Bqg/Sample

ITTOW>ARR

Page 5
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Analysis Description:

Detector ID:
SpectrumiD:

Calibration:

Detector:

ANNUAL CALIBRATION VERIFICATION

Detector# 5

5_20160128006_EffVerif

ACVTop-776670;TunaCan2006
5_Soil_TunaCan_90099 032612
Ge 5 SN/157

Verification Date:

Source Assay Date/Time:

2016-01-28 10:21
2006-10-01 11:00

Observed Activit Percent Difference
Gamma Source Emission Rate (GPS) y (%)
(GPS)
Isotope Energy
Assay-Actual
(kev) (Assay) (Actual) Assay-Actual
Assay
Am-241 59.54 449 4 57E+02 -1.7%
Cs-137 661.66 400 3.97E+02 0.7%
Co-1332 1332.5 777 7.71E+02 0.8%
Comments:
Perform ___ Jody Watson 1/28/16 Reviev Rachel Mueller 1/28/16

C:\User\CRpt\5_20160128006_EffVerif.xls

SOP: ST-RD-0102 current rev

5_EfficiencyVerification.xls

Printed 1/28/2016



Test America St. Louis Spectrum ID: 5 20160128006 EffVerif

Sample Description: ACVTop-776670;TunaCan2006
Detector: Ge 5 SN/157
Source Date: 10/1/2006 11:00
Acquired: 1/28/2016 10:21:33
Analyzed: 2/4/2016 10:52

Analyst: Jody Watson

Efficiency: 5 Soil TunaCan 90099 032612
Library: DET EfficiencyVerification.lib

Nuclide Activity Uncertainty
uCi/Source %
AM-241 4 .566E+02 0.45
CS-137 3.974E+02 0.71
Co-1332 7.707E+02 1.09
Total 1.625E+03
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ORTEC g v - i
TestAmerica

Sample description

(1087)

Env32

ACVTop-776670; TunaCan2006

Spectrum Filename: C:\User\SPC\Det5\5 20160128006 EffVerif.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 5 SN/157

Calibration

G53W4 .25

1/28/2016 10:21:33 AM

7200
7242

0.59 %
5

2/4/2016 10:52:45 AMPage 1
Spectrum name: 5 20160128006 EffVerif.Anl

Filename:

5 Soil TunaCan_ 90099 032612

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files

Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters

Analysis engine:

Start channel:

Stop channel:

Peak rejection level:
Peak search sensitivity:
Sample Size:

Activity scaling factor:

Detection limit method:

5 Soil TunaCan.Clb

2/28/2012 7:35:48 PM
0.158 keVv

0.250 keV/channel
3.911E-08 keV/channel”2

3/27/2012 5:20:37 PM

165.85 keV
Quadratic
6.466115E-01 +

-4.117504E-03*Log (E

(

Quadratic
-2.462251E+01 +
-9.664422E—01*Log(

(

Uncertainty =

)2 )
Uncertainty =

E) "2 )

DET EfficiencyVerification.lib

0

.500

Library based

Env32 G53W4 .25
150 ( 37.62keV )
8000 ( 2000.81lkeV )
10.000%
3
1.0000E+00
1.0000E+00/( 1.0000E+00*
1.0000E+00

Reg. Guide 4.16 Method

Page 376 of 455
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ORTEC g v - 1 (1087) Env3

TestAmerica

Random error:
Systematic error:

2

G53W4.25 2/4/2016 10:52:45 AMPage 2
Spectrum name: 5 20160128006 EffVerif.Anl

4.0000000E+00
4.0000000E+00

Fraction Limit: 0.000%
Background width: average of three points.
Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: YES 10/1/2006 11:00:00 AM
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal) : NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 3 cutoff: 5.00E+01%
Energy Calibration
Normalized diff: 0.0281
*k ok k% SUMMARY O F PEAKS IN RANGE *kkk ok
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy  Ratio uCi/Sour
46.59 62614 . 0.54 0.73 1.791E-02
59.55 82059. 0.45 0.73 2.534E-02 59.54 100.000 4.566E+02 AM241
87.79 1068. 8.88 0.81 3.458E-02
661.63 22901. 0.71 1.29 9.925E-03 661.66 100.000 3.973E+02 CS137
1173.12 9966. 1.10 1.75 6.139E-03
1332.41 8977. 1.09 1.90 5.515E-03 1332.50 100.000 7.707E+02 Col332
*kkkhkkkkkkk*k*k U N IDEDNTTIU FTITETD P E A K S U M MAIRY **kxkkkdkkkkx*
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keVv Nuclide
185.88 46.59 15162. 62614. 3.496E+06 0.54 0.733 -
350.82 87.79 2502. 1068. 3.087E+04 8.88 0.809 - s
4692.76 1173.12 266. 9966. 1.624E+06 1.10 1.754 -
s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown list.
C - Area < Critical level.

This section based on library: DET EfficiencyVerification.lib
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ORTEC g v - i (1087) Env32 G53W4.25 2/4/2016 10:52:45 AMPage 3

TestAmerica Spectrum name: 5 20160128006 EffVerif.Anl
kkkkkkkxkk*xk*xx**x T D E N T I F I E D P E A K S U M MAIRY **kkk,kkxkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
AM-241 237.79 59.55 13086. 82059. 11.397 0.45 0.731
CS-137 2647.26 661.63 612. 22901. 3.181 0.71 1.293
Co-1332 5329.50 1332.41 77. 8977. 1.247 1.09 1.898

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

Fokk ok x SUMMARY O F LIBRARY PEAK US AGE Fokk ok x

- Nuclide - Average =  ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
uCi/Source kev uCi/Source uCi/Source COMMENTS
AM-241 4 .5663E+02 1.58E+05
59.54 4.566E+02 ( 2.981E+00 4.47E-01 1.00E+02 G
CS-137 3.9735E+02 1.10E+04
661.66 3.973E+02 ( 2.047E+00 7.08E-01 1.00E+02 G
Co-1332 7.7068E+02 1.93E+03
1332.50 7.707E+02 ( 3.743E+00 1.09E+00 1.00E+02 G

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Ur o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
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ORTEC g v - i (1087) Env32 G53W4.25 2/4/2016 10:52:45 AMPage 4

TestAmerica Spectrum name: 5 20160128006 EffVerif.Anl
N - Naturally Occurring Isotope S - Single-Escape
P - Photon Reaction D - Double-Escape
C - Charged Particle Reaction K - Key Line
M - No MDA Calculation A - Not in Average
R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkk*k*k** D T S CARDED I S OTOTPE PEUD IOTIEKES **kkkhhhhhhhkhkhkk
Nuclide Centroid Background Net Area Intensity Uncert Activity
Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

* Kok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * ok ok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
uCi/Source uCi/Source

AM-241 4 .4986E+02 4 .5663E+02 4.468E-01% 2.98E+00

CsS-137 3.2049E+02 3.9735E+02 7.077E-01% 2.05E+00

Co-1332 2.2610E+02 7.7068E+02 1.091E+00% 3.74E+00

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.8 keV) 9.965E+02 uCi/Source
Total Decayed Activity ( 37.6 to 2000.8 keV) 1.6246621E+03 uCi/Source
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

ANNUAL CALIBRATION VERIFICATION

Detector ID: | Detector# 7 -

SpectrumID: | 7_20160123003_EffVerif -

Verification Date: 2016-01-23 19:25

2006-10-01 11:00

Analysis Description: ACVTop-776670;TunaCan2006 Source Assay Date/Time:

Calibration: 7_TunaCan_90099 032712
Detector: Ge 7 SN/154

GG¥ 10 0gg abed

Comments:

Perform Kody Saulters 2/4/16

C:\User\CRpt\7_20160123003_EffVerif.xls

SOP: ST-RD-0102 current rev

Reviev____Jody Watson 2/4/16

7_EfficiencyVerification.xls

Observed Activit Percent Difference
Gamma Source Emission Rate (GPS) y (%)
(GPS)
Isotope Energy
Assay-Actual
(kev) (Assay) (Actual) Assay-Actual
Assay
Am-241 59.54 449 4.38E+02 2.5%
Cs-137 661.66 400 3.86E+02 3.6%
Co-1332 1332.5 777 7.19E+02 7.5%

Printed 2/4/2016




Test America St. Louis Spectrum ID: 7_ 20160123003 EffVerif

Sample Description: ACVTop-776670;TunaCan2006
Detector: Ge 7 SN/154
Source Date: 10/1/2006 11:00
Acquired: 1/23/2016 19:25:53
Analyzed: 2/4/2016 10:49

Analyst: Jody Watson

Efficiency: 7 TunaCan 90099 032712
Library: DET EfficiencyVerification.lib

Nuclide Activity Uncertainty
uCi/Source %
AM-241 4 .380E+02 0.38
CS-137 3.857E+02 0.59
Co-1332 7.189E+02 0.94
Total 1.543E+03
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ORTEC g v - i (1087) Env32
TestAmerica

Sample description
ACVTop-776670; TunaCan2006

Spectrum Filename: C:\User\SPC\Det7\7 20160123003 EffVerif.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Ge 7 SN/154

Calibration
Filename:
7 TunaCan_ 90099 032712

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Knee Energy:
Above the Knee:
Log (Eff) :

Below the Knee:
Log (Eff) :

Library Files
Main analysis library:
Library Match Width:
Peak stripping:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:
Peak search sensitivity:
Sample Size:
Activity scaling factor:

Detection limit method:

G53W4.25 2/4/2016 10:49:24 AMPage 1

1/23/2016 7:25:53 PM
7200
7361
2.18 %
7

7_Soil TunaCan.Clb

2/23/2012 8:40:56 AM
0.117 kev
0.250 keV/channel

3.508E-09 keV/channel”2

3/16/2012 11:45:14 AM
165.85 keV

Quadratic Uncertainty = 0.87
6.716580E-01 + (-6.166540E-01*Log (E)

( -2.065917E-02*Log (E

Spectrum name: 7_20160123003 EffVerif.Anl

)

Quadratic Uncertainty = 1.48
-2.689695E+01 + ( 1.019544E+01*Log(E) )

( -1.081671E+00*Log (E

DET EfficiencyVerification.lib

0.500
Library based

Env32 G53W4 .25
150 ( 37.61keV )
8000 ( 2000.12keV )

10.000%

3

1.0000E+00

1.0000E+00/( 1.0000E+00%*

1.0000E+00

Reg. Guide 4.16 Method
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ORTEC g v - i (1087) Env32 G53W4.25 2/4/2016 10:49:24 AMPage 2

TestAmerica Spectrum name: 7_20160123003 EffVerif.Anl
Random error: 4.0000000E+00
Systematic error: 4 .0000000E+00
Fraction Limit: 0.000%
Background width: average of three points.
Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: YES 10/1/2006 11:00:00 AM
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal) : NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 3 cutoff: 5.00E+01%
Energy Calibration
Normalized diff: 0.0434

*ok ok ok x SUMMARY O F PEAKS IN R ANGE Fok ok ok x

Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy  Ratio uCi/Sour
36.52 1402. 9.33 1.11 1.474E-02
46.60 75982. 0.45 0.84 2.485E-02
59.55 114994. 0.38 0.89 3.702E-02 59.54 100.000 4.380E+02 AM241
87.94 1428. 8.44 0.97 5.326E-02
661.74 33440. 0.59 1.49 1.492E-02 661.66 100.000 3.857E+02 CS137
1173.38 13650. 0.99 1.95 8.928E-03
1332.63 12093. 0.94 1.99 7.950E-03 1332.50 100.000 7.189E+02 Col332

*kkkkhkkhkkkkkhkk*k* U N I D E N T I F I E D P E A K S U M M A R Y *kkkkhkkhkkkkkhkk*k*
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keV Nuclide
145.62 36.52 4964 . 1402. 9.512E+04 9.33 1.1117 - s
185.78 46.56 20640. 82430. 3.318E+06 0.48 0.912 -
351.31 87.94 3932. 1428. 2.682E+04 8.44 0.972 - s
4693.26 1173.38 567. 13650. 1.529E+06 0.99 1.950 -
s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown list.
C - Area < Critical level.

This section based on library: DET EfficiencyVerification.lib
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ORTEC g v - i (1087) Env32 G53W4.25 2/4/2016 10:49:24 AMPage 3

TestAmerica Spectrum name: 7_20160123003 EffVerif.Anl
kkkkkkkxkk*xk*xx**x T D E N T I F I E D P E A K S U M MAIRY **kkk,kkxkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
AM-241 237.75 59.55 18759. 114994. 15.971 0.38 0.895
CS-137 2646 .69 661.74 882. 33440. 4.644 0.59 1.494
Co-1332 5330.24 1332.63 117. 12093. 1.680 0.94 1.990

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

Fokk ok x SUMMARY O F LIBRARY PEAK US AGE Fokk ok x

- Nuclide - Average =  ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
uCi/Source kev uCi/Source uCi/Source COMMENTS
AM-241 4.3796E+02 1.58E+05
59.54 4.380E+02 ( 2.441E+00 3.82E-01 1.00E+02 G
CS-137 3.8573E+02 1.10E+04
661.66 3.857E+02 ( 1.628E+00 5.85E-01 1.00E+02 G
Co-1332 7.1885E+02 1.93E+03
1332.50 7.189E+02 ( 3.157E+00 9.42E-01 1.00E+02 G

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Ur o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
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ORTEC g v - i (1087) Env32 G53W4.25 2/4/2016 10:49:24 AMPage 4

TestAmerica Spectrum name: 7_20160123003 EffVerif.Anl
N - Naturally Occurring Isotope S - Single-Escape
P - Photon Reaction D - Double-Escape
C - Charged Particle Reaction K - Key Line
M - No MDA Calculation A - Not in Average
R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkk*k*k** D T S CARDED I S OTOTPE PEUD IOTIEKES **kkkhhhhhhhkhkhkk
Nuclide Centroid Background Net Area Intensity Uncert Activity
Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

* Kok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * ok ok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
uCi/Source uCi/Source

AM-241 4 .3147E+02 4 .3796E+02 3.822E-01% 2.44E+00

CsS-137 3.1121E+02 3.8573E+02 5.852E-01% 1.63E+00

Co-1332 2.1125E+02 7.1885E+02 9.418E-01% 3.16E+00

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.6 to 2000.1 keV) 9.539E+02 uCi/Source
Total Decayed Activity ( 37.6 to 2000.1 keV) 1.5425436E+03 uCi/Source
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

ANNUAL CALIBRATION VERIFICATION

Detector ID: | Detector# 8

SpectrumiD: | 8_20160128004_Efiverif i Verification Date: 2016-01-28 18:34
Analysis Description: ACVTop-776670;TunaCan2006 Source Assay Date/Time: 2006-10-01 11:00
Calibration: 8_Soil_TunaCan_90099 032712
Detector: Ge 8 SN/174
. Percent Difference
Gamma Source Emission Rate (GPS) Obserzlgg;;ctlwty (%)
Isotope Energy
(kev) (Assay) (Actual) Assay-Actual
Assay
Am-241 59.54 449 4.79E+02 -6.7%
Cs-137 661.66 400 3.90E+02 2.5%
Co-1332 1332.5 777 7.56E+02 2.7%

Comments:

Perform Aaron Schroder 1/28/16 Reviev___Jody Watson 1/29/16

C:\User\CRpt\8_20160128004_EffVerif.xls

SOP: ST-RD-0102 current rev 8_EfficiencyVerification.xls Printed 1/29/2016



Test America St. Louis Spectrum ID: 8 20160128004 EffVerif

Sample Description: ACVTop-776670;TunaCan2006
Detector: Ge 8 SN/174
Source Date: 10/1/2006 11:00
Acquired: 1/28/2016 18:34:05
Analyzed: 2/4/2016 10:51

Analyst: Jody Watson

Efficiency: 8 Soil TunaCan 90099 032712
Library: DET EfficiencyVerification.lib

Nuclide Activity Uncertainty
uCi/Source %
AM-241 4.789E+02 0.41
CS-137 3.899E+02 0.64
Co-1332 7.564E+02 0.99
Total 1.625E+03
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ORTEC g v - 1 (1087) Env32 G53W4.25 2/4/2016 10:51:02 AMPage 1
TestAmerica Spectrum name: 8 20160128004 EffVerif.Anl

Sample description
ACVTop-776670; TunaCan2006

Spectrum Filename: C:\User\SPC\Det8\8 20160128004 EffVerif.Anl

Acquisition information

Start time: 1/28/2016 6:34:05 PM
Live time: 7200

Real time: 7434

Dead time: 3.15 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 Soil TunaCan.Clb
8 Soil TunaCan 90099 032712

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keV
Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2
Efficiency Calibration
Created: 3/28/2012 10:35:20 AM
Knee Energy: 165.85 keV
Above the Knee: Quadratic Uncertainty = 1.39 %
Log (Eff) : -1.098764E-01 + (-4.958544E-01*Log(E) ) +
( -2.572270E-02*Log (E) "2 )
Below the Knee: Quadratic Uncertainty = 1.71 %
Log (Eff) : -2.525301E+01 + ( 9.398253E+00*Log(E) ) +

( -1.000034E+00*Log (E) "2 )

Library Files

Main analysis library: DET EfficiencyVerification.lib

Library Match Width: 0.500

Peak stripping: Library based

Analysis parameters

Analysis engine: Env32 G53W4 .25

Start channel: 150 ( 37.55keV )

Stop channel: 8000 ( 1999.96keV )

Peak rejection level: 10.000%

Peak search sensitivity: 3

Sample Size: 1.0000E+00

Activity scaling factor: 1.0000E+00/( 1.0000E+00* 1.0000E+00) =
1.0000E+00

Detection limit method: Reg. Guide 4.16 Method
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ORTEC g v - 1 (1087) Env3

TestAmerica

Random error:
Systematic error:

2

G53W4.25 2/4/2016 10:51:02 AMPage 2
Spectrum name: 8 20160128004 EffVerif.Anl

4.0000000E+00
4.0000000E+00

Fraction Limit: 0.000%
Background width: average of three points.
Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: YES 10/1/2006 11:00:00 AM
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal) : NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 3 cutoff: 5.00E+01%
Energy Calibration
Normalized diff: 0.0632
*k ok k% SUMMARY O F PEAKS IN RANGE *kkk ok
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy  Ratio uCi/Sour
46.57 74004 . 0.44 1.01 2.005E-02
59.58 102880. 0.35 1.02 2.881lE-02 59.54 100.000 5.034E+02 AM241
88.09 1218. 9.96 0.76 3.993E-02
661.54 27378. 0.64 1.34 1.209E-02 661.66 100.000 3.899E+02 CS137
1173.07 11810. 1.00 1.56 7.454E-03
1332.31 10667. 0.99 1.75 6.678E-03 1332.50 100.000 7.564E+02 Col332
*kkkhkkkkkkk*k*k U N IDEDNTTIU FTITETD P E A K S U M MAIRY **kxkkkdkkkkx*
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keVv Nuclide
185.94 46 .53 19029. 71370. 3.560E+06 0.54 0.847 -
352.16 88.09 3683. 1218. 3.051E+04 9.96 0.764 - s
4692 .32 1173.07 306. 11810. 1.584E+06 1.00 1.561 -
s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown list.
C - Area < Critical level.

This section based on library: DET EfficiencyVerification.lib
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ORTEC g v - i (1087) Env32 G53W4.25 2/4/2016 10:51:02 AMPage 3

TestAmerica Spectrum name: 8 20160128004 EffVerif.Anl
kkkkkkkxkk*xk*xx**x T D E N T I F I E D P E A K S U M MAIRY **kkk,kkxkhkkdhkkhkk*k
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
AM-241 237.97 59.54 15110. 97876 . 13.594 0.41 0.867D
CS-137 2646.10 661.54 638. 27378. 3.802 0.64 1.335
Co-1332 5329.28 1332.31 68. 10667. 1.482 0.99 1.753

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

Fokk ok x SUMMARY O F LIBRARY PEAK US AGE Fokk ok x

- Nuclide - Average =  ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
uCi/Source kev uCi/Source uCi/Source COMMENTS
AM-241 4.7889E+02 1.58E+05
59.54 4.789E+02 ( 2.816E+00 4.13E-01 1.00E+02 G
CS-137 3.8993E+02 1.10E+04
661.66 3.899E+02 ( 1.714E+00 6.40E-01 1.00E+02 G
Co-1332 7.5635E+02 1.93E+03
1332.50 7.564E+02 ( 2.913E+00 9.90E-01 1.00E+02 G

( - This peak used in the nuclide activity average.

- Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more gqualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Ur o ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay

Page 390 of 455



ORTEC g v - i (1087) Env32 G53W4.25 2/4/2016 10:51:02 AMPage 4

TestAmerica Spectrum name: 8 20160128004 EffVerif.Anl
N - Naturally Occurring Isotope S - Single-Escape
P - Photon Reaction D - Double-Escape
C - Charged Particle Reaction K - Key Line
M - No MDA Calculation A - Not in Average
R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkk*k*k** D T S CARDED I S OTOTPE PEUD IOTIEKES **kkkhhhhhhhkhkhkk
Nuclide Centroid Background Net Area Intensity Uncert Activity
Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

* Kok ok ok SUMMARY O F NUCLTIDES IN SAMPLE * ok ok ok ok
Time of Count Time Corrected Uncertainty 1 Sigma

Nuclide Activity Activity Counting MDA
uCi/Source uCi/Source

AM-241 4 .7179E+02 4 .7889E+02 4 .129E-01% 2.82E+00

CsS-137 3.1450E+02 3.8993E+02 6.397E-01% 1.71E+00

Co-1332 2.2187E+02 7.5635E+02 9.900E-01% 2.91E+00

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY P e e e ————— - -
Total Activity ( 37.5 to 2000.0 keV) 1.008E+03 uCi/Source
Total Decayed Activity ( 37.5 to 2000.0 keV) 1.6251797E+03 uCi/Source
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Test America
St. Louis
Background Check

Spectrum: 5_20160506004_BGLong
Description: Background Long PBC Count
Acquired: 5/6/2016 5:48:10 PM
Detector: Detector # 5
Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.
2) Investigate high countrate and take corrective action as necessary if Countrate
exceeds Tolerance Limits.

Target L Ctrl L _Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.45 1.30 1.35 1.46 1.55 1.60 PASS
Analyst: Aaron Schroder Reviewer:

(Page 1 of 8)
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ORTEC g v - i (1087) Env32 G800W064 5/7/2016 5:51:57 AMPage 1
TestAmerica Inc Spectrum name: 5_20160506004_BGLong.Anl

Sample description
Background Long PBC Count

Spectrum Filename: C:\User\SPC\Det5\5 20160506004 BGLong.Anl

Acquisition information

Start time: 5/6/2016 5:48:10 PM
Live time: 43200

Real time: 43369

Dead time: 0.39 %

Detector ID: 5

Detector system
Ge 5 SN/157

Calibration
Filename: 5 QC.Clb
Ge5_QC

Energy Calibration

Created: 2/28/2012 7:35:48 PM
Zero offset: 0.158 keVv
Gain: 0.250 keV/channel
Quadratic: 3.911E-08 keV/channel”2
Efficiency Calibration
Created: 1/6/2011 8:03:22 AM
Knee Energy: 0.00 kev
Above the Knee: Interpolative Uncertainty = 0.00
Below the Knee: Interpolative Uncertainty = 0.00
Library Files
Main analysis library: DET Long Background PBC.lib
Library Match Width: 0.500
Peak stripping: Library based
Analysis parameters
Analysis engine: Env32 G800W064
Start channel: 150 ( 37.62keV )
Stop channel: 8000 ( 2000.81lkeVv )
Peak rejection level: 30.000%
Peak search sensitivity: 3
Sample Size: 1.0000E+00 +/- 0.000E+00%
Activity scaling factor: 1.0000E+00/( 1.0000E+00* 1.0000E+00)
1.0000E+00
Detection limit method: Reg. Guide 4.16 Method
Random error: 4.0000000E+00
Systematic error: 4.0000000E+00
Fraction Limit: 0.000%
Background width: average of three points.

(Page 2 of 8)
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ORTEC g v -
TestAmerica Inc

i

(1087)

Env32

G800W064
Spectrum name

5/7/2016 5:51:57 AMPage 2

: 5_.20160506004_BGLong.Anl

Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: NO
Decay during acquisition: NO
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal) : NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 17 cutoff: 5.00E+01 %
Energy Calibration
Normalized diff: 0.1008
* ok k ok ok SUMMARY O F PEAKS IN RANGE * ok ok ok ok
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio DPS
46 .57 350. 12.29 0.71 5.679E-02 46 .54 4.250 3.354E+00 PB210
59.39 1l6. 29.17 0.84 7.400E-02 59.54 35.900 1.008E-01 AM241
63.33 376. 8.24 0.78 7.928E-02 63.29 3.810 2.881E+00 TH234
74.90 156. 17.77 0.81 9.497E-02
77.12 1l61. 17.57 0.82 9.795E-02
87.19 103. 28.95 1.27 1.104E-01 86.49 13.100 1.649E-01 Np237
86.54 30.700 7.032E-02 EU1l55
92.55 496. 8.81 0.94 1.129E-01 92.59 5.584 1.822E+00 TH234
93.35 5.561 1.828E+00 AC228
185.84 238. 17.13 0.87 9.604E-02 185.72 54.000 1.061E-01 U235
185.99 3.280 1.748E+00 Ra226
238.67 126. 25.10 0.78 8.322E-02 238.63 43.300 8.114E-02 PB212
294 .99 136. 21.92 0.77 6.955E-02 295.09 19.300 2.346E-01 PB214
351.82 235. 14.93 1.27 5.576E-02 351.93 37.600 2.596E-01 PB214
437.86 52. 29.81 1.36 4.310E-02
609.28 186. 16.62 1.27 3.200E-02 609.31 46.090 2.920E-01 BI214
610.30 5.750 2.345E+00 RU103
661.59 136. 22.17 0.56 2.861E-02 661.66 85.210 1.287E-01 CS137
1460.92 72. 16.40 1.74 1.300E-02 1460.83 10.670 1.207E+00 K40
1764.97 52. 19.79 1.00 1.105E-02 1764.49 15.400 7.027E-01 BI214

(Page 3 of 8)
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 5:51:57 AMPage 3

TestAmerica Inc Spectrum name: 5_20160506004_BGLong.Anl
*kkkkkhkkkkkk*k U N IDENTTIUFTIZETD P E A K S U M MAR Y ***kxk,kxkhxhxdx*x
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keV Nuclide
299.22 75.01 305. 156. 1.640E+03 17.77 0.813 - D
308.11 77.23 318. 161. 1.641E+03 17.57 0.815 - D
1751.94 437.86 72. 52. 1.214E+03 29.81 1.362 - s
s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown list.
C - Area < Critical level.

This section based on library: DET Long Background PBC.1lib

*kkkkkkkkxk*k*x*k*x*x T D E N T I F I ETD P E A K S UMMAR Y **kkkkkkkkkkkk
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
PB-210 185.81 46.57 428. 350. 0.008 12.29 0.714
AM-241 237.12 59.39 325. 116. 0.003 29.17 0.842
TH-234 252.89 63.33 218. 376. 0.009 8.24 0.783
Np-237 348.43 87.19 262. 103. 0.002 28.95 1.266s8
TH-234 369.89 92.55 387. 496. 0.011 8.81 0.940
Ra-226 743 .35 185.84 371. 238. 0.006 17.13 0.869
PB-212 954.79 238.67 264. 126. 0.003 25.10 0.780
PB-214 1180.19 294 .99 215. 136. 0.003 21.92 0.772s
PB-214 1407.63 351.82 249. 235. 0.005 14.93 1.272
BI-214 2437.81 609.28 165. 186. 0.004 16.62 1.270
CcsS-137 2647.07 661.59 140. 136. 0.003 22.17 0.565s
K-40 5843.11 1460.92 19. 72. 0.002 16.40 1.744
BI-214 7057.96 1764.97 9. 52. 0.001 19.79 1.003s

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

Fok ok Kok SUMMARY O F LIBRARY PEAK USAGE ok ok ok Kk

- Nuclide - Average =  ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value

DPS keVv DPS DPS COMMENTS
K-40 N 1.2073E+00 4.66E+11

1460.83 1.207E+00 ?( 3.813E-01 1.64E+01 1.07E+01 G

(Page 4 of 8)
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 5:51:57 AMPage 4

TestAmerica Inc Spectrum name: 5_20160506004_BGLong.Anl
Nuclide Ave activity Energy Activity Code Peak MDA Comments
Cs-137 I 1.2869E-01 1.10E+04

PB-210

PB-212

PB-214

BI-214

TH-234

Ra-226

AM-241

Ur o° ® v

661.66 1.287E-01 @( 5.485E-02 2.22E+01 8.52E+01 G

N 3.3541E+00 8.14E+03
46.54 3.354E+00 ( 9.507E-01 1.23E+01 4.25E+00 G

N 8.1144E-02 6.98E+02
238.63 8.114E-02 ( 5.034E-02 2.51E+01 4.33E+01 G
300.03 0.000E+00 % 4 .585E-01 4.18E+01 3.28E+00 GA

[o0)

N 2.5111E-01 5.84E+05
351.93 2.596E-01 ( 8.422E-02 1.49E+01 3.76E+01 G
295.09 2.346E-01 ( 1.225E-01 2.19E+01 1.93E+01 G
242.00 0.000E+00 2.852E-01 0.00E+00 7.43E+00 GA
N 2.9199E-01 5.84E+05
609.31 2.920E-01 ( 9.822E-02 1.66E+01 4.61E+01 G
1120.29 0.000E+00 & 2.569E-01 4.16E+01 1.51E+01 G
1764.49 7.027E-01 + 2.305E-01 1.98E+01 1.54E+01 G
N 2.8806E+00 1.63E+12
63.29 2.881E+00 ( 5.488E-01 8.24E+00 3.81E+00 G
92.59 1.822E+00 - 3.464E-01 8.81E+00 5.58E+00 G
1.7483E+00 5.84E+05

185.99 1.748E+00 ( 6.799E-01 1.71E+01 3.28E+00 G

T 1.0081E-01 1.58E+05
59.54 1.008E-01 ( 7.536E-02 2.92E+01 3.59E+01 G

F 1.6490E-01 2.14E+06
86.49 1.649E-01 &( 1.251E-01 2.89E+01 1.31E+01 G
This peak used in the nuclide activity average.

Peak is too wide, but only one peak in library.

Peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

Peak is too wide at FW25M, but ok at FWHM.

Peak fails sensitivity test.

Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

Calculated peak centroid is not close enough to the

(Page 5 of 8)
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ORTEC g v - i (1087) Env32 GB800W064 5/7/2016 5:51:57 AMPage 5
TestAmerica Inc Spectrum name: 5_20160506004_BGLong.Anl

library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity

to be found directly.

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkk*k** DI S CARDED I SOTOPE PEUZ ATIEKS *kkkkhhhhhhkhhkkk
Nuclide Centroid Background Net Area Intensity Uncert Activity
Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

ok ok KKk SUMMARY O F NUCLTIDES IN S AMPLE * ok ok ok ok
Time of Count Uncertainty 1 Sigma

Nuclide Activity Counting MDA
DPS

BE-7 < 3.6625E-01
NA-22 < 3.9414E-02
K-40 # 1.2073E+00 1.6403E+01% 3.813E-01
Sc-46 < 4.1938E-02
CR-51 < 1.6682E-01
MN-54 < 3.7706E-02
FE-59 < 7.0222E-02
Co-56 < 3.1089E-02
CO-57 < 1.4961E-02
CO-58 < 3.0495E-02
CO-60 < 3.6252E-02
ZN-65 < 7.6264E-02
NB-94 < 2.7117E-02
ZR-95 < 5.0047E-02
NB-95 < 3.9443E-02
RU-103 < 2.1845E-02
RH-106 < 2.4337E-01
AG-108M < 2.2605E-02
AG-110M < 5.0138E-02
SN-113 < 3.4324E-02
SB-124 < 3.1908E-02
SB-125 < 6.4730E-02
I-131 < 2.1661E-02

(Page 6 of 8)
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 5:51:57 AMPage 6

TestAmerica Inc Spectrum name: 5_20160506004_BGLong.Anl
BA-133 < 4.4212E-02
CS-134 < 4.6344E-02
CS-137 # 1.2869E-01 2.2174E+01% 5.485E-02
CE-139 < 1.4652E-02
Ba-140 < 9.5398E-02
La-140 < 4.0297E-02
CE-141 < 3.1818E-02
CE-144 < 9.0104E-02
PM-144 < 2.8440E-02
EU-152 < 1.1452E-01
EU-154 < 1.4782E-01
EU-155 < 5.0001E-02
HF-181 < 1.6453E-02
Ta-182 < 1.9603E-01
Hg-203 < 1.8791E-02
TL-208 < 3.2274E-02
pm-146 < 7.9131E-02
v-88 < 4.2690E-02
PB-210 3.3541E+00 1.2292E+01% 9.507E-01
PB-212 8.1144E-02 2.5096E+01% 5.034E-02
PB-214 2.5111E-01 1.3260E+01% 8.422E-02
BI-207 < 4 .3374E-02
BI-212 < 6.8689E-01
BI-214 2.9199E-01 1.6623E+01% 9.822E-02
BI-210M < 2.7593E-02
RA-224 < 5.5960E-01
AC-228 < 1.3954E-01
TH-227 < 1.5867E-01
TH-229 < 2.8397E-01
TH-234 2.8806E+00 8.2386E+00% 5.488E-01
PA-231 < 6.7266E-01
PA-233 < 4 .5912E-02
PA-234 < 8.2941E-02
PA-234M < 6.7152E+00
Ra-226 1.7483E+00 1.7134E+01% 6.799E-01
U-235 < 1.0324E-01
AM-241 1.0081E-01 2.9173E+01% 7.536E-02
Np-237 # 1.6490E-01 2.8948E+01% 1.251E-01
# - All peaks for activity calculation had bad shape.
* - Activity omitted from total
& - Activity omitted from total and all peaks had bad shape.
< - MDA value printed.
A - Activity printed, but activity < MDA.
B - Activity < MDA and failed test.
C - Area < Critical level.
F - Failed fraction or key line test.
H - Halflife limit exceeded

(Page 7 of 8)
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ORTEC g v - i (1087) Env32 G800W064 5/7/2016 5:51:57 AMPage 7
TestAmerica Inc Spectrum name: 5_20160506004_BGLong.Anl

————————————————————————————— SUMMARY  —cmmmmmmmmm o mm e
Total Activity ( 37.6 to 2000.8 keV) 1.021E+01 DPS

(Page 8 of 8)
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Test America
St. Louis
Background Check

Spectrum: 5_20160506004_BGLong
Description: Background Long PBC Count
Acquired: 5/6/2016 5:48:10 PM
Detector: Detector # 5
Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.
2) Investigate high countrate and take corrective action as necessary if Countrate
exceeds Tolerance Limits.

Target L Ctrl L _Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.45 1.30 1.35 1.46 1.55 1.60 PASS
Analyst: Aaron Schroder Reviewer: Aaron Schroder

(Page 1 of 1)
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Test America
St. Louis
Background Check

Spectrum: 7_20160506004_BGLong
Description: Background Long PBC Count
Acquired: 5/6/2016 5:49:06 PM
Detector: Detector # 7
Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.
2) Investigate high countrate and take corrective action as necessary if Countrate

exceeds Tolerance Limits.

Target L Ctrl L _Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.30 1.16 1.21 1.29 1.40 1.45 PASS
Analyst: Aaron Schroder Reviewer:

(Page 1 of 7)
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ORTEC g v - i (1087) Env32 GB800W064 5/7/2016 5:59:55 AMPage 1
TestAmerica Inc Spectrum name: 7_20160506004_BGLong.Anl

Sample description
Background Long PBC Count

Spectrum Filename: C:\User\SPC\Det7\7 20160506004 BGLong.Anl

Acquisition information

Start time: 5/6/2016 5:49:06 PM
Live time: 43200

Real time: 43817

Dead time: 1.41 %

Detector ID: 7

Detector system
Ge 7 SN/154

Calibration
Filename: 7_QC.Clb
Ge7_QC

Energy Calibration

Created: 2/23/2012 8:40:56 AM
Zero offset: 0.117 keV
Gain: 0.250 keV/channel
Quadratic: 3.508E-09 keV/channel”2
Efficiency Calibration
Created: 1/6/2011 8:06:10 AM
Knee Energy: 0.00 kev
Above the Knee: Interpolative Uncertainty = 0.00
Below the Knee: Interpolative Uncertainty = 0.00
Library Files
Main analysis library: DET Long Background PBC.lib
Library Match Width: 0.500
Peak stripping: Library based
Analysis parameters
Analysis engine: Env32 G800W064
Start channel: 150 ( 37.61keV )
Stop channel: 8000 ( 2000.13keVv )
Peak rejection level: 30.000%
Peak search sensitivity: 3
Sample Size: 1.0000E+00 +/- 0.000E+00%
Activity scaling factor: 1.0000E+00/( 1.0000E+00* 1.0000E+00)
1.0000E+00
Detection limit method: Reg. Guide 4.16 Method
Random error: 4.0000000E+00
Systematic error: 4.0000000E+00
Fraction Limit: 0.000%
Background width: average of three points.

(Page 2 of 7)
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 5:59:55 AMPage 2

TestAmerica Inc Spectrum name: 7_20160506004_BGLong.Anl
Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: NO
Decay during acquisition: NO
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal) : NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 7 cutoff: 5.00E+01 %
Energy Calibration
Normalized diff: 0.1084

Fok kK ok SUMMARY O F PEAKS IN RANGE ok ok KKk

Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio DPS
46.45 422. 11.15 0.93 8.093E-02 46.54 4.250 2.836E+00 PB210
63.26 476. 8.44 1.02 1.228E-01 63.29 3.810 2.354E+00 TH234
74 .90 109. 23.06 0.87 1.520E-01
77.08 114. 23.30 0.87 1.574E-01
92.57 577. 7.07 1.15 1.861E-01 92.59 5.584 1.285E+00 TH234
93.35 5.561 1.288E+00 AC228
185.44 297. 13.71 1.15 1.634E-01 185.72 54.000 7.792E-02 U235
185.99 3.280 1.284E+00 Ra226
238.66 178. 19.69 0.82 1.417E-01 238.63 43.300 6.703E-02 PB212
511.09 879. 6.15 2.00 6.487E-02 511.86 20.000 1.571E+00 RH106
1461.27 106. 16.92 2.42 1.997E-02 1460.83 10.670 1.148E+00 K40
*kkkkkhkkkkkk*k U N IDENTTIUFTIZETD P E A K S U M MA R Y ***kxk,kxkhxkhxd*x
Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keV Nuclide
299.17 74 .97 259. 109. 7.144E+02 23.06 0.867 - D
307.89 77.15 294. 114. 7.225E+02 23.30 0.869 - sD
2044.04 511.09 279. 879. 1.356E+04 6.15 2.003 -
s - Peak fails shape tests.
D - Peak area deconvoluted.
L - Peak written from unknown list.
C - Area < Critical level.

This section based on library: DET Long Background PBC.1lib
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 5:59:55 AMPage 3

TestAmerica Inc Spectrum name: 7_20160506004_BGLong.Anl
*kkkkkkkkxk*k*x*k*x*x T D E N T I F I ED P E A K S UMMAR Y **kkkkkkkkkkkk
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
PB-210 185.41 46 .46 411. 417. 0.010 10.89 0.927
TH-234 252.60 63.26 325. 476 . 0.011 8.44 1.023s
TH-234 369.84 92.57 342. 577. 0.013 7.07 1.155s
Ra-226 741.38 185.44 326. 297. 0.007 13.71 1.155s
PB-212 954 .26 238.66 285. 178. 0.004 19.69 0.824
K-40 5844 .77 1461.27 27. 106. 0.002 16.92 2.420

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

Fokk ok ok SUMMARY O F LIBRARY PEAK USAGE ok okxKk

- Nuclide - Average = ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
DPS kev DPS DPS COMMENTS
K-40 N 1.1481E+00 4.66E+11
1460.83 1.148E+00 ( 2.942E-01 1.69E+01 1.07E+01 G
PB-210 N 2.7999E+00 8.14E+03
46.54 2.800E+00 ( 6.525E-01 1.09E+01 4.25E+00 G
PB-212 N 6.7031E-02 6.98E+02
238.63 6.703E-02 ( 3.072E-02 1.97E+01 4.33E+01 G

300.03 0.000E+00 % 2.565E-01 2.14E+02 3.28E+00 GA

TH-234 N 2.3541E+00 1.63E+12
63.29 2.354E+00 @( .289E-01 8.44E+00 3.81E+00 G
92.59 1.285E+00 - .981E-01 7.07E+00 5.58E+00 G

(NS

Ra-226 1.2836E+00 5.84E+05
185.99 1.284E+00 &( 3.757E-01 1.37E+01 3.28E+00 G
( - This peak used in the nuclide activity average.

* - Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.

? - Peak is too narrow.

@ - Peak i1s too wide at FW25M, but ok at FWHM.

% - Peak fails sensitivity test.

S - Peak identified, but first peak of this nuclide
failed one or more qualification tests.

+ - Peak activity higher than counting uncertainty range.

(Page 4 of 7)
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ORTEC g v - i (1087) Env32 GB0OW064 5/7/2016 5:59:55 AMPage 4
TestAmerica Inc Spectrum name: 7_20160506004_BGLong.Anl

- Peak activity lower than counting uncertainty range.
- Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkk*k** DI S CARDED I SOTOPE PEUZ ATIEKS S *kkkkkhhhkhhkhhkkk
Nuclide Centroid Background Net Area Intensity Uncert Activity
Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

ok k KKk SUMMARY O F NUCLTIDES IN S AMPLE * ok ok ok ok
Time of Count Uncertainty 1 Sigma

Nuclide Activity Counting MDA
DPS

BE-7 < 1.1531E-01
NA-22 < 4.1676E-02
K-40 1.1481E+00 1.6923E+01% 2.942E-01
Sc-46 < 3.9167E-02
CR-51 < 8.0047E-02
MN-54 < 2.0589E-02
FE-59 < 3.6770E-02
Co-56 < 2.0464E-02
CO-57 < 5.5107E-03
CO-58 < 1.4763E-02
CO-60 < 2.7031E-02
ZN-65 < 5.3962E-02
NB-94 < 1.9331E-02
ZR-95 < 3.4422E-02
NB-95 < 3.1504E-02
RU-103 < 1.5956E-02
RH-106 < 2.5145E-01
AG-108M < 1.1422E-02
AG-110M < 1.3917E-02
SN-113 < 1.4840E-02
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 5:59:55 AMPage 5

TestAmerica Inc Spectrum name: 7_20160506004_BGLong.Anl
SB-124 < 2.0728E-02

SB-125 < 3.6391E-02

I-131 < 1.2098E-02

BA-133 < 2.9076E-02

CS-134 < 2.4504E-02

CS-137 < 2.1597E-02

CE-139 < 8.2012E-03

Ba-140 < 5.4914E-02

La-140 < 3.2035E-02

CE-141 < 1.3043E-02

CE-144 < 7.6739E-02

PM-144 < 2.0289E-02

EU-152 < 3.3726E-02

EU-154 < 1.6740E-01

EU-155 < 3.0920E-02

HF-181 < 1.5810E-02

Ta-182 < 1.1057E-01

Hg-203 < 1.3137E-02

TL-208 < 1.7018E-02

pm-146 < 4.7629E-02

y-88 < 2.3415E-02

PB-210 2.7999E+00 1.0887E+01% 6.525E-01
PB-212 6.7031E-02 1.9691E+01% 3.072E-02
PB-214 < 2.9739E-02

BI-207 < 2.3768E-02

BI-212 < 2.4009E-01

BI-214 < 6.0881E-02

BI-210M < 1.5108E-02

RA-224 < 2.5676E-01

AC-228 < 8.7191E-02

TH-227 < 8.8235E-02

TH-229 < 1.6264E-01

TH-234 # 2.3541E+00 8.4387E+00% 4.289E-01
PA-231 < 3.8986E-01

PA-233 < 2.5548E-02

PA-234 < 3.8548E-02

PA-234M < 2.9618E+00

Ra-226 # 1.2836E+00 1.3709E+01% 3.757E-01
U-235 < 5.9234E-02

AM-241 < 3.1235E-02

Np-237 < 8.5949E-02

# - All peaks for activity calculation had bad shape.
* - Activity omitted from total
& - Activity omitted from total and all peaks had bad shape.
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ORTEC g v - i (1087) Env32 GB0OW064 5/7/2016 5:59:55 AMPage 6
TestAmerica Inc Spectrum name: 7_20160506004_BGLong.Anl

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded
————————————————————————————— SUMMARY S e e e m s m e m e
Total Activity ( 37.6 to 2000.1 keV) 7.653E+00 DPS

(Page 7 of 7)
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Test America
St. Louis
Background Check

Spectrum: 7_20160506004_BGLong
Description: Background Long PBC Count
Acquired: 5/6/2016 5:49:06 PM
Detector: Detector # 7
Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.
2) Investigate high countrate and take corrective action as necessary if Countrate

exceeds Tolerance Limits.

Target L Ctrl L _Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.30 1.16 1.21 1.29 1.40 1.45 PASS
Analyst: Aaron Schroder Reviewer: Aaron Schroder

(Page 1 of 1)
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Test America
St. Louis
Background Check

Spectrum: 8_20160506004_BGLong
Description: Background Long PBC Count
Acquired: 5/6/2016 6:28:03 PM
Detector: Detector # 8
Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.
2) Investigate high countrate and take corrective action as necessary if Countrate

exceeds Tolerance Limits.

Target L Ctrl L _Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.56 1.39 1.45 1.60 1.68 1.74 PASS
Analyst: Aaron Schroder Reviewer:

(Page 1 of 8)
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ORTEC g v - i (1087) Env32 GB800W064 5/7/2016 3:03:10 PMPage 1
TestAmerica Inc Spectrum name: 8_20160506004_BGLong.Anl

Sample description
Background Long PBC Count

Spectrum Filename: C:\User\SPC\Det8\8 20160506004 BGLong.Anl

Acquisition information

Start time: 5/6/2016 6:28:03 PM
Live time: 72000

Real time: 74084

Dead time: 2.81 %

Detector ID: 8

Detector system
Ge 8 SN/174

Calibration
Filename: 8 QC.Clb
Ge8 QC

Energy Calibration

Created: 2/28/2012 10:34:41 AM
Zero offset: 0.052 keVv
Gain: 0.250 keV/channel
Quadratic: 5.282E-10 keV/channel”2
Efficiency Calibration
Created: 1/6/2011 8:07:20 AM
Knee Energy: 0.00 kev
Above the Knee: Interpolative Uncertainty = 0.00
Below the Knee: Interpolative Uncertainty = 0.00
Library Files
Main analysis library: DET Long Background PBC.lib
Library Match Width: 0.500
Peak stripping: Library based
Analysis parameters
Analysis engine: Env32 G800W064
Start channel: 150 ( 37.55keV )
Stop channel: 8000 ( 1999.97keV )
Peak rejection level: 30.000%
Peak search sensitivity: 3
Sample Size: 1.0000E+00 +/- 0.000E+00%
Activity scaling factor: 1.0000E+00/( 1.0000E+00* 1.0000E+00)
1.0000E+00
Detection limit method: Reg. Guide 4.16 Method
Random error: 4.0000000E+00
Systematic error: 4.0000000E+00
Fraction Limit: 0.000%
Background width: average of three points.

(Page 2 of 8)
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ORTEC g v -
TestAmerica Inc

i

(1087)

Env32

G800W064
Spectrum name

5/7/2016 3:03:10 PMPage 2

: 8_20160506004_BGLong.Anl

Half lives decay limit: 12.000
Activity range factor: 2.000
Min. step backg. energy 0.000
Multiplet shift channel 2.000
Corrections Status Comments
Decay correct to date: NO
Decay during acquisition: NO
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal) : NO
Geometry correction: NO
Random summing: NO
total peaks alloc. 19 cutoff: 5.00E+01 %
Energy Calibration
Normalized diff: 0.1076
* ok k ok ok SUMMARY O F PEAKS IN RANGE * ok ok ok ok
Peak Area Uncert FWHM Corrctn Nuclide Brnch. Act. Nuc
Energy Factor Energy Ratio DPS
59.63 448. 9.09 1.02 8.708E-02 59.54 35.900 1.992E-01 AM241
63.28 1027. 4.75 1.03 9.247E-02 63.29 3.810 4.049E+00 TH234
84.56 200. 27.20 0.72 1.238E-01
92.67 20009. 3.97 1.06 1.295E-01 92.59 5.584 3.859E+00 TH234
93.35 5.561 3.872E+00 AC228
143.87 260. 15.10 1.04 1.247E-01 143.79 10.960 2.642E-01 U235
163.30 197. 26.31 1.14 1.171E-01 163.38 5.080 4.606E-01 U235
162.66 6.220 3.753E-01 Bal4o0
185.76 1082. 6.35 1.06 1.108E-01 185.72 54.000 2.511E-01 U235
185.99 3.280 4.137E+00 Ra226
238.63 314. 14.21 1.01 9.639E-02 238.63 43.300 1.043E-01 PB212
295.36 204. 21.75 1.32 8.103E-02 295.09 19.300 1.812E-01 PB214
351.95 171. 22.89 1.40 6.558E-02 351.93 37.600 9.623E-02 PB214
511.00 1410. 5.67 2.35 4.530E-02 511.86 20.000 2.165E+00 RH106
583.51 162. 18.95 1.63 3.958E-02 583.02 84.500 6.727E-02 TL208
609.11 152. 22.91 1.54 3.750E-02 609.31 46.090 1.219E-01 BI214
610.30 5.750 9.791E-01 RU103
661.76 276. 13.85 1.17 3.334E-02 661.66 85.210 1.348E-01 CS137
803.09 93. 29.60 0.90 2.746E-02
1000.95 105. 20.82 1.22 2.158E-02 1001.00 0.837 8.101E+00 PA234M
1172.96 140. 18.96 1.50 1.834E-02 1173.24 99.900 1.065E-01 CO60
1332.86 130. 18.68 1.89 1.637E-02 1332.50 99.980 1.106E-01 CO60
1460.60 l64. 13.91 0.89 1.543E-02 1460.83 10.670 1.388E+00 K40
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 3:03:10 PMPage 3

TestAmerica Inc Spectrum name: 8_20160506004_BGLong.Anl
*kkkkkhkkkkkk*k U N IDENTTIUFTIZETD P E A K S U M MAR Y ***kxk,kxkhxhxdx*x

Peak Centroid Background Net Area Efficiency Uncert FWHM Suspected
Channel Energy Counts Counts * Area 1 Sigma % keV Nuclide

338.04 84 .56 792. 200. 1.619E+03 27.20 0.715 - s
2043.91 511.00 575. 1410. 3.113E+04 5.67 2.348 - s
3212.32 803.09 158. 93. 3.374E+03 29.60 0.902 - sM

s - Peak fails shape tests.

D - Peak area deconvoluted.

L - Peak written from unknown list.

C - Area < Critical level.

M - Peak is close to a library peak.

This section based on library: DET Long Background PBC.1lib

*kkkkkkkkxkk*x*k*x*x T D E N T I F I ETD P E A K S UMMA R Y **kkkkkkkkkkkk
Nuclide Peak Centroid Background Net Area Intensity Uncert FWHM
Channel Energy Counts Counts Cts/Sec 1 Sigma % keV
AM-241 237.95 59.54 603. 448. 0.006 9.08 1.022D
TH-234 252.96 63.29 677. 1027. 0.014 4.75 1.025D
TH-234 370.48 92.67 1045. 2009. 0.028 3.97 1.056
U-235 575.30 143.87 453. 260. 0.004 15.10 1.038
U-235 653.02 163.30 652. 197. 0.003 26.31 1.142s
U-235 742.71 185.72 808. 1090. 0.015 4.23 1.064D
PB-212 954 .38 238.63 478. 314. 0.004 14.21 1.014
PB-214 1181.31 295.36 441. 204. 0.003 21.75 1.318
PB-214 1407.67 351.95 354. 171. 0.002 22.89 1.404
TL-208 2333.94 583.51 195. 162. 0.002 18.95 1.628
BI-214 2436.37 609.11 253. 152. 0.002 22.91 1.544
CcsS-137 2646.98 661.76 229. 276. 0.004 13.85 1.169
PA-234M 4003.81 1000.95 87. 105. 0.001 20.82 1.222s
CO-60 4691.85 1172.96 104. 140. 0.002 18.96 1.498
CO-60 5331.48 1332.86 87. 130. 0.002 18.68 1.891
K-40 5842.47 1460.60 52. 164. 0.002 13.91 0.895s

s - Peak fails shape tests.
D - Peak area deconvoluted.
A Derived peak area.

(Page 4 of 8)
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ORTEC g v - i (1087) Env32 G800W064
TestAmerica Inc

Spectrum name:

5/7/2016 3:03:10 PMPage 4
8 20160506004 BGLong.Anl

* ok ok ok ok SUMMARY O F LIBRARY PEAK USAGE * ok ok ok ok
- Nuclide - Average =  ------------- Peak --------------
Name Code Activity Energy Activity Code MDA Value
DPS keVv DPS DPS COMMENTS
K-40 N 1.3880E+00 4.66E+11
1460.83 1.388E+00 ?( 3.078E-01 1.39E+01 1.07E+01 G
CO-60 F 1.0855E-01 1.93E+03
1332.50 1.106E-01 ?( 3.911E-02 1.87E+01 1.00E+02 G
1173.24 1.065E-01 ( 3.800E-02 1.90E+01 9.99E+01 G
CS-137 I 1.3485E-01 1.10E+04
661.66 1.348E-01 ( 3.581lE-02 1.39E+01 8.52E+01 G
TL-208 N 6.7270E-02 6.98E+02
583.02 6.727E-02 ( 2.815E-02 1.89E+01 8.45E+01 G
277.28 0.000E+00 % 1.600E-01 4.69E+01 6.31E+00 G
860.56 0.000E+00 % 1.708E-01 5.56E+01 1.24E+01 G
PB-212 N 1.0433E-01 6.98E+02
238.63 1.043E-01 ( 3.479E-02 1.42E+01 4.33E+01 G
300.03 0.000E+00 & 5.414E-01 0.00E+00 3.28E+00 GA
PB-214 N 9.6226E-02 5.84E+05
351.93 9.623E-02 ( 5.092E-02 2.29E+01 3.76E+01 G
295.09 1.812E-01 + 8.931E-02 2.17E+01 1.93E+01 G
242 .00 0.000E+00 1.954E-01 0.00E+00 7.43E+00 GA
BI-214 N 1.2189E-01 5.84E+05
609.31 1.219E-01 ( 6.179E-02 2.29E+01 4.61E+01 G
1120.29 0.000E+00 % 2.010E-01 1.10E+02 1.51E+01 G
1764.49 0.000E+00 % 1.747E-01 5.37E+01 1.54E+01 G
TH-234 N 3.9360E+00 1.63E+12
63.29 4.049E+00 ( 4.888E-01 4.75E+00 3.81lE+00 G
92.59 3.859E+00 ( 2.945E-01 3.97E+00 5.58E+00 G
PA-234M N 8.1005E+00 1.63E+12
1001.00 8.101E+00 ( 3.545E+00 2.08E+01 8.37E-01 G
766.41 0.000E+00 % 7.156E+00 6.06E+01 2.94E-01 G
U-235 N 2.6425E-01 2.57E+11
185.72 2.531E-01 } 3.139E-02 4.23E+00 5.40E+01 GA
143.79 2.642E-01 ( 1.035E-01 1.51E+01 1.10E+01 G
205.33 0.000E+00 % 1.906E-01 4.24E+01 5.01E+00 G
163.38 4.606E-01 + 2.840E-01 2.63E+01 5.08E+00 G
(Page 5 of 8)
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ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 3:03:10 PMPage 5

TestAmerica Inc Spectrum name: 8_20160506004_BGLong.Anl
Nuclide Ave activity Energy Activity Code Peak MDA Comments
AM-241 T 1.9950E-01 1.58E+05
59.54 1.995E-01 ( b5.215E-02 9.08E+00 3.59E+01 G

( - This peak used in the nuclide activity average.

* - Peak is too wide, but only one peak in library.
! - Peak is part of a multiplet and this area went
negative during deconvolution.
- Peak is too narrow.
- Peak is too wide at FW25M, but ok at FWHM.
- Peak fails sensitivity test.
- Peak identified, but first peak of this nuclide
failed one or more qualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
- Peak outside analysis energy range.
& - Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
P - Peakbackground subtraction
} - Peak is too close to another for the activity
to be found directly.

Lr o° ® v

Nuclide Codes: Peak Codes:

T - Thermal Neutron Activation G - Gamma Ray

F - Fast Neutron Activation X - X-Ray

I - Fission Product P - Positron Decay
N - Naturally Occurring Isotope S - Single-Escape

P - Photon Reaction D - Double-Escape

C - Charged Particle Reaction K - Key Line

M - No MDA Calculation A - Not in Average

R - Coincidence Corrected C - Coincidence Peak
H - Halflife limit exceeded

kkkkkkkkkkkk*k** D I S CARDED I SOTOPE PEZ ATIEKS *kkkkhhhhhhkhhkkk
Nuclide Centroid Background Net Area Intensity Uncert Activity

[

Energy Counts Counts Cts/Sec 1 Sigma %

P - Peakbackground subtraction

ok ok KKk SUMMARY O F NUCLTIDES IN SAMPLE * ok ok ok ok
Time of Count Uncertainty 1 Sigma

Nuclide Activity Counting MDA
DPS

BE-7 < 1.4018E-01

NA-22 < 1.6882E-02

K-40 # 1.3880E+00 1.3906E+01% 3.078E-01

Sc-46 < 1.4292E-02

(Page 6 of 8)
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ORTEC g v - i (1087)
TestAmerica Inc

CR-51
MN-54
FE-59
Co-56
CO-57
CO-58
CO-60
ZN-65
NB-94
ZR-95
NB-95
RU-103
RH-106
AG-108M
AG-110M
SN-113
SB-124
SB-125
I-131
BA-133
Cs-134
Cs-137
CE-139
Ba-140
La-140
CE-141
CE-144
PM-144
EU-152
EU-154
EU-155
HF-181
Ta-182
Hg-203
TL-208
pm-146
v-88
PB-210
PB-212
PB-214
BI-207
BI-212
BI-214
BI-210M
RA-224
AC-228
TH-227
TH-229
TH-234

AN NN N ANA

ANNNNNANNANNANNANNNANNANNANNNAN

ANNNNNANNANNNNNANNA

ARAN

A

AN NN NN

WNRFRFRPWRRPNMWORFRWNDNUOORADNWRUONMNSENMORRERPWNRUONMNMESRRPRPWOWNDNOIRPENNMENDSRR

.0118E-01
.9972E-02
.8912E-02
.1881E-02
.3021E-02
.1785E-02
.0855E-01
.8339E-02
.2024E-02
.3544E-02
.9632E-02
.8742E-02
.9339E-01
.6281E-02
.0779E-02
.3283E-02
.1286E-02
.2923E-02
.6192E-02
.6470E-02
.0684E-02
.3485E-01
.5981E-02
.8895E-02
.6479E-02
.2916E-02
.9022E-02
.4203E-02
.7202E-02
.9230E-01
.8659E-02
.1461E-02
.3992E-02
.4348E-02
.7270E-02
.7185E-02
.4808E-02
.7204E-01
.0433E-01
.6226E-02
.1387E-02
.2580E-01
.2189E-01
.9293E-02
.8987E-01
.1196E-01
.0710E-01
.0366E-01
.9360E+00

Env32

1.

1.

=

G800W064 ©5/7/2016 3:03:10 PMPage 6

Spectrum name: 8_20160506004_BGLong.Anl

3308E+01%

3852E+01%

.8946E+01%

.4211E+01%

.2885E+01%

.2909E+01%

.0961E+00%

(Page

3.911E-02

3.581E-02

2.815E-02

3.479E-02
5.092E-02

6.179E-02

4.888E-01

7 of 8)

Page 416 of 455



ORTEC g v - 1 (1087) Env32 G800W064 5/7/2016 3:03:10 PMPage 7

TestAmerica Inc Spectrum name: 8_20160506004_BGLong.Anl
PA-231 < 7.2277E-01
PA-233 < 2.6955E-02
PA-234 < 7.6557E-02
PA-234M 8.1005E+00 2.0819E+01% 3.545E+00
U-235 2.6425E-01 1.5099E+01% 1.035E-01
AM-241 1.9950E-01 9.0754E+00% 5.215E-02
Np-237 < 4.9564E-02

# - All peaks for activity calculation had bad shape.

* - Activity omitted from total

& - Activity omitted from total and all peaks had bad shape.

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded

————————————————————————————— SUMMARY  mommmmmmmmm oo
Total Activity ( 37.5 to 2000.0 keV) 1.452E+01 DPS

(Page 8 of 8)
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Test America
St. Louis
Background Check

Spectrum: 8_20160506004_BGLong
Description: Background Long PBC Count
Acquired: 5/6/2016 6:28:03 PM
Detector: Detector # 8
Background Evaluation Criteria:
1) Place instrument out of service if Countrate exceeds Control Limits.
2) Investigate high countrate and take corrective action as necessary if Countrate

exceeds Tolerance Limits.

Target L Ctrl L _Tol Measured H Tol H Ctrl Results
Bkgd
Countrate 1.56 1.39 1.45 1.60 1.68 1.74 PASS
Analyst: Aaron Schroder Reviewer: Aaron Schroder

(Page 1 of 1)
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Run Logs
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Gamma Spectroscopy Run Log

Detector: GV5

Page 1 of 2

Page 420 of 455

Count Analysis Prep Analyst
Analysis Date  Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
03/26/12 15:05 IC 160-12297/1 12297 JLW
03/27/12 10:12 ICV 160-12297/2 12297 JLW
01/28/16 1021 ACVTOP 160-2362401 236240 PS
05/06/16 17:48 ICB 160-250688/1 250688 ALS
06/01/16 00:26 CCB 160-254162/1 254162 ALS
06/01/16 05:22 ccv 1602541622 254162
06/01/16 05:44 CCV 160-254162/3 254162 ALS
06/01/16 08:24 30 22777 254162
06/01/16 09:03 30 zzzz7 254162
06/01/16 09:47 zzzzz 254162
06/01/16 10:12 30 zzz77 254162
06/01/16 11:12 30 zzz777 254162
06/01/16 12:47 30 zzzzz 254162
06/01/16 13:43 30 zzz77 254162
06/0116 1429 30 zzzzz 254162
06/01/16 15:26 TCCLBA 254162 254137 TC-02-RC ALS
160-254137/1-A
06/01/16 15:45 TCCLBC 254162 254137 TC-02-RC ALS
160-254137/3-A
06/01/16 16:18 TCCLBB 254162 254137 TC-02-RC ALS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 160-254137/2-A
06/01/16 17:33 227277 254162
06/01/16 18:02 227277 254162
06/01/16 18:33 zzzzz 254162
06/01/16 18:45 272777 254162
06/01/16 18:58 160-17563-2 GW-NB34-052616 254162 254155 TC-02-RC ALS
| 06/01/16 22:37 272777 254162
Detector: GV7
Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
03/27/12 08:10 IC 160-12302/1 12302 JLW
03/27/12 15:25 ICV 160-12302/2 12302 JLW
01/23/16 19:25 ACVTOP 160-236241/1 236241 PS
05/06/16 17:49 ICB 160-250689/1 250689 ALS
06/01/16 00:27 CCB 160-254163/1 254163 ALS
06/01/16 0525 CCV 160-254163/2 254163
06/01/16 05:47 CCV 160-254163/3 254163 ALS
06/01/16 08:10 30 722777 254163
06/01116 09:07 30 zzzzz 254163
06/01/16 09:41 zzzzz 254163
06/01/16 10:03 30 zzzz7 254163
06/01/16 11:05 80 zzzzz 254163
06/01/16 11:56 30 zzzzz 254163
06/01/16 12:35 30 22777 254163
06/01/16 13:42 0 zzzzz 254163
06/01/16 14:27 30 zzzz7 254163
06/01/16 15:27 TCCLBB 254163 254137 TC-02-RC ALS
160-254137/2-A
06/01/16 15:44 TCCLBA 254163 254137 TC-02-RC ALS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 160-2541371-A
06/01/16 16:19 TCCLBC 254163 254137 TC-02-RC ALS
160-254137/3-A

TestAmerica St. Louis



Gamma Spectroscopy Run Log

Detector: GV7 (Continued)

Count Analysis Prep Analyst
Analysis Date Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
06/01/16 17:32 22777 254163
06/01/16 18:03 MB 160-254155/1-A 254163 254155 TC-02-RC ALS
06/01/16 18:31 zzzzz 254163
06/01/16 18:44 272777 254163
| 06/01/16 18:56 272777 254163
Detector: GV8

Count Analysis Prep Analyst
Analysis Date  Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
03/27/12 10:58 IC 160-12311/1 12311 JLW
03/29/12 01:58 ICV 160-12311/2 12311 JLW
01/28/16 18:34 ACVTOP 160-236248/1 236248 PS
05/06/16 18:28 ICB 160-250690/1 250690 ALS
06/01/16 00:28 CCB 160-254166/1 254166 ALS
06/01/16 05:26 cCv 1602541662 254166
06/01/16 05:48 CCV 160-254166/3 254166 ALS
06/01/16 08:20 30 zzzz7 254166
06/01/16 09:02 30 zzzz7 254166
06/01/16 09:42 zzzzz 254166
06/01/16 10:10 30 zzz77 254166
0e/01/16 11:11 30 zz777 254166
06/01/16 12:46 30 zzzzz 254166
06/01/16 13:44 30 zzz77 254166
06/01/16 14:26 30 zzzzz 254166
06/01/16 15:29 TCCLBC 254166 254137 TC-02-RC ALS

160-254137/3-A
06/01/16 15:43 TCCLBB 254166 254137 TC-02-RC ALS
160-254137/2-A
06/01/16 16:21 TCCLBA 254166 254137 TC-02-RC ALS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 160-2541371-A

06/01/16 17:31 22777 254166
06/01/16 18:05 LCS 160-254155/2-A 254166 254155 TC-02-RC ALS
06/01/16 18:30 160-17543-AD-1-DDU 254166 254155 TC-02RC  ALS
06/01/16 18:43 160-17563-1 GW-GWW-052616 254166 254155 TC-02-RC ALS
06/01/16 18:55 160-17563-4 GW-PZ02-052616 254166 254155 TC-02-RC ALS
| 06/01/16 22:38 160-17563-3 GW-GWY-052616 254166 254155 TC-02-RC ALS
Page 2 of 2 TestAmerica St. Louis
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LIQUID
SCINTILLATION
COUNTER



Method TC-02-RC

Technetium-99 (LSC) by Method
TC-02-RC
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Prep Batch: 254090

Preparation, Extraction
Chromatography
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Liquid Scintillation Counter Analysis Detail Report

Prep Batch: 254090

LabID:  MB 160-254090/1-A Analyzed: 06/06/16 19:47 Sigma: 2 Decay Corrected: No Ts: 45

Client ID: Detector: LSCBrown Dil Fac: 1 Yield Truncated: No Th: 45
Analyte MB Result Count Unc Total Unc Qualifier Unit RL MDC Cb CPMs CPMb EFFs EFFb Anly Batch
Technetium 99 0.7917 1.20 120 U pCi/L 3.00 1.99 324.9 7.980 7.220 0.92460 0.92540 255164
Tracer MB Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
Tc-99m 219.1 pCi/L 232 30-110

Lab ID: LCS 160-254090/2-A Analyzed: 06/06/16 20:37 Sigma: 2 Decay Corrected: No Ts: 45

Client ID: Detector: LSCBrown Dil Fac: 1 Yield Truncated: No Tb: 45
Analyte LCS Result Count Unc Total Unc Qualifier Unit RL MDC Cb CPMs CPMb EFFs EFFb Anly Batch
Technetium 99 208.5 4.45 20.5 pCi/L 3.00 1.93 324.9 215.000 7.220 0.90960 0.92540 255164
Tracer LCS Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
Tc-99m 222.0 pCi/L 224 30-110

Lab ID:  160-17543-AD-1-B DU Analyzed: 06/06/16 23:07 Sigma: 2 Decay Corrected: No Ts: 45

Client ID: Detector: LSCBrown Dil Fac: 1 Yield Truncated: No Th: 45

" Analyte DU Result Count Unc Total Unc Qualifier Unit RL MDC Cb CPMs CPMb EFFs EFFb Anly Batch
Technetium 99 -1.267 1.08 1.08 U pCi/L 3.00 1.94 324.9 5.710 7.220 0.89420 0.92540 255164
Tracer DU Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
Tc-99m 224.8 pCi/L 224 30-110

Lab ID:  160-17563-1 Analyzed: 06/07/16 01:37 Sigma: 2 Decay Corrected: No Ts: 45

Client ID: GW-GWW-052616 Detector: LSCBrown Dil Fac: 1 Yield Truncated: No Th: 45
Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Cb CPMs CPMb EFFs EFFb Anly Batch
Technetium 99 1.17 1.36 1.37 U pCi/L 3.00 2.25 324.9 8.140 7.220 0.91670 0.92540 255164
Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
Tc-99m 187 pCi/L 224 30-110

Lab ID: 160-17563-2 Analyzed: 06/07/16 02:27 Sigma: 2 Decay Corrected: No Ts: 45

Client ID: GW-NB34-052616 Detector: LSCBrown Dil Fac: 1 Yield Truncated: No Th: 45
Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Cb CPMs CPMb EFFs EFFb Anly Batch
Technetium 99 2.27 1.38 1.40 pCi/L 3.00 2.22 324.9 9.160 7.220 0.92020 0.92540 255164
Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
Tc-99m 188 pCi/L 221 30-110

Page 1 of 2 TestAmerica St. Louis
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Liquid Scintillation Counter Analysis Detail Report

Prep Batch: 254090

Glossary:

Ts = Count Duration, Sample

Tb = Count Duration, Background

Cs = Total Counts, Sample

Cb = Total Counts, Background

CPMs = Counts Per Minute, Sample
CPMb = Counts Per Minute, Background
EFFs = Efficiency, Sample

EFFb = Efficiency, Background

Page 2 of 2

Page 426 of 455

LabID:  160-17563-3 Analyzed: 06/07/16 03:16 Sigma: 2 Decay Corrected: No Ts: 45
Client ID: GW-GWY-052616 Detector: LSCBrown Dil Fac: 1 Yield Truncated: No Th: 45
" Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Cs Cb CPMs CPMb EFFs EFFb Anly Batch
Technetium 99 3.29 1.32 1.36 pCi/L 3.00 2.04 459 3249 10.200 7.220 0.91410 0.92540 255164
Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
Tc-99m 207 pCi/L 224 924 30-110
Lab ID: 160-17563-4 Analyzed: 06/07/16 04:06 Sigma: 2 Decay Corrected: No Ts: 45
Client ID: GW-PZ02-052616 Detector: LSCBrown Dil Fac: 1 Yield Truncated: No Th: 45
Analyte Result Count Unc Total Unc Qualifier Unit RL MDC Cs Cb CPMs CPMb EFFs EFFb Anly Batch
Technetium 99 2.50 1.28 1.31 pCi/L 3.00 2.03 427.05 324.9 9.490 7.220 0.91130 0.92540 255164
Tracer Result Count Unc Total Unc Qualifier Unit MDC Spike Added % Rec % Rec Limits
Tc-99m 209 pCi/L 224 934 30-110
Quality Control Summary
Method Blank ID: Analyte Parent Result Spike Added MB Result Qualifier Unit % Rec % Rec Limits RPD RER DER RERLimit Z Factor
MB 160-254090/1-A Technetium 99 0.7917 U pCi/L 1.317789
02
Lab Control Sample ID: Analyte Parent Result Spike Added LCS Result Qualifier Unit % Rec % Rec Limits RPD RER DER RERLimit Z Factor
LCS 160-254090/2-A Technetium 99 206 208.5 pCi/L 101 75-125 .1666893
486
Duplicate ID: Analyte Parent Result Spike Added DU Result Qualifier Unit % Rec % Rec Limits RPD RER DER RERLimit 2Z Factor
160-17543-AD-1-B DU Technetium 99 -0.341 -1.267 U pCi/L 115 039 1.10 1

TestAmerica St. Louis



LIQUID SCINTILLATION COUNTER BATCH WORKSHEET

Lab Name: TestAmerica St. Louis Job No.: 160-17563-1
SDG No.:
Batch Number: 254090 Batch Start Date: 06/01/16 10:11 Batch Analyst: Minier, Mark F
Batch Method: Ext Chrom LSC Batch End Date: 06/01/16 17:00
Lab Sample ID |Client Sample ID| Method Chain |Basis InitialAmount Tc (T) Dil #2 Tc-99 00019
00229
MB 160-254090/1 Ext_Chrom_LS 500.00 mL 0.1 mL
C, TC-02-RC
LCS Ext_Chrom_LS 500.00 mL 0.1 mL 1 mL
160-254090/2 C, TC-02-RC
160-17543-AD-1 Ext Chrom LS T 500.24 mL 0.1 mL
DU C, TC-02-RC
160-17563-B-1 GW-GWW-052616 Ext Chrom LS T 504.61 mL 0.1 mL
C, TC-02-RC
160-17563-B-2 GW-NB34-052616 Ext Chrom LS T 501.60 mL 0.1 mL
C, TC-02-RC
160-17563-A-3 GW-GWY-052616 Ext Chrom LS T 503.61 mL 0.1 mL
C, TC-02-RC
160-17563-A-4 GW-PZ02-052616 Ext Chrom LS T 502.10 mL 0.1 mL
C, TC-02-RC

Batch Notes
Balance ID 1125353055
Analyst ID - Reagent Drop Witness Jody Watson
Analyst ID - Reagent Drop 401513
SOP Number ST-RC-0125
Basis‘ Basis Description

T ‘Total/NA

The pound sign (#) in the amount added field denotes that the reagent was used undiluted. All calculations are performed using the stated concentration for
this reagent.

TC-02-RC Page 1 of 1
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6/7/2016 4:56:25 AM

QuantaSmart (TM) - 4.00

Serial$# 117382

Page # 1

Protocol# 17 - Tc99 2015 Protocol 17.lsa

Tc99 2015 Protocol 17

Assay Definition

Assay Description:

Assay Type: DPM (Single)
Report Name: Tc99 Protocol 17
Output Data Path: \Stlfs0l\Rad\Upload\PACK LSC Brown

User:

Default

Raw Results Path: C:\Packard\Tricarb\Results\Default\Tc99 2015 Protocol 17\20160606 1857

\20160606_1857.resu1ts
Assay File Name: C:\Packard\TriCarb\Assays\Tc99 2015 Protocol 17.lsa

Additional Data Files Generated with this Protocol:
17Tc99

[Auto] 17Tc99.001

Count Conditions

Nuclide: Tc99 2015
Quench Indicator: tSIE/AEC
External Std Terminator (sec):
Pre-Count Delay (min): 0.00
Quench Set:
Low Energy: Tc99 2015
Count Time (min): 45.00
Count Mode: Normal
Assay Count Cycles: 1
#Vials/Sample: 1

15 sec

Repeat Sample Count: 1
Calculate % Reference: Off

Background Subtract

Background Subtract: Off
Low CPM Threshold: Off
2 Sigma % Terminator: On - Any Region

Regions LL UL 2Sigma % Terminator
A 0.0 292.0 1.50
B 2.0 292.0 0.00
c 292.1 450.0 0.00

Count Corrections

Luminescence Correction: Off
Heterogeneity Monitor: Off
Delay Before Burst (nsec): 75

Static Controller: On
Colored Samples: Off
Coincidence Time (nsec): 18

Cycle 1 Results
Quench Curve Block Data
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6/7/2016 4:56:42 AM QuantaSmart (TM) - 4.00

Serial$# 117382

Page # 2

Protocol# 17 - Tc99 2015 Protocol 17.lsa

Tc99 2015 Protocol 17

Tc99_2015in A

Count Efficiency [%]
100

201
B0t
10t

20

0 50 100 150 200 250

ISIEAAEC

Date Acquired: 09/01/2015
Date Modified:
Tc99 2015 in A

User: Default

tSIE/AEC Count Efficiency (%)
205.51 93.76
186.27 90.90
170.51 92.82
135.18 91.19
117.14 87.58
89.96 83.50
58.58 75.92
47.61 62.77

S# SMPL ID Count Time CPMA DPM1 TIME
DATE EFF tSIE LUM MESSAGES

1 BKG 45.00 7.22e+000 7.80e+000 6:58:00 PM
6/6/2016 0.925 164.44 100
SpectraView Block Data

n - § o ] 1%
2 MB 160-254090/1-A 45.00 7.98e+000 8.63e+000 7:47:55 PM

6/6/2016 0.925 162.73 100

SpectraView Block Data
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6/7/2016 4:56:42 AM QuantaSmart (TM) - 4.00 - Serial# 117382

Page # 3

Protocol# 17 - Tc99 2015 Protocol 17.lsa
Tc99 2015 Protocol 17

User: Default

LT 1)
h
. TAR]
[] u ] E ] L] " L n ] L] L] %
L
3 LCS 160-254090/2-A 45.00 2.15e+002 2.37e+002 8:37:47 PM
6/6/2016 0.910 185.80 100
SpectraView Block Data
LT 1)
1 |
[ ®» = E ] L) L) L] ™ L.ﬁ L] ﬂ.- b} dﬂ
L}
4 160-17522-V-1-A 45.00 6.44e+000 7.03e+000 9:27:39 PM
6/6/2016 0.916 144.80 100
SpectraView Block Data
LT 1)
nk
o |
[] " -] ] L] " L L] " L 1
L
5 160-17543-AD-1-A 45.00 6.63e+000 7.47e+000 10:17:31 PM

6/6/2016 0.887 122.94 100

SpectraView Block Data

Page 430 of 455



6/7/2016 4:56:42 AM

QuantaSmart (TM) - 4.00 - Serial# 117382

Page # 4

Protocol# 17 - Tc99 2015 Protocol 17.lsa
Tc99 2015 Protocol 17

User: Default

11:07:26 PM

11:57:18 PM

12:47:14 AM

6 160-17543-AD-1-B DU 45.00 5.71e+000 6.39e+000
6/6/2016 0.894 126.30 100
SpectraView Block Data
LT 1)
ey
e alt s B, dam
[] u -3 #* £ ] L3 n [ ] "
L
7 160-17468-A-1-A 45.00 6.29e+000 6.82e+000
6/6/2016 0.922 157.54 100
SpectraView Block Data
LT 1)
b
B s sl
[] w» -3 ) L ] B ] ™ - H - 1%
L
8 160-17562-A-1-A 45.00 7.04e+000 7.68e+000
6/7/2016 0.917 179.86 100
SpectraView Block Data
LT 1)
L
[] * -] E ] L L] L 3 ) [} " -] HE 1%
i
9 160-17563-B-1-A 45.00 8.14e+000 8.89e+000

6/7/2016 0.917 191.43 100

SpectraView Block Data
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6/7/2016 4:56:42 AM QuantaSmart (TM) - 4.00 - Serial# 117382

Page # 5

Protocol# 17 - Tc99 2015 Protocol 17.lsa
Tc99 2015 Protocol 17

User: Default

|
[] 0 -3 £ L] ] L] ™ L] B L 1% =
L
10 160-17563-B-2-B 45.00 9.16e+000 9.95e+000 2:27:04 AM
6/7/2016 0.920 177.12 100
SpectraView Block Data
LT 1)
L
1
wfh
[] n » E ] L] L] L] n - - = 1k
L
11 160-17563-A-3-B 45.00 1.02e+001 1.12e+001 3:16:58 AM
6/7/2016 0.914 182.10 100
SpectraView Block Data
LT 1)
L Bidl
[] 1 -] o - B M ™ » L] o 1% L
L
12 160-17563-A-4-B 45.00 9.49e+000 1.04e+001 4:06:50 AM

6/7/2016 0.911 187.86 100

SpectraView Block Data
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6/7/2016 4:56:42 AM QuantaSmart (TM) - 4.00 - Serial# 117382 Page # 6

Protocol# 17 - Tc99 2015 Protocol 17.lsa User: Default
Tc99 2015 Protocol 17
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6/6/2016 3:10:28 AM QuantaSmart (TM) - 4.00 - Serial# 117382 Page # 1
SNC Protocol

Calibration Information

Software Version IC: 3.04

Software Version EC: 4.00

Instrument Model: Tri-Carb 3180TR/SL

Instrument Serial Number: 117382

3H Chi Square: Not Processed

14C Chi Square: Not Processed

3H E*2/B (1-18.6 keV): 1959.71 Date Processed: 6/6/2016 3:10:27 AM

14C E"2/B (4-156 keV): 9395.56 Date Processed: 6/6/2016 3:10:27 AM

3H Efficiency (1-18.6 keV): 62.34 Date Processed: 6/6/2016 3:10:27 AM
14C Efficiency (4-156 keV): 93.01 Date Processed: 6/6/2016 3:10:27 AM
IPA Background Date Processed: 6/6/2016 3:10:27 AM

3H Background CPM (1-18.6 keV): 1.98 Date Processed: 6/6/2016 3:10:27 AM
14C Background CPM (4-156 keV): 0.92 Date Processed: 6/6/2016 3:10:27 AM
3H Calibration DPM: 270300

3H Reference Date: 5/4/2015

14C Calibration DPM: 122100
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Tc-99 Initial Calibration
2015
LSC Brown
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Tc-99 Initial Calibration

STD:

Activity:

Reference Date:

Tc-99 00007 (6345)
22186dpm/mL
1/1/2000

DI
Insta Gel Teva Column Tc-99_00007 (6345) | Water Nitromethane
Vial # (mL) (mL) (mL) (mL) (ulL)
1 11 2 0.1 3.9 0
2 10.5 2 0.1 4.4 0
3 10 2 0.1 4.9 0
4 10 2 0.1 4.9 10
5 10 2 0.1 4.9 25
6 10 2 0.1 4.9 50
7 10 2 0.1 4.9 100
8 10 2 0.1 4.9 150

0.25mL of 2M HNO3 was added to vials to mimic the tracer amount added to counting
standards (A, B, C).

Teva column: conditioned with 5SmL 0.01M HNO:s.

Prepared by:

Date:

Rachel T. Mueller
7/20/2015
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GG 10 gEy abed

Test

Anmerica

Technecium-99 quench curve validation 2015, LSC Brown.xls

Technecium-99 quench curve validation 2015, LSC Brown

curve
Calculated quench curve projected decimal
STD # source activity, dpm cpm count time total counts efficiency TSIE efficiency efficiency discrepancy
1 2219 2081 8.55 17792.55 0.9378 205.51 0.9376 0.9155 -0.0221
2 2219 2017 8.82 17789.94 0.9090 186.27 0.909 0.9316 0.0226
3 2219 2060 8.64 17798.40 0.9283 170.51 0.9282 0.9352 0.0070
4 2219 2024 8.79 17790.96 0.9121 135.18 0.9119 0.9123 0.0004
5 2219 1943 9.16 17797.88 0.8756 117.14 0.8758 0.8840 0.0082
6 2219 1853 9.6 17788.80 0.8351 89.96 0.835 0.8203 -0.0147
7 2219 1685 10.56 17793.60 0.7594 58.58 0.7592 0.7151 -0.0441
8 2219 1393 12.77 17788.61 0.6278 47.61 0.6277 0.6704 0.0427
plot TSIE vs eff. y=-1 .7198E-05x§ + 5.9057E-03x + 4.2821E-01
R® = 9.3606E-01
1
0.9 —— - ——— —p
07 /
0.7
06 *
£ 05
0.4
0.3
0.2
0.1
0 ; ; ; ; ; ; ; ;
25 45 65 85 105 125 165 185 205 225
TSIE

SOP: ST-RD-0302 current rev

Prepared by ridenhowerr 9/1/2015
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9/1/2015 12:25:17 AM QuantaSmart (TM) - 4.00 - Serial# 117382 Page # 1

Protocol# 16 - Tc99 2015 Quench Curve.lsa User: Default
Tc99 2015 Quench Curve

Assay Definition

Assay Description:

Assay Type: Quench Standards

Report Name: Reportl

Output Data Path: C:\Packard\Tricarb\Results\

Raw Results Path: C:\Packard\Tricarb\Results\Default\Tc99 2015 Quench Curve\20150831 2248
\20150831_2248.results

Assay File Name: C:\Packard\TriCarb\Assays\Tc99 2015 Quench Curve.lsa

Count Conditions

Nuclide: Tc99 2015
Quench Indicator: tSIE/AEC
External Std Terminator (sec): 15 sec
Pre-Count Delay (min): 0.00
Quench Set: n/a
Count Time (min): 60.00
Count Mode: Normal
Assay Count Cycles: 1 Repeat Sample Count: n/a
#Vials/Sample: n/a Calculate % Reference: n/a

Background Subtract

Background Subtract: Off
Low CPM Threshold: Off
2 Sigma % Terminator: On - Any Region

Regions LL UL 2Sigma % Terminator
A 0.0 292.0 1.50

Count Corrections

Static Controller: On Luminescence Correction: n/a
Colored Samples: On Heterogeneity Monitor: n/a
Coincidence Time (nsec): 18 Delay Before Burst (nsec): 75

Cycle 1 Results
S# Count Time CPMA SIS tSIE MESSAGES
1 8.55 2081 94 .71 205.51 S

SpectraView Block Data
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9/1/2015 12:25:18 AM QuantaSmart (TM) - 4.00 - Serial# 117382

Page # 2

Protocol# 16 - Tc99 2015 Quench Curve.lsa
Tc99 2015 Quench Curve

User:

2 8.82 2017 84.37 186.27 S

SpectraView Block Data

3 8.64 2060 81.84 170.51 S

SpectraView Block Data

4 8.79 2024 70.85 135.18 S

SpectraView Block Data

5 9.16 1943 62.07 117.14 S

SpectraView Block Data
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9/1/2015 12:25:18 AM QuantaSmart (TM) - 4.00 - Serial# 117382 Page # 3
Protocol# 16 - Tc99 2015 Quench Curve.lsa User: Default

Tc99 2015 Quench Curve
Cowta i

6 9.60 1853 46 .71 89.96 S

SpectraView Block Data

oty
L
i
p. L
1m
1 11 a n - -
L}

7 10.56 1685 31.12 58.58 S

SpectraView Block Data

8 12.77 1393 22.66 47.61 S

SpectraView Block Data

Cosh @
ég“llllll‘..‘h-
1
[ 11 =
L]
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9/1/2015 12:25:18 AM QuantaSmart (TM) - 4.00 - Serial# 117382 Page # 4

Protocol# 16 - Tc99 2015 Quench Curve.lsa User: Default
Tc99 2015 Quench Curve

Quench Curve Block Data

Zount Standard

Count Efficiency [%]
100

201
B0t
10t

20

0 50 100 150 200 250

ISIEAAEC

Date Acquired: 9/1/2015
Date Modified:
Count Standard

tSIE/AEC Count Efficiency (%)
205.51 93.76
186.27 90.90
170.51 92.82
135.18 91.19
117.14 87.58
89.96 83.50
58.58 75.92
47 .61 62.77
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Tc-99 Initial Calibration
Verification
2015
LSC Brown
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TestAmericao

THE LEADER IN ENVIRONMENTAL TESTING

Tc-99 Initial Calibration Verification:

Std #: Tc-99 00016 (582609)
Activity: 228.82dpm/mL
Reference Date: 9/1/1996
Tc-99_00016
InstaGel Teva (582609) DI Water Nitromethane
Vial # (mL) Column (mL) (mL) (uL)

1 10 2 1 4 0

2 10 2 1 4 25

3 10 2 1 4 100

0.25mL of 2M HNO3 was added to vials to mimic the tracer amount added to counting
standards (A, B, C).

Teva column: conditioned with SmL 0.01M HNO:s.

Prepared By:
Date:

Rachel T. Mueller

7/20/2015
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Tc99 Quench Curve 2015, Brown
Second Source Verification
Tc-99 00016 (582609)

Activity: 228.82 dpm\mL
Reference date: 9/1/1996

Std # DPM Measured BKG Corrected | True Value % Recovery
STD 1 231 9.59 221.41 228.82 96.76%
STD 2 233 9.59 223.41 228.82 97.64%
STD 3 233 9.59 223.41 228.82 97.64%
Mean = 97.34%
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9/1/2015 10:59:51 AM QuantaSmart (TM) - 4.00 - Serial# 117382 Page # 1

Protocol# 17 - Tc99 2015 Protocol 17.lsa User: Default
Tc99 2015 Protocol 17

Assay Definition

Assay Description:

Assay Type: DPM (Single)

Report Name: Tc99 Protocol 17

Output Data Path: \Slsvr01\RAD\Upload\PACK LSC Brown

Raw Results Path: C:\Packard\Tricarb\Results\Default\Tc99 2015 Protocol 17\20150901 0214
\20150901_0214.resu1ts

Assay File Name: C:\Packard\TriCarb\Assays\Tc99 2015 Protocol 17.lsa

Additional Data Files Generated with this Protocol:

17Tc99
[Auto] 17Tc99.001

Count Conditions

Nuclide: Tc99 2015
Quench Indicator: tSIE
External Std Terminator (sec): 15 sec
Pre-Count Delay (min): 0.00
Quench Set:
Low Energy: Tc99 2015
Count Time (min): 20.00
Count Mode: Normal
Assay Count Cycles: 1 Repeat Sample Count: 1
#Vials/Sample: 1 Calculate % Reference: Off

Background Subtract

Background Subtract: Off
Low CPM Threshold: Off
2 Sigma % Terminator: On - Any Region

Regions LL UL 2Sigma % Terminator
A 0.0 292.0 1.50
B 2.0 292.0 0.00
c 292.1 450.0 0.00

Count Corrections

Static Controller: On Luminescence Correction: Off
Colored Samples: Off Heterogeneity Monitor: Off
Coincidence Time (nsec): 18 Delay Before Burst (nsec): 75

Cycle 1 Results
Quench Curve Block Data
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9/1/2015 10:59:51 AM QuantaSmart (TM) - 4.00

Serial$# 117382

Page # 2

Protocol# 17 - Tc99 2015 Protocol 17.lsa

Tc99 2015 Protocol 17

Tc99_201310n A

Count Efficiency [%]
100

a0+

B0

10t

Date Acquired: 09/01/2015
Date Modified:
Tc99 2015 in A

User: Default

tSIE Count Efficiency (%)
205.51 94 .55
186.27 91.60
170.51 93.55
135.18 91.71
117.14 87.94
89.96 83.77
58.58 76.10
47.61 62.92
S# SMPL ID Count Time CPMA DPM1 TIME
DATE EFF tSIE LUM MESSAGES
1 BKG 20.00 8.95e+000 9.59e+000 2:15:27 AM
9/1/2015 0.933 166.32 100
SpectraView Block Data
Cowta ¥
T
-
: I 1 I I I N 1
1 im - m -
L
2 ICV 1 20.00 2.12e+002 2.31e+002 2:38:14 AM

9/1/2015 0.919 139.26 100

SpectraView Block Data
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9/1/2015 10:59:51 AM QuantaSmart (TM) - 4.00 - Serial# 117382

Page # 3

Protocol# 17 - Tc99 2015 Protocol 17.lsa
Tc99 2015 Protocol 17

User: Default

Cowta ¥
ot
1
[ l_'lw £ E ] -
L
3 ICV 2 20.00 2.05e+002 2.33e+002 3:01:00 AM
9/1/2015 0.880 117.59 100
SpectraView Block Data
Cowta ¥
1
1
[ - :ﬂ £ E ] -
L
4 ICV 3 20.00 1.73e+002 2.33e+002 3:23:46 AM
9/1/2015 0.744 57.13 100

SpectraView Block Data

oty
] .3

.

Page 450 of 455



Run Logs

Page 451 of 455



Liquid Scintillation Counter Run Log

Serial Number: 117382

Detector: LSCBrown

Page 1 of 1

Page 452 of 455

Count Analysis Prep Analyst
Analysis Date  Minutes Lab Sample ID Client Sample ID Batch  Batch Method Initials
08/31/15 22:48 IC 160-213481/1 213481 RTM
09/01/15 02:14 ICV 160-213481/2 213481 RTM
06/06/16 03:10 ccv 1602551724 255172 ALD
06/06/16 18:58 BBKG 160-255164/1 255164
06/06/16 19:47 45 MB 160-254090/1-A 255164 254090 TC-02-RC ALD
06/06/16 20:37 45 LCS 160-2540902A 255164 254090 TC-02RC ~ ALD
06/06/16 21:27 45 77777 255164
06/06/16 22:17 45 77777 255164
06/06/16 23:07 45 160-17543-AD-1-BDU 255164 254090 TC-02-RC  ALD
06/06/16 23:57 45 77777 255164
06/07/16 00:47 45 77777 255164
06/07/16 01:37 45 160-17563-1 GW-GWW-052616 255164 254090 TC-02-RC ~ ALD
06/07/16 02:27 45 160-17563-2 GW-NB34-052616 255164 254090 TC-02-RC ALD
06/07/16 03:16 45 160-17563-3 GW-GWY-052616 255164 254090 TC-02-RC ALD
06/07/16 04:06 45 160-17563-4 GW-PZ02-052616 255164 254090 TC-02-RC ALD

TestAmerica St. Louis
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Login Sample Receipt Checklist

Client: Westinghouse Electric Company LLC

Login Number: 17563
List Number: 1
Creator: Dedner, Connie L

Job Number: 160-17563-1

List Source: TestAmerica St. Louis

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey True
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. N/A
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. N/A
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with all pertinent information. True
Is the Field Sampler's name present on COC? True
There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True
HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is N/A
<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True
Residual Chlorine Checked. N/A
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