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Definitions/Glossary

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Qualifiers

Rad

Qualifier Qualifier Description

U Result is less than the sample detection limit.

Glossary

Abbreviation These commonly used abbreviations may or may not be present in this report.
o 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 Detection Limit (DoD/DOE)

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample
DLC Decision Level Concentration (Radiochemistry)

EDL Estimated Detection Limit (Dioxin)

LOD Limit of Detection (DoD/DOE)

LOQ Limit of Quantitation (DoD/DOE)

MDA Minimum Detectable Activity (Radiochemistry)

MDC Minimum Detectable Concentration (Radiochemistry)

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 (Radiochemistry)

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)

Eurofins TestAmerica, Pittsburgh

Page 4 of 1185



Job Narrative
180-86125-1

Revised Report

This report was revised to adjust the solid sample results for dry weight using the dry weight results from TA-Pittsburgh. This replaces
the previous final report.

Receipt
The samples were received on 1/26/2019 9:30 AM; the samples arrived in good condition, properly preserved and, where required, on
ice. The temperatures of the 3 coolers at receipt time were 0.9° C, 2.0° C and 2.4° C.

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

General Chemistry
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.
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Detection Summary

Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR_20190125_1B

Client Sample ID: KIF-CCR-EB01-20190124 Lab Sample ID: 180-86125-1
[ No Detections.

Client Sample ID: KIF-CCR-TW01-2.0/4.0-20190124 Lab Sample ID: 180-86125-2
[ No Detections.

Client Sample ID: KIF-CCR-FB01-20190124 Lab Sample ID: 180-86125-3
[ No Detections.

Client Sample ID: KIF-CCR-TW01-7.0/9.0-20190124 Lab Sample ID: 180-86125-4
[ No Detections.

Client Sample ID: KIF-CCR-TW01-11.5/13.5-20190124 Lab Sample ID: 180-86125-5
[ No Detections.

Client Sample ID: KIF-CCR-TW01-16.5/18.5-20190125 Lab Sample ID: 180-86125-6
[ No Detections.

Client Sample ID: KIF-CCR-DUP01-20190125 Lab Sample ID: 180-86125-7
[ No Detections.

Client Sample ID: KIF-CCR-FB02-20190125 Lab Sample ID: 180-86125-8
[ No Detections.

Client Sample ID: KIF-CCR-TW01-21.5/23.5-20190125 Lab Sample ID: 180-86125-9

[ No Detections.

This Detection Summary does not include radiochemical test results.
Eurofins TestAmerica, Pittsburgh
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Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-EB01-20190124
Date Collected: 01/24/19 13:55
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-1
Matrix: Water

Page 7 of 1185

Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 136 U 27.8 27.8 pCi/L 01/29/19 22:58 02/19/19 11:43 1
(positive only)
Radium-226 10.2 U 101 101 50.0 13.9 pCilL 01/29/19 22:58 02/19/19 11:43 1
Radium-228 342 U 259 259 50.0 31.2 pCilL 01/29/19 22:58 02/19/19 11:43 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results
Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR 20190125 1B

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-TW01-2.0/4.0-20190124 Lab Sample ID: 180-86125-2
Date Collected: 01/24/19 14:50 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 3.91 0.395 0.488 pCil/g 01/30/19 00:23 02/20/19 11:35 1
(positive only)
Radium-226 2.16 0.266 0.348 1.00 0.167 pCilg 01/30/19 00:23 02/20/19 11:35 1
Radium-228 1.75 0.292 0.342 0.227 pCilg 01/30/19 00:23 02/20/19 11:35 1

Eurofins TestAmerica, Pittsburgh
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Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-FB01-20190124
Date Collected: 01/24/19 15:55
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-3
Matrix: Water
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Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 33.0 19.9 20.1 pCi/L 01/29/19 22:58 02/19/19 11:45 1
(positive only)
Radium-226 29.5 17.7 17.9 50.0 17.5 pCilL 01/29/19 22:58 02/19/19 11:45 1
Radium-228 348 U 9.12 9.13 50.0 26.0 pCi/lL 01/29/19 22:58 02/19/19 11:45 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results

Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR_20190125_1B

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-TW01-7.0/9.0-20190124 Lab Sample ID: 180-86125-4
Date Collected: 01/24/19 15:58 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 3.75 0.414 0.498 pCil/g 01/30/19 00:23 02/20/19 11:36 1
(positive only)
Radium-226 2.07 0.298 0.368 1.00 0.183 pCilg 01/30/19 00:23 02/20/19 11:36 1
Radium-228 1.68 0.288 0.335 0.237 pCilg 01/30/19 00:23 02/20/19 11:36 1

Eurofins TestAmerica, Pittsburgh
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Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-TW01-11.5/13.5-20190124

Lab Sample ID: 180-86125-5
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Date Collected: 01/24/19 16:45 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 3.91 0.354 0.456 pCil/g 01/30/19 00:23 02/20/19 11:36 1
(positive only)
Radium-226 2.21 0.243 0.334 1.00 0.129 pCi/g 01/30/19 00:23 02/20/19 11:36 1
Radium-228 1.70 0.258 0.311 0.144 pCilg 01/30/19 00:23 02/20/19 11:36 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results

Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR_20190125_1B

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-TW01-16.5/18.5-20190125 Lab Sample ID: 180-86125-6
Date Collected: 01/25/19 09:40 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 8.52 0.782 0.999 pCil/g 01/30/19 00:23 02/20/19 11:37 1
(positive only)
Radium-226 5.00 0.492 0.708 1.00 0.226 pCilg 01/30/19 00:23 02/20/19 11:37 1
Radium-228 3.52 0.608 0.705 0.261 pCilg 01/30/19 00:23 02/20/19 11:37 1

Eurofins TestAmerica, Pittsburgh
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Client Sample Results

Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR_20190125_1B

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-DUP01-20190125 Lab Sample ID: 180-86125-7
Date Collected: 01/25/19 00:00 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 7.46 0.694 0.883 pCil/g 01/30/19 00:23 02/20/19 11:37 1
(positive only)
Radium-226 4.04 0.470 0.630 1.00 0.264 pCilg 01/30/19 00:23 02/20/19 11:37 1
Radium-228 3.42 0.511 0.619 0.305 pCilg 01/30/19 00:23 02/20/19 11:37 1

Eurofins TestAmerica, Pittsburgh
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Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-FB02-20190125
Date Collected: 01/25/19 10:15
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-8
Matrix: Water
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Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 243 U 14.0 14.2 pCi/L 01/29/19 22:58 02/19/19 11:47 1
(positive only)
Radium-226 24.3 14.0 14.2 50.0 16.3 pCi/lL 01/29/19 22:58 02/19/19 11:47 1
Radium-228 -20.0 U 15.6 15.8 50.0 36.5 pCilL 01/29/19 22:58 02/19/19 11:47 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

Client Sample ID: KIF-CCR-TW01-21.5/23.5-20190125

Date Collected: 01/25/19 11:08
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-9
Matrix: Solid

Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 7.60 0.648 0.864 pCilg 01/30/19 00:23 02/20/19 11:38 1
(positive only)
Radium-226 4.71 0.438 0.657 1.00 0.252 pCilg 01/30/19 00:23 02/20/19 11:38 1
Radium-228 2.89 0.477 0.561 0.328 pCilg 01/30/19 00:23 02/20/19 11:38 1
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Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 903.0 - Radium-226 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-2.0/4.0-20190124

Lab Sample ID: 180-86125-2
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Date Collected: 01/24/19 14:50 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-226 0.0559 U 0.0542 0.0545 1.00 0.0831 pCi/lL 02/07/19 08:27 03/01/19 06:51 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 105 40-110 02/07/19 08:27 03/01/19 06:51 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.

P

roject/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 903.0 - Radium-226 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-7.0/9.0-20190124

Date Collected: 01/24/19 15:58
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-4
Matrix: Solid

Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-226 0.0307 U 0.0476 0.0477 1.00 0.0826 pCi/lL 02/07/19 08:27 03/01/19 06:53 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 95.6 40-110 02/07/19 08:27 03/01/19 06:53 1
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Client: Environmental Standards Inc.

P

roject/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 903.0 - Radium-226 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-11.5/13.5-20190124

Date Collected: 01/24/19 16:45
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-5
Matrix: Solid

Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-226 0.0591 U 0.0530 0.0533 1.00 0.0783 pCi/lL 02/07/19 08:27 03/01/19 06:53 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 100 40-110 02/07/19 08:27 03/01/19 06:53 1
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Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 903.0 - Radium-226 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-16.5/18.5-20190125

Lab Sample ID: 180-86125-6
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Date Collected: 01/25/19 09:40 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-226 0.0645 0.0490 0.0493 1.00 0.0639 pCi/lL 02/07/19 08:27 03/01/19 06:53 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 104 40-110 02/07/19 08:27 03/01/19 06:53 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.

P

roject/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 903.0 - Radium-226 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-DUP01-20190125

Date Collected: 01/25/19 00:00
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-7
Matrix: Solid

Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-226 0.0199 U 0.0441 0.0441 1.00 0.0815 pCi/lL 02/07/19 08:27 03/01/19 06:53 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 103 40-110 02/07/19 08:27 03/01/19 06:53 1
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Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 903.0 - Radium-226 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-21.5/23.5-20190125

Lab Sample ID: 180-86125-9
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Date Collected: 01/25/19 11:08 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-226 0.0996 0.0630 0.0637 1.00 0.0809 pCi/lL 02/07/19 08:27 03/01/19 06:53 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 104 40-110 02/07/19 08:27 03/01/19 06:53 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 904.0 - Radium-228 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-2.0/4.0-20190124

Lab Sample ID: 180-86125-2
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Date Collected: 01/24/19 14:50 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-228 0.115 U 0.187 0.187 1.00 0.315 pCi/L 02/07/19 09:41 02/19/19 09:20 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 105 40-110 02/07/19 09:41 02/19/19 09:20 1
Y Carrier 85.2 40-110 02/07/19 09:41 02/19/19 09:20 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 904.0 - Radium-228 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-7.0/9.0-20190124

Lab Sample ID: 180-86125-4
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Date Collected: 01/24/19 15:58 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-228 0.209 U 0.215 0.216 1.00 0.349 pCi/L 02/07/19 09:41 02/19/19 09:21 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 95.6 40-110 02/07/19 09:41 02/19/19 09:21 1
Y Carrier 82.2 40-110 02/07/19 09:41 02/19/19 09:21 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 904.0 - Radium-228 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-11.5/13.5-20190124

Lab Sample ID: 180-86125-5
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Date Collected: 01/24/19 16:45 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-228 0.0230 U 0.180 0.180 1.00 0.321 pCi/L 02/07/19 09:41 02/19/19 09:21 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 100 40-110 02/07/19 09:41 02/19/19 09:21 1
Y Carrier 86.0 40-110 02/07/19 09:41 02/19/19 09:21 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 904.0 - Radium-228 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-16.5/18.5-20190125

Lab Sample ID: 180-86125-6
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Date Collected: 01/25/19 09:40 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-228 -0.00362 U 0.167 0.167 1.00 0.303 pCi/L 02/07/19 09:41 02/19/19 09:21 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 104 40-110 02/07/19 09:41 02/19/19 09:21 1
Y Carrier 87.9 40-110 02/07/19 09:41 02/19/19 09:21 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 904.0 - Radium-228 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-DUP01-20190125

Lab Sample ID: 180-86125-7
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Date Collected: 01/25/19 00:00 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-228 0.0415 U 0.201 0.201 1.00 0.352 pCi/L 02/07/19 09:41 02/19/19 09:21 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 103 40-110 02/07/19 09:41 02/19/19 09:21 1
Y Carrier 86.4 40-110 02/07/19 09:41 02/19/19 09:21 1

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Client Sample Results

Job ID: 180-86125-1

Method: 904.0 - Radium-228 (GFPC) - SPLP East

Client Sample ID: KIF-CCR-TW01-21.5/23.5-20190125

Lab Sample ID: 180-86125-9

Date Collected: 01/25/19 11:08 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-228 0.171 U 0.184 0.185 1.00 0.302 pCi/L 02/07/19 09:41 02/19/19 09:21 1
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 104 40-110 02/07/19 09:41 02/19/19 09:21 1
Y Carrier 87.1 40-110 02/07/19 09:41 02/19/19 09:21 1
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Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: Ra226_Ra228 - Combined Radium-226 and Radium-228 - SPLP East

7CIient Sample ID: KIF-CCR-TW01-2.0/4.0-20190124

Lab Sample ID: 180-86125-2
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Date Collected: 01/24/19 14:50 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.171 U 0.195 0.195 5.00 pCi/L 03/06/19 10:27 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: Ra226_Ra228 - Combined Radium-226 and Radium-228 - SPLP East

7CIient Sample ID: KIF-CCR-TW01-7.0/9.0-20190124

Lab Sample ID: 180-86125-4
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Date Collected: 01/24/19 15:58 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.240 U 0.220 0.221 5.00 pCi/L 03/06/19 10:27 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: Ra226_Ra228 - Combined Radium-226 and Radium-228 - SPLP East

7CIient Sample ID: KIF-CCR-TW01-11.5/13.5-20190124

Lab Sample ID: 180-86125-5
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Date Collected: 01/24/19 16:45 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.0821 U 0.188 0.188 5.00 pCi/L 03/06/19 10:27 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: Ra226_Ra228 - Combined Radium-226 and Radium-228 - SPLP East

7CIient Sample ID: KIF-CCR-TW01-16.5/18.5-20190125

Lab Sample ID: 180-86125-6
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Date Collected: 01/25/19 09:40 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.0645 U 0.174 0.174 5.00 pCi/L 03/06/19 10:27 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: Ra226_Ra228 - Combined Radium-226 and Radium-228 - SPLP East

7CIient Sample ID: KIF-CCR-DUP01-20190125

Lab Sample ID: 180-86125-7
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Date Collected: 01/25/19 00:00 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.0614 U 0.206 0.206 5.00 pCi/L 03/06/19 10:27 1

Eurofins TestAmerica, Pittsburgh



Client Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: Ra226_Ra228 - Combined Radium-226 and Radium-228 - SPLP East

7CIient Sample ID: KIF-CCR-TW01-21.5/23.5-20190125

Lab Sample ID: 180-86125-9
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Date Collected: 01/25/19 11:08 Matrix: Solid
Date Received: 01/26/19 09:30
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.270 U 0.194 0.196 5.00 pCi/L 03/06/19 10:27 1

Eurofins TestAmerica, Pittsburgh



Tracer/Carrier Summary

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: 903.0 - Radium-226 (GFPC)

Matrix: Solid Prep Type: Total/NA
Percent Yield (Acceptance Limits)
Ba Carriel
Lab Sample ID Client Sample ID (40-110)
LCS 160-413934/1-A Lab Control Sample 104
MB 160-413934/12-A Method Blank 95.0
Tracer/Carrier Legend
Ba Carrier = Ba Carrier
Method: 903.0 - Radium-226 (GFPC)
Matrix: Solid Prep Type: SPLP East
Percent Yield (Acceptance Limits)
Ba Carriel
Lab Sample ID Client Sample ID (40-110)
180-86125-2 KIF-CCR-TW01-2.0/4.0-201901: 105
180-86125-2 DU KIF-CCR-TW01-2.0/4.0-201901 101
24
180-86125-4 KIF-CCR-TWO01-7.0/9.0-201901 95.6
24
180-86125-5 KIF-CCR-TW01-11.5/13.5-2019 100
0124
180-86125-6 KIF-CCR-TW01-16.5/18.5-2019 104
0125
180-86125-7 KIF-CCR-DUP01-20190125 103
180-86125-9 KIF-CCR-TW01-21.5/23.5-2019 104
0125

Tracer/Carrier Legend

Ba Carrier = Ba Carrier

Method: 904.0 - Radium-228 (GFPC)

Matrix: Solid Prep Type: Total/NA
Percent Yield (Acceptance Limits)
Ba Carrier Y Carrier
Lab Sample ID Client Sample ID (40-110) (40-110)
LCS 160-413949/1-A Lab Control Sample 104 84.9
MB 160-413949/12-A Method Blank 95.0 83.7

Tracer/Carrier Legend

Ba Carrier = Ba Carrier
Y Carrier =Y Carrier

Method: 904.0 - Radium-228 (GFPC)

Matrix: Solid Prep Type: SPLP East
Percent Yield (Acceptance Limits)
Ba Carrie1 Y Carrier
Lab Sample ID Client Sample ID (40-110)  (40-110)
180-86125-2 KIF-CCR-TW01-2.0/4.0-201901: 105 85.2
180-86125-2 DU KIF-CCR-TWO01-2.0/4.0-201901 101 82.2
24
180-86125-4 KIF-CCR-TW01-7.0/9.0-201901 95.6 822
24
180-86125-5 KIF-CCR-TW01-11.5/13.5-2019 100 86.0
0124
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Tracer/Carrier Summary
Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR 20190125 1B

Method: 904.0 - Radium-228 (GFPC) (Continued)

Matrix: Solid Prep Type: SPLP East
Percent Yield (Acceptance Limits)
Ba Carrier Y Carrier
Lab Sample ID Client Sample ID (40-110)  (40-110)
180-86125-6 KIF-CCR-TW01-16.5/18.5-2019! 104 87.9
180-86125-7 KIF-CCR-DUP01-20190125 103 86.4
180-86125-9 KIF-CCR-TW01-21.5/23.5-2019 104 87.1

0125

Tracer/Carrier Legend
Ba Carrier = Ba Carrier
Y Carrier = Y Carrier

Eurofins TestAmerica, Pittsburgh
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QC Sample Results

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS)

7Lab Sample ID: MB 160-412878/1-A
Matrix: Water
Analysis Batch: 415565

Client Sample ID: Method Blank
Prep Type: Total/NA
Prep Batch: 412878
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Count Total
MB MB Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.0000 U 0.00000 0.00000 pCi/L 01/29/19 22:58 02/19/19 09:29 1
(positive only)
Radium-226 -1.807 U 21.4 21.4 50.0 36.6 pCilL 01/29/19 22:58 02/19/19 09:29 1
Radium-228 -17.50 U 24.0 24.1 50.0 48.0 pCilL 01/29/19 22:58 02/19/19 09:29 1
Lab Sample ID: LCS 160-412878/2-A Client Sample ID: Lab Control Sample
Matrix: Water Prep Type: Total/NA
Analysis Batch: 415565 Prep Batch: 412878
Total
Spike LCS LCS Uncert. %Rec.
Analyte Added Result Qual (20+/-) RL MDC Unit %Rec Limits
Americium-241 136000 131800 15200 347 pCi/lL 97 90-111
Cesium-137 44900 40200 4030 187 pCi/lL 90 90-111
Cobalt-60 30500 29570 2930 69.4 pCi/lL 97 89-110
Lab Sample ID: 180-86110-A-6-B DU Client Sample ID: Duplicate
Matrix: Water Prep Type: Total/NA
Analysis Batch: 415543 Prep Batch: 412878
Total
Sample Sample DU DU Uncert. RER
Analyte Result Qual Result Qual (20+/-) RL MDC Unit RER Limit
Radium 226 and 752 U 0.0000 U 0.00000 pCi/L 0.17
228 (positive
only)
Radium-226 6.11 U -20.31 U 14.8 50.0 41.6 pCi/L 1.06 1
Radium-228 141 U -156.81 U 17.3 50.0 33.8 pCi/lL 0.49 1
Lab Sample ID: MB 160-412881/1-A Client Sample ID: Method Blank
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 415646 Prep Batch: 412881
Count Total
MB MB Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.0000 U 0.00000 0.00000 pCi/g 01/30/19 00:23 02/20/19 07:58 1
(positive only)
Radium-226 -0.04047 U 0.138 0.138 1.00 0.259 pCilg 01/30/19 00:23 02/20/19 07:58 1
Radium-228 -0.05015 U 0.181 0.181 0.219 pCilg 01/30/19 00:23 02/20/19 07:58 1
Lab Sample ID: LCS 160-412881/2-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 415647 Prep Batch: 412881
Total
Spike LCS LCS Uncert. %Rec.
Analyte Added Result Qual (20+/-) RL MDC Unit %Rec Limits
Americium-241 96.7 95.72 11.2 1.12 pCilg 99 87-116
Cesium-137 27.9 30.39 3.20 0.332 pCilg 109 87-120
Cobalt-60 12.0 12.66 1.33 0.168 pCi/g 105 87-115

Eurofins TestAmerica, Pittsburgh



Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

QC Sample Results

Job ID: 180-86125-1

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS) (Continued)

Lab Sample ID: 180-86110-A-1-B DU
Matrix: Solid
Analysis Batch: 415646

Client Sample ID: Duplicate
Prep Type: Total/NA
Prep Batch: 412881

Ba Carrier

Total
Sample Sample DU DU Uncert. RER
Analyte Result Qual Result Qual (20+/-) RL MDC Unit RER Limit
Radium 226 and 2.68 2.360 0.399 0.140 pCilg 0.35
228 (positive
only)
Radium-226 1.08 0.8629 0.207 1.00 0.140 pCilg 0.43 1
Radium-228 1.60 1.497 0.341 0.123 pCilg 0.14 1
Method: 903.0 - Radium-226 (GFPC)
Lab Sample ID: MB 160-413934/12-A Client Sample ID: Method Blank
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 417383 Prep Batch: 413934
Count Total
MB MB Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-226 0.01052 U 0.0387 0.0387 1.00 0.0771 pCi/lL 02/07/19 08:27 03/01/19 06:54 1
MB MB
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 95.0 40-110 02/07/19 08:27 03/01/19 06:54 1
Lab Sample ID: LCS 160-413934/1-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 417382 Prep Batch: 413934
Total
Spike LCS LCS Uncert. %Rec.
Analyte Added Result Qual (20+/-) RL MDC Unit %Rec Limits
Radium-226 11.4 9.991 1.03 1.00 0.0907 pCi/lL 88 68-137
LCS LCS
Carrier %Yield Qualifier Limits
Ba Carrier 104 40-110
Lab Sample ID: 180-86125-2 DU Client Sample ID: KIF-CCR-TW01-2.0/4.0-20190124
Matrix: Solid Prep Type: SPLP East
Analysis Batch: 417383 Prep Batch: 413934
Total
Sample Sample DU DU Uncert. RER
Analyte Result Qual Result Qual (20+/-) RL MDC Unit RER Limit
Radium-226 0.0559 U 0.01775 U 0.0459 1.00 0.0855 pCi/lL 0.38 1
DU DU
Carrier %Yield Qualifier Limits
101 40-110

Eurofins TestAmerica, Pittsburgh
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Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

QC Sample Results

Job ID: 180-86125-1

Method: 904.0 - Radium-228 (GFPC)

7Lab Sample ID: MB 160-413949/12-A
Matrix: Solid
Analysis Batch: 415561

Client Sample ID: Method Blank
Prep Type: Total/NA
Prep Batch: 413949

Y Carrier
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Count Total
MB MB Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium-228 0.2591 U 0.218 0.219 1.00 0.347 pCi/lL 02/07/19 09:41 02/19/19 09:21 1
MB MB
Carrier %Yield Qualifier Limits Prepared Analyzed Dil Fac
Ba Carrier 95.0 40-110 02/07/19 09:41 02/19/19 09:21 1
Y Carrier 83.7 40-110 02/07/19 09:41 02/19/19 09:21 1
Lab Sample ID: LCS 160-413949/1-A Client Sample ID: Lab Control Sample
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 415561 Prep Batch: 413949
Total
Spike LCS LCS Uncert. %Rec.
Analyte Added Result Qual (20+/-) RL MDC Unit %Rec Limits
Radium-228 9.47 9.176 1.04 1.00 0.314 pCi/lL 97  56-140
LCS LCS
Carrier %Yield Qualifier Limits
Ba Carrier 104 40-110
Y Carrier 84.9 40-110
Lab Sample ID: 180-86125-2 DU Client Sample ID: KIF-CCR-TW01-2.0/4.0-20190124
Matrix: Solid Prep Type: SPLP East
Analysis Batch: 415561 Prep Batch: 413949
Total

Sample Sample DU DU Uncert. RER
Analyte Result Qual Result Qual (20+/-) RL MDC Unit RER Limit
Radium-228 0.115 U 0.1258 U 0.199 1.00 0.334 pCi/lL 0.03 1

DU DU
Carrier %Yield Qualifier Limits
Ba Carrier 101 40-110
82.2 40-110

Eurofins TestAmerica, Pittsburgh



QC Association Summary

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Rad
Prep Batch: 412878
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
180-86125-1 KIF-CCR-EB01-20190124 Total/NA Water Fill_Geo-21
180-86125-3 KIF-CCR-FB01-20190124 Total/NA Water Fill_Geo-21
180-86125-8 KIF-CCR-FB02-20190125 Total/NA Water Fill_Geo-21
MB 160-412878/1-A Method Blank Total/NA Water Fill_Geo-21
LCS 160-412878/2-A Lab Control Sample Total/NA Water Fill_Geo-21
180-86110-A-6-B DU Duplicate Total/NA Water Fill_Geo-21
Prep Batch: 412881
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
180-86125-2 KIF-CCR-TW01-2.0/4.0-20190124 Total/NA Solid Fill_Geo-21
180-86125-4 KIF-CCR-TW01-7.0/9.0-20190124 Total/NA Solid Fill_Geo-21
180-86125-5 KIF-CCR-TW01-11.5/13.5-20190124 Total/NA Solid Fill_Geo-21
180-86125-6 KIF-CCR-TWO01-16.5/18.5-20190125 Total/NA Solid Fill_Geo-21
180-86125-7 KIF-CCR-DUP01-20190125 Total/NA Solid Fill_Geo-21
180-86125-9 KIF-CCR-TWO01-21.5/23.5-20190125 Total/NA Solid Fill_Geo-21
MB 160-412881/1-A Method Blank Total/NA Solid Fill_Geo-21
LCS 160-412881/2-A Lab Control Sample Total/NA Solid Fil_Geo-21
180-86110-A-1-B DU Duplicate Total/NA Solid Fill_Geo-21
Leach Batch: 413087
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
180-86125-2 KIF-CCR-TW01-2.0/4.0-20190124 SPLP East Solid 1312
180-86125-4 KIF-CCR-TW01-7.0/9.0-20190124 SPLP East Solid 1312
180-86125-5 KIF-CCR-TW01-11.5/13.5-20190124 SPLP East Solid 1312
180-86125-6 KIF-CCR-TW01-16.5/18.5-20190125 SPLP East Solid 1312
180-86125-7 KIF-CCR-DUP01-20190125 SPLP East Solid 1312
180-86125-9 KIF-CCR-TW01-21.5/23.5-20190125 SPLP East Solid 1312
180-86125-2 DU KIF-CCR-TWO01-2.0/4.0-20190124 SPLP East Solid 1312
Prep Batch: 413934
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
180-86125-2 KIF-CCR-TW01-2.0/4.0-20190124 SPLP East Solid PrecSep-21 413087
180-86125-4 KIF-CCR-TWO01-7.0/9.0-20190124 SPLP East Solid PrecSep-21 413087
180-86125-5 KIF-CCR-TWO01-11.5/13.5-20190124 SPLP East Solid PrecSep-21 413087
180-86125-6 KIF-CCR-TW01-16.5/18.5-20190125 SPLP East Solid PrecSep-21 413087
180-86125-7 KIF-CCR-DUP01-20190125 SPLP East Solid PrecSep-21 413087
180-86125-9 KIF-CCR-TW01-21.5/23.5-20190125 SPLP East Solid PrecSep-21 413087
MB 160-413934/12-A Method Blank Total/NA Solid PrecSep-21
LCS 160-413934/1-A Lab Control Sample Total/NA Solid PrecSep-21
180-86125-2 DU KIF-CCR-TW01-2.0/4.0-20190124 SPLP East Solid PrecSep-21 413087
Prep Batch: 413949
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch
180-86125-2 KIF-CCR-TWO01-2.0/4.0-20190124 SPLP East Solid PrecSep_0 413087
180-86125-4 KIF-CCR-TWO01-7.0/9.0-20190124 SPLP East Solid PrecSep_0 413087
180-86125-5 KIF-CCR-TWO01-11.5/13.5-20190124 SPLP East Solid PrecSep_0 413087
180-86125-6 KIF-CCR-TWO01-16.5/18.5-20190125 SPLP East Solid PrecSep_0 413087
180-86125-7 KIF-CCR-DUP01-20190125 SPLP East Solid PrecSep_0 413087
180-86125-9 KIF-CCR-TWO01-21.5/23.5-20190125 SPLP East Solid PrecSep_0 413087
MB 160-413949/12-A Method Blank Total/NA Solid PrecSep_0
LCS 160-413949/1-A Lab Control Sample Total/NA Solid PrecSep_0
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QC Association Summary
Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR_20190125_1B

Rad (Continued)

Prep Batch: 413949 (Continued)
LLab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

180-86125-2 DU KIF-CCR-TWO01-2.0/4.0-20190124 SPLP East Solid PrecSep_0 413087

Eurofins TestAmerica, Pittsburgh
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Lab Chronicle

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Client Sample ID: KIF-CCR-EB01-20190124
Date Collected: 01/24/19 13:55
Date Received: 01/26/19 09:30

Lab Sample ID: 180-86125-1
Matrix: Water

Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Run Factor = Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 1000 mL 1.0 mL 412878 01/29/19 22:58 MPT TAL SL
Total/NA Analysis 901.1 1 415542 02/19/19 11:43 KLS TAL SL
Instrument ID:  GAMMAVISION
Client Sample ID: KIF-CCR-TW01-2.0/4.0-20190124 Lab Sample ID: 180-86125-2
Date Collected: 01/24/19 14:50 Matrix: Solid
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Run Factor Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 4179 109 412881 01/30/19 00:23 MPT TAL SL
Total/NA Analysis 901.1 1 415652 02/20/19 11:35 KLS TAL SL
Instrument ID:  GAMMAVISION
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep-21 1000.02 mL 109 413934 02/07/19 08:27 MMO TAL SL
SPLP East Analysis 903.0 1 417382 03/01/19 06:51 KLS TAL SL
Instrument ID: GFPCORANGE
SPLP East Leach 1312 1049 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep_0 1000.02 mL 1049 413949 02/07/19 09:41 MMO TAL SL
SPLP East Analysis 904.0 1 415561 02/19/19 09:20 KLS TAL SL
Instrument ID: GFPCBLUE
SPLP East Analysis Ra226_Ra228 1 417323 03/06/19 10:27 RTM TAL SL
Instrument ID: NOEQUIP
Client Sample ID: KIF-CCR-FB01-20190124 Lab Sample ID: 180-86125-3
Date Collected: 01/24/19 15:55 Matrix: Water
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Run Factor = Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 1000 mL 1.0 mL 412878 01/29/19 22:58 MPT TAL SL
Total/NA Analysis 901.1 1 415543 02/19/19 11:45 KLS TAL SL
Instrument ID:  GAMMAVISION
Client Sample ID: KIF-CCR-TW01-7.0/9.0-20190124 Lab Sample ID: 180-86125-4
Date Collected: 01/24/19 15:58 Matrix: Solid
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Run Factor Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 32059 1049 412881 01/30/19 00:23 MPT TAL SL
Total/NA Analysis 901.1 1 415653 02/20/19 11:36 KLS TAL SL
Instrument ID:  GAMMAVISION
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep-21 999.94 mL 109 413934 02/07/19 08:27 MMO TAL SL
SPLP East Analysis 903.0 1 1.0 mL 1.0 mL 417383 03/01/19 06:53 KLS TAL SL
Instrument ID: GFPCPURPLE
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Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Lab Chronicle

Job ID: 180-86125-1

Client Sample ID: KIF-CCR-TW01-7.0/9.0-20190124

Lab Sample ID: 180-86125-4

Date Collected: 01/24/19 15:58 Matrix: Solid
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Factor Amount Amount Number or Analyzed Analyst Lab
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep_0 999.94 mL 109 413949 02/07/19 09:41 MMO TAL SL
SPLP East Analysis 904.0 1 415561 02/19/19 09:21 KLS TAL SL
Instrument ID: GFPCBLUE
SPLP East Analysis Ra226_Ra228 1 417323 03/06/19 10:27 RTM TAL SL
Instrument ID: NOEQUIP
Client Sample ID: KIF-CCR-TW01-11.5/13.5-20190124 Lab Sample ID: 180-86125-5
Date Collected: 01/24/19 16:45 Matrix: Solid
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Factor Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 387¢g 109 412881 01/30/19 00:23 MPT TAL SL
Total/NA Analysis 901.1 1 415646 02/20/19 11:36 KLS TAL SL
Instrument ID:  GAMMAVISION
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep-21 1000.08 mL 109 413934 02/07/19 08:27 MMO TAL SL
SPLP East Analysis 903.0 1 1.0 mL 1.0 mL 417383 03/01/19 06:53 KLS TAL SL
Instrument ID: GFPCPURPLE
SPLP East Leach 1312 1049 1.0 mL 413087 02/06/19 07:36  JWM TAL SL
SPLP East Prep PrecSep_0 1000.08 mL 1049 413949 02/07/19 09:41 MMO TAL SL
SPLP East Analysis 904.0 1 415561 02/19/19 09:21 KLS TAL SL
Instrument ID: GFPCBLUE
SPLP East Analysis Ra226_Ra228 1 417323 03/06/19 10:27 RTM TAL SL
Instrument ID: NOEQUIP
Client Sample ID: KIF-CCR-TW01-16.5/18.5-20190125 Lab Sample ID: 180-86125-6
Date Collected: 01/25/19 09:40 Matrix: Solid
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Factor = Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 293.5¢g 1.0g 412881 01/30/19 00:23 MPT TAL SL
Total/NA Analysis 901.1 1 415647 02/20/19 11:37 KLS TAL SL
Instrument ID:  GAMMAVISION
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep-21 999.99 mL 109 413934 02/07/19 08:27 MMO TAL SL
SPLP East Analysis 903.0 1 1.0 mL 1.0 mL 417383 03/01/19 06:53 KLS TAL SL
Instrument ID: GFPCPURPLE
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep_0 999.99 mL 109 413949 02/07/19 09:41 MMO TAL SL
SPLP East Analysis 904.0 1 415561 02/19/19 09:21 KLS TAL SL
Instrument ID: GFPCBLUE
SPLP East Analysis Ra226_Ra228 1 417323 03/06/19 10:27 RTM TAL SL
Instrument ID: NOEQUIP
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Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Lab Chronicle

Job ID: 180-86125-1

Client Sample ID: KIF-CCR-DUP01-20190125

Lab Sample ID: 180-86125-7

Date Collected: 01/25/19 00:00 Matrix: Solid
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Factor = Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 27529 1049 412881 01/30/19 00:23 MPT TAL SL
Total/NA Analysis 901.1 1 415648 02/20/19 11:37 KLS TAL SL
Instrument ID: GAMMAVISION
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep-21 1000.02 mL 109 413934 02/07/19 08:27 MMO TAL SL
SPLP East Analysis 903.0 1 1.0 mL 1.0 mL 417383 03/01/19 06:53 KLS TAL SL
Instrument ID: GFPCPURPLE
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep_0 1000.02 mL 109 413949 02/07/19 09:41 MMO TAL SL
SPLP East Analysis 904.0 1 415561 02/19/19 09:21 KLS TAL SL
Instrument ID: GFPCBLUE
SPLP East Analysis Ra226_Ra228 1 417323 03/06/19 10:27 RTM TAL SL
Instrument ID: NOEQUIP
Client Sample ID: KIF-CCR-FB02-20190125 Lab Sample ID: 180-86125-8
Date Collected: 01/25/19 10:15 Matrix: Water
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Factor  Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 1000 mL 1.0 mL 412878 01/29/19 22:58 MPT TAL SL
Total/NA Analysis 901.1 1 415544 02/19/19 11:47 KLS TAL SL
Instrument ID: GAMMAVISION
Client Sample ID: KIF-CCR-TW01-21.5/23.5-20190125 Lab Sample ID: 180-86125-9
Date Collected: 01/25/19 11:08 Matrix: Solid
Date Received: 01/26/19 09:30
Batch Batch Dil Initial Final Batch Prepared
Prep Type Type Method Factor = Amount Amount Number or Analyzed Analyst Lab
Total/NA Prep Fill_Geo-21 357.3¢g 109 412881 01/30/19 00:23 MPT TAL SL
Total/NA Analysis 901.1 1 415649 02/20/19 11:38 KLS TAL SL
Instrument ID:  GAMMAVISION
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep-21 1000.02 mL 109 413934 02/07/19 08:27 MMO TAL SL
SPLP East Analysis 903.0 1 1.0 mL 1.0 mL 417383 03/01/19 06:53 KLS TAL SL
Instrument ID: GFPCPURPLE
SPLP East Leach 1312 109 1.0 mL 413087 02/06/19 07:36 JWM TAL SL
SPLP East Prep PrecSep_0 1000.02 mL 109 413949 02/07/19 09:41 MMO TAL SL
SPLP East Analysis 904.0 1 415561 02/19/19 09:21 KLS TAL SL
Instrument ID: GFPCBLUE
SPLP East Analysis Ra226_Ra228 1 417323 03/06/19 10:27 RTM TAL SL
Instrument ID: NOEQUIP

Laboratory References:

TAL SL = Eurofins TestAmerica, St. Louis, 13715 Rider Trail North, Earth City, MO 63045, TEL (314)298-8566
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Lab Chronicle
Client: Environmental Standards Inc. Job ID: 180-86125-1

Project/Site: KIF_CCR_20190125_1B

Analyst References:
Lab: TAL SL
Batch Type: Leach
JWM = Joe Mcnutt
Batch Type: Prep
MMO = Molly Olson
MPT = Michael Tucker
Batch Type: Analysis
KLS = Kody Saulters
RTM = Rachel Mueller

Eurofins TestAmerica, Pittsburgh
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Accreditation/Certification Summary

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Laboratory: Eurofins TestAmerica, Pittsburgh
All accreditations/certifications held by this laboratory are listed. Not all accreditations/certifications are applicable to this report.

Authority Program EPA Region Identification Number  Expiration Date
Arkansas DEQ State Program 6 88-0690 06-27-19
California State Program 9 2891 04-30-19 *
Connecticut State Program 1 PH-0688 09-30-20
Florida NELAP 4 E871008 06-30-19
lllinois NELAP 5 200005 06-30-19
Kansas NELAP 7 E-10350 01-31-20
Louisiana NELAP 6 04041 06-30-19
Nevada State Program 9 PA00164 07-31-19
New Hampshire NELAP 1 2030 04-04-20
New Jersey NELAP 2 PAO005 06-30-19
New York NELAP 2 11182 03-31-20
North Carolina (WW/SW) State Program 4 434 12-31-19
Oregon NELAP 10 PA-2151 02-06-20
Pennsylvania NELAP 3 02-00416 04-30-20
South Carolina State Program 4 89014 04-30-19 *
Texas NELAP 6 T104704528-15-2 03-31-20
US Fish & Wildlife Federal LE94312A-1 07-31-19
USDA Federal P330-16-00211 06-26-19
Utah NELAP 8 PA001462015-4 05-31-19
Virginia NELAP 3 460189 09-14-19
West Virginia DEP State Program 3 142 01-31-20
Wisconsin State Program 5 998027800 08-31-19

* Accreditation/Certification renewal pending - accreditation/certification considered valid.
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Accreditation/Certification Summary

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Laboratory: Eurofins TestAmerica, St. Louis

All accreditations/certifications held by this laboratory are listed. Not all accreditations/certifications are applicable to this report.

Authority Program EPA Region Identification Number  Expiration Date
Alaska State Program 10 MO00054 06-30-19
ANAB DoD / DOE L2305 04-06-22
Arizona State Program 9 AZ0813 12-08-19
California State Program 9 2886 06-30-19 *
Connecticut State Program 1 PH-0241 03-31-21
Florida NELAP 4 E87689 06-30-19 *
Hawaii State Program 9 NA 06-30-19
lllinois NELAP 5 200023 11-30-19
lowa State Program 7 373 12-01-20
Kansas NELAP 7 E-10236 10-31-19
Kentucky (DW) State Program 4 KY90125 12-31-19
Louisiana NELAP 6 04080 06-30-19
Louisiana (DW) NELAP 6 LAO11 12-31-19
Maryland State Program 3 310 09-30-19
Michigan State Program 5 9005 06-30-19
Missouri State Program 7 780 06-30-19
Nevada State Program 9 MO000542018-1 07-31-19
New Jersey NELAP 2 MO002 06-30-19 *
New York NELAP 2 11616 03-31-20
North Dakota State Program 8 R207 06-30-19 *
NRC NRC 24-24817-01 12-31-22
Oklahoma State Program 6 9997 08-31-19
Pennsylvania NELAP 3 68-00540 02-28-20
South Carolina State Program 4 85002001 06-30-19
Texas NELAP 6 T104704193-18-13 07-31-19
US Fish & Wildlife Federal 058448 07-31-19
USDA Federal P330-17-0028 02-02-20
Utah NELAP 8 MO000542018-10 07-31-19
Virginia NELAP 3 460230 06-14-19 *
Washington State Program 10 C592 08-30-19
West Virginia DEP State Program 3 381 08-31-19

* Accreditation/Certification renewal pending - accreditation/certification considered valid.
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Method Summary

Client: Environmental Standards Inc. Job ID: 180-86125-1
Project/Site: KIF_CCR_20190125_1B

Method Method Description Protocol Laboratory
901.1 Radium-226 & Other Gamma Emitters (GS) EPA TAL SL
903.0 Radium-226 (GFPC) EPA TAL SL
904.0 Radium-228 (GFPC) EPA TAL SL
Ra226_Ra228 Combined Radium-226 and Radium-228 TAL-STL TAL SL
1312 SPLP Extraction SW846 TAL SL
Fill_Geo-21 Fill Geometry, 21-Day In-Growth None TAL SL
PrecSep_0 Preparation, Precipitate Separation None TAL SL
PrecSep-21 Preparation, Precipitate Separation (21-Day In-Growth) None TAL SL

Protocol References:
EPA = US Environmental Protection Agency
None = None
SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates.
TAL-STL = TestAmerica Laboratories, St. Louis, Facility Standard Operating Procedure.

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

Eurofins TestAmerica, Pittsburgh
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Sample Summary

Client: Environmental Standards Inc.
Project/Site: KIF_CCR_20190125_1B

Job ID: 180-86125-1

Lab Sample ID Client Sample ID Matrix Collected Received

180-86125-1 KIF-CCR-EB01-20190124 Water 01/24/19 13:55 01/26/19 09:30
180-86125-2 KIF-CCR-TW01-2.0/4.0-20190124 Solid 01/24/19 14:50 01/26/19 09:30
180-86125-3 KIF-CCR-FB01-20190124 Water 01/24/19 15:55 01/26/19 09:30
180-86125-4 KIF-CCR-TW01-7.0/9.0-20190124 Solid 01/24/19 15:58 01/26/19 09:30
180-86125-5 KIF-CCR-TW01-11.5/13.5-20190124 Solid 01/24/19 16:45 01/26/19 09:30
180-86125-6 KIF-CCR-TWO01-16.5/18.5-20190125 Solid 01/25/19 09:40 01/26/19 09:30
180-86125-7 KIF-CCR-DUP01-20190125 Solid 01/25/19 00:00 01/26/19 09:30
180-86125-8 KIF-CCR-FB02-20190125 Water 01/25/19 10:15 01/26/19 09:30
180-86125-9 KIF-CCR-TWO01-21.5/23.5-20190125 Solid 01/25/19 11:08 01/26/19 09:30
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REAGENT TRACEABILITY SUMMARY

Lab Name: Eurofins TestAmerica, St. Louis Job No.: 180-86125-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume
Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
1L Marn LCS_00005 09/21/19 Eckert & Ziegler, Lot 83924-334 (Purchased Reagent) Americium-241 305.85 dpm/g
Cesium-137 120.21 dpm/g
Cobalt-60 197.61 dpm/g
1L Marn_00002 03/02/16 Eckert & Ziegler, Lot 83924-334 (Purchased Reagent) Americium-241 5097.5 pCi/L
Ce-139 2399.2 pCi/L
Cesium-137 2003.5 pCi/L
Co-57 1564.3 pCi/L
Cobalt-60 3293.9 pCi/L
Mn-54 3083.6 pCi/L
Sn-113 4248.4 pCi/L
Y-88 6929.6 pCi/L
1L Marn_00003 02/09/17 Eckert & Ziegler, Lot 90062 (Purchased Reagent) Americium-241 5072.4 Bq
Cd-109 72078 Bq
Ce-139 2418 Bg
Cesium-137 2056.4 Bg
Co-57 1593.5 Bqg
Cobalt-60 3233.8 Bg
Hg-203 5155.9 Bq
Mn-54 3114.6 Bg
Sn-113 4253.1 Bg
Y-88 7000 Bg
Ba Carrier 00045 [12/18/19] CPI, Lot 10079154-4 (Purchased Reagent) |Ba Carrier | 20000 ug/mL|
Ra-226 00022 12/06/19|08/24/16 | 1M HNO3, Lot n/a 100 mL Ra 7534.61
- dpm/mL
Ra-226 00021 5.0595 g|Radium-226 7534.61
B dpm/mL
Rn-222 7534.61
dpm/mL
Total Alpha Emitting Radium 7534.61
Isotopes dpm/mL
.Ra-226 00021 09/01/53 NIST, Lot 4967A (Purchased Reagent) Radium-226 2482 Bqg/g
Rn-222 2482 Bg/g
Total Alpha Emitting Radium 2482 Bqg/g
Isotopes
Ra-226 00025 09/13/19|12/08/16|0.1M HC1l, Lot N/A 100 mL |Ra-226 00024 4.9774 g|Ra 8409.79
- B dpm/mL
Radium-226 8409.79
dpm/mL
Rn-222 8409.79
dpm/mL
Total Alpha Emitting Radium 8409.79
Isotopes dpm/mL
.Ra-226_00024 12/05/66 Eckert & Ziegler, Lot 104858 (Purchased Reagent) Ra 2815.99 Bg/g
Radium-226 2815.99 Bg/g
Rn-222 2815.99 Bg/g
Total Alpha Emitting Radium 2815.99 Bg/g
Isotopes
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REAGENT TRACEABILITY SUMMARY

Lab Name: Eurofins TestAmerica, St. Louis Job No.: 180-86125-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume
Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
Ra-226_00028 09/13/19|08/01/18 |0.1M HC1l, Lot N/A 1000 mL|Ra-226_00025 3 mL [Ra 25.2294
dpm/mL
Radium-226 25.2294
dpm/mL
Rn-222 25.2294
dpm/mL
Total Alpha Emitting Radium 25.2294
Isotopes dpm/mL
.Ra-226_00025 09/13/19|12/08/16|0.1M HC1l, Lot N/A 100 mL|Ra-226 00024 4.9774 g|Ra 8409.79
N N dpm/mL
Radium-226 8409.79
dpm/mL
Rn-222 8409.79
dpm/mL
Total Alpha Emitting Radium 8409.79
Isotopes dpm/mL
..Ra-226 00024 12/05/66 Eckert & Ziegler, Lot 104858 (Purchased Reagent) Ra 2815.99 Bg/g
Radium-226 2815.99 Bg/g
Rn-222 2815.99 Bg/g
Total Alpha Emitting Radium 2815.99 Bg/g
Isotopes
Ra-228_00031 12/20/19|07/09/18 |0.1M HCL, Lot n/a 100 mL|Ra-228 00030 4.9846 g|Radium-228 229.501
dpm/mL
.Ra-228 00030 05/31/46 Eckert & Ziegler, Lot D-K-19023-01-00 (Purchased Reagent) Radium-228 76.7368 Bg/g
Source C_00001 04/01/59|02/23/12 |water, Lot 79670-334 1.0148 g|Gamma Ampuole 00001 |1.0148 g|Americium-241 9442.9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bqg
Cesium-137 3729.6 Bg
Co-57 2951.3 Bqg
Cobalt-60 6200.2 Bqg
Hg-203 9699.6 Bg
Sn-113 7626.6 Bg
Y-88 12712 Bq
.Gamma Ampuole 00001 04/07/59 Analytics, Lot 79670-334 (Purchased Reagent) Americium-241 9442.9 Bg
Cd-109 132909 Bg
Ce-139 4453.8 Bg
Cesium-137 3729.6 Bg
Co-57 2951.3 Bg
Cobalt-60 6200.2 Bg
Hg-203 9699.6 Bg
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|Americium-241 9442.9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bg
Cesium-137 3729.6 Bg
Co-57 2951.3 Bg
Cobalt-60 6200.2 Bg
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REAGENT TRACEABILITY SUMMARY

Lab Name: Eurofins TestAmerica, St. Louis Job No.: 180-86125-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume
Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
Hg-203 9699.6 Bg
Sn-113 7626.6 Bg
Y-88 12712 Bq
.Gamma Ampuole 00001 04/07/59 Analytics, Lot 79670-334 (Purchased Reagent) Americium-241 9442.9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bqg
Cesium-137 3729.6 Bqgq
Co-57 2951.3 Bqg
Cobalt-60 6200.2 Bg
Hg-203 9699.6 Bg
Sn-113 7626.6 Bg
Y-88 12712 Bg
Source E_00001 04/01/59|02/23/11 |water, Lot 79670-334 1.0205 g |Gamma Ampuole 00001 |1.0205 g|Americium-241 9442.9 Bg
Cd-109 132909 Bqgq
Ce-139 4453.8 Bq
Cesium-137 3729.6 Bg
Co-57 2951.3 Bqgq
Cobalt-60 6200.2 Bg
Hg-203 9699.6 Bg
Sn-113 7626.6 Bg
Y-88 12712 Bq
.Gamma Ampuole 00001 04/07/59 Analytics, Lot 79670-334 (Purchased Reagent) Americium-241 9442.9 Bqg
Cd-109 132909 Bg
Ce-139 4453.8 Bqg
Cesium-137 3729.6 Bgq
Co-57 2951.3 Bqg
Cobalt-60 6200.2 Bg
Hg-203 9699.6 Bg
Sn-113 7626.6 Bgq
Y-88 12712 Bg
Source G_00001 01/01/61|01/01/11 |water, Lot 83725-334 10 mL|Gamma Ampuole 00003 |1.8639 g|Americium-241 1693.09 Bg
Cd-109 24592.1 Bg
Ce-139 816.481 Bg
Cesium-137 681.815 Bg
Co-57 532.386 Bg
Cobalt-60 1120.87 Bg
Hg-203 1766.08 Bg
Sn-113 1445.98 Bg
Y-88 2359.21 Bg
.Gamma Ampuole 00003 01/19/61 Analytics, Lot 83725-334 (Purchased Reagent) Americium-241 9083.6 Bg
Cd-109 131939 Bg
Ce-139 4380.5 Bg
Cesium-137 3658 Bg
Co-57 2856.3 Bqg
Cobalt-60 6013.6 Bg
Hg-203 9475.2 Bqgq
Sn-113 7757.8 Bg
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REAGENT TRACEABILITY SUMMARY

Lab Name: Eurofins TestAmerica, St. Louis Job No.: 180-86125-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume

Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
Y-88 12657.4 Bg
Source H_00002 01/01/51|01/01/12 |wataer, Lot 83725-334 10 mL | Gamma Ampuole 00003 |2.1184 g |Americium-241 1924.27 Bg
Cd-109 27950 Bq
Ce-139 927.965 Bg
Cesium-137 774.911 Bg
Co-57 605.079 Bg
Cobalt-60 1273.92 Bg
Hg-203 2007.23 Bg
Sn-113 1643.41 Bg
Y-88 2681.34 Bg
.Gamma Ampuole 00003 01/19/61 Analytics, Lot 83725-334 (Purchased Reagent) Americium-241 9083.6 Bg
Cd-109 131939 Bqgq
Ce-139 4380.5 Bg
Cesium-137 3658 Bg
Co-57 2856.3 Bg
Cobalt-60 6013.6 Bg
Hg-203 9475.2 Bg
Sn-113 7757.8 Bg
Y-88 12657.4 Bg
Sr-90_00004 09/17/59|06/21/11|0.1M HCL, Lot 0 100 mL|Sr-90 00001 5.0139 g|Gross Beta 45120.6
dpm/mL
Sr 22560.3
dpm/mL
Sr-90 22560.3
dpm/mL
.Sr-90_00001 09/17/59 Eckert & Ziegler, Lot 80573-334 (Purchased Reagent) Gross Beta 14998.5 Bg/g
Sr 7499.25 Bag/g
Sr-90 7499.25 Bg/g
Sr-90 00018 04/19/20|11/28/12|0.1M HCL, Lot O 100 mL|Sr-90 00017 4.9997 g|Gross Beta 44774.2
- - dpm/mL
Sr-90 22387.1
dpm/mL
.Sr-90_00017 11/29/62 Analytics, Lot 92352 (Purchased Reagent) Gross Beta 14925.6 Bqg/g
Sr-90 7462.82 Bg/g
Th-230 00016 11/29/62|11/28/12|0.5M HNO3, Lot O 100 mL | Th-230 00015 5.0489 g |Gross Alpha 2374.49
- B dpm/mL
Th-230 2374.49
dpm/mL
.Th-230_00015 11/29/62 Analytics, Lot 92523 (Purchased Reagent) Gross Alpha 783.829 Bg/g
Th-230 783.829 Bg/g
Th-230 00019 10/15/19|08/13/13 | 1M HNO3, Lot n/a 100 mL|Th-230 00018 5.0731 |Gross Alpha 2228.23
- N mL dpm/mL
Th-230 2228.23
dpm/mL
.Th-230_00018 08/08/63 Eckert & Ziegler Analytics, Lot 92776 (Purchased Reagent) Gross Alpha 43922.5 dpm/g
Th-230 43922.5 dpm/g
Tuna Can LCS_00008 [09/14/19] Analytics, Lot 74139-334 \ (Purchased Reagent) | Americium-241 \ 219 dpm/q |
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REAGENT TRACEABILITY SUMMARY

Lab Name: Eurofins TestAmerica, St. Louis Job No.: 180-86125-1
SDG No.:
Parent Reagent
Reagent
Exp Prep Dilutant Final Volume
Reagent ID Date Date Used Volume Reagent ID Added Analyte Concentration
Cesium-137 82.3 dpm/g
Cobalt-60 136 dpm/g
Tuna Can_00002 02/03/15 Eckert & Ziegler, Lot 81427-334 (Purchased Reagent) Americium-241 1164 Bqg
Cd-109 16063 Bg
Ce-139 546 Bqg
Cesium-137 465 Bqg
Co-57 357 Bg
Cobalt-60 742 Bqg
Hg-203 1208 Bqg
Pb-210 15186 Bg
Sn-113 943 Bg
Y-88 1571 Bg
Tuna Can_00003 02/09/17 Eckert & Ziegler, Lot 90099 (Purchased Reagent) Americium-241 1164 Bg
Cd-109 16373 Bg
Ce-139 549 Bqg
Cesium-137 467 Bqg
Co-57 362 Bqg
Cobalt-60 735 Bqg
Hg-203 1171 Bq
Pb-210 14936 Bqg
Sn-113 967 Bg
Y-88 1590 Bg
Tuna Can_00006 03/01/16 Eckert & Ziegler, Lot 83814-334 (Purchased Reagent) Americium-241 1195 Bg
Cd-109 16353 Bg
Ce-139 543 Bqg
Cesium-137 453 Bg
Co-57 354 Bqg
Cobalt-60 745 Bqg
Hg-203 1175 Bg
Pb-210 14606 Bg
Sn-113 961 Bg
Y-88 1568 Bg
Y Carrier_ 00035 [10/18/19] CPI, Lot 10064660-7 (Purchased Reagent) Y Carrier 50000 mg/L]
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Reagent

1L Marn LCS 00005



St. Louis Radiotogical Standard
Verification

TestAmerica

T LEADER it FNVIRGHNIMY A TAL TESTING

Printed: 8/26/2018 1:11 PM

Standard ID Number: 1L Marn LCS_00005 (1575310) Radionuclide:
True Value = 136100 [JpCi/L Am-241
Date Analyzed: 9/21/2018
Replicates
#1 134000 JpCilL
#2 132500 |pCi/L
#3 134200 JpCilL
Mean = 133566.667
1 sigma= 929.157324 1.96 sigma= 1821.148
True Value minus 5% = 129295 (True Value - 5%)
True Value plus 5% = 1429056 (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
DoD/DOE Consolidated QSM and LANL Statements of Work

1st Reviewed By/Date: AT ANV N 4

-
/,

4-36-1%

2nd Reviewed By/Date:

L:\Public\RAD\Verifcations_3 pointiGammat\Current Gamma LCS Ver\
1L Mam LCS_00005 (1575310) Am-241.XLS
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TeSfAmeriCO St. Louis Radiological Standard

Verification

© L LEADCR ik FHY:RGHMMISTAL TESTING

Printed: 9/26/2018 1:13 PM

Standard ID Number: [ 1L Marn LCS_00005 (1575310) Radionuclide:
True Value = 45320 JpCilL | Cs-137 1
Date Analyzed: 9/21/2018
Replicates
#1 42620 [pCi/L
#2 44850 [pCi/L
#3 | 42540 JpCill
Mean = 43336.6667
1 sigma= 1311.19538 1.96 sigma = 2560.943
True Value minus 5% = 43054 {True Vaiue - 5%)
True Value plus 5% = 47586 {True Value + 5%)
Accuracy:
Mean value within 5% of Certified (True) Value? ___Yes  {Acceptance Criteria)
Precision:
1.96 sigma Value Within 16% of Mean Value? Yes (Acceptance Criteria)
Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiclogical standards is taken from the
DoD/DOE Consolidated QSM and LANL Statements of Work

1t Reviewed By/Date: m 7z

2nd Reviewed By/Date:

L:\Public\RAD\Verifcations_3 pointi\Gamma\Current Gamma LCS Ver\
1L Marn LCS_00005 (1575310} Cs-137.XLS
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TestAmerica St. Louis Radiological Standard Printed: 9/26/2018 1:12 PM
. - - -~ " ] Verification

TE WEADEF N FNVRDNMTATAL TESTING

Standard ID Number: 1L Marn LCS_00005 {1575310) Radionuclide:
True Value = | 32250 JpCill | Co-60 | |
Date Analyzed: 9/21/2018

Replicates
#1 pCilL
#2 pCi/L
#3 pCilL

Mean = 31143.3333
1sigma = 165.025251 1.96 sigma = _ 323.4495

True Value minus 5% = 30637.5 (True Value - 5%)
True Value plus 5% = 33862.5 {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
DoD/DOE Consolidated QSM and LANL Statements of Work

1st Reviewed By/Date: ﬁ/ﬁ F. 2l S

2nd Reviewed By/Date:

L:\Public\RADWerifcations_3 pointiGamma\Current Gamma LCS Ven RAD-071 Revised 6-9-16
1L Marn LCS_00005 (1575310) Co-60.XLS SOP ST-QA-0002
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TeSTAmeriCO Analysis Report for Gamma Spectroscopy

Batch: 386459 Operator:

THE LEADER IN ENVIRONMENTAL TESTING

_ _ MQO

SampID WRKNO Aliquot Sigma Instrument Detector  CountDateTime CountDuration

LCS 160-386459~2- LCS 1000.00mL 1.00 GammaVision GV15 9/21/18 14:17 120
Analyte Cmondé ™" " " Activity TotalUnc  CountUnc MDA  MLCC Act/MDA
AC-228 11136 1.035E+002pCill 2005E+002 2.004E+002  4.793E+002 2.377E+002 0.22 200.4858
AG-108M 10982 -5.300E+001pCill 2386E+001  2.371E+001  1.091E+002 5.419E+001 .49 23.8631
AG-110M 10073 8.334E+001pCl/L. 5.824E+)01  5810E+001 2.424E+002 1.204E-+002 0.34 58.2405
AM-241 10818 1.340E+005pCill 7.J40E+003 25804002  3.721E+002 1.856E+002 36017  7,740.3899
BA-133 10469 8.584E+001pCill 7450E+001 7437E+001  1.688E+D02 B8.398E+001 0.51 74.4993
BA-140 10463 1.931E+002pCill 1940E+002 1.938E+002 3.605E+002 1.7B8E+002 0.54 194.0195
BE-7 10435 -4.615E4002pCill 4649E+002  4.643E+002  1.532E+003 7.631E+002 0.30 464.8973
BI-207 10195 4.927TE+001pCill 8581E+001  8577E+001  1.832E+002 9.071E+001 0.27 85.8052
Bl-210M 10173 6.737E+D01pCilL 5.805E+001 5.882E+001 1.708E+002 8.500E+001 0.3% 58.9545
81212 10160 3.670E+002pCill 4786E+002 A.782E+002 1.582E+003 7.850E+002 0.23 4785874
Bl-214 10154 1.535E+001pCill TA91E+002 1.191E+002  3.939E+002 1.961E+002 0.04 119.0880
CD-109 9254 2.156E+004pCill 1.514E+003  8.779E+002  2.799E+003 1.396E+003 770 15137360
CD-113M 17462 -5.192E4005pCilL 3841E+005 3.827EH005  1.262E+006 6.276E+005 041 384,137.3570
CE-139 9241 -2 BME+001pCill 2698E+001  2.686E+001 8.863E+001 4.413E+001 0.32 26.9832
CE-1#41 9235 -4.485E+001pCilL 6458E+001  6.454E+001  2.130E+002 1.062E+002 -0.21 64.5814
CE-144 9221 1.840E+002pCi/L 2670E+002 2668E+002  B.B0GE+002 4.391E+002 0.21 267.0147
CF-249 9215 0.000E+IDOPCIL 2983E+001 2.98BE+001  2.196E+002 1.094E+002 0.00 29.8837
CF-23 13690 -1.405E+002pCill 1.368E+002 1.363E+002 3.405E+002 1.683E+002 041 136.8355
CO-56 B704 2.38BE+000pCiL 211564000  2111E+000  1.294E+002 6.419E+001 0.02 2.1155
Co-57 13694 1.934E+002pCifL 2.808E+002 2.806E+002 9.262E+002 4.61BE+(002 0.21 280.8223
€0-58 8698 -6.131E+001pCilL 5008E+001  4.999E+001  1.650E+002 B.198E+001 037 50.0789
€0-60 8692 3.119E+004pCill 1542E+003 9.996E+001 6.630E+001 3.237E+D01 47035  1542.2814
GR-51 8604 3.388E+002pCilL 3.583E+002 3578E+002  1.181E+003 5.8B1E+D02 0.29 358.2727
5134 8553 -1.207E+000pCilL 6.647E-001  6.620E-001  1.728E+002 8.580E-+001 0.01 0.6647
CS136 8546 -6.250E+001pCill 5.138E+001 5.126E+001 1.692E+002 8.408E-+001 037 51.3815
Cs-137 8539 4.262E+004pCilL 2.135E+003  1.312E+002  1.282E+002 6.359E+001 33249 2,135.1029
EU-152 7145 2.846E+002pCill 1.275E+002 1.266E+002  2.783E+002 1.382E+002 1.02 127.4882
EU-154 7138 1.919E+002pCilL 8.005E+001 7.936E+001  1404E+002 6.988E+001 1.37 80.0535
EU-155 713 0.000E+000pCilL 4641E+001  4.641E+001 5.377E+002 2.682E+002 0.00 46.4059
FE-58 7073 6.715E4001pCI/L TO70E+001  7.063E+001  2.641E+002 1.309E+002 0.25 70.7033
GA-68 18005 -4.602E+002pCill 3.516E+003  3.516E+003  7.519E+003 3.725E+003 006 35164104
GD-153 6824 0.000E+000pCifl 1.738E+001 1.73BE+001  3.764F+002 1.878E+002 0.00 17.3828
HF-181 6495 6.941E+000pCiL 5121E+000  5.109E+000 2.027E+002 1.010E+002 0.03 51213
HG-203 6466 -1.547E+001pCill 3.228E+001 3.226E+001  1.067E+002 5.308E-+001 -0.15 32.2762
k131 6380 2.136E+001pCilL 4208E+001  4.208E+001  1.006E+0D02 4.999E+001 0.2 420784
IR-192 6303 6.074E+001pCill 41B0E+001  4.165E+001  1.357E+002 6.759E+001 045 41.8000
K-40 6148 5.789E+001pCill 1939E+002 1.930E+002  3.985E+)D2 1.917E+002 0.14 193.8961
KR-85 6111 1.188E+003pCilL 8.342E+003 8.342E+003  2.763E+004 1.374E+004 0.04 83420502
LA-140 6096 3.546E+001pCill. 4383E+4001 4379E+001  3.868E+001 1.837E+001 0.92 43.8329
MN-54 5382 2.126E+002pCilL 5.280E+001  5.184E+001  1.057E+002 5.233E+001 201 52.8821
NA-22 5201 0.000E+000pCill 2389E+001  2.389E+001  7.863E+001 3.856E-+001 0.00 23.8924
NB-94 5160 -7.517TE+000pCilL 1455E+001  1454E+001 9.326E+001 4.617E+001 .08 14.5496
NB-95 5154 -5.383E+001pCilL 4732E+001 4724E+001  1.560E+002 7.750E-+001 0.35 47.3167
ND-147 5083 -2.604E+002pCilL 3.068E+002 3.064E+002 7.030E+002 3.4B8E-+002 037 306.7681
NP-237 4757 -1 423E+002pCiL 2669E+(02 2668E+002 8.803E+002 4.392E+0)02 0.16 266.8842
NP-239 4751 -8.698E+001pCilL 154264002 1.541E+002  5.086E+002 2.537E+002 017 154.2180
PA-231 4541 1.206EH003pCilL 1.380E+003 1.378E+003  5.991E+003 2.987E+003 020 1,379.6125
PA-233 4535 1.540E+H002pCilL 1496E+002 1.493E+002  3.232E+002 1.610E+002 0.48 149.5557
PA-234 4528 1.125E+002pCill. 1.627E+002 1626E+002 5.365E+002 2.675E+002 0.21 162.6680
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PA-234M 19453 -9.531E+003pCill 6.497E+003  6.480E+003  2.137E+004 1.061E~+004 045  6,496.5904

PB-210 4467 2.845E+004pCilL 3280E+003  2.054E+003 6.714E+003 3.354E+003 424 32804702

PB-212 4454 1.535E+001pCiL 8.378E+001  8.377E+001  2.768E+002 1.379E+002 0.06 83.7785

PB-214 4445 7.77T4E+001pCill 1.065E+002  1.064E+002 2.856E+002 1.421E+002 0.27 106.4705

PM-144 19585 -7.733E-001pCi'L 4106E+001  4.106E+001  9.110E+001 4.510E+001 .01 41,0648

PM-146 2464 -1.762E+001pCilL 3443E+001 3421E+001  1.769E+)02 8.785E+001 044 34 4266

RH-106 1882 2.165E+002pCill 5625E+02 5.624E+002  1.859E+003 9.256E+002 0.12 562.4837

RU-103 1828 4. 769E+001pCill 4401E+001  4.394E+001  1.007E+002 4.999E+001 0.47 44,0094

8B-124 1784 -4.612E+001pCill 4287E+001 4.281E+001  1.869E+002 9.307E+001 0.25 42,8705

$B-125 1777 2.396E+001pCilL 157764001 1573E+001  3.251E+002 1.615E+002 007 15.7742

§C-46 1739 1.626E+001pCiiL 311464001  3.113E+001  1.962E+002 9.756E+001 0.08 31.1361

SN-113 1570 -4, 344E+001pCilL 6.884E+001 6.881E+001  2.273E+002 1.132E+002 -0.19 68.8431

SN-126 17459 3.520E+001pCilL 1113E+002  1.113E+002  3.303E-+002 1.638E-+002 0.11 111.3081

TA-182 1301 -2.367E+002pCill 184564002 1.842E+002 6.077E+002 3.019E+002 0.39 184.5316

TC-99M 17412 2.640E+001pCilL 3.629E+001  3.826E+001  1.263E+002 6.297E+001 0.21 38.2922

TH-227 1058 2.543E+002pCiL 2483E+002 2478E-+002 1.018E+003 5.060E+002 0.25 248.2593

TH-229 1046 -6.412E+002pCilL 8.344E+002 8.320E+002 1.512E+003 7.524E+002 042 B34.3777

TH-234 1027 -1.599E+002pCill 1.263E+003  1.263E+003  2.018E+003 1.007E+003 0.08  1,262.8041

TL-208 929 B8.063E+001pCiilL 6.850E+001 6.B47E+001  1.182E+002 5.864E+001 0.68 68.5922

TL-210 20861 1.063E+001pCilL 1.717E+001  1.716E+001  1.515E+002 7.524E+001 0.07 17.1664

U-235 281 1.284E+002pCilL 2811E+002 2811E+002 9.2B0E+002 4.627E+002 0.14 281.1422

Y-88 74 1.566E+001pCilL 2077E+001  2.075E+001  4.182E+001 1.984E+001 0.37 20.7712

ZN-65 3 3.193E+002pCiflL 7.196E+001  7.027E+001  2.268E+002 1.121E+002 141 71.9602

ZR-95 7 6.869E+001pCiflL 50909E+001 5.899E+001 2.616E+002 1.299E+002 0.26 59.0897
Laboratory Control Sample Information
Sample iD WRKNO Analyte Activi StdAdded Recovery ZFactor
LCS 160-386459~2-A LCS 160-366459~2-A Cs-137 4.262E+004 pCilL 4.532E+004 94.03% -0.8676

CO-60 3119E+004 pCil 3.225E+004 96.70% -0.4800
AN-241 1.340E+005 pCilL 1.361E-+005 98.47% -0.1881

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

|Blanks Information '

SamplD

9/26/2018

WRKNG

10:51:17AM

Analyte

Page 2 of 2
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TestAmerica T mais Revort for Gams Speczocons

Batch: 390595 Operator:

THE LEADER IN ENVIRONMENTAL TESTING

i MQO
SamplD WREKNO Aliquot Sigma Instrument Detector  CountDateTime CountDuration
LCS 160-390595~2- LCS 1000.00mL 1.00 GammaVision GV14 9/22/18 10:27 60
Analyte C;nngm"" - .Activim Totallne  CoumUnc MDA MLCC Act/MDA
AC-228 11136 3.752E+002pCilL 2027E+002  2.019E+002  5.601E+002 2.769E+002 0.67 2027300
AG-108M 10982 -9.076E+000pCilL 5.190E+001 5.199E+001  1.305E+002 6.471E+001 £0.07 51.9942
AG-110M 10973 8.849E+000pCilL 2548E+001  2.54BE+001 3.229E+002 1.603E+002 0.03 25.4607
AM-241 10818 1.325E+005pCilL 7657E+103  3.065E+002  4.249E+002 2.118E+002 3M1.92 76572346
BA-133 10469 9.225E+001pCill 8665E+001 8.652F+001 2.061E+002 1.023E+002 045 86.6496
BA-140 10463 2729+002pCilL 2187E+002 2.1B3E+002  4.280E-+002 2.121E+002 0.64 218.7456
BE-7 10435 -5.133E+002pCill 4613E+002  4.806E+002  1.521E+003 7.555E-+002 -0.34 461.3417
Bl-207 - 10195 6.198E+001pCill 4.336E+001  4.325E+001  2.224E+002 1.098E-+002 0.28 43.3586
Bl-210M 10173 8.704E+001pCilL 8.105E+001  8.089E+001  2.038E+002 1.012E+002 043 81.0486
Bl-212 10160 7.498E+002pCilL B.153E+002 6.142E+4002 2.029E+003 1.005E+003 0.37 615.3067
Bl-214 10154 9.133E+001pCilL 1.445E+302  1.445E+002 4.777E+002 2.375E+002 0.19 144,5363
CD-109 9254 2.138E+004pCilL 1.368E+003  6.125E+002  1.782E+003 8.857E+002 1200  1,367.9171
CD-113M 17462 5.504E+005pCill 5.366E+005 5.354E+005 1.76BE+006 B8.785E+005 0.31 538,565.0363
CE-139 9241 9.910E+000pCill A21VE+001  3.216E+001  1.065E+002 5.292E+001 0.09 321702
CE-141 9235 -4.678E+001pCill 582E+001 5.819E+001 1.922E+002 9.564E+001 -0.24 58.2388
CE-144 8221 0.000E+000pCilL 1427E+002 1.427E+002 8.261E+002 4.110E+002 0.00 142.7379
CF-24% 9215 9.371E+001pCilL 7T417E+001  7401E+001  2.412E+00Z 1.199E+002 0.39 74.1658
CF-251 13690 -1.832E+001pCiflL 1544E+002 1.543E+002 4.063E+002 2.017E+002 0.19 1544371
CO-56 8704 -5.664E+001pCill 5754E+001  5.747E+001  1.800E+002 0.418E+001 -0.30 57.5397
COo-57 13694 3.393E+001pCIIL 3489E+001 3.484E+001  8.084E+001 4.017E+001 0.42 34.8909
CO-58 8698 1.623E+000pCil 5793E+001  5.793E+001  1.925E-+002 9.543E+001 oM 57.9332
CO0-60 8692 3.128E+004pCilL 1549E+003  1.257E+002 7.726E+001 3.738E+001 40487  1,548.8451
CR-51 8604 3.301E+002pCilL 3.653E+002 3.649E4002 9.135E+002 4.528E+002 0.36 365.3205
CSs-134 B553 -7.693E+001pCil. 6.245E+001 6.234E+001 2.059E+002 1.020E+002 0.37 62.4547
C5136 8546 4.76BE+001pCilL 4.825E+001  4818E+001  1.671E+002 8.271E+001 0.29 48.2485
Cs5-137 8539 4.485E+004pCilL 2250E+003  1.770E+002  1.324E+002 6.538E+001 338.82  2,249.6895
EU-152 7145 9.224E+001pCill 1042E+002 1.040E+002 2.462E+002 1.224E+002 0.37 104.1549
EU-154 7138 2.142E+002pCill 3.857E+001  3.674E+001  1.183E+002 5.862E+001 1.81 38,5737
EU-155 7131 8.665E+001pCilL 1.064E+002  1.063E+002 3.513E+002 1.747E+002 0.25 106.4245
FE-58 7073 1.682E+002pCill 1.176E+002  1.173E+002  3.869E+002 1.916E-+002 043 17.5714
GA-68 18005 -9.321E+002pCill 2518E+003  251BE+003  B.362E+003 4.139E+003 011 2,518.3025
GD-153 6824 1.010E+002pCilL 6.625E+001 6.594E+001 2.343E+002 1.165E+002 0.43 66.2474
HF-181 8495 5.378E+001pCil 6.225E+001 6.219E+001 2.043E+002 1.015E+002 0.26 62.2457
HG-203 6466 -8.242E+000pCilL 4470E+001  4.470E+001  1.121E+002 5.564E+001 £.07 44,7034
131 6380 -5.059E+001pCill 4906E+001  4.899E+001  1.226E+002 6.076E+001 041 49.0560
IR-192 6303 2.759E+001pCill 4438E+001 4.435E+001  1.358E4002 6.747E+001 020 44,3783
K-40 6148 -1.6B9E+H002pCiL 1788E+003 1.78BE+003  5988F-+002 2.857E+002 028  1,787.9980
KR-85 [AER -8.131E+003pCill 9.969E+003  9.959E+003  3.295E+004 1.634E+004 025  9,969.0431
LA-140 6096 2.804E+001pCilL 2277E+001  2.272E4001  4.882E+001 2.187E+001 0.60 22.7700
MN-34 5382 1.803E+002pCilL 5.508E+001 5527E+001  1.209E+002 5.860E-001 1.48 55.9828
NA-22 5201 0.000E+000pCilL 2797E+001  2797E+001  9.32tE+001 4.541E+001 0.00 27.9704
NB-84 5160 -1.302E+001pCilL 4.865E+001  4.865E+001  1.124E+(02 5.545E+001 .42 48.6509
NB-95 5154 -1.095E+001pCilL 4075E+001  4.075E+001  1.356E+002 6.701E+001 -0.08 40.7505
ND-147 5083 2.576E+002pCill 3427E+002 3.419E+002 8.196E+002 4.054E+(D2 0.3 342.1901
NP-237 4757 1.416E+002pCiIL 2490E+002 2.489E+002 8.223E+002 4.095E+002 0.17 248.0417
NP-239 4751 8.152E+001pCilL 9434E+001  9.420E+001  3.113E+002 1.547E+002 0.26 04,3355
PA-231 4541 1.288E+003pCi/L 1453E+003  1.451E+003  6.324E+003 3.149E+003 020  1,452.6558
PA-233 4535 4.015E+00MpCill 6.40BE+001 6.404E+001  5243E+002 2.611E+002 0.08 64.0788
PA-234 4528 1.032E+002pCill 7.060E+001 7.038E+001 5.076E+002 2.526E+002 0.20 70.5964
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PA-234M 19453 4.761E+003pCilL 8.029E+003  B.025E+003  2.659E+004 1.318E+004 018  8,028.7569
PB-210 4467 1.570E+003pCirl 2.213E+003  2.209E+003  7.285E+003 3.636E+003 0.22  2,213.2728
PB-212 4454 6.704E+001pCilL 1.014E+002  1.013E+002  3.348E+002 1.667E+002 0.20 101.4314
PB-214 4448 1.462E+002pCill 1.153E+002  1.151E+002  3.456E+002 1.717E+002 0.42 115.3381
PM-144 19585 -5.428E+001pCilL 1.689E+002 1.589E-+H002  1.112E+002 5.487E+001 .49 158.9330
PM-146 2464 3.581E+001pCilL 8.420E+001 8418E+001  1.993E+002 9.88BE+001 0.18 84.2020
RH-106 1882 5.271E+002pCilL 4428E+002 4421E+002 1.377E+003 6.822E+002 0.38 4428373
RU-103 1828 -2.435E+001pCill. 51B3E+001  5.1B2E+001  1.243E+002 6.154E+D01 0.20 51.8329
$B-124 1784 4.155EH01pCilL 4740E+001 4.735E+001  2.197E+002 1.092E+002 0.19 47.3967
$B-125 1777 2.998E+002pCi/L 1.163E+002 1.153E+002  3.073E+002 1.520E+002 098 116.2576
SC-46 1739 -B.AS0E+001 pCilL 7.368E+001  7.357E+001  2.429E+002 1.206E+(02 .35 73,6837
SN-113 1570 1.923E+001pCilL 7.544E+001  7543E+001  2.498E+002 1.242E+002 0.08 754405
SN-126 17459 1.861E+002pCill 1420E+002 1.416E+002 4.187E+002 2.071E+002 0.44 141.9009
TA-182 1301 2.340EH01pCilL 1525E+002 1.525E+002 5.082E+002 2.510E+002 0.05 152.5449
TC-99M 17412 -2.589E+001pCill 3.051E+001  3.047E+001  1.007E+002 5.006E+001 -0.26 30.5061
TH-227 1058 3.538E+003pCilL 4.109E+002 3.510E+002 1.225E+003 6.077E+002 289 410.9180
TH-229 1046 -6.728E+002pCilL 6.771E+002 6.751E+002  1.808E+003 8.979E+002 0.37 877.1331
TH-234 1027 2.163E+002pCilL 5.679E+002 567BE+002 1.876E+003 9.345E+002 0.12 567.9376
TL-208 929 -6.103E+001pCilL 2843EH001  2.827E+Q01  1.374E+002 6.795E+001 044 284308
TL-210 20861 2.187TE+H001pCL 3472E+001 3470E+001  1.770E+002 8.760E+001 0.12 34.7162
U-235 281 1.542E+002pCill 1.030E+002 1.036E+002 3.419E+002 1.688E+002 045 103.9358
Y-88 74 1.246E+000pCilL 2661E+001 2B61E+001 5467E+001 2.5865E+001 0.02 26.6149
ZN-65 H -2.037E+000pCilL 1.327E+002  1.327E+002  4.930E+002 2.444E+002 0.00 132.7018
ZR-95 7 2.765E+000pCifL 8.390E+001 S.390E+001  2171E+002 1.072E+002 0.1 03.8977
Laboratory Control Sample Information
Sample ID WRKNO Analyte Activity StdAdded Recovery ZFactor
LCS 160-390595~2-A LCS 160-390585~2-A Cs-137 4.485E+004 pCil 4.532E+004 98.97% 0.1466
CO0-60 3.128E+004 pCilL 3.224E+004 97.02% 04317
AM-241 1.325E+005 pCilL 1.361E+005 97.39% -0.3232
Sample Duplicate Information
Sample ID Dup Sample ID Analyte Samp Activity Dup Activity RPD RER DER Flag ZFactor

|Blanks Information I

Activity

SamplD

9/26/2018

WRKNO

10:56:53AM

Analyte

Page 2 of 2
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TestAmerica | Avaias Reportfo Gamma Spetroeany

Batch: 390816 Operator:

THE LEADER IN ENVIRONMENTAL TESTING

MOO

SamplID WRKNO Aliquot Jg_i_m Instrument Detector CountDateTime CountDuration
LCS 160-390816~2- LCS 1000.00mL 1.00 Gammavision GVI15 9/22/18 2:04 120

Analyte Compndi | Activity TotalUne  CountUnc MDA  MLCC  Act/MDA

AG-228 11136 1.236E+002pCilL 1.388E+002 1.387E+002 5.480E+002 2.718E+(02 0.23 138.7922

AM-241 10818 1.342E+005pCilL 7.754E+003  2541E+002 3.619E+002 1.B06E+002 37091 7,753.6395

BA-133 10469 8.903E+001pCilL 7.245E+001  7.230E+001  1.768E+002 8.799E+001 0.50 724479

BE-7 10435 -3.896E+001pCil. 4354E+002  4.354E+002  9.995E+002 4.968E+002 .04 4353608

Bl-211 10165 3.678E+002pCilL 2502E+002 2495E+002  2.373E+003 1.179E+003 0.15 250.1705

Bl-212 10160 T.041E+002pCilL 6.179E+002  6.169+002 2.069E+003 1.028E+003 0.34 617.8503

Bl-214 10154 4.227E+001pCilL hE9SE+001 5695E+D01  2.499E+002 1.241E+002 017 56.9943

CGO-57 13694 7.610E+001pCilL 1548E+001  1.480E+001  4.845E+001 2.407E+00M 157 15.4793

Cc0-58 8698 -1.101E+001pCill 4887E+001 4.886E+001 1.0B3E+002 5.362E-+001 0.10 48,8676

CO-60 8692 3.006E+H004pCill 1.531E+003  1.018E+002 7.249E+001 3.546E+001 427145  1,531.4170

CS-134 8553 -4.593E+001pCill 3612E+001 3605E+001  1.190E+002 5.908E+001 0.39 36.1249

Cs-137 8539 4.254E+004pCill 2131E4003  1.309E4002  1.263E+002 6.264E+001 33687 2,131.1849

EU-152 7145 2.936E+002pCilL 1.346E+002 1.339E+002 1.440E+003 7.152E+002 0.20 134.6341

EU-154 7138 1.890E+002pCil 119364002  1.189E+002  1.049E+003 5.202E+002 0.18 119.2998

EU-155 7131 3.468E+001pCiiL 6.505E+001 6.502E+001  2.839E+002 1.414E+002 0.12 65.0538

FE-59 7073 -1.728E+000pCiL 9.654E+000 9.653E+000  2.652E+002 1.315E+002 0.01 9.6537

K-40 6148 4.013E+001pCilL 1936E+002 1.936E+002 3.995E+002 1.91VE+)02 0.10 1936132

MN-54 5382 1.898E+002pCi/lL 5.133E+001 5.046E+001  1.047E+002 5.183E+001 1.81 51.3265

MIN-56 5.028E+001pCilL 6.938E+001 6.934E+001  1.533E+002 7.596E+001 033 69.3834

NA-22 5201 0.000E+000pCilL 2392E+001  2.392E+001  7.874E+001 3.862E+001 0.00 235200

PB-210 4467 =1 246E+003pCilL 6.646E+002 6.551E+002 5.790E+003 2.B91E+003 0.22 664.6441

PB-212 4454 6.391E+001pCilL 8.840E+001 8.839E+001 2.917E+002 1.454E+002 0.22 88.4878

PB-214 4443 6.082E+001pCilL 1.060E+002 1.059E+002 2876E+002 1.481E+002 0.20 105.9520

RH-106 1882 1.502E+002pCifL 1.664E+002  1.652E+002  9.004E+002 4.461E+002 017 165.3513

SC-46 1739 3.288E+001pCi/L 2551E+001  2.545E+001  1.332E+002 6.604E+001 0.25 25.5054

TH-230 1040 3.872E4003pCiiL 4945E+003  4.940E+003  1.298E+004 6.455E+003 030 49445710

TH-231 1034 -2.465E+002pCill 1916E+002 1.783E+002  1.399E+003 6.978E+002 0.18 191.5726

TH-234 1027 -1.457EH03pCilL 6.327E+002 6.276E+002 9.503E+003 4.748E+003 -0.15 632.7001

TL-208 929 4.647E+000pCilt 5673E+000 566BE+000 1.033E+002 S5.121E+001 0.04 5.6727

V48 18028 5.279E+000pCilL 4.196E+000 4.188E+000  1.395E+002 6.922E+001 0.04 41959

ZN-65 H 1.590E+002pCill 1196E+002 1.193E+002 3.937E+002 1.955E+002 0.40 119.5897

ZR-95 7 1.078E+002pCill 4887E+001  4.857E+001  1.310E+002 6.460E+001 0.82 48.8693
Laboratory Control Sample Information
Sample ID WRKNO Analyte Activity StdAdded Recovery ZFactor
LCS 160-390816~2-A LCS 160-390816~2-A CS-137 4.254E+004 pCilL 4 532E+004 93.86% -0.8930

CO-60 3.096E+004 pCilL 3.224E+004 86.02% -0.5800
AM-241 1.342E+005 pCilL 1.361E+005 98.65% 0.1669

Sample Duplicate Information
Sample ID Dup Sample 1D Analyte Samp Activity Dup Activity RPD RER DER Flag ZFactor
|Blanks Information I
SampID WRKNO Analyte Activity UncTotal ZFactor
9/26/2018 10:39:38AM Page 1 of 1 RadCaplure, version 5.2.5, released 6/27/2018
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1380 Seaboard industrial Blvd.
Atlanta, Georgia 30318
Tel 404-352-8677

Fax 404-352-2837

E Eckert & Ziegler

Analytics www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
83924-334
1.0 Liter Solid in 130G GA-MA Beaker
Customer: Test America St. Louis

P.O. No.:
Reference Date:

2401509, Item 1

01-Jan-2011 0.015372

12:00 PM EST Grams of Master Source:
This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Calibration and purity were checked using 2 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 4.18, 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, Density of solid matrix 1.18 g/cc.

Master Uncertainty , %
Gamma-Ray Half-Lafe, Source* This Scurce Type Calibration

Nuclide Energy (keV) Days yps/gram Tps Uz ug U Method
Am-241 59.5 1.580E+05 1.830E+03 0.1 17 3.5 4 LS
Cd-109 88.0 4. 626E+02 1.697E+08 2.609E+03 0.8 23 4.9 HPGe
Co-57 122.1 2.718E+02 8.711E+04 1.338E+03 05 2.0 4.1 HPGe
Ce-139 165.9 1.376E+02 1.247E+06 1.917E+03 0.5 19 3.9 HPGe
Hg-203 279.2 4,661E+01 2.753E+058 4.232E+03 0.4 19 3.9 HPGe
8n-113 391.7 1.1581E+02 1.769E+05 2.7T19E+03 05 189 3.9 HPGe
Cs-137 661.7 1.098E+04 1.109E+05 1.708E+03 07 1.9 4.0 HPGe
Mn-54 834.9 3.121E+02 3.083E+03 0.1 17 33 IC
Y-88 898.0 1.066E+02 4.224E+05 6.493E+03 08 19 39 HPGe
Zn-65 1115.6 2.441E+02 3.181E+03 0.1 17 3.5 IC
Co-60 1173.2 1.925E+03 2.142E+08 3.293E+03 06 1.9 4.0 HPGCe
Co-60 1332.5 1.925E+03 2.143E+086 3.294E+03 06 1.8 40 HPGe
Y-88 1836.1 1.066E+02 4.472E+05 6.8T4E+03 05 189 3.9 HPGe

* Master Source refers {o Analytics' 8-isotepe mixture which is calibrated quarterly.

Calibration Methods: 41 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Camma-Ray Spectrometer, IC
- lonization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. 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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MGS Certificate, Rev 2 09-28-2009 Page 1 0f 2
Corporate Office

24937 Avenue Tibbitts Valencia, California 91355

Laboratory
1380 Seaboard Industrial Blvd. Atlanta, Georgia, 30318
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This standard will expire one year after the reference date.

Source Prepared by: AT S
W. Mao, Radiochemist

QA Approved: —_Qé’D\-’\ Date: Ll s w

1. D. McCorvey, QA Manager Alternate

MGS Certificate, Rev 2 08-28-2008 Page 2 of 2
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— "ASY S00ULI0L YNY

1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318

Tel 4043528677

Fax 404+352-2837

§ Eckert & Ziegler

AnalytiCS www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
83924-334
1.0 Liter Solid in 130G GA-MA Beaker
Customer: Test America St. Louis

P.O. No.:
Reference Date:

2401509, Item 1
01-Jan-2011 12:00 PM EST Grams of Master Source: 0.015372

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 N42.22-1995, "Traceability of Radioactive Sources to NIST." EZA is
accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402,

McLean, VA 22101. Density of solid matrix 1.16 g/cc.

Master Uncertainty , %
Gamma-Ray Half-Life, Source® This Source Type Calibration

Nuclide Energy (keV) Days yps/gram Yps Uy Ug U Method
Am-241 59.8 1.580E+08 1.830E+03 0.1 17 3.5 4 LS
Cd-109 88.0 4.626E+02 1.697TE+05 2.609E+03 08 2.3 4.9 HPGe
Co-587 122.1 2.718E+02 8.711E+04 1.339E+03 0.5 2.0 4.1 HPGe
Ce-139 165.9 1.376E+02 1.247E+05 1.917E+03 05 19 3.9 HPGe
Hg-203 279.2 4.661E+01 2.753E+08 4.232E+03 04 19 3.9 HPGe
Sn-113 391.7 1.181E+02 1.769E+05 2.719E+03 05 1.9 3.9 HPGe
Cs-137 661.7 1.098E+04 1.109E+05 1.708E+03 0.7 1.9 4.0 HPGe
Mn-54 834.9 3.121E+02 3.083E+03 0.1 17 3.3 IC
Y-88 898.0 1.066E+02 4,224E+08 6.493E+03 056 19 3.9 HPGe
Zn-65 1115.6 2.441E+02 3.181E+03 0.1 1.7 3.8 IC
Co-60 1173.2 1.925E+03 2.142E+08 3.293E+03 06 19 4.0 HPGCe
Co-60 1332.5 1.925E+03 2.143E+05 3.294E+03 06 1.9 4.0 HPGe
Y-88 1836.1 1.066E+02 4,472E+085 6,874E+03 05 1.9 3.9 HPGe

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

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

(Certificate continued on reverse side)
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This standard will expire one year after the reference date.

Source Prepared by: S RET T
W. Mao, Radiochemist

QA Approved: _—%6/_3\\/\ Date: 2‘"! Ls l “

]J. D. McCorvey, QA Manager Alternate

MGS Certificate, Rev 2 09-28-2009 Page 2 of 2
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1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318

Tel 404+352:8677

Fax 404+352.2837

Eckert & Ziegler

Analy‘“(:s WWW.3 nalyticsfnc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
90062
1.0 Liter Solid in 130G GA-MA Beaker
Cusfomer: TestAmerica St. Louis -

P.O. No.: 2455298, ltem |
Reference Date: 01-Jan-2012 12:.00 PM EST Grams of Master Source: 0.015513

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
garmma-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of calibration no interfering gamma-ray
emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines are
given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4. 15,
Revision 2, July 2007, and compliance with ANSI N42.22-1995, "Traceability of Radioactive Sources to NIST."
EZA is acoredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,
VA 22101,

Density of sclid matrix 1.15 g/cc.

Mastexr Uncertainty® , %
Gamma-Ray Half-Life, Source* This Source Type Calibration

Nuclide  Energy (keV) Days yps/gram Yps Uz Up U Method*
Am-241 59.8 1.580E+05 1.821E+03 0.1 17 35 411 LS
Cd-109 88.0 4.626E+02 1.677E+05 2.602E+03 05 23 47 HPGe
Co-57 122.1 2.718E+02 8.79BE+04 1.364E+03 04 20 4.1 HPGe
Ce-139 165.9 1.376E+02 1.248E+08 1.932E+03 04 19 38 HPGe
Hg-203 279.2 4.661E+01 2.707E+05 4.200E+03 03 19 838 HPCe
Sn-113 391.7 1.181E+02 1.78BE+05 2.122E+03 04 19 838 HPGe
Cs-137 661.7 1.098E-+04 1.128E+08 1.780E+03 07 19 4.0 HPGe
Mn-54 834.9 3. 121E+02 3.114E+03 0.1 17 33 IC
Y-88 898.0 1.066E+02 4,228E+05 6.5B9E+03 0.8 19 39 HPGe
Zn-65 1115.6 2.441E+02 3.134E+08 0.1 1.7 3.3 IC
Co-60 1173.2 1.928E+03 2,084E+058 3.233E+03 08 1.8 4.0 HPGe
Co-60 1332.5 1.926E+03 2.084E+05 3.233E+03 0.7 19 4.0 HPGe
Y-88 18386.1 1.066E+02 4,476E+0B 6.944E+03 07 18 4.0 HPGe

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

Calibration Methods: 417 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
lonization Chamber, Uncertainty: U - Relative expanded uncertainty, k = 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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This standard will expire one year after the reference date.
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REPORT OF ANALYSIS

Single-Element Aqueous RM

Custom Barium Standard Product #: 4400-132859

Matrix: 2% HNO3 Lot#: 10079154-5
Elemeﬁt Ceriified Concentration

Ba 20,000 pg/imL

Intended Use: This solution is intended for use as a reference material {(RM) or calibration standard for inductively coupled plasma optical emission
spectroscopy (ICP-OES), inductively coupled plasma mass spectrometry {ICP-MS}, flame or furnace atomic absorption spectroscopy {AA or GFAA),
and other techniques for elemental analysis.

Certification & Traceability: This RM was manufactured, processed, andor certified under a quality management system that is
registered/accredited to ISO 9001, iSO Guide 34, and ISO/IEC 17025. This RM was prepared to a nominal concentration of 20,000 pgfml by
gravimetric methods using single-element concentrate dissolved in high purity nitric acid (HNOs) and diluted with fittered {0.22 um), 18 M-ohm
deionized water. The balances used in the preparation of this RM are calibrated regularly with traceability to NIST, using a calibration provider that is
accredited to ISO/IEC 17025 by a mutually recognized accreditation body. All volumetric dilutions are performed in Class A calibrated glassware. The

Instructions for Use: We recommend that the solution be thoroughty mixed by repeated shaking or swirling of the bottle immediately prior to use.
To achieve the highest accuracy, the analyst should: {1) use only pre-cleaned containers and transferware, (2) not pipette directly from the RM's
original container, (3) never pour used product back into the original container, (4) make dilutions using calibrated balances or certified class A
volumetric flasks and pipettes, (5) use a minimum sub-sample size of 500 UL, and (B) dilute with the same matrix as the original RM or other chemically
Suitable matrix. The solution should be kept tightly capped and stored under normal laboratory conditions. Do ot freeze, heat, or immerse the bottle
or its contents, and avoid exposure to direct sunlight or moisture,

Period of Validity: CP! International ensures the accuracy of this solution for 18 months from the certification date shown below, provided the
instructions for use are followed. During the period of validity, the purchaser will be natified if this product is recalled due to any significant changes in

the stability of the solution.

&i‘/ 4";”"“ Decerber 4, 2018

Chuck Goudreau, Cerfifying Officer Certification Date

CP! Intemational waives all responsitility for any damages resulting from the usage andfor implementation of the products/data described herein,

USA Europe
5580 Skylane Boulevard  P: 707.525.5788 Nieuwe Hemweg 7P P: +31 20 638 05 97
Santa Rosa, CA 95403 P: 800.878.7654 1013BG Amsterdam  F: +31 20 420 28 36
F: 707.545.7901 www.cpiinternational.co he Netherlands
Rev. 1 Pagg 14 pr 1185
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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 74 of 1185 Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

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

Fax 404+352+2837

‘& Eckert &Ziegler

Analytics : www.ahalyticsine.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
83725-334
5 mL Liquid in Flame Sealed Vial
Customer: Test America St. Louis/Earth City, MO

P.O. No.:
Reference Date:

2397508, Item 1

0l-Jan-2011 12:00 PM EST Grams of Master Source: 0.028066

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) maintaing traceability fo the National Institute of Standards and Technology through a
Measurements Assurance Program as described in USNRC Regulafory 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. '

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

Nuclide Energy (keV) Days Yps/gram b3 Uy Ug U Method
Am-241 59.5 1.580E+08 3.261E+03 01 09 1.8 4 LS
Cd-109 88.0 4 628E+02 1.697E+05 4.763E+03 0.8 17 38 HPGe
Co-51 122.1 2.T18E+02 8.711E+04 2.445E+03 08 13 28 HPGe
Ce-138 165.9 1.376E+02 1.247E+05 3.800E+03 08 11 24 HPGe
Hg-203 279.2 4.661E+01 2.153E+05 1.727E+03 04 11 23 HPGe
Sn-113 391.7 1.181E+02 1.769E+08 4.865E+03 05 L1 24 HPGe
Cs-137 861.7 1.098E+(4 1.109E+08 3.113E+03 07 12 28 HPGe
Y-88 898.0 1.066E+02 4.224E+058 1.186E+04 05 1.1 2.4 HPCe
Co-60 1 1173.2 1.828E+03 2.142E+08 6.012E+03 0.6 11 25 HPGe
Co-60 1332.5 1. 925E+03 2.143E+05 6.018E+03 06 L1 25 HPGe
Y-88 1836.1 1.066E+02 4.472E+08 1.255E+04 05 11 2.4 HPGe

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

Calibration Methods: 477 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
Ionization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)
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Comuments:
5.30203 grams 4M HCI solution with approximately 30 pg/g each of Cd, Co, Ce, Hyg, 3n, Cs, and Y carriers,

This standard will expire one year after the reference date.

—
Source Prepared by: A A ae/a

M. 1. Taskaeva, Radiochemist

QA Approved: ’#ﬂ""ﬂ Date: /3 /Q}\‘J} (1

]. D. McCorvey, QA Manager Alter]nate J '

MGS Certificate, Rev 2 09-28-2009 Page 2 of 2
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. National Institute of Standeards & Technology

W ertificate

Standard Reference Material® 4967A
Radium-226 Radioactivity Standard

This Standard Reference Material (SRM) consists of a solution of a standardized and certified quantity of radioactive
radium-226 in a suitably stable and homogeneous matrix. It is intended primarily for the calibration of instruments that
are used to measure radioactivity and for the monitoring of radiochemical procedures. A unit of SRM 4967A consists of
approximately 5 mL of a hydrochloric acid and barium chloride solution, whose composition is specified in Table 1 and
2, contained in a flame-sealed borosilicate-glass ampoule [1].

The certified radium-226 massic activity value, at a Reference Time of 1200 EST, 01 September 2003, is:
(2482 + 30) Bgeg'

A NIST certified value, as used within the context of this certificate, is a value for which NIST has the highest confidence
in its uncertainty assessment. It is a “measurement result” [2] obtained directly or indirectly from a “primary reference
measurement procedure” [3]. The certified value is traceable to the derived SI unit, becquerel (Bq).

Additional physical, chemical, and radiological properties for this SRM, as well as details on the standardization method,
are given in Table 1 and 2. Uncertainties for the certified quantities are expanded (k = 2). The uncertainties are
calculated according to the ISO and NIST Guides [4,5]. Table 3 contains a specification of the components that
comprise the uncertainty analyses.

Expiration of Certification: The certification of SRM 4967A is valid indefinitely, within the measurement uncertainty
specified, provided that the SRM is handled and stored properly and that no evaporation or change in composition has
occurred. The solution matrix, in an unopened ampoule, is homogeneous and stable within its half-life-dependent useful
lifetime provided the SRM is handled in accordance with instructions given in this certificate (see “Instructions for
Handling and Storage”™). Periodic recertification of this SRM is not required. The certification is nullified if the SRM is
damaged, contaminated, or otherwise modified.

Maintenance of Certification: NIST will monitor this SRM over the period of its certification. If substantive technical
changes occur that affect the certification, NIST will notify the purchaser. Registration (see attached sheet) will facilitate
notification.

Radiological and chemical hazard: Consult the Safety Data Sheet (SDS), enclosed with the SRM shipment, for
radiological and chemical hazard information.

This SRM was prepared in the NIST Physical Measurement Laboratory, Radiation Physics Division, under the direction
of M.P. Unterweger, Group Leader of the Radioactivity Group. The overall production, technical direction, and physical
measurement leading to certification were provided by R. Collé and P. Volkovitsky of the NIST Radiation Physics
Division, Radioactivity Group. Statistical consultation was provided by S.D. Leigh of the NIST Statistical Engineering
Division.

Support aspects involved in the issuance of this SRM were coordinated through the NIST Office of Reference Materials.

Lisa R. Karam, Chief

Radiation Physics Division
Gaithersburg, Maryland 20899 Robert L. Watters, Jr., Director
Certificate Issue Date: 03 September 2013 Office of Reference Materials
See Certificate Revision History on Last Page
SRM 4967A Page 1 of 4
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Table 3. Uncertainty Evaluation for the Massic Activity of SRM 4967A

Relative standard
uncertainty
. Assessment | contribution on
Uncertainty component Type(") massicé activity of
(%)

1 Calibration of the “1947 (1967 recalibrated) series” of radium-226 B 0.34
solution standards in terms of mass of radium-226" )
Ratio of the mass of radium-226 in SRM 4967A to the mass of radium-

2 226 in the “1947 (1967 recalibrated) series” of radium-226 solution B 0.15
standards. Weighted mean of the ratios obtained using seven different ’
comparisons.

3 Corrections for the decay of radium-226. Standard uncertainty of the A 0.007
radium-226 half-life. )

4 | Gravimetric measurements B 0.10

5 Conversion of radium-226 mass to activity. Standard uncertainty of the A 0.44
radium-226 half-life."” i

6 | Photon emitting impurities. Limit of detection. B 0.01

Relative combined standard uncertainty 0.6
Relative expanded nncertainty (k = 2) 1.2

® Letter A denotes cvaluation by statistical methods; B denotes evaluation by other methods.
® For further details on NBS/NIST radjum series calibrations refer to reference [8]. The 1967 recalibrations of the “1947 series” and
of the “1957 series” were made using pressurized “4n™y ionization chamber (PIC) “A”. The master solution for SRM 4967A was
directly compared with the “1947 (1967 recalibrated) series” of radium-226 solution standards using PIC “A”, and was compared
with the solutions of the “1992 series” of radium solution standards (SRM 4967) using PIC “A”, pulse-ionization-chamber radon
analyses (see references [9] and [10]), and germanium photon spectrometry. The radium-226 in SRM 4967A was chemically
purified approximately 55 years from the reference time. The lead-210 and its daughter radionuclides are still not in equilibrium as
of the 2013 certificate issue date.
) The U.S National Standards for radium-226 are certified in terms of mass of radium-226, as were all radium-226 SRMs prior to the
“1992 series”. Beginning with “1992 series”, radium-226 solution SRMs are now certified in terms of the massic activity of
radium-226. The relative standard uncertainty of the activity of radium-226 per unit mass of radium-226 is determined by the
relative standard uncertainty of A (i.e., of the half-life). The relative standard uncertainties of the atomic weight of radium-226 and
of Avogadro’s number are negligible.

SRM 4967A

Page 80 of 1185
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Table 1. Certified Massic Activity of SRM 4967A

Radionuclide Radium-226

Reference time 1200 EST, 01 September 2003
Massic activity of the solution 2482 Bq-g'l

Relative expanded uncertainty (k =2) 1.20 %

Table 2. Uncertified Information of SRM 4967A

Source description Liquid in a flame-sealed 5 mL borosilicate-glass ampoule [1]
Solution composition 1.0 molsL"" HCI with 80pg of BaCl, per gram of solution
Solution density (1.017 +0.002) gemL™ at 21 °C®
Solution mass (5.086 + 0.003) g®
Photon-Emitting Impurities None detected™
Half lives used 2%Ra: (1600 +7) a [6]
2R a: (3.8235 + 0.0003) d [7]¢
Calibration methods Gravimetric dilution of SRM 4963, confirmed by comparison with solution
(and instruments) standards, and derivatives thereof, from the NBS/NIST “1947 (1967 recalibrated)

series” of radium-226 solution standards. The mass of radium-226 in these
solution standards had previously been determined by comparison with the
U.S. National Standards for radium-226. Conversion from mass of radium-226 to
activity of radium-226 was done using the half-life of radium-226 shown above.®

® The stated uncertainty is two times the standard uncertzinty. See reference 5.

) The estimated lower limits of detection for photon-emitting impurities, as of September 2003, expressed as massic photon mission
rate, are:

6 x 10° s"'sg! for energies between 22 keV and 182 keV,
3 x 10° gsg’! for energies between 190 keV and 347 keV,
8 x 107! s'lsg’! for energies between 356 keV and 1455 keV, and
3 x 107 s”'eg™! for energies between 1465 keV and 2750 keV,
provided that the photons are separated in energy by 4 keV or more from photons emitted in the decay of 226Ra and progeny.

©) The stated uncertainty is the standard uncertainty. See reference 5.

@ Eor further details on NBS/NIST radium series calibrations refer to reference [8]. The 1967 recalibrations of the “1947 series” and
of the “1957 series” were made using pressurized “4=”y ionization chamber (PIC) “A”. The master solution for SRM 4967A was
directly compared with the “1947 (1967 recalibrated) series™ of radium-226 solution standards using PIC “A”, and was compared
with the solutions of the #1992 series” of radium solution standards (SRM 4967) using PIC “A”, pulse-ionization-chamber radon
analyses (see references [9] and [10]), and germanium photon spectrometry. The radium-226 in SRM 4967A was chemically
purified approximately 55 years from the reference time. The lead-210 and its daughter radionuclides are still not in equilibrium as
of the 2013 cettificate issue date.

SRM 4967A Page 2 of 4
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INSTRUCTIONS FOR HANDLING AND STORAGE

Handling: If the ampoule is transported, it should be packed, marked, labeled, and shipped m accordance with the
applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous good (hazardous
material) because of both the radioactivity and the strong acid. Only persons qualified to handle both radioactive
material and alkaline and/or acidic solutions should open the ampoule. To minimize personnel exposure, appropriate
shielding and/or distance should be used. Refer to the SDS for further information.

Storage: SRM 4967A should be stored and used at a temperature between 5 °C and 65 °C. The ampoule (or any
subsequent container) should always be clearly marked as containing radioactive material.

REFERENCES

[1] NIST Physical Measurement Laboratory; Storage and Handling of Radioactive Standard Reference Materials,
Ampoule Specifications and Opening Procedure, available at http://www.nist.gov/pml/div682/grp04/stm.cfin
(accessed Sep 2013). Note: This SRM is contained in a generic borosilicate-glass ampoule and not in the standard
NIST ampoule.

[2} JCGM 200:2012; International Vocabulary of Metrology - Basic and General Concepts and Associated Terms
(VIM) (2008 version with Minor Corrections), 3rd edition; Joint Committee for Guides in Metrology: BIPM, Sevres
Cedex, France; p. 19 (2012); available at hitp://www.bipm.org/utils/common/documents/jcgm/JCGM_200_2012.pdf
(accessed Sep 2013).

(3] JCGM 200:2012; International Vocabulary of Metrology - Basic and General Concepts and Associated Terms
(VIM) (2008 version with Minor Corrections), 3rd edition; Joint Committee for Guides in Metrology: BIPM, Sevres
Cedex, France; p. 18 (2012); available at hitp://www.bipm.org/utils/common/documents/jegm/ICGM_200_2012,pdf
(accessed Sep 2013).

[4] TCGM 100:2008; Guide to the Expression of Uncertainty in Measurement; (GUM 1995 with Minor Corrections),
Joint Committee for Guides in Metrology: BIPM, Sevres Cedex, France (2008); available at
http://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf (accessed Sep 2013).

[5] Taylor, B.N.; Kuyatt, C.E.; Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurement
Results; NIST Technical Note 1297, U.S. Govermment Printing Office: Washington, DC (1994); available at
http://www.nist.gov/pml/pubs/index.cfm (accessed Sep 2013).

[6] Chisté, V; Bé MM.; January 2007, “Ra: LNE-LNHB/CEA Table of Radionuclides, available at
http://www.nucleide.org/DDEP_WG/Nuclides/Ra-226_tables.pdf (accessed Sep 2013).

[7] Chisté, V; Bé,M.M.; July 2010, **Rn; LNE-LNHB/CEA Table of Radionuclides, available at
http://www.nucleide.org/DDEP_WG/Nuclides/Rn-222_tables.pdf (accessed Sep 2013).

[8] Mann, W.B.; Stockman, L.L.; Youden, W.J.; Schwebel, A.; Mullen, P.A.; Garfinkel, S.B.; Preparation of New
Solution Standards of Radium, Journal of Research of the National Bureau of Standards 62 (1959) 21-26.
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Certificate Revision History: September 2013 {Text and expiration date revised); December 2004 (Original certification date).

Users of this SRM should ensure that the Certificate in their possession is current. This can be accomplished by
contacting the SRM Program: telephone (301) 975-2200; fax (301) 948-3730; e-mail srminfo@nist.gov; or via the
Internet at http:/fwww.nist.gov/srm.
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1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318

== .
@« Eckert & Ziegler Tel 404 352 8677

Fax 404-352:2837

Analytics www.ezag.com
CERTIFICATE OF CALIBRATION

Standard Reference Source

SRS Number: 104858

Source Description: 5 mL Liquid in Flame Sealed Vial
Product Code: 8226

Customer: TestAmerica St. Louis

P.O. Number: 2665998, Item 1

This standard radionuclide source was prepared gravimetrically from a master solution calibrated by Eckert &
Ziegler Analytics (EZA) using a germanium gamma-ray spectrometer system. Radionuclide purity and calibration
were checked by germanium gamma-ray spectrometry, liquid scintillation counting, and/or alpha spectrometry, as
applicable. The nuclear decay rate and reference date for this source are given below. EZA maintains traceability
to the National Institute of Standards and Technology (NIST) through a Measurements Assurance Program as
described in USNRC Regulatory Guide 4.15, Revision 2, July 2007, and compliance with ANSI N42.22-1995,
"Traceability of Radioactive Sources to NIST."

Reference Date: 05-December-2016 12:00 PM EST
_ Uncertainty Calibration
Isotope Half-Life, d Activity, Bq u, %  ug,% U, %* : Method™
Ra-226 8.844E+08 1.408E+04 1.0 2.1 4.7 HPGe

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1287, "Guidelines for Evaluating
and Expressing the Uncertainty of NIST Measurement Results." **Calibration Methods: 417 LS - 41 Liquid Scintillation
Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC - Ionization Chamber,

{Certificate continued on reverse side)

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 1 of 2
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SRS Number: 104858

Cormments:
5.00002 g 0.1 M HC! solution with approximately 30 ug/g Ba carrier.

Impurities:
y-impurities {other than decay products) < 0.1%

This source was wipe tested in its inactive areas with leak test results < 183 Bq (5 nCi) of removable activity per ISO
$878:1692.

Source Prepared by:

\ y
Z. Dimitrova, Radiochemist

QC Approved by: %/é’ Date: g5-0¢c-/6

J \ Spectroscopist

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 2 of 2
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SRS Number: 104858

Comments:
5.00002 g 0.1 M HCl solution with approximately 30 pg/g Ba carrier.

Impurities:
y-impurities (other than decay products) < 0.1%

This source was wipe tested in its inactive areas with leak test results < 185 Bq (8 nCi) of removable activity per ISO
9978:1992.

-

Source Prepared by:

Vo y
Z. Dimitrova, Radiochemist

QC Approved by: % .,/C’ Date: £5-0tc-(£

I , Bpectroscopist

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 2 of 2
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1380 Seaboard Industrial Blvd.

||
[ Atlanta, Georgia 30318
& Eckert&Ziegler Tel 404352 8677
Fax 404-352-2837
Analytics www.ezag.com

CERTIFICATE OF CALIBRATION

Standard Reference Source

SRS Number: 104858

Source Description: 5 mL Liquid in Flame Sealed Vial
Product Code: 8226

Customer: TestAmerica St. Louis

P.O. Number: 2665998, ltem 1

This standard radionuclide source was prepared gravimetrically from a master solution calibrated by Eckert &
Ziegler Analytics (EZA) using a germanium gamma-ray spectrometer system. Radionuclide purity and calibration
were checked by germanium gamma-ray spectrometry, liquid scintillation counting, and/or alpha spectrometry, as
applicable. The nuclear decay rate and reference date for this source are given below. EZA maintains traceability
to the National Institute of Standards and Technology (NIST) through a Measurements Assurance Program as
described in USNRC Regulatory Guide 4.15, Revision 2, July 2007, and compliance with ANESI N42.22-1995,
"Traceability of Radioactive Sources to NIST."

Reference Date: 05-December-2016 12:00 PM EST
Uncertainty Calibration
Isotope Half-Life, d Activity, Bq g, % ug% U, % Method™*
Ra-226 5.844E+08 1.40BE+04 10 21 47 HPGe

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for Evaluating
and Expressing the Uncertainty of NIST Measurement Results.” **Calibration Methods: 411 LS - 411 Liquid Scintillation
Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC - Ionization Chamber,

(Certificate continued on reverse side)

EZA Certificate Program Rev. 0, 07-DEC-2015 Page 1 of 2
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St. Louis Radiological Standard
Verification

TestAmerica

Printed: 9/14/2018 2:11 PM

Standard ID Number: Ra-226 00028 Radionuclide:
True Value = 11356 Ra-226
Date Analyzed: 9/13/2018
Replicates
#1 11019.74 JpCilLorg
#2 11326.34 |pCi/Lorg
#3 10940.82 pCilLorg
Mean = 11095.6333
1sigma = 203.657227 1.96 sigma = 3089.1682
True Value minus 5% =  10788.2 {True Value - 5%)
True Value plus 5% =  11923.8 (True Value + 5%)

Accuracy:
Mean value within 5% of Certified (True) Value?

Precision:
1.96 sigma Value Within 10% of Mean Value?

Standard Reverification Acceptable? Yes

Note: Criteria for reverification of radiological standards is taken from the
DoD/DOE Consolidated QSM and LANL Statements of Work

1st Reviewed By/Date: @VV\ Q ) /"/‘ ' I g
2nd Reviewed By/Date: /M ?{//‘;/AO

Q:\FORMS\RAD\
RAD-0071_Standard_Reverification_3pts.XLS

Page 90 of 1185

Yes  {Acceptance Criteria)

Yes  (Acceptance Criteria)
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

AN Y

{Lﬁ- (2-5-1(

Reagent ID: Ra-226_00028
Expiration Date: 10/18/2018

Description: Ra-226 Spike Laboratory: TestAmerica St. Louis

No. of Bottles: 2 Prepared By: Bernsen, Sarah C

Storage Location: RAD Separations Reagents - Rm 131 Solvent: 0.1M HCI

Reagent Volume: 1000.000 mL Solvent Lot: N/A

Creation Date: 08/01/2018

Open Date:

Container(s): 15629351, 1529352

Comment;

Reagent Analyte Information
Source Source Source Conc. Finat Final
Analyte Source ID Exp. Date Conc. Units Conc. Conc. Units
Ra Ra-226_00025 10/19/2018  8409.78500 dpm/mL 25.22936 dpm/mL
Ra-226 Ra-226_00025 10/19/2018  8408.78500 dpm/mL 25.22936 dpm/mL
Rn-222 Ra-226_00025 10/19/2018  8409.78500 dpm/mL 2522936 dpm/mL
Total Alpha Emitting Radium Isotopes Ra-226_00025 10/19/2018  8409.78500 dpm/mL 2522936 dpm/mL
Source Reagents
Vendor Vendor Volume Volum:

Reagent Description Type Expiration Vendor Lot # CatLot# Used Units
Ra-226_00025 Ra-226 Parent 1019/18 3.00000 mL

09/14/2018 14:09 Page 1of 1
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TestAmerica St. Louis

Decay Calculations

Raw Sample/Standard Information

Decay Corr Conc: 2.5210E+01 dpm/mL

Initial Date/Time (ty): 12/5/2016 0:00
Decayto Date/Time (t): 9/13/18 0:00
Initial Activity (Ag): 25.23 dpm
Initial Aliquot: 1 mL
Initial Conc: 25.22936 dpm/mL
*Soln. Density: 1 a/mL
Nuclide: Ra-226
Half-Life {days): 584400| decay days | fraction
**Decay Factor: 0.9992 647.00 0.00111
Decay Corr Activity: 2.5210E+01 dpm

Conversion/Calculations

Final Activity Unit: pCi
Activity Unit Factor: 0.45045
Final Volume Unit: L
Volume Unit Factor: 0.001

1.1366E+04 pCilL
1.0000E+00 L
1.1356E+04 pCi

Final Concentration:
Aliquot Volume:
Final Activity (A):

** Uses basic decay equation: A = Ay * exp{-In{2)*(t-t,)/(half-life)
* Soln. Density to be used when converting from liquid expressed in
mass (g) units to liquid units {(mL), and is only applied in that case.

FORM: RAD-0098 Decay Calculations (Basic).xls Revised: 6/14/2016

Page 92 of 1185
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Reagent

Ra-228 00030



Eckert & Ziegler Analytics, Inc. "Iml" "I I""”"' lll

. 1463635
1380 Seaboard Industrial Blvd. ID: Ra-228 00030
Atlanta, GA 30318, USA Exp: 08/31445 Pryxi:
Tel 1-404-352-8677 Ra-228 Ampoule

Fax 1-404-352-2837

akkreditiert durch die / accredited by the
Deutsche Akkreditierungsstelle GmbH
als Kalibrierlaboratorium im / as calibration laboratory in the

Deutschen Kalibrierdienst DKD

Kalibrierschein
Calibration certificate

] .
& Eckert & Ziegler
Analytics

-
ol

"

(( DAKKS

Deutsche
'f&{,,;,?\:.\“ Akkreditierungsstelle
0-X-19023-01-00

)

ey

000670

D-K-
Kalibrierzeichen | 19923-01-00
Calibration mark 2018-05

Gegenstand seargid ©

Object 5 mL Liguid in Flame Sealed Ampoule
Hersteller : 7

Manufactorer Eckert & Ziegler Analytics, Inc.

Typ 8328-5F5A-370BQ

Type

Fabrikat/Serien-Nr. 109656

Serial number

Auftraggeber TestAmerica Laboratories - St. Louis
Customer

Auftragsnummer

Order No. SIS0

Anzahl der Seiten des Kalibrierscheines 2

MNumber of pages of the certificate

Datum der Kalibrierung 9. 201
Date of caﬁbran%n :372:':51.2318 12001

Dieser Kalibrierschein dokumentiert die Riick-
flihrung auf nationale Normale zur Darstellung
der Einheiten in Ubereinstimmung mit dem
Internationalen Einheitensystem {Sl).

Die DAKKS ist Unterzeichner der multilateralen
Ubereinkommen der Eurapean co-operation for
Accreditation (EA) und der International Labora-
tory Accreditation Cooperation (ILAC) zur ge-
genseitigen Anerkennung der Kalibrierscheine.
FUr die Einhaltung einer angemessenen Frist zur
Wiederholung der Kalibrierung ist der Benutzer
verantwortlich.

This colibration certificate  documents the
traceability to national standards, which realize
the units of measurement according to the
International System of Units (Si).

The DAkkS is signatory to the multilateral
agreements of the European co-operation for
Accreditation (EA) and of the Internationol
Laboratory Accreditation Cooperation (ILAC) for
the mutual recognition of cafibration certifica-
tes.

The user is obliged to have the object recali-
brated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstindig und unverindert weiterverbreitet werden. Ausziige oder Anderungen bedirfen der Genehmigung
sowohl der Deutschen Akkreditierungsstelle GmbH als auch des ausstellenden Kalibrierlaboratoriums. Kalibrierscheine ohne Unterschrift haben

keine Gliltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Deutsche Akkreditierungsstelle GmbH

and the issuing laboratory. Calibration certificates without signature are not valid,

Datum Leiter des Kalibrierlaboratoriums

Date Head of the calibration laboratory
Z . ?L

25-May-18 Levan Tkavadze

Bearhaiter
Person in charge

(Y Z e o

Marisa'AIfonso
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000670

Seite 2 D-K-
Poge 19023-01-00
2018-05

* Customer Purchase Order No.:
2719399, fem 1

s Calibration Results:

Nuclide Half-Life, Activity, Uncertainty, Calibration
ue d Bq % Method
Ra-228 2.100E+03 3.844E+02 49 HPGe

= Calibration Method(s):
This standard radionuclide source was prepared gravimetrically from a master solution calibrated by Eckert &
Ziegier Analytics using a germanium gamma-ray spectrometer system (HPGe).

* Uncertainty:
The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the coverage
factor k = 2. It has been determined in accordance with DAkkS-DKD-3. The value of the measurand lies within the
assigned range of values with a probability of approximately 95%. See NIST Technicai Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Resuits."

¢ Traceability:
Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and Technology thraugh a
Measurements Assurance Program as described in USNRC Regulatory Guide 4.15, Revision 2, july 2007, and
compliance with ANS!I N42.22-1995, "Traceability of Radioactive Sources to NIST."

¢ Impurities:
v-impurities {other than decay products) <0.1 %

e Expiration Date:
No expiration date has been given for this source.

* Wipe Test:
This source was wipe tested in its inactive areas with |eak test results < 185 Bq (5 nCi) of removable activity per 1SO
9578:1992.

= Additional Information:

5.00933 g of 0.1 M HCl solution with approximately 30 pug/g Ba carrier.
Separation date; 01-March-2018

End of Certificate
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Reagent

Source C 00001

1111111111111



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

Q& Approved: N =) Date: _ 4 -/3-09
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 102 of 1185 Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

1380 Seaboard Industrial Blvd. Atlanta, Georgla, 30318
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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

Q& Approved: N =) Date: _ 4 -/3-09
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 104 of 1185 Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

1380 Seaboard Industrial Blvd. Atlanta, Georgla, 30318
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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

Q& Approved: N =) Date: _ 4 -/3-09
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 106 of 1185 Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

1380 Seaboard Industrial Blvd. Atlanta, Georgla, 30318
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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

Q& Approved: N =) Date: _ 4 -/3-09
D. M. Montgonfdry, QA Manager
End of Certificate
Corporate Office Page 108 of 1185 Laboratory

24937 Avenue Tibbitts

Valencia, California 91355

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

Fax 404+352+2837

‘& Eckert &Ziegler

Analytics : www.ahalyticsine.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
83725-334
5 mL Liquid in Flame Sealed Vial
Customer: Test America St. Louis/Earth City, MO

P.O. No.:
Reference Date:

2397508, Item 1

0l-Jan-2011 12:00 PM EST Grams of Master Source: 0.028066

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) maintaing traceability fo the National Institute of Standards and Technology through a
Measurements Assurance Program as described in USNRC Regulafory 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. '

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

Nuclide Energy (keV) Days Yps/gram b3 Uy Ug U Method
Am-241 59.5 1.580E+08 3.261E+03 01 09 1.8 4 LS
Cd-109 88.0 4 628E+02 1.697E+05 4.763E+03 0.8 17 38 HPGe
Co-51 122.1 2.T18E+02 8.711E+04 2.445E+03 08 13 28 HPGe
Ce-138 165.9 1.376E+02 1.247E+05 3.800E+03 08 11 24 HPGe
Hg-203 279.2 4.661E+01 2.153E+05 1.727E+03 04 11 23 HPGe
Sn-113 391.7 1.181E+02 1.769E+08 4.865E+03 05 L1 24 HPGe
Cs-137 861.7 1.098E+(4 1.109E+08 3.113E+03 07 12 28 HPGe
Y-88 898.0 1.066E+02 4.224E+058 1.186E+04 05 1.1 2.4 HPCe
Co-60 1 1173.2 1.828E+03 2.142E+08 6.012E+03 0.6 11 25 HPGe
Co-60 1332.5 1. 925E+03 2.143E+05 6.018E+03 06 L1 25 HPGe
Y-88 1836.1 1.066E+02 4.472E+08 1.255E+04 05 11 2.4 HPGe

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

Calibration Methods: 477 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
Ionization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results."

(Certificate continued on reverse side)

MGS Certificate, Rev 2 09-28-2009 Page 1 of 2

Laboratory
1380 Seaboard Industrial Bivd. Atlanta, Georgia, 30318

Corporate Office Page 109 of 1185

24937 Avenue Tibhitts Valencia, California 91355



Comuments:
5.30203 grams 4M HCI solution with approximately 30 pg/g each of Cd, Co, Ce, Hyg, 3n, Cs, and Y carriers,

This standard will expire one year after the reference date.

—
Source Prepared by: A A ae/a

M. 1. Taskaeva, Radiochemist

QA Approved: ’#ﬂ""ﬂ Date: /3 /Q}\‘J} (1

]. D. McCorvey, QA Manager Alter]nate J '

MGS Certificate, Rev 2 09-28-2009 Page 2 of 2
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== "A9Y SO0ULDS YNY

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

Fax 404+352+2837

‘& Eckert &Ziegler

Analytics : www.ahalyticsine.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source
83725-334
5 mL Liquid in Flame Sealed Vial
Customer: Test America St. Louis/Earth City, MO

P.O. No.:
Reference Date:

2397508, Item 1

0l-Jan-2011 12:00 PM EST Grams of Master Source: 0.028066

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) maintaing traceability fo the National Institute of S