ENVIRONMENTAL

STANDARDS

Setting the Standards for Innovative Environmental Solutions

Data Validation Report
Tennessee Valley Authority
Watts Barr Fossil Plant
Environmental Investigation Plan
Solid Samples
Chain-of-Custody Number: WBF_CCR_20190709_1B

This quality assurance (QA) review is based upon an examination of the data generated from the
analyses of the four solid samples and two aqueous blanks collected on July 9, 2019, at the
Tennessee Valley Authority (TVA) Watts Barr Fossil Plant facility. These samples were collectively
analyzed by Eurofins TestAmerica, of St. Louis, Missouri, for radium-226 and for radium-228 by
US EPA Method 901.1, for synthetic precipitation leaching procedure (SPLP) radium-226 by
US EPA Method 903.0, and for SPLP radium-228 by US EPA Method 904.0.

This review was performed in accordance with the Environmental Investigation Plan for the
Tennessee Valley Authority Watts Barr Fossil Plant (WBF EIP; Revision 3, November 2018).
This review was performed with guidance from the National Functional Guidelines for Inorganic
Data Review (US EPA, October 2004); the US EPA Region IV Environmental Investigations
Standard Operating Procedures and Quality Assurance Manual (November 2001); and the

US EPA Region IV Data Validation Standard Operating Procedures These validation guidance
documents specifically address analyses performed in accordance with the Contract Laboratory
Program (CLP) analytical methods and are not completely applicable to the type of analyses
and analytical protocols performed for the US EPA methods utilized by the laboratory for these
samples. Environmental Standards, Inc. (Environmental Standards) used professional judgment
to determine the usability of the analytical results and compliance relative to the US EPA
methods utilized by the laboratory.

Summary

The analytical results and associated laboratory quality control (QC) samples were reviewed to
determine the integrity of the reported analytical results and to ensure that the data met the
established data quality objectives. This QA review includes all samples in Eurofins
TestAmerica Job Number 180-92508-1.
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The samples that have undergone Stage 4 data validation are listed below:

Laboratory Date
Sample Job Sample Parameters
Sample Identification Identification Number Matrix Collected Examined

WBF-CCR-TW01-1.5/3.5-20190709 180-92508-1 180-92508-1 Solid  7/9/19 Ra-226, Ra-226",
Ra-228, Ra-228",

Ra-226/228,

Ra-226/228'
WBF-CCR-TW01-6.5/8.5-20190709 180-92508-2  180-92508-1 Solid  7/9/19 Ra-226, Ra-226",
Ra-228, Ra-228",

Ra-226/228,

Ra-226/228'

WBF-CCR-TWO01-11.5/13.5-20190709 180-92508-3  180-92508-1 Solid  7/9/19 Ra-226, Ra-226",
Ra-228, Ra-228",

Ra-226/228,
Ra-226/228'

WBF-CCR-FB01-20190709 180-92508-4 180-92508-1 Aq 7/9/19 Ra-226, Ra-228,
(Field Blank) Ra-226/228

WBF-CCR-TWO01-17.0/19.0-20190709 180-92508-5  180-92508-1 Solid  7/9/19 Ra-226, Ra-226",
Ra-228, Ra-228",

Ra-226/228,
Ra-226/228'

WBF-CCR-EB01-20190709 180-92508-6 180-92508-1 Aq 7/9/119 Ra-226, Ra-228,
(Equipment Blank) Ra-226/228

Parameters Examined

Ra-226 - Radium-226 by US EPA Method 901.1.

Ra-226' - SPLP Radium-226 by US EPA Method 903.0.

Ra-228 - Radium-228 by US EPA Method 901.1.

Ra-228" - SPLP Radium-228 by US EPA Method 904.0.

Ra-226/228 - Radium-226/228 Calculation by US EPA Method 901.1.
Ra-226/228" - SPLP Radium-226/228 Calculation by US EPA Method 903.0/

US EPA Method 904.0.
Aq - Aqueous.




Items Reviewed

Holding Times Calibrations
Sample Preservation Sample Preparation
Chain-of-Custody (COC) Records and Blank Results
Case Narratives
Laboratory Control Sample (LCS) Results Laboratory Duplicate Results
Chemical Tracer Yield Quantitation of Positive Results

Comments and Exceptions

- All analyses performed for the sampling event were in compliance with the requirements
set forth in the EIP.

- Radium-226+228 was reported as the summation of the calculated activities for
radium-226 and radium-228. The reported results for radium-226+228 for the samples
included in this report may have been adjusted and/or qualified in accordance with the
TVA reporting protocols and assigned an “S” reason code.

Qualifier Summary

- Any radium-226+228 result reported from the summation of one isotope activity less
than the MDA (non-negative value) and one isotope activity greater than the MDA
should be considered estimated and have been flagged “J” on the data tables.

Review performed by: Bryan J. Eck, Quality Assurance Chemist

Review reviewed by:  Konstadina Vlahogiani, Senior Technical Chemist

Review approved by:  Andrew L. Piasecki, Senior Quality Assurance Chemist

Review approved by:  Rock J. Vitale, CEAC, Technical Director of Chemistry/Principal
Date review completed: 10/9/19

w:\tva\tva data management\data validation\final\tva wbf ei_ccr material_180925081.docx



SECTION 2

ANALYTICAL RESULTS
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INORGANIC DATA QUALIFIERS

This result should be considered “not-detected” because it was detected in a rinsate
blank or laboratory blank at a similar level.

Unreliable reporting limit; analyte may or may not be present in sample.
Unreliable positive result; analyte may or may not be present in sample.
Quantitation is approximate due to limitations identified during data validation.

This analyte was not detected, but the reporting limit may or may not be higher due to a
bias identified during data validation.
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REASON CODES AND EXPLANATIONS

Reason Code

Explanation

BE Equipment blank contamination. The result should be considered “not-detected.”
BF Field blank contamination. The result should be considered “not-detected.”
BL Laboratory blank contamination. The result should be considered “not-detected.”
BN Negative laboratory blank contamination.

C Initial and/or Continuing Calibration issue, indeterminate bias.
C+ Initial and/or Continuing Calibration issue. The result may be biased high.

C- Initial and/or Continuing Calibration issue. The result may be biased low.
FD Field duplicate imprecision.
FG Total versus Dissolved Imprecision.

H Holding time exceeded.

I Internal standard recovery outside of acceptance limits.

L LCS and LCSD recoveries outside of acceptance limits, indeterminate bias.

L+ LCS and/or LCSD recoveries outside of acceptance limits. The result may be biased high.
L- LCS and/or LCSD recoveries outside of acceptance limits. The result may be biased low.
LD Laboratory duplicate imprecision.

LP LCS/LCSD imprecision.

M MS and MSD recoveries outside of acceptance limits, indeterminate bias.
M+ MS and/or MSD recoveries outside of acceptance limits. The result may be biased high.
M- MS and/or MSD recoveries outside of acceptance limits. The result may be biased low.
MP MS/MSD imprecision.

P Post-digestion spike recoveries outside of acceptance limits, indeterminate bias.

P+ Post-digestion spike recovery outside of acceptance limits. The result may be biased high.
P- Post-digestion spike recovery outside of acceptance limits. The result may be biased low.
Q Chemical Preservation issue.

R RL standards outside of acceptance limits, indeterminate bias.
R+ RL standard(s) outside of acceptance limits. The result may be biased high.

R- RL standard(s) outside of acceptance limits. The result may be biased low.

S Radium-226+228 flagged due to reporting protocol for combined results.

T Temperature preservation issue.
SD Serial Dilution imprecision.

X Percent solids < 50%.
Y+ Chemical Yield outside of acceptance limits. The result may be biased high.

Y- Chemical yield outside of acceptance limits. The result may be biased low.

Z ICP or ICP/MS Interference.
zZ Other.
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TVA CCR Program
Facility: Watts Bar Fossil Plant
SDG: 180925081

Lab Sample ID 180-92508-1

Sys Sample Code |WBF-CCR-TW01-1.5/3.5-20190709

Sample Name WBF-CCR-TWO01-1.5/3.5-20190709
Sample Date 7/9/2019 9:37:00 AM
Location TWO01
Sample Type N
Parent Sample
Analytic Method | Chemical Name CAS Rn Fraction |Result Unit Final Result | Final Qual Reason code Uncertainty Final Final | Final Final Final DF Basis
MDL RL QL Detect Report
CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.000 U S 0.229 N Yes 1 NA
EPA 901.1 Radium 226 + radium 228 RA226/228 T PCI/G 4.68 0.742 Y Yes 1 NA
Radium 228 15262-20-1 T PCIIG 212 0.518 0.217 0.217 | 1.00 Y Yes 1 NA
Radium-226 13982-63-3 T PCI/G 2.56 0.531 0.336 0.336 1.00 Y Yes 1 NA
EPA 903.0 Radium-226 13982-63-3 S PCI/L -0.0515 U 0.0941 0.205 0.205 | 1.00 N Yes 1 NA
EPA 904.0 Radium 228 15262-20-1 S PCI/L -0.0575 U 0.209 0.385 0.385 1.00 N Yes 1 NA

Report Generated: 10/2/2019 3:29:18 PM
Page: 1 of 6



TVA CCR Program
Facility: Watts Bar Fossil Plant
SDG: 180925081

Lab Sample ID

180-92508-2

Sys Sample Code

WBF-CCR-TW01-6.5/8.5-20190709

Sample Name

WBF-CCR-TW01-6.5/8.5-20190709

Sample Date

7/9/2019 10:20:00 AM

Location TWO01
Sample Type N
Parent Sample
Analytic Method | Chemical Name CAS Rn Fraction |Result Unit Final Result | Final Qual Reason code Uncertainty Final Final | Final Final Final DF Basis
MDL RL QL Detect Report
CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.000 U S 0.273 N Yes 1 NA
EPA 901.1 Radium 226 + radium 228 RA226/228 T PCIIG 4.50 0.576 Y Yes 1 NA
Radium 228 15262-20-1 T PCI/G 1.75 0.378 0.249 0.249 1.00 Y Yes 1 NA
Radium-226 13982-63-3 T PCIIG 2.75 0.434 0.199 0.199 | 1.00 Y Yes 1 NA
EPA 903.0 Radium-226 13982-63-3 S PCI/L -0.0434 U 0.0710 0.162 0.162 1.00 N Yes 1 NA
EPA 904.0 Radium 228 15262-20-1 S PCI/L -0.0615 0.264 0.477 0.477 | 1.00 N Yes 1 NA

Report Generated: 10/2/2019 3:29:18 PM

Page: 2 of 6




TVA CCR Program
Facility: Watts Bar Fossil Plant
SDG: 180925081

Lab Sample ID

180-92508-3

Sys Sample Code

WBF-CCR-TW01-11.5/13.5-20190709

Sample Name

WBF-CCR-TW01-11.5/13.5-20190709

Sample Date

7/9/2019 11:50:00 AM

Location TWO01
Sample Type N
Parent Sample
Analytic Method | Chemical Name CAS Rn Fraction |Result Unit Final Result | Final Qual Reason code Uncertainty Final Final | Final Final Final DF Basis
MDL RL QL Detect Report
CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.0853 U 0.266 N Yes 1 NA
EPA 901.1 Radium 226 + radium 228 RA226/228 T PCIIG 5.48 0.772 Y Yes 1 NA
Radium 228 15262-20-1 T PCI/G 211 0.411 0.285 0.285 1.00 Y Yes 1 NA
Radium-226 13982-63-3 T PCIIG 3.37 0.653 0.414 0.414 | 1.00 Y Yes 1 NA
EPA 903.0 Radium-226 13982-63-3 S PCI/L 0.0137 U 0.0926 0.181 0.181 1.00 N Yes 1 NA
EPA 904.0 Radium 228 15262-20-1 S PCI/L 0.0716 0.249 0.432 0.432 | 1.00 N Yes 1 NA

Report Generated: 10/2/2019 3:29:18 PM
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TVA CCR Program
Facility: Watts Bar Fossil Plant
SDG: 180925081

Lab Sample ID

180-92508-4

Sys Sample Code

WBF-CCR-FB01-20190709

Sample Name

WBF-CCR-FB01-20190709

Sample Date 7/9/2019 1:26:00 PM
Location TWO01
Sample Type FB
Parent Sample
Analytic Method | Chemical Name CAS Rn Fraction |Result Unit Final Result | Final Qual Reason code Uncertainty Final Final | Final Final Final DF Basis
MDL RL QL Detect Report
EPA 901.1 Radium 226 + radium 228 RA226/228 PCI/L 37.4 J S 24.6 Y Yes 1 NA
Radium 228 15262-20-1 PCI/L 14.3 u 21.2 31.2 31.2 50.0 N Yes 1 NA
Radium-226 13982-63-3 PCI/L 23.1 12.5 15.3 15.3 50.0 Y Yes 1 NA

Report Generated: 10/2/2019 3:29:18 PM
Page: 4 of 6




TVA CCR Program
Facility: Watts Bar Fossil Plant
SDG: 180925081

Lab Sample ID

180-92508-5

Sys Sample Code

WBF-CCR-TW01-17.0/19.0-20190709

Sample Name

WBF-CCR-TW01-17.0/19.0-20190709

Sample Date

7/9/2019 1:56:00 PM

Location TWO01
Sample Type N
Parent Sample
Analytic Method | Chemical Name CAS Rn Fraction |Result Unit Final Result | Final Qual Reason code Uncertainty Final Final | Final Final Final DF Basis
MDL RL QL Detect Report
CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.0507 U S 0.271 N Yes 1 NA
EPA 901.1 Radium 226 + radium 228 RA226/228 T PCIIG 5.85 0.796 Y Yes 1 NA
Radium 228 15262-20-1 T PCI/G 2.24 0.495 0.228 0.228 1.00 Y Yes 1 NA
Radium-226 13982-63-3 T PCIIG 3.61 0.624 0.266 0.266 | 1.00 Y Yes 1 NA
EPA 903.0 Radium-226 13982-63-3 S PCI/L 0.0507 U 0.0904 0.160 0.160 1.00 N Yes 1 NA
EPA 904.0 Radium 228 15262-20-1 S PCI/L -0.0280 0.255 0.458 0.458 | 1.00 N Yes 1 NA

Report Generated: 10/2/2019 3:29:18 PM
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TVA CCR Program
Facility: Watts Bar Fossil Plant
SDG: 180925081

Lab Sample ID

180-92508-6

Sys Sample Code

WBF-CCR-EB01-20190709

Sample Name

WBF-CCR-EB01-20190709

Sample Date 7/9/2019 2:38:00 PM
Location TWO01
Sample Type EB
Parent Sample
Analytic Method | Chemical Name CAS Rn Fraction |Result Unit Final Result | Final Qual Reason code Uncertainty Final Final | Final Final Final DF Basis
MDL RL QL Detect Report
EPA 901.1 Radium 226 + radium 228 RA226/228 PCI/L 77.7 J S 20.8 Y Yes 1 NA
Radium 228 15262-20-1 PCI/L 14.5 u 12.6 26.8 26.8 50.0 N Yes 1 NA
Radium-226 13982-63-3 PCI/L 63.2 16.6 15.1 15.1 50.0 Y Yes 1 NA

Report Generated: 10/2/2019 3:29:18 PM
Page: 6 of 6




SECTION 3

SUPPORTING DOCUMENTATION FOR QUALIFIERS










Client Sample Results

Client: Environmental Standards Inc. Job ID: 180-92508-1
Project/Site: WBF_CCR_20190709_1B

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

Client Sample ID: WBF-CCR-TW01-1.5/3.5-20190709 ~ WBF-TW01 Lab Sample ID: 180-92508-1
Date Collected: 07/09/19 09:37 Matrix: Solid
Date Received: 07/11/19 09:10
Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 4.68 0.658 0.742 pCi/g 07/19/19 09:23 08/09/19 05:33 1
(positive only)
Radium-226 2.56 0.460 0.531 1.00 0.336 pCi/g 07/19/19 09:23 08/09/19 05:33 1
Radium-228 2.12 0.471 0.518 0.217 pCilg 07/19/19 09:23 08/09/19 05:33 1
Eurofins TestAmerica, Pittsburgh
Page 8 of 1082 09/23/2019




Client Sample Results

Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

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

Client Sample ID: WBF-CCR-TW01-6.5/8.5-20190709 ~ WBF-TW01
Date Collected: 07/09/19 10:20
Date Received: 07/11/19 09:10

Count Total
Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL
Radium 226 and 228 4.50 0.467 0.576
(positive only)
Radium-226 2.75 0.327 0.434 1.00
Radium-228 1.75 0.334 0.378

Page 9 of 1082

MDC Unit
pCilg

0.199 pCilg
0.249 pCilg

Job ID: 180-92508-1

Lab Sample ID: 180-92508-2

Matrix: Solid

Prepared Analyzed Dil Fac
07/19/19 09:23 08/09/19 06:17 1
07/19/19 09:23 08/09/19 06:17 1
07/19/19 09:23 08/09/19 06:17 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client Sample Results

Client: Environmental Standards Inc. Job I1D: 180-92508-1
Project/Site: WBF_CCR_20190709_1B

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

Client Sample ID: WBF-CCR-TW01-11.5/13.5-20190709 ~ WBF-TW01 Lab Sample ID: 180-92508-3
Date Collected: 07/09/19 11:50 Matrix: Solid
Date Received: 07/11/19 09:10
Count Total
Uncert, Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 5.48 0.657 0.772 pCi/g 07/19/19 09:23 08/09/19 06:20 1
(positive only)
Radium-226 3.37 0.555 0.653 1.00 0.414 pCi/g 07/19/19 09:23 08/09/19 06:20 1
Radium-228 2.11 0.351 0.411 0.285 pCi/g 07/19/19 09:23 08/09/19 06:20 1
Eurofins TestAmerica, Pittsburgh
Page 10 of 1082 09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-FB01-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 13:26
Date Received: 07/11/19 09:10

Analyte Racult Nualifiar

Radium 226 and 228

(positive only)

Radium-226

Radium-228 [ RS ERY)

Count Total

Uncert. Uncert.

(20+/-) (20+/-) RL MDC Unit
24 .4 246 pCi/lL
12.3 12.5 50.0 15.3 pCilL
211 21.2 50.0 31.2 pCilL

Page 11 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-4
Matrix: Water

Prepared Analyzed Dil Fac
07/18/19 14:29 08/12/19 06:46 1
07/18/19 14:29 08/12/19 06:46 1
07/18/19 14:29 08/12/19 06:46 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client Sample Results

Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

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

Client Sample ID: WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 13:56
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium 226 and 228 5.85

{positive only)

Radium-226 3.61
Radium-228 2.24

Count Total

Uncert. Uncert.

(20+/-) (20+1-) RL MDC Unit
0.665 0.796 pCi/g
0.499 0.624 1.00 0.266 pCi/g
0.439 0.495 0.228 pCi/g

Page 12 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-5

Matrix: Solid

Prepared Analyzed Dil Fac
07/19/19 09:23 08/09/19 06:16 1
07/19/19 09:23 08/09/19 06:16 1
07/19/19 09:23 08/09/19 06:16 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-EB01-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 14:38
Date Received: 07/11/19 09:10

Analyte Dacnlt Nualifiap

Radium 226 and 228
(positive only)
Radium-226
Radium-228

Count Total

Uncert. Uncert.

(20+/-) (20+/-) RL MDC Unit
19.8 20.8 pCi/L
16.3 16.6 50.0 15.1 pCilL
12.5 12.6 50.0 26.8 pCi/lL

Page 13 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-6
Matrix: Water

Prepared Analyzed Dil Fac
07/16/19 21:18 08/06/19 09:46 1
07/16/19 21:18 08/06/19 09:46 1
07/16/19 21:18 08/06/19 09:46 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-TW01-1.5/3.5-20190709 ~ WBF-TW01

Date Collected: 07/09/19 09:37
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-226 -0.0515 U
Carrier %Yield Qualifier
Ba Carrier 94.¢

Count
Uncert.
(20t1-)
0.0940

Limits
40-110

Total
Uncert.
(20+/-) RL MDC Unit
0.0941 1.00 0.205 pCi/L

Page 14 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-1
Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 10:45 09/16/19 06:12 1

Prepared Analyzed Dil Fac
09/06/19 10.45 09/16/19 06.12 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-TW01-6.5/8.5-20190709 ~ WBF-TW01

Date Collected: 07/09/19 10:20
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-226 -0.0434 U
Carrier %Yield Qualifier
Ba Carrier 86

Count
Uncert.
(20+/-)
0.0709

Limits
40-110

Total
Uncert.
(20+/-) RL MDC Unit
0.0710 1.00 0.162 pCi/L

Page 15 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-2
Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 10:45 09/18/19 07:50 1

Prepared Analyzed Dil Fac
09/06/19 10:45 09/18/19 07:50 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-TW01-11.5/13.5-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 11:50
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-226 0.0137 U
Carrier %Yield Qualifier
Ba Carrier 90.

Count
Uncert.
(20+/-)
0.0926

Limits
40-110

Total
Uncert.
(20+1-) RL MDC Unit
0.0926 1.00 0.181 pCi/lL

Page 16 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-3
Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 10:45 09/16/19 06:12 1

Prepared Analyzed Dil Fac
09/06/19 10:45 09/16/19 06:12 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 13:56
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-226 0.0507 U
Carrier %Yield Qualifier
Ba Carrier 89.¢

Count
Uncert.
(20+/-)
0.0903

Limits
40-110

Total
Uncert.
(20+/-) RL MDC Unit
0.0904 1.00 0.160 pCilL

Page 17 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-5
Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 10:45 09/16/19 06:13 1

Prepared Analyzed Dil Fac
09/06/19 10:45 09/16/19 06:13 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample 1D: WBF-CCR-TW01-1.5/3.5-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 09:37
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-228 -0.0575 U
Carrier %Yield Dnalifier
Ba Carrier 94.

Y Carrier 86.

Count
Uncert.
(20+/-)
0.209

Limits
40-110
40.110

Total

Uncert.

(20+/-) RL
0.209 1.00

Page 18 of 1082

MDC Unit
0.385 pCill

Job ID: 180-92508-1

Lab Sample ID: 180-92508-1

Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09:01 1
Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09.01 1
09/06/19 11:35 09/13/19 09.01 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-TW01-6.5/8.5-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 10:20
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-228 -0.0615 U
Carrier %Yield Qualifier
Ba Carrier 86.

Y Carrier 88.

Count Total

Uncert. Uncert.

(20+/-) (20+/-) RL MDC Unit
0.264 0.264 1.00 0.477 pCilL

Limits

40-110

40-110

Page 19 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-2
Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09:01 1

Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09.01 1
09/06/19 11:35 09/13/19 09.01 1

Eurofins TestAmerica, Pittsburgh

09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-TW01-11.5/13.5-20190709 ~ WBF-TW01

Date Collected: 07/09/19 11:50
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-228 0.0716 U
Carrier %Yielc =

Ba Carrier 90.:

Y Carrier 86.«

Count Total
Uncert. Uncert.
(20+/-) (20+/-) RL MDC Unit
0.249 0.249 1.00 0.432 pCi/lL
Limits
40-110
40-110
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Job ID: 180-92508-1

Lab Sample ID: 180-92508-3

Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09:02 1
Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09:02 1
09/06/19 11:35 09/13/19 09.02 1

Eurofins TestAmerica, Pittsburgh
09/23/2019



Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Client Sample Results

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

Client Sample ID: WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TWO01

Date Collected: 07/09/19 13:56
Date Received: 07/11/19 09:10

Analyte Result Qualifier
Radium-228 -0.0280 U
Carrier %Yiel~ N~lifier
Ba Carrier 89.

Y Carrier 84.

Count Total

Uncert. Uncert.

(20+/-) (20+/-) RL MDC Unit
0.255 0.255 1.00 0.458 pCi/llL

Limits

40-110

40-.110

Page 21 of 1082

Job ID: 180-92508-1

Lab Sample ID: 180-92508-5
Matrix: Solid

Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09:02 1

Prepared Analyzed Dil Fac
09/06/19 11:35 09/13/19 09:02 1
09/06/19 11:35 09/13/19 09:02 1

Eurofins TestAmerica, Pittsburgh

09/23/2019




Client Sample Results

Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Job ID: 180-92508-1

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

Client Sample ID: WBF-CCR-TW01-1.5/3.5-20190709 ~ WBF-TWO01
Date Collected: 07/09/19 09:37
Date Received: 07/11/19 09:10

Count Total

Uncert. Uncert.
Analyte Result Qualifier (20+/-) (20+/-) RL
Radium 226 and 228 0.000 1 0.229 0.229 5.00

Page 22 of 1082

Lab Sample ID: 180-92508-1

Matrix: Solid
MDC Unit Prepared Analyzed Dil Fac
pCi/lL 09/20/19 07:37 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_18B

Client Sample Results

Job ID: 180-92508-1

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

Client Sample ID: WBF-CCR-TWO01-6.5/8.5-20190709 ~ WBF-TW01

Date Collected: 07/09/19 10:20
Date Received: 07/11/19 09:10

Analyte Result Me~tifinp

Radium 226 and 228 0.000

Page 23 of 1082

Count Total

Uncert. Uncert.

(20+/-) (20+/-) RL MDC Unit
0.273 0.273 5.00 pCi/L

Lab Sample ID: 180-92508-2
Matrix: Solid

Analyzed Dil Fac
09/20/19 07:37 1

Prepared

Eurofins TestAmerica, Pittsburgh
09/23/2019



Client Sample Results

Client: Environmental Standards Inc.
Project/Site: WBF_CCR_20190709_1B

Job ID: 180-92508-1

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

Client Sample ID: WBF-CCR-TW01-11.5/13.5-20190709 ~ WBF-TW01

Date Collected: 07/09/19 11:50
Date Received: 07/11/19 09:10

Count Total

Uncert. Uncert.

Analyte Result Qualifier {20+/-) (20+/-)
Radium 226 and 228 0.0853 U 0.266 0.266

Page 24 of 1082

Lab Sample ID: 180-92508-3
Matrix: Solid

RL MDC Unit
5.00 pCi/L

Prepared Analyzed Dil Fac

09/20/19 07:37 1

Eurofins TestAmerica, Pittsburgh
09/23/2019




Client Sample Results

Client: Environmental Standards Inc. Job ID: 180-92508-1
Project/Site: WBF_CCR_20190709_18B

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

Client Sample ID: WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TWO01 Lab Sample ID: 180-92508-5
Date Collected: 07/09/19 13:56 Matrix: Solid
Date Received: 07/11/19 09:10
Count Total
Uncert. Uncert.
Analyte Result ~---"e-r (20+/-) (20+/-) RL MDC Unit Prepared Analyzed Dil Fac
Radium 226 and 228 0.0507 0.271 0.271 5.00 pCi/L 09/20/19 07:37 1
Eurofins TestAmerica, Pittsburgh
Page 25 of 1082 09/23/2019



SECTION 4

CASE NARRATIVE AND CHAIN-OF-CUSTODY RECORD



Job Narrative
180-92508-1

Receipt
The samples were received on 7/11/2019 9:10 AM; the samples arrived in good condition, properly preserved and, where required, on
ice. The temperatures of the 2 coolers at receipt time were 1.0°C and 1.6° C.

Receipt Exceptions

The following samples were listed on the Chain of Custody (COC); however, no samples were

received WBF-CCR-TWO01-1.5/3.5-20190709 ~ WBF-TWO01 (180-92508-1), WBF-CCR-TW01-6.5/8.5-20190709 ~ WBF-TWO01
(180-92508-2) and WBF-CCR-TW01-11.5/13.5-20180709 ~ WBF-TWO01 (180-92508-3). The samples were received 7/13/19

RAD

Method 901.1: Gamma Prep Batch 160-435053

Any minimum detectable concentration (MDC), critical value (DLC), or Safe Drinking Water Act detection limit (SDWA DL) is
sample-specific unless otherwise stated elsewhere in this narrative.

Radiochemistry sample results are reported with the count date/time applied as the Activity Reference Date.

Many isotopes requested for analysis do not have any gamma emissions, or the gamma emissions they do have are very poor. Often,
such analytes are reported by gamma spectrometry assuming secular equilibrium with a longer-lived parent. The client should ensure
that such inference is acceptable for their sample based upon process knowledge. The following assumptions were made for this report:
Inferred from Reported to Analyte

Ac-228 Ra-228

Bi-214 Ra-226

WBF-CCR-EB01-20190709 ~ WBF-TWO01 (180-92508-6), (LCS 160-435053/2-A), (MB 160-435053/1-A), (180-92443-A-1-A) and
(180-92443-A-1-B DU)

Method 901.1: Gamma Prep Batch 160-435572
Any minimum detectable concentration (MDC), critical value (DLC), or Safe Drinking Water Act detection limit (SDWA DL) is
sample-specific unless otherwise stated elsewhere in this narrative.

Radiochemistry sample results are reported with the count date/time applied as the Activity Reference Date.

Many isotopes requested for analysis do not have any gamma emissions, or the gamma emissions they do have are very poor. Often,
such analytes are reported by gamma spectrometry assuming secular equilibrium with a longer-lived parent. The client should ensure
that such inference is acceptable for their sample based upon process knowledge. The following assumptions were made for this report:
inferred from Reported to Analyte

Ac-228 Ra-228

Bi-214 Ra-226

WBF-CCR-TW01-1.5/3.5-20190709 ~ WBF-TWO01 (180-92508-1), WBF-CCR-TWO01-6.5/8.5-20190709 ~ WBF-TW01 (180-92508-2),
WBF-CCR-TWO01-11.5/13.5-20190709 ~ WBF-TWO01 (180-92508-3), WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TWO01
(180-92508-5), (LCS 160-435572/2-A), (MB 160-435572/1-A), (180-92629-A-3-C) and (180-92629-A-3-D DU)

Method 901.1: Gamma Prep Batch 160-435530
Any minimum detectable concentration (MDC), critical value (DLC), or Safe Drinking Water Act detection limit (SDWA DL) is
sample-specific unless otherwise stated elsewhere in this narrative.

Radiochemistry sample results are reported with the count date/time applied as the Activity Reference Date.

Many isotopes requested for analysis do not have any gamma emissions, or the gamma emissions they do have are very poor. Often,
such analytes are reported by gamma spectrometry assuming secular equilibrium with a longer-lived parent. The client should ensure
that such inference is acceptable for their sample based upon process knowledge. The following assumptions were made for this report:
Inferred from Reported to Analyte

Ac-228 Ra-228

Bi-214 Ra-226

WBF-CCR-FB01-20190709 ~ WBF-TWO1 (180-92508-4), (LCS 160-435530/2-A), (MB 160-435530/1-A), (180-92600-H-6-A) and
(180-92600-H-6-B DU)

Method 903.0: Radium-226 prep batch 160-441880-
Any minimum detectable concentration (MDC), critical value (DLC), or Safe Drinking Water Act detection limit (SDWA DL) is
sample-specific unless otherwise stated elsewhere in this narrative.

Radiochemistry sample resulits are reported with the sample collection date/time applied as the Activity Reference Date
WBF-CCR-TW01-1.5/3.5-20190709 ~ WBF-TWO01 (180-92508-1), WBF-CCR-TW01-6.5/8.5-20190709 ~ WBF-TWO01 (180-92508-2),
WBF-CCR-TW01-11.5/13.5-20180709 ~ WBF-TW01 (180-92508-3), WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TWO01
(180-92508-5), (LCS 160-441880/1-A), (MB 160-441880/17-A) and (180-92508-E-1-F DU)
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Method 903.0: Radium-226 prep batch 160-441880-

Ra-226 is reported without a 21-day waiting period to ensure short-lived alpha-emitting radium isotopes (e.g. Ra-224) have decayed out.
The Ra-226 result should be considered to be potentially high biased. Associated samples have activity below the RL. The results are
reported with this narrative.

WBF-CCR-TWO01-1.5/3.5-20190709 ~ WBF-TWO01 (180-92508-1), WBF-CCR-TW01-6.5/8.5-20190709 ~ WBF-TWO01 (180-32508-2),
WBF-CCR-TW01-11.5/13.5-20190709 ~ WBF-TWO01 (180-92508-3), WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TWO01
(180-92508-5), (LCS 160-441880/1-A), (MB 160-441880/17-A) and (180-92508-E-1-F DU)

Method 904.0: Ra-228 Prep Batch 160-441887
Any minimum detectable concentration (MDC), critical value (DLC), or Safe Drinking Water Act detection limit (SDWA DL) is
sample-specific unless otherwise stated elsewhere in this narrative.

Radiochemistry sample results are reported with the count date/time applied as the Activity Reference Date.
WBF-CCR-TW01-1.5/3.5-20190709 ~ WBF-TWO01 (180-92508-1), WBF-CCR-TW01-6.5/8.5-20190709 ~ WBF-TWO01 (180-92508-2),
WBF-CCR-TW01-11.5/13.5-20190709 ~ WBF-TWO01 (180-92508-3), WBF-CCR-TW01-17.0/19.0-20190709 ~ WBF-TW01
(180-92508-5), (LCS 160-441887/1-A), (MB 160-441887/17-A) and (180-92508-E-1-D DU)

No additional analytical or quality issues were noted, other than those described above or 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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Shipping and
Receiving
Documents
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Login Sample Receipt Checklist

Client: Environmental Standards Inc.

Login Number: 92508
List Number: 1
Creator: Say, Thomas C

Job Number: 180-92508-1

List Source: Eurofins TestAmerica, Pittsburgh

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey N/A
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. True
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. True
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with all pertinent information. True
Is the Field Sampler's name present on COC? True
There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True
HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is True
<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True
Residual Chlorine Checked. N/A
Eurofins TestAmerica, Pittsburgh Page 1077 of 1082
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Login Sample Receipt Checklist

Client: Environmental Standards Inc. Job Number: 180-92508-1

Login Number: 92508 List Source: Eurofins TestAmerica, Pittsburgh
List Number: 2
Creator: Watson, Debbie

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey N/A
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. True
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. True
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with all pertinent information. True
Is the Field Sampler's name present on COC? True

There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True

HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is True
<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True
Residual Chlorine Checked. N/A
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Login Sample Receipt Checklist

Client: Environmental Standards Inc.

Login Number: 92508
List Number: 3
Creator: Hellm, Michael

Job Number: 180-92508-1

List Source: Eurofins TestAmerica, St. Louis
List Creation: 07/16/19 01:40 PM

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey True
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. N/A
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. N/A
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True 17.0
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with alt pertinent information. True
Is the Field Sampler's name present on COC? N/A
There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True
HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is N/A
<6mm (1/4").

Multiphasic samples are not present. N/A
Samples do not require splitting or compositing. True
Residual Chlorine Checked.

Eurofins TestAmerica, Pittsburgh Page 1079 of 1082 09/23/2019




Login Sample Receipt Checklist

Client: Environmental Standards Inc.

Login Number: 92508
List Number: 4
Creator: Hellm, Michael

Job Number: 180-92508-1

List Source: Eurofins TestAmerica, St. Louis
List Creation: 07/16/19 03:06 PM

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey True
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. N/A
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. True
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True 0.1
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with all pertinent information. True
Is the Field Sampler's name present on COC? N/A
There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True
HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is N/A
<6mm (1/4").

Multiphasic samples are not present. N/A
Samples do not require splitting or compositing. True
Residual Chlorine Checked.
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Login Sample Receipt Checklist

Client: Environmental Standards Inc. Job Number: 180-92508-1
Login Number: 92508 List Source: Eurofins TestAmerica, St. Louis
List Number: 5 List Creation: 08/06/19 05:29 PM
Creator: Hellm, Michael

Question Answer Comment

Radioactivity wasn't checked or is </= background as measured by a survey True

meter.

The cooler's custody seal, if present, is intact. True

Sample custody seals, if present, are intact. True

The cooler or samples do not appear to have been compromised or True

tampered with.

Samples were received on ice. True

Cooler Temperature is acceptable. True

Cooler Temperature is recorded. True

COC is present. True

COC is filled out in ink and legible. True

COC is filled out with all pertinent information. True

Is the Field Sampler's name present on COC? True

There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True

HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is True
<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True

Residual Chlorine Checked. -

Eurofins TestAmerica, Pittsburgh Page 1081 of 1082 09/23/2019



Login Sample Receipt Checklist

Client: Environmental Standards Inc.

Login Number: 92508
List Number: 6
Creator: Hellm, Michael

Job Number: 180-92508-1

List Source: Eurofins TestAmerica, St. Louis
List Creation: 08/08/19 09:31 AM

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey True
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. True
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. True
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with all pertinent information. True
Is the Field Sampler's name present on COC? True
There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate True
HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is True
<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True
Residual Chlorine Checked. True
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