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APPENDIX C – LABORATORY ANALYTICAL REPORTS  
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October 31, 2023

LIMS USE: FR - ROB WHITTINGTON

LIMS OBJECT ID: 30629265

30629265
Project:
Pace Project No.:

RE:

Rob Whittington
Pace Analytical Madisonville
825 Industrial Rd
Madisonville, KY 42431

3100291

Dear Rob Whittington:

Enclosed are the analytical results for sample(s) received by the laboratory on October 10, 2023. The results relate only to
the samples included in this report.  Results reported herein conform to the applicable TNI/NELAC Standards and the
laboratory's Quality Manual, where applicable, unless otherwise noted in the body of the report.

The test results provided in this final report were generated by each of the following laboratories within the Pace Network:
• Pace Analytical Services - Greensburg

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Samantha Bayura
samantha.bayura@pacelabs.com

Project Manager
(724)850-5622

Enclosures

cc: Doug Wolfe, Pace Analytical Madisonville

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600
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CERTIFICATIONS

Pace Project No.:

Project:

30629265

3100291

Pace Analytical Services Pennsylvania
1638 Roseytown Rd Suites 2,3&4, Greensburg, PA 15601
ANAB DOD-ELAP Rad Accreditation #: L2417
ANABISO/IEC 17025:2017 Rad Cert#: L24170
Alabama Certification #: 41590
Arizona Certification #: AZ0734
Arkansas Certification
California Certification #: 2950
Colorado Certification #: PA01547
Connecticut Certification #: PH-0694
EPA Region 4 DW Rad
Florida/TNI Certification #: E87683
Georgia Certification #: C040
Guam Certification
Hawaii Certification
Idaho Certification
Illinois Certification
Indiana Certification
Iowa Certification #: 391
Kansas Certification #: E-10358
Kentucky Certification #: KY90133
KY WW Permit #: KY0098221
KY WW Permit #: KY0000221
Louisiana DHH/TNI Certification #: LA010
Louisiana DEQ/TNI Certification #: 04086
Maine Certification #: 2023021
Maryland Certification #: 308
Massachusetts Certification #: M-PA1457
Michigan/PADEP Certification #: 9991

Missouri Certification #: 235
Montana Certification #: Cert0082
Nebraska Certification #: NE-OS-29-14
Nevada Certification #: PA014572023-03
New Hampshire/TNI Certification #: 297622
New Jersey/TNI Certification #: PA051
New Mexico Certification #: PA01457
New York/TNI Certification #: 10888
North Carolina Certification #: 42706
North Dakota Certification #: R-190
Ohio EPA Rad Approval: #41249
Oregon/TNI Certification #: PA200002-015
Pennsylvania/TNI Certification #: 65-00282
Puerto Rico Certification #: PA01457
Rhode Island Certification #: 65-00282
South Dakota Certification
Tennessee Certification #: TN02867
Texas/TNI Certification #: T104704188-22-18
Utah/TNI Certification #: PA014572223-14
USDA Soil Permit #: 525-23-67-77263
Vermont Dept. of Health: ID# VT-0282
Virgin Island/PADEP Certification
Virginia/VELAP Certification #: 460198
Washington Certification #: C868
West Virginia DEP Certification #: 143
West Virginia DHHR Certification #: 9964C
Wisconsin Approve List for Rad
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SAMPLE SUMMARY

Pace Project No.:

Project:

30629265

3100291

Lab ID Sample ID Matrix Date Collected Date Received

30629265001 3100291-01 MW1 Water 10/02/23 15:40 10/10/23 10:10

30629265002 3100291-03 MW2 Water 10/03/23 08:55 10/10/23 10:10

30629265003 3100291-05 MW3 Water 10/03/23 08:10 10/10/23 10:10

30629265004 3100291-05 MW3 MS Water 10/03/23 08:10 10/10/23 10:10

30629265005 3100291-05 MW3 MSD Water 10/03/23 08:10 10/10/23 10:10

30629265006 3100291-07 MW4 Water 10/03/23 11:30 10/10/23 10:10

30629265007 3100291-09 MW4D Water 10/02/23 10:40 10/10/23 10:10

30629265008 3100291-11 MW5 Water 10/02/23 15:55 10/10/23 10:10

30629265009 3100291-13 MW6 Water 10/03/23 10:45 10/10/23 10:10

30629265010 3100291-15 MW7 Water 10/03/23 12:10 10/10/23 10:10

30629265011 3100291-17 MW8 Water 10/02/23 14:35 10/10/23 10:10

30629265012 3100291-19 MW10 Water 10/03/23 13:05 10/10/23 10:10

30629265013 3100291-21 MW10D Water 10/02/23 09:45 10/10/23 10:10

30629265014 3100291-23 MW102 Water 10/02/23 12:30 10/10/23 10:10

30629265015 3100291-25 MW104 Water 10/02/23 09:30 10/10/23 10:10

30629265016 3100291-27 MW105R Water 10/02/23 08:35 10/10/23 10:10

30629265017 3100291-29 MW110 Water 10/02/23 07:35 10/10/23 10:10

30629265018 3100291-31 MW111 Water 10/02/23 12:25 10/10/23 10:10

30629265019 3100291-33 MW112 Water 10/02/23 13:00 10/10/23 10:10

30629265020 3100291-35 MW113 Water 10/02/23 08:30 10/10/23 10:10

30629265021 3100291-37 MW114 Water 10/02/23 10:45 10/10/23 10:10

30629265022 3100291-39 Well Duplicate 1 Water 10/02/23 07:52 10/10/23 10:10

30629265023 3100291-41 Well Duplicate 2 Water 10/02/23 15:55 10/10/23 10:10

30629265024 3100291-43 Field Blank Water 10/03/23 11:20 10/10/23 10:10
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

30629265

3100291

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

30629265001 3100291-01 MW1 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265002 3100291-03 MW2 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265003 3100291-05 MW3 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265004 3100291-05 MW3 MS EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

30629265005 3100291-05 MW3 MSD EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

30629265006 3100291-07 MW4 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265007 3100291-09 MW4D EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265008 3100291-11 MW5 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265009 3100291-13 MW6 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265010 3100291-15 MW7 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265011 3100291-17 MW8 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265012 3100291-19 MW10 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265013 3100291-21 MW10D EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

30629265

3100291

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

30629265014 3100291-23 MW102 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265015 3100291-25 MW104 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265016 3100291-27 MW105R EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265017 3100291-29 MW110 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265018 3100291-31 MW111 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265019 3100291-33 MW112 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265020 3100291-35 MW113 EPA 903.1 1 PASI-PAMAR1

EPA 904.0 1 PASI-PAZPC

Total Radium Calculation 1 PASI-PAJAL

30629265021 3100291-37 MW114 EPA 903.1 1 PASI-PALL1

EPA 904.0 1 PASI-PAJJS1

Total Radium Calculation 1 PASI-PAJAL

30629265022 3100291-39 Well Duplicate 1 EPA 903.1 1 PASI-PALL1

EPA 904.0 1 PASI-PAJJS1

Total Radium Calculation 1 PASI-PAJAL

30629265023 3100291-41 Well Duplicate 2 EPA 903.1 1 PASI-PALL1

EPA 904.0 1 PASI-PAJJS1

Total Radium Calculation 1 PASI-PAJAL

30629265024 3100291-43 Field Blank EPA 903.1 1 PASI-PALL1

EPA 904.0 1 PASI-PAJJS1

Total Radium Calculation 1 PASI-PAJAL

PASI-PA = Pace Analytical Services - Greensburg
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-01 MW1 Lab ID: 30629265001 Collected: 10/02/23 15:40 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.221 ± 0.267   (0.407)
C:NA T:92%

pCi/L 10/26/23 11:57 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.666 ± 0.405   (0.742)
C:75% T:82%

pCi/L 10/24/23 15:32 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 0.887 ± 0.672   (1.15) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-03 MW2 Lab ID: 30629265002 Collected: 10/03/23 08:55 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.272 ± 0.386   (0.654)
C:NA T:90%

pCi/L 10/26/23 11:57 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.384 ± 0.313   (0.613)
C:79% T:85%

pCi/L 10/24/23 15:32 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 0.656 ± 0.699   (1.27) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-05 MW3 Lab ID: 30629265003 Collected: 10/03/23 08:10 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.258 ± 0.268   (0.399)
C:NA T:88%

pCi/L 10/26/23 11:57 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.742 ± 0.394   (0.685)
C:77% T:81%

pCi/L 10/24/23 15:32 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.000 ± 0.662   (1.08) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-05 MW3 MS Lab ID: 30629265004 Collected: 10/03/23 08:10 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 103.05 %REC  ± NA   (NA)
C:NA T:NA

pCi/L 10/26/23 11:57 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 98.45 %REC ± NA (NA)
C:NA T:NA

pCi/L 10/24/23 15:32 15262-20-1EPA 904.0

Sample: 3100291-05 MW3 MSD Lab ID: 30629265005 Collected: 10/03/23 08:10 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 102.01 %REC    1.01RPD  ±
NA   (NA)
C:NA T:NA

pCi/L 10/26/23 11:57 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 104.56 %REC    6.01RPD ±
NA (NA)
C:NA T:NA

pCi/L 10/24/23 15:32 15262-20-1EPA 904.0

Sample: 3100291-07 MW4 Lab ID: 30629265006 Collected: 10/03/23 11:30 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 -0.0641 ± 0.518   (1.07)
C:NA T:81%

pCi/L 10/26/23 11:57 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.25 ± 0.571   (0.972)
C:74% T:79%

pCi/L 10/24/23 15:32 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.25 ± 1.09   (2.04) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-09 MW4D Lab ID: 30629265007 Collected: 10/02/23 10:40 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.293 ± 0.575   (1.02)
C:NA T:96%

pCi/L 10/26/23 11:57 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.69 ± 0.605   (0.916)
C:79% T:82%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.98 ± 1.18   (1.94) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-11 MW5 Lab ID: 30629265008 Collected: 10/02/23 15:55 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.115 ± 0.356   (0.689)
C:NA T:87%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.81 ± 0.641   (0.973)
C:79% T:82%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.93 ± 0.997   (1.66) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-13 MW6 Lab ID: 30629265009 Collected: 10/03/23 10:45 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.885 ± 0.539   (0.635)
C:NA T:88%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.09 ± 0.553   (0.973)
C:80% T:66%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0
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Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 8 of 30
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-13 MW6 Lab ID: 30629265009 Collected: 10/03/23 10:45 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Total Radium 1.98 ± 1.09   (1.61) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-15 MW7 Lab ID: 30629265010 Collected: 10/03/23 12:10 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.389 ± 0.592   (1.02)
C:NA T:76%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.204 ± 0.372   (0.815)
C:77% T:73%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 0.593 ± 0.964   (1.84) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-17 MW8 Lab ID: 30629265011 Collected: 10/02/23 14:35 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.314 ± 0.436   (0.737)
C:NA T:92%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.763 ± 0.422   (0.748)
C:73% T:82%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.08 ± 0.858   (1.49) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 9 of 30
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-19 MW10 Lab ID: 30629265012 Collected: 10/03/23 13:05 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.121 ± 0.530   (1.01)
C:NA T:87%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.794 ± 0.416   (0.728)
C:79% T:82%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 0.915 ± 0.946   (1.74) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-21 MW10D Lab ID: 30629265013 Collected: 10/02/23 09:45 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.0561 ± 0.479   (0.935)
C:NA T:92%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.31 ± 0.511   (0.778)
C:74% T:83%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.37 ± 0.990   (1.71) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-23 MW102 Lab ID: 30629265014 Collected: 10/02/23 12:30 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.183 ± 0.432   (0.801)
C:NA T:90%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.638 ± 0.401   (0.746)
C:76% T:80%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 0.821 ± 0.833   (1.55) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 10 of 30
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-25 MW104 Lab ID: 30629265015 Collected: 10/02/23 09:30 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.711 ± 0.472   (0.550)
C:NA T:88%

pCi/L 10/26/23 12:11 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.30 ± 0.476   (0.689)
C:81% T:83%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 2.01 ± 0.948   (1.24) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-27 MW105R Lab ID: 30629265016 Collected: 10/02/23 08:35 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 1.05 ± 0.558   (0.482)
C:NA T:81%

pCi/L 10/26/23 12:24 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.797 ± 0.491   (0.913)
C:77% T:73%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.85 ± 1.05   (1.40) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-29 MW110 Lab ID: 30629265017 Collected: 10/02/23 07:35 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.411 ± 0.756   (1.35)
C:NA T:52%

pCi/L 10/26/23 12:24 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.998 ± 0.574   (1.08)
C:73% T:78%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.41 ± 1.33   (2.43) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 11 of 30
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-31 MW111 Lab ID: 30629265018 Collected: 10/02/23 12:25 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.0673 ± 0.437   (0.882)
C:NA T:83%

pCi/L 10/26/23 12:24 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.11 ± 0.547   (0.970)
C:75% T:81%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.18 ± 0.984   (1.85) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-33 MW112 Lab ID: 30629265019 Collected: 10/02/23 13:00 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.115 ± 0.552   (1.04)
C:NA T:86%

pCi/L 10/26/23 12:24 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.02 ± 0.550   (1.01)
C:76% T:77%

pCi/L 10/24/23 15:34 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.14 ± 1.10   (2.05) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

Sample: 3100291-35 MW113 Lab ID: 30629265020 Collected: 10/02/23 08:30 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.470 ± 0.710   (1.22)
C:NA T:73%

pCi/L 10/26/23 12:24 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 2.42 ± 0.839   (1.23)
C:74% T:67%

pCi/L 10/24/23 15:33 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 2.89 ± 1.55   (2.45) pCi/L 10/27/23 15:27 7440-14-4Total Radium
Calculation

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 12 of 30
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-37 MW114 Lab ID: 30629265021 Collected: 10/02/23 10:45 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.268 ± 0.380   (0.643)
C:NA T:94%

pCi/L 10/26/23 12:51 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 2.90 ± 0.732   (0.651)
C:82% T:84%

pCi/L 10/24/23 11:17 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 3.17 ± 1.11   (1.29) pCi/L 10/27/23 15:42 7440-14-4Total Radium
Calculation

Sample: 3100291-39 Well Duplicate
1

Lab ID: 30629265022 Collected: 10/02/23 07:52 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.705 ± 0.516   (0.711)
C:NA T:91%

pCi/L 10/26/23 12:51 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.02 ± 0.450   (0.735)
C:77% T:85%

pCi/L 10/24/23 11:17 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.73 ± 0.966   (1.45) pCi/L 10/27/23 15:42 7440-14-4Total Radium
Calculation

Sample: 3100291-41 Well Duplicate
2

Lab ID: 30629265023 Collected: 10/02/23 15:55 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• 10/10/23  - Added 5ml HNO3 to all rad bottles prior to analysis.  pH <2.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.120 ± 0.374   (0.723)
C:NA T:92%

pCi/L 10/26/23 12:51 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 1.11 ± 0.465   (0.739)
C:82% T:80%

pCi/L 10/24/23 11:18 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 1.23 ± 0.839   (1.46) pCi/L 10/27/23 15:42 7440-14-4Total Radium
Calculation

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 13 of 30
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Sample: 3100291-43 Field Blank Lab ID: 30629265024 Collected: 10/03/23 11:20 Received: 10/10/23 10:10 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

• Sample date and time not listed on sample containers.
• Samplers name and signature not listed on COC.

Comments:

Method

PWS: Site ID: Sample Type:

Pace Analytical Services - Greensburg

Radium-226 0.191 ± 0.545   (1.01)
C:NA T:90%

pCi/L 10/26/23 12:51 13982-63-3EPA 903.1

Pace Analytical Services - Greensburg

Radium-228 0.362 ± 0.332   (0.671)
C:82% T:82%

pCi/L 10/24/23 11:18 15262-20-1EPA 904.0

Pace Analytical Services - Greensburg

Total Radium 0.553 ± 0.877   (1.68) pCi/L 10/27/23 15:42 7440-14-4Total Radium
Calculation

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 14 of 30
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QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

621736

EPA 903.1

EPA 903.1

903.1 Radium-226

Laboratory: Pace Analytical Services - Greensburg

Associated Lab Samples: 30629265001, 30629265002, 30629265003, 30629265004, 30629265005, 30629265006, 30629265007,
30629265008, 30629265009, 30629265010, 30629265011, 30629265012, 30629265013, 30629265014,
30629265015, 30629265016, 30629265017, 30629265018, 30629265019, 30629265020

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 3030239

Associated Lab Samples: 30629265001, 30629265002, 30629265003, 30629265004, 30629265005, 30629265006, 30629265007,
30629265008, 30629265009, 30629265010, 30629265011, 30629265012, 30629265013, 30629265014,
30629265015, 30629265016, 30629265017, 30629265018, 30629265019, 30629265020

Matrix: Water

Analyzed

Radium-226 pCi/L 10/26/23 11:570.191 ± 0.297   (0.514) C:NA T:85%

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 15 of 30
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QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

621740

EPA 903.1

EPA 903.1

903.1 Radium-226

Laboratory: Pace Analytical Services - Greensburg

Associated Lab Samples: 30629265021, 30629265022, 30629265023, 30629265024

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 3030244

Associated Lab Samples: 30629265021, 30629265022, 30629265023, 30629265024

Matrix: Water

Analyzed

Radium-226 pCi/L 10/26/23 12:510.152 ± 0.264   (0.471) C:NA T:83%

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 16 of 30
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QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

621741

EPA 904.0

EPA 904.0

904.0 Radium 228

Laboratory: Pace Analytical Services - Greensburg

Associated Lab Samples: 30629265021, 30629265022, 30629265023, 30629265024

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 3030245

Associated Lab Samples: 30629265021, 30629265022, 30629265023, 30629265024

Matrix: Water

Analyzed

Radium-228 pCi/L 10/24/23 11:170.320 ± 0.362   (0.757) C:83% T:78%

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 17 of 30
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QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:

Project:

30629265

3100291

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

621737

EPA 904.0

EPA 904.0

904.0 Radium 228

Laboratory: Pace Analytical Services - Greensburg

Associated Lab Samples: 30629265001, 30629265002, 30629265003, 30629265004, 30629265005, 30629265006, 30629265007,
30629265008, 30629265009, 30629265010, 30629265011, 30629265012, 30629265013, 30629265014,
30629265015, 30629265016, 30629265017, 30629265018, 30629265019, 30629265020

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 3030240

Associated Lab Samples: 30629265001, 30629265002, 30629265003, 30629265004, 30629265005, 30629265006, 30629265007,
30629265008, 30629265009, 30629265010, 30629265011, 30629265012, 30629265013, 30629265014,
30629265015, 30629265016, 30629265017, 30629265018, 30629265019, 30629265020

Matrix: Water

Analyzed

Radium-228 pCi/L 10/24/23 15:350.469 ± 0.358   (0.693) C:79% T:77%

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600

Page 18 of 30
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QUALIFIERS

Pace Project No.:

Project:

30629265

3100291

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.

ND - Not Detected at or above adjusted reporting limit.

TNTC - Too Numerous To Count

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.
RL - Reporting Limit - The lowest concentration value that meets project requirements for quantitative data with known precision and
bias for a specific analyte in a specific matrix.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270. The result reported for
each analyte is a combined concentration.
Reported results are not rounded until the final step prior to reporting. Therefore, calculated parameters that are typically reported as
"Total" may vary slightly from the sum of the reported component parameters.
Act - Activity
Unc - Uncertainty:  For Safe Drinking Water Act (SDWA) analyses, the reported Unc. Is the calculated Count Uncertainty (95%
confidence interval) using a coverage factor of 1.96. For all other matrices (non-SDWA), the reported Unc. is the calculated
Expanded Uncertainty (aka Combined Standard Uncertainty, CSU), reported at the 95% confidence interval using a coverage factor
of 1.96.
Gamma Spec: The Unc. reported for all gamma-spectroscopy analyses (EPA 901.1), is the calculated Expanded Uncertainty (CSU)
at the 95.4% confidence interval, using a coverage factor of 2.0.
(MDC) - Minimum Detectable Concentration

Trac - Tracer Recovery (%)

Carr - Carrier Recovery (%)

Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.

TNI - The NELAC Institute.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 10/31/2023 01:20 PM

Pace Analytical Services, LLC

1638 Roseytown Road - Suites 2,3,4

Greensburg, PA 15601

(724)850-5600
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Memorandum

Date: August 29, 2023

To: Christopher Hoglund

From: Ninad Indulkar

Re: Quality Assurance/Quality Control (QA/QC) Review of Analytical Data
BREC Wilson, Ohio County, Kentucky
Project No. 156880       

Water samples were collected at the BREC Wilson Landfill Site in Ohio County, Kentucky, between 
April 19 and April 26, 2023. The samples were analyzed by Pace Analytical Services of Madisonville, 
Kentucky (Pace Madisonville) and Pace Analytical of Greensburg, Pennsylvania (Pace Greensburg) for 
one or more of the following parameters:

Parameter Analytical Method Laboratory
Metals SW846 6010 B

SW846 6020 A
Mercury EPA 245.7 REV

Total Dissolved Solids (TDS) 2540 C-2015
Anions

chloride, fluoride, sulfate
EPA 300.0 REV 2.1

Total Organic Carbon (TOC) 5310 C-2014
Alkalinity 

Bicarbonate/carbonate alkalinity as CaCO3
Total alkalinity

2320 B-2011

Hardness as CaCO3 2340 C (as HACH 8226)
Specific Conductance 2510 B-2011

Chemical Oxygen Demand (COD) HACH Method 8000
pH 4500-H+ B-2000

Pace - Madisonville

Radium-226
Radium-228

*total calculated from radium-226 + 
radium-228 analyses. 

EPA 903.1
EPA 904

Total Radium by 
calculation

Pace - Greensburg

This sample delivery group (SDG) contains several single data sets, which were combined into one large 
PDF deliverable.  This includes SDG for Pace Madisonville and several individual SDGs for Pace 
Greensburg.  Because of this, page numbers do not accurately reflect the number of pages noted for the 
PDF.  The PDF has been bookmarked by the data validator for easier manipulation of this PDF.  Note, 
this differs from previous sampling events in which each well was reported in single SDGs for each lab 
location    

The QA/QC results in association with the samples collected, were examined for any method-specific 
requirements.  Data qualifiers, when appropriate, were added to the data as recommended in the United 
States Environmental Protection Agency’s (USEPA’s) National Functional Guidelines for Inorganic 
Superfund Methods Data Review (NFGI, 2020).  The QA/QC review results are discussed below, and the 
qualifiers added during this review are summarized in Table 1. 
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Memorandum (continued)

1. Chain-of-Custody (COC) – Several COCs sent from Pace Madisonville to Pace Greensburg for 
the radium analyses did not include signatures, times, temperature and/or dates.  The samples 
arrived and were correctly logged in and analyzed for radium as requested, except for Field Blank 
which was identified as Lab ID 3043773-01 for Pace Madisonville, and as Lab ID 3048773 for 
Pace Greensburg.  Sample information was likely obtained from Pace’s laboratory information 
management (LIM) system. The relinquished and received signatures, times, and dates were 
present on the COCs for all samples sent from the field to Pace-Madisonville.

Note, several samples had a “/” following their identification in the PDF, this was dropped in this 
text and associated tables to maintain consistency with nomenclature in the reporting and/or 
database(s). 

2. Requested Analyses Completed – All analyses were completed as requested. The majority of the 
results were detections above the RL, so cross-contamination is not likely, and results were 
qualified based on the QC provided.  

3. Holding Times – All radium samples (except Field Blank and Well Duplicate2) were noted as 
lacking appropriate preservation of a pH less than 2 (pH<2).  Upon arrival, Pace Greenburg added 
nitric acid (HNO3).  However, because this preservation was added more than 5 days after sample 
collection, the affected sample/result pairs were all qualified as estimated (J).  Also, for Field 
Blank, pH was analyzed more than 5 days after sample collection, and the sample was qualified 
as estimated (J). 

With the above exceptions, all samples/analyses were completed within their recommended 
holding time.

4. Sample Preservation – All samples were received by Pace-Madisonville slightly below the 
preservation temperature range of 4 degrees Celsius (°C) +/- 2°C. Since the samples were not in a 
frozen state, the requested analyses were completed. The radium samples did not require thermal 
preservation.       

5. Field Blank – Field blanks assess the potential for cross-contamination during the sample 
activities and/or transport. For this review, the field blank was associated with samples collected 
on 04/25/2023, which included MW102, MW104, MW105, MW110, MW5, MW6, MW7, Well 
Duplicate-1 and Well Duplicate-2. The following field blank detections were noted during this 
review:

Mercury, specific conductance, hardness as CaCO3, TDS, and chloride were detected in 
sample Field blank. Any low-level (J-flagged) detections of these analytes in the 
associated samples were qualified as non-detect (JU), while any detections greater than 
the reporting limit (RL) but less than five times the respective blank concentration were 
qualified as estimated potential high bias (J+).  (see below)
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Memorandum (continued)

Additionally, radium 228 and total radium detections over the RL were reported in this 
field blank (SDG 3048773).  A negative radium 226 detection was also reported; 
however, it should still be reviewed for potential carryover when accounting for the 
uncertainty value associated with radium methods.  For this blank review, estimated (J) 
qualifiers (rather than non-detect qualifiers) were added to the associated samples due to 
the uncertainty associated with these analytes. 

The following summarizes the review of these analytes based on these above-noted field 
blank detections:

o Samples MW102, MW104, MW105, MW110, MW5, MW6, MW7, Well 
Duplicate-1 and Well Duplicate-2 were non-detect for mercury; therefore, no 
qualifiers were required. 

o Samples MW102, MW104, MW105, MW110, MW5, MW6, MW7, Well 
Duplicate-1 and Well Duplicate-2 yielded a specific conductivity detection 
greater than five times the field blank concentration; hence, no qualifier was 
required. 

o Samples MW102, MW104, MW105, MW110, MW5, MW6, MW7, Well 
Duplicate-1 and Well Duplicate-2 yielded a Hardness as CaCO3 detection 
greater than five times the field blank concentration; hence, no qualifier was 
required.

o Samples MW102, MW104, MW105, MW110, MW5, MW6, MW7, Well 
Duplicate-1 and Well Duplicate-2 yielded a TDS result greater than five times 
the field blank concentration; hence, no qualifier was required.

o Samples MW102, MW104, MW105, MW110, MW5, MW6, MW7, Well 
Duplicate-1 and Well Duplicate-2 yielded a chloride detection greater than five 
times the field blank concentration; hence, no qualifier was required.

o All radium results for the above-noted associated samples were qualified as 
estimated (J) since most were less than five times the respective field blank 
concentration. For the few radium 226 results not greater than five times the 
negative field blank result, professional judgment was used.  These results were 
also qualified estimated (J) due to the uncertainty which would result in a 
concentration less than five times said field blank concentration.  

Also, although not a field blank for sampling equipment, mercury field blanks were also 
submitted for each sample.  No detections were noted in these blanks. 

6. Method Blanks – Method blanks assess the potential for cross-contamination during the sample 
preparation and/or analyses.  The following method blank detections were noted during this 
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review:

Zinc was detected at a low level (J-flagged) in the laboratory blank in QC batch 
BCD2229. Samples MW-10D, MW-111, and MW-112 exhibited low-level detections 
below their RL, and were qualified as non-detect (JU).

Radium:  Radium-226 and radium-228 were detected in all method blanks.  Because of 
the uncertainty associated with radium results, the review criteria were slightly altered to 
account for this.  For any associated radium-226 or radium-228 detection less than five 
times the corresponding method blank concentration plus its uncertainty, the respective 
result was qualified as estimated (J).  Additionally, because this result was used in the 
calculation to report total radium, the total radium result for said sample was also 
qualified as estimated (J).  Based on this, all samples (except the field blank) were 
qualified and estimated (J) for the radium fractions. Note, several samples were 
previously qualified estimated (J) for the preservation/holding time issues noted by the 
lab and/or field blank detections.

Note, blanks are not typically qualified based on other blanks. Therefore, the field blank 
was excluded from this qualification.

7. Laboratory Control Samples (LCS) – The LCS contains a matrix similar to that of the sample that 
has been spiked with known concentrations of target analytes.  The LCS is prepared and analyzed 
by the same method as the samples.  As a measure of analytical accuracy, the results of the LCS 
are compared against the known analyte concentrations in the spike to determine percent recovery 
(REC).  The purpose of the LCS is to determine the performance of the laboratory with respect to 
analyte recovery, independent of field sample matrix interference. 

All LCS RECs were within their respective QC limits, except for fluoride, sodium and pH (lab) in 
QC batches BCE0124, BCD2654 and BCD2583, respectively. The LCS REC was below the QC 
limit for sodium, and the associated sample (Field Blank) was qualified as (UJ) as it was non-
detect in the sample. 

8. Matrix Spike/Matrix Spike Duplicates (MS/MSD) – MS/MSDs are typically run for organic and 
inorganic analyses.  A sample is split into three portions (original, MS and MSD), and a known 
amount of a target analyte is added (spiked) to two portions (MS and MSD) of the sample.  The 
results of these two portions are compared with each other for reproducibility using the relative 
percent difference (RPD).  They are also compared against the unspiked portion of the sample for 
REC of the spike. For one or more MS/MSDs, the lab could not calculate a REC and no result 
was reported.  The following site-specific MS/MSD results were outside their respective control 
limits, and qualified as noted (see also Table 1 for all qualifications added). 

MS/MSD REC performed on sample MW10 (Lab ID 3043158-01):
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o The MS REC of mercury was below the control limits.  The parent sample was 
non-detect for this analyte, and qualified as estimated at the reporting limit (UJ).

MS/MSD REC performed on sample MW114 (Lab ID 3043160-01):

o The MS REC for total alkalinity and calcium was below the control limit. Since 
it was less than ¼ the respective concentration of the parent sample, and no 
conclusion could be made.

o The MS/MSD RECs for sodium were below the control limit. Since it was less 
than ¼ the respective concentration of the parent sample, and no conclusion 
could be made.

o MS/MSD RECs for lithium and potassium were above the control limit. No 
qualifiers were added since the parent sample was non detect for these analytes. 

MS/MSD REC performed on sample MW10D (Lab ID 3043162-01):

o The lab spike amounts for boron, calcium, sodium and magnesium were less 
than ¼ the respective concentration of the parent sample.  Therefore, the 
MS/MSD results  for these metals were inconclusive. 

o The MS/MSD RECs of lithium were below the control limits. Hence, it was 
qualified as (J-) 

MS/MSD REC performed on sample MW113 (Lab ID 3043166-01):

o The MS/MSD RECs of mercury were below the control limits.  The parent 
sample was non-detect for analyte and qualified as estimated at the reporting 
limit (UJ).  

MS/MSD REC performed on sample MW4D (Lab ID 3043171-01):
o The MS/MSD RECs of mercury were below the control limits.  The parent 

sample was non-detect for analyte and qualified as estimated at the reporting 
limit (UJ).  

MS/MSD REC performed on sample MW7 (Lab ID 3043174-01):

o The lab spike amount for sulfate was less than ¼ the respective concentration of 
the parent sample.  Therefore, the MS/MSD results for this MS/MSD pair were 
inconclusive.

MS/MSD REC performed on sample MW8 (Lab ID 3043175-01):
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o The lab spike amount for total alkalinity was less than 1/4 the concentration of 
the parent sample. As such, the MS result was inconclusive. 

o The lab noted chloride did not meet the 1/4 criteria, although upon further 
review the spike amount was sufficient; however, the sample was analyzed at a 
high dilution.  As such, no conclusion could be made regarding the MS/MSD 
for chloride.  

o The MS/MSD RECs for sulfate were below the QC limits. Hence the sample 
was qualified as estimated potential low bias (J-). 

MS/MSD REC performed on sample Well Duplicate-2  (Lab ID 3043177-01):

The MS REC for total alkalinity was below the QC limit. Hence, the sample 
was qualified as estimated potential low bias (J-).  Because this field duplicate 
was collected at MW-110, it was also qualified estimated potential low bias (J-) 
for this data point.

General:  

o For one or more MS/MSD results, the lab did not report the REC and/or RPD.  
Upon further review, these were not reported as the parent sample was non-
detect and the spike amount was less than the sample’s RL.  Therefore, the 
result was considered non-detect and could not be calculated.  No qualifiers 
were added based solely on these, and review was made by the corresponding 
QC results.  

9. Laboratory Duplicates – Laboratory duplicates were performed to evaluate analytical precision 
between samples when an MS/MSD may not be appropriate. Only project-specific laboratory 
duplicates were compared and used for qualification. The following duplicate results were outside 
their respective control limits and qualified as noted (see also Table 1 for all qualifications 
added). 

Laboratory duplicate performed on MW113 (3043166-01): 
o The COD laboratory duplicate performed on the noted sample yielded an 

elevated RPD that exceeded the QC limit. Upon further review, a sensitivity test 
was more practical since the results were less than five times the RL. Thus, no 
qualifiers were necessary.  

All the other site-specific laboratory duplicates were within QC limits.

10. Field Duplicate Results – Field duplicate results provide information on the ability to reproduce 
field results and account for errors introduced from handling, shipping, storage, preparation, and 
analysis of field samples.  There are no specific USEPA criteria for qualifying data from field 
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duplicate results. Depending upon the sample concentration, one of the following criteria based 
upon NFGI is applicable:  

Is the compound detected in both portions?

If the sample concentrations are greater than 5 times the detection limit, then the 
maximum allowable RPD is 20 percent for water samples. 

If the sample concentrations are less than 5 times the detection limit, then a sensitivity 
test is applied. For the sensitivity test, the sample concentrations must agree within ± the 
lower detection limit for water samples.

If the radium results are reported above their minimum detectable concentration (MDC), 
the normalized difference (also called the relative error ratio) between the duplicate pair 
was calculated.  The maximum normalized difference is 1.96 for the radium samples.  

The following field duplicate pairs were included in this review, and detections are presented on 
Table 2:  

MW-6/DUP /Well Duplicate 1 (collected 04/25/2023):  All field duplicate results were 
adequately replicated, with the exception of sulfate and chloride, which did not meet the 
duplication criteria since they yielded an elevated RPD. Hence, the parent/duplicate pair 
was qualified as estimated (J) for these analytes. 

MW-110/ Well Duplicate 2 (collected 04/25/2023):  Iron and hardness as CaCO3 did not 
meet the duplication criteria since they yielded elevated RPDs. As such, the 
parent/duplicate pair was qualified as estimated (J) for these analytes.

General:  Both field duplicate pairs exhibited variable differences in the radium results 
due to their associated uncertainty.  As noted previously, all radium results were qualified 
estimated (J) for one or more reasons.  As such, no further qualifiers were added for these 
results based solely on the field duplicate review.

11. Detection and Quantitation Limits – Dilutions were required to account for high concentrations of 
target analytes and/or matrix interferences in one or more samples. RLs were adjusted 
accordingly, and no data qualifiers were added based on these dilutions.

12. Miscellaneous – Dilutions the laboratory also added various qualifiers based on upper-level 
review items.  This included calibrations and post-digestion spike (PDS) samples.  The 
calibration information was not provided and was not included in this scope of review.  No data 
qualifiers were added based solely on these calibration flags.  For the PDS, the corresponding 
MS/MSDs were reviewed, and qualifiers were added, as applicable, based on these results.  
Several of the PDS results were also inconclusive as the spike amounts were less than ¼ the 
respective sample concentration.  No qualifiers were added based on the PDS results.  
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13. Conclusion – The data were reviewed for achievement of any method-specified QA/QC criteria. 
The data are valid for use, as qualified, in reporting the results of this investigation.

Attachments
Table 1 – Data Qualifier Table
Table 2 – Field Duplicate Comparison – Detections Only









\\Z:\Clients\ENS\BigRiversEC\156880_WilsonGW2023\Studies\Site_Invest\2023 CCR GWMCAR\Data\2H2023 GW\Lab\Data validation\2023 
CCR GW Report (exclude MW-1 to MW-4)\BREC Wilson_Data Val_October 2023_Final_CCR 2023GW Rpt.docx

Memorandum

Date: January 10, 2024

To: Christopher Hoglund

From: Omkar Parab

Re: Quality Assurance/Quality Control (QA/QC) Review of Analytical Data
BREC Wilson, Ohio County, Kentucky
Project No. 156880       

Water samples were collected at the BREC Wilson Landfill Site in Ohio County, Kentucky, between 
October 2 and 3, 2023. The samples were analyzed by Pace Analytical Services of Madisonville, 
Kentucky (Pace Madisonville) and Pace Analytical of Greensburg, Pennsylvania (Pace Greensburg) for 
one or more of the following parameters:

Parameter Analytical Method Laboratory
Metals SW846 6010 B

SW846 6020 A
Mercury EPA 245.7 REV 2

Total Dissolved Solids (TDS) 2540 C-2015
Anions

chloride, fluoride, sulfate
EPA 300.0 REV 2.1

Total Organic Carbon (TOC) 5310 C-2014
Alkalinity 

Bicarbonate/carbonate alkalinity as CaCO3
Total alkalinity

2320 B-2011

Hardness as CaCO3 2340 C (as HACH 8226)
Specific Conductance 2510 B-2011

Chemical Oxygen Demand (COD) HACH Method 8000

Pace - Madisonville

Radium-226
Radium-228

*total calculated from radium-226 + 
radium-228 analyses. 

EPA 903.1
EPA 904

Total Radium by 
calculation

Pace - Greensburg

The QA/QC results in association with the samples collected, were examined for any method-specific 
requirements.  Data qualifiers, when appropriate, were added to the data as recommended in the United 
States Environmental Protection Agency’s (USEPA’s) National Functional Guidelines for Inorganic 
Superfund Methods Data Review (NFGI, 2020).  The QA/QC review results are discussed below, and the 
qualifiers added during this review are summarized in Table 1. 

1. Chain-of-Custody (COC) –The relinquished and received signatures, times, and dates were 
present on the COCs for all samples sent from the field to Pace-Madisonville. For the Pace-
Madisonville to Pace-Greensburg transfer, the lab noted that no dates or times were included on 
the sample bottles.  

2. Requested Analyses Completed – All analyses were completed as requested.  
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3. Holding Times –.All samples/analyses were completed within their recommended holding time.

4. Sample Preservation – The lab did not indicate any problems with sample temperatures upon 
receipt. Upon arrival, the laboratory noted that the samples were received on ice and were 
properly stored within the recommended sample temperature range. No data qualifiers were 
necessary. The radium samples did not require thermal preservation.  

All radium samples (except MW-10, MW-10D, MW-102, MW-104, MW-110, MW-112, MW-
114, Well Duplicate 1, and Field Blank) were noted as lacking appropriate preservation of a pH 
less than 2 (pH<2).  Upon arrival, Pace Greenburg added 5 ml nitric acid (HNO3). However, 
because this preservation was added more than 5 days after sample collection, the affected 
sample/result pairs were all qualified as estimated (J). 

5. Field Blank – Field blanks assess the potential for cross-contamination during the sample 
activities and/or transport. For this review, the field blank was associated with samples collected 
on 10/03/2023, which included MW-6, MW-7, and MW-10. The following field blank detections 
were noted during this review:

Zinc and specific conductance were detected in the sample Field Blank. Any low-level 
(J-flagged) detections of these analytes in the associated samples were qualified as non-
detect (JU), while any detections greater than the reporting limit (RL) but less than five 
times the respective blank concentration were qualified as estimated potential high bias 
(J+). No qualifiers were added for detections greater than five times the respective blank 
concentration. (see below for qualifiers added based on these blank detections)

Radium 226, radium 228, and total radium detections over the RL were reported in this 
field blank. For this blank review, estimated (J) qualifiers (rather than non-detect 
qualifiers) were added to the associated samples due to the uncertainty associated with 
these analytes. 

The following summarizes the review of these analytes based on these above-noted field 
blank detections:

o Samples MW-6 and MW-7 yielded a low-level (J-flagged) zinc detection; 
therefore, the noted samples were qualified as non-detect (JU). 

o Sample MW-10 yielded a zinc detection greater than the RL but less than five 
times the field blank concentration. Hence, the sample was qualified as 
estimated potential high bias (J+).

o All specific conductance results for the above-noted associated samples were 
greater than five times the field blank detection; hence, no qualifiers were 
required. 
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o All radium results for the above-noted associated samples were qualified as 
estimated (J) since most were less than five times the respective field blank 
concentration. For the few radium 226 results not greater than five times the 
negative field blank result, professional judgment was used. These results were 
also qualified estimated (J) due to the uncertainty which would result in a 
concentration less than five times said field blank concentration.

Mercury field blanks were also submitted for each sample. Mercury was detected in the following 
blanks: Mercury Field Blank MW-8, Mercury Field Blank MW-10, Mercury Field Blank 
MW-10D, and Mercury Field Blank MW-105R. Since mercury was non-detect in the 
corresponding field sample, no qualifiers were required.

6. Method Blanks – Method blanks assess the potential for cross-contamination during the sample 
preparation and/or analysis. The following method blank detections were noted during this 
review:

Zinc was detected in the laboratory blank in QC batch BCJ0461. Associated samples 
MW-5, MW-6, MW-7, MW-8, and MW-10D exhibited low-level (J-qualified) detections 
and were qualified as non-detect (JU). Sample MW-10 exhibited detection greater than 
RL but less than five times the method blank concentration and was qualified as 
estimated potential high bias (J+). Samples MW-4D exhibited detections greater than five 
times the method blank concentration; hence, no qualifiers were required. 

Radium:  Radium-226 and radium-228 were detected in all method blanks. Because of 
the uncertainty associated with radium results, the review criteria were slightly altered to 
account for this. For any associated radium-226 or radium-228 detection less than five 
times the corresponding method blank concentration plus its uncertainty, the respective 
result was qualified as estimated (J). Additionally, because this result was used in the 
calculation to report total radium, the total radium result for said sample was also 
qualified as estimated (J). Based on this, all samples (except the field blank) were 
qualified and estimated (J) for the radium fractions. Note, several samples were 
previously qualified estimated (J) for the preservation issues noted by the lab and/or field 
blank detections.

Note, blanks are not typically qualified based on other blanks. Therefore, the field blank 
was excluded from this qualification.

7. Laboratory Control Samples (LCS) – The LCS contains a matrix similar to that of the sample that 
has been spiked with known concentrations of target analytes.  The LCS is prepared and analyzed 
by the same method as the samples. As a measure of analytical accuracy, the results of the LCS 
are compared against the known analyte concentrations in the spike to determine percent recovery 
(REC). The purpose of the LCS is to determine the performance of the laboratory with respect to 
analyte recovery, independent of field sample matrix interference. 
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All LCS RECs were within their respective QC limits, except for the following: 

o The LCS REC was below the QC limit for sodium in QC batch BCJ0463. This LCS REC 
results was not associated with any sodium results reported in the project samples. No 
qualifiers were added based solely on this LCS result.  

o The LCS REC was above the QC limit for bicarbonate alkalinity as CaCO3 in QC 
batches BCJ0631 and BCJ0633. The bicarbonate alkalinity as CaCO3 detections in all 
samples except the field blank were qualified as estimated potential high bias (J+).  
Additionally, since the bicarbonate alkalinity was used to calculate the total alkalinity, 
this result was also qualified as noted for the above-noted samples. 

o The LCS RECs for chloride and sulfate in BCJ0816 were below their QC limits. 
Associated sample Well Duplicate 2 was qualified as estimated potential low bias (J-). 
Associated Field Blank sample was qualified as estimated at the reporting limit (UJ) as 
the noted analytes were non-detect in this sample.

8. Matrix Spike/Matrix Spike Duplicates (MS/MSD) – MS/MSDs are typically run for organic and 
inorganic analyses. A sample is split into three portions (original, MS and MSD), and a known 
amount of a target analyte is added (spiked) to two portions (MS and MSD) of the sample. The 
results of these two portions are compared with each other for reproducibility using the relative 
percent difference (RPD).  They are also compared against the unspiked portion of the sample for 
REC of the spike. For one or more MS/MSDs, the lab could not calculate a REC and no result 
was reported.  The following site-specific MS/MSD results were outside their respective control 
limits and qualified as noted (see also Table 1 for all qualifications added). 

MS/MSD REC performed on sample MW-5:

o The MS/MSD results for several 6010 metals were reported at a dilution, while 
the parent sample was not reported at a dilution. Therefore, no conclusions 
could be made regarding the accuracy of the MS/MSD results. No qualifiers 
were added.
 

o The MS/MSD RECs of mercury were below the control limits. The spiked 
parent sample was non-detect for mercury and was qualified as estimated at the 
reporting limit (UJ). 

o The MS REC for total alkalinity was below the control limits. The lab spike 
amounts were less than ¼ the concentration of the parent sample for total 
alkalinity. Therefore, this MS result was inconclusive, and no qualifiers were 
added.    

MS/MSD REC performed on sample MW-104:
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o The MS/MSD results for several 6010 metals were reported at a dilution, while 
the parent sample was not reported at a dilution. Therefore, no conclusions 
could be made regarding the accuracy of the MS/MSD results. Additionally, the 
post digestive spike (PDS) performed on this sample for these metals also 
exhibited the same issue.  No qualifiers were added based solely on these 
results.

o The MS/MSD RECs for sulfate were reported as ‘NR’, the lab spike amounts 
were less than ¼ the concentration of the parent sample for sulfate. Therefore, 
these MS/MSD results were inconclusive, and no qualifiers were added. The 
MS/MSD RECs for chloride and fluoride were below the control limits. 
Chloride detection in the spiked parent sample was qualified as estimated 
potential low bias (J-). The spiked parent sample was non-detect for fluoride and 
was qualified as estimated at the reporting limit (UJ). 

o The lab also performed a PDS on this same sample, and the PDS REC for 
antimony was below the control limits. Because the corresponding MS/MSD 
results were acceptable, no actions were necessary. 

MS/MSD REC performed on sample MW-110:

o The MS/MSD results for several 6010 metals were reported at a dilution, while 
the parent sample was not reported at a dilution. Therefore, no conclusions 
could be made regarding the accuracy of the MS/MSD results. No qualifiers 
were added.

o The MS REC for total alkalinity was below the control limits. The total 
alkalinity detection in the spiked parent sample was qualified as estimated 
potential low bias (J-).
 

MS/MSD REC performed on sample MW-113:

o The MS/MSD RECs of mercury were below the control limits. The spiked 
parent sample was non-detect for analyte and was qualified as estimated at the 
reporting limit (UJ). 

o The MS REC for total alkalinity was below the control limits. The lab spike 
amounts were less than ¼ the concentration of the parent sample for total 
alkalinity. Therefore, this MS results was inconclusive, and no qualifiers were 
added.

MS/MSD REC performed on sample MW-112:
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o The MS/MSD RPD of mercury was above its control limits. The spiked parent 
sample was non-detect for mercury, and no qualifiers were added.    

All the other MS/MSD RECs were within their respective QC limits.

9. Laboratory Duplicates – Laboratory duplicates were performed to evaluate analytical precision 
between samples when an MS/MSD may not be appropriate. Only project-specific laboratory 
duplicates were compared and used for qualification. 

All the site-specific laboratory duplicates were within QC limits.

10. Field Duplicate Results – Field duplicate results provide information on the ability to reproduce 
field results and account for errors introduced from handling, shipping, storage, preparation, and 
analysis of field samples.  There are no specific USEPA criteria for qualifying data from field 
duplicate results. Depending upon the sample concentration, one of the following criteria based 
upon NFGI is applicable:  

Is the compound detected in both portions?

If the sample concentrations are greater than 5 times the detection limit, then the 
maximum allowable RPD is 20 percent for water samples. 

If the sample concentrations are less than 5 times the detection limit, then a sensitivity 
test is applied. For the sensitivity test, the sample concentrations must agree within ± the 
lower detection limit for water samples.

If the radium results are reported above their minimum detectable concentration (MDC), 
the normalized difference (also called the relative error ratio) between the duplicate pair 
was calculated.  The maximum normalized difference is 1.96 for the radium samples.  

The following field duplicate pairs were included in this review, and detections are presented on 
Table 2:  

MW-110/Well Duplicate 1 (collected 10/2/2023):  All field duplicate results were 
adequately replicated, with the exception of hardness as CaCO3, iron, and arsenic which 
did not meet the duplication criteria. Hardness as CaCO3 and iron yielded elevated 
RPDs, and the arsenic failed the sensitivity test. Hence, the parent/duplicate pair was 
qualified as estimated (J) for these analytes. 

MW-5 / Well Duplicate 2 (collected 10/2/2023):  Sulfate did not meet the duplication 
criteria since it yielded an elevated RPD. As such, the parent/duplicate pair was qualified 
as estimated (J) for this analyte.
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General:  Both field duplicate pairs exhibited variable differences in the radium results 
due to their associated uncertainty.  As noted previously, all radium results were qualified 
estimated (J) for one or more reasons. As such, no further qualifiers were added for these 
results based solely on the field duplicate review.

11. Detection and Quantitation Limits – Dilutions were required to account for high concentrations of 
target analytes and/or matrix interferences in one or more samples (indicated by “D” qualifiers 
added by the lab). RLs were adjusted accordingly, and no data review qualifiers were added 
based on these dilutions.  

12. Miscellaneous –The lab flagged one or more results out for calibration issues.  The calibration 
information was not provided and was not included in this scope of review (flagged “V1” by the 
laboratory).  No data review qualifiers were added based solely on these calibration flags.  

13. Conclusion – The data were reviewed for achievement of any method-specified QA/QC criteria. 
The data are valid for use, as qualified, in reporting the results of this investigation.

Attachments
Table 1 – Data Qualifier Table
Table 2 – Field Duplicate Comparison – Detections Only



Analytical Method Analyte(s)
Sample 

Identification
Laboratory 

Number
Data Validation 

Qualifier
Reason(s) for Qualification

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Method blank detection

SW846-6020 A Zinc JU Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 245.7 REV 2 Mercury UJ MS/MSD RECs < QC limits
EPA 300.0 REV 2.1 Sulfate J  Parent/ Duplicate Failed RPD test

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Field/Method blank detection

SW846-6020 A Zinc JU Field/Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Field/Method blank detection

SW846-6020 A Zinc JU Field/Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Method blank detection

SW846-6020 A Zinc JU Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

SW846-6020 A Zinc J+ Field/Method blank detection
EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J+ Field/Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

SW846-6020 A Zinc JU Method blank detection
EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J- Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 300.0 REV 2.1 Chloride J- MS/MSD RECs < QC limits

EPA 300.0 REV 2.1 Fluoride UJ MS/MSD RECs < QC limits
EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Method blank detection

SW846-6020 A Zinc JU Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

SW846-6020 A Zinc JU Method blank detection
EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J Method blank detection

2320 B-2011 Bicarbonate alkalinity as CaCO3 J+ LCS REC > QC limit

2321 B-2011 Total Alkalinity J
LCS REC > QC limit
MS REC < QC limit

2340 C (as HACH 8226) Hardness as CaCO3 J Parent/ Duplicate Failed RPD test
SW846 6010 B Iron J Parent/ Duplicate Failed RPD test
SW846-6020 A Arsenic J Parent/ Duplicate Failed Sensitivity test

MW-105R 3100291-27

MW110 3100291-29

MW10D 3100291-21 

MW102 3100291-23

MW104 3100291-25

MW7 3100291-15

MW8 3100291-17

MW10 3100291-19

MW4D 3100291-09

MW5 3100291-11

MW6 3100291-13

Table 1
Data Qualifier Table

BREC Wilson - October 2023 Sampling Event
Ohio County, Kentucky
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Analytical Method Analyte(s)
Sample 

Identification
Laboratory 

Number
Data Validation 

Qualifier
Reason(s) for Qualification

Table 1
Data Qualifier Table

BREC Wilson - October 2023 Sampling Event
Ohio County, Kentucky

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Method blank detection

SW846-6020 A Zinc JU Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

SW846-6020 A Zinc JU Method blank detection
EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+ LCS REC > QC limit

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Method blank detection

SW846-6020 A Zinc JU Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+ LCS REC > QC limit

EPA 245.7 REV 2 Mercury UJ MS/MSD RECs < QC limits
SW846-6020 A Zinc JU Method blank detection

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

SW846-6020 A Zinc JU Method blank detection
EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

2340 C (as HACH 8226) Hardness as CaCO3 J Parent/ Duplicate Failed RPD test
SW846 6010 B Iron J Parent/ Duplicate Failed RPD test
SW846-6020 A Arsenic J Parent/ Duplicate Failed Sensitivity test

EPA 903.1
EPA 904.0

Total Radium

Radium 226
Radium 228

Total Radium
J

Inadequate preservation
Method blank detection

SW846-6020 A Zinc JU Method blank detection

2320 B-2011
Bicarbonate alkalinity as CaCO3

Total Alkalinity
J+

LCS REC > QC limit
(see text)

EPA 300.0 REV 2.1 Chloride J- LCS REC < QC limit

EPA 300.0 REV 2.1 Sulfate J
LCS REC < QC limit

 Parent/ Duplicate Failed RPD test
EPA 300.0 REV 2.1 Chloride UJ LCS REC < QC limit
EPA 300.0 REV 2.1 Sulfate UJ LCS REC < QC limit

Notes:

CaCO3 = Calcium Carbonate 

J = Qualified as estimated during data review

J- = Qualified as estimated potential low bias during data review

J+ = Qualified as estimated potential high bias during data review

JU = Low-level detection was qualified as nondetect during data review

LCS = Laboratory Control Sample

MS/MSD = Matrix spike/Matrix spike duplicate

MW = Monitoring Well

QC = Qualitiy Control

REC = Percent Recovery

RPD = Relative Percent Difference

UJ = Nondetect result was qualified as estimated at the reporting limit during data review

EPA = Environmental protection agency 

Well Duplicate 1 3100291-39

Well Duplicate 2 3100291-41

Field Blank 3100291-43

MW-112 3100291-33

MW-113 3100291-35

MW-114 3100291-37

MW-111 3100291-31
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APPENDIX E – STATISTICAL EVALUATION 



August 15, 2023

Mr. Mike Mizell
Big Rivers Electric Corporation
710 West 2nd Street
Owensboro, KY 42301

Re: Statistical Evaluation of April 2023 Assessment Monitoring Groundwater Data
D.B. Wilson Station Phase II CCR Landfill in Centertown, Kentucky
Agency Interest ID #:  3319
Activity I.D. #:  AIN2014001

Dear Mr. Mizell:

This letter presents the results of the statistical evaluation of analytical data from the April 2023 
assessment monitoring event performed at the D.B. Wilson Station Phase II CCR Landfill in 
Centertown, Kentucky in accordance with the requirements of the U.S. Environmental 
Protection Agency’s Standards for the Disposal of Coal Combustion Residuals in Landfills and 
Surface Impoundments (40 Code of Federal Regulations [CFR] Part 257, Subpart D). This letter 
also presents a comparison of the April 2023 sampling results to groundwater protection 
standards (GWPSs). The GWPSs for the groundwater monitoring network were reviewed and 
updated as part of the statistical evaluation completed for the April 2023 sampling event and are 
presented on Table 1. These GWPSs will continue to be reviewed and updated as additional 
data are collected. A comparison of the April 2023 data to the updated GWPSs is presented on 
Table 2. The statistical evaluation presented herein was performed in accordance with the 
Update to Certification of Statistical Method for Evaluating Groundwater in accordance with 40 
CFR § 257.93 at D.B Wilson Station Phase II CC Landfill in Centertown, Kentucky dated May 
25, 2022.

In April 2023, the Phase II CCR Landfill Groundwater Monitoring Well Network was sampled for 
Appendix III and Appendix IV parameters per the requirements of 40 CFR §257.95(d)(1). 
Interwell prediction limit statistical analyses were performed for these well/constituent pairs and 
are discussed subsequently. GWPSs were also developed in accordance with 40 CFR 
§257.95(h) which describes a GWPS as the higher value between a determined background 
concentration for an analyte and the established maximum concentration limit (MCL) or the 
GWPS criteria for select Appendix IV parameters without an MCL presented in 40 CFR 
§257.95(h)(2). This letter presents the results of the statistical evaluation of the April 2023 
assessment monitoring event for inclusion in the Phase II CCR Landfill Operating Record. 
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Statistical Evaluation of Phase II CCR Landfill Compliance Monitoring Well Network 
Evaluation

A summary of the interwell prediction limit evaluation was performed to compare the 
concentrations of Appendix III and Appendix IV parameters observed in April 2023 CCR 
compliance (downgradient) monitoring wells MW-5, MW-6, MW-7, and MW-10 to calculated 
prediction limits (i.e., background limits) that were established using data collected from April of 
2016 through April of 2023 from upgradient monitoring well MW-8. Note, any data qualified as 
rejected during the data review were excluded from the statistical analysis. Certain parameters 
were detected in April 2023 at concentrations above the calculated background limits 
(equivalent to the MW-8 prediction limits), and a summary is included in Attachment 1. This 
included the following well/constituent pairs for downgradient compliance monitoring wells with 
statistically significant increases (SSIs) above calculated background limits:

Appendix III Parameters:
Boron (MW-5, MW-6, MW-7, and MW-10)
Calcium (MW-5, MW-6, MW-7, and MW-10)
Chloride (MW-5, MW-6, MW-7, and MW-10)
Sulfate (MW-5 and MW-7)
Total Dissolved Solids (TDS) (MW-5, MW-6, MW-7, and MW-10)

Appendix IV Parameters:
Cobalt (MW-10)
Lithium (MW-5 and MW-6)

Results of exceedances of background were generally consistent with the 2019 through 
September 2022 statistical results. The reported April 2023 SSIs for sulfate (MW-5 and MW-7) 
were not present in September 2022. All other above-noted Appendix III SSIs for April 2023 
were also present in the September 2022 statistical analysis. Likewise, the Appendix IV SSIs for 
cobalt and/or lithium continue to occur at downgradient compliance monitoring wells. 

The Appendix IV constituents with SSIs (cobalt and lithium) were further evaluated to determine 
whether they are present at statistically significant levels (SSLs) over the GWPS by calculating 
the lower confidence limit (LCL) at 95% confidence for each well and constituent using the 
Baseline, Detection, and Assessment monitoring results collected to date from each monitoring 
well. For a constituent to be present at an SSL over the GWPS, its LCL must be greater than 
the GWPS. The comparison of the calculated LCLs with the GWPSs for cobalt and lithium at 
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downgradient compliance monitoring wells MW-5, MW-6, MW-7, and MW-10 resulted in the 
following well/constituent pairs with SSLs above the GWPS:

Cobalt (MW-10)
Lithium (MW-6)

The LCLs for the remaining well/constituent pairs for cobalt and lithium are less than the GWPS 
and thus are not considered SSLs. Attachment 1 provides a summary of the calculated LCLs in 
comparison with the GWPSs. Results of SSLs above the GWPSs were generally consistent with 
the 2022 results. Cobalt (MW-10) was reported as an SSL in both the September 2022 and April 
2022 events. The reported SSL above GWPS for lithium (MW-6) was not identified as an SSL 
above the GWPS in September 2022. However, lithium (MW-6) was reported in April 2022 as 
an SSL. 

Given that certain Appendix III and IV constituents were observed within the Phase II CCR 
Landfill groundwater monitoring network at concentrations above their respective calculated 
background limit and/or the LCL for certain Appendix IV constituents was greater than the 
corresponding GWPSs, these results do not warrant a transition to detection monitoring per the 
requirements of 40 CFR §257.95(f) and assessment monitoring will continue for the next second 
half semiannual monitoring event in 2023.

Sincerely,

Burns & McDonnell

Chris Hoglund, PG
Project Manager

Attachments:

Table 1 – Calculated Background and Groundwater Protection Standards for Groundwater
Table 2 – Summary of April 2023 Analytical Results
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Attachment 1 – Sanitas™ Statistical Outputs for Phase II CCR Landfill Compliance Monitoring 
Network

cc: Diana Merritt, BREC Wilson Station
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ATTACHMENT 1 - SANITAS™ STATISTICAL OUTPUTS FOR PHASE II CCR 
LANDFILL COMPLIANCE MONITORING WELL NETWORK























































January 19, 2024

Mr. Mike Mizell
Big Rivers Electric Corporation
710 West 2nd Street
Owensboro, KY 42301

Re: Statistical Evaluation of October 2023 Assessment Monitoring Groundwater Data
D.B. Wilson Generating Station Phase II CCR Landfill in Centertown, Kentucky
Agency Interest ID #:  3319
Activity I.D. #:  AIN2014001

Dear Mr. Mizell:

This letter presents the results of the statistical evaluation of analytical data from the October 
2023 assessment monitoring event performed at the D.B. Wilson Station Phase II CCR Landfill 
in Centertown, Kentucky in accordance with the requirements of the U.S. Environmental 
Protection Agency’s Standards for the Disposal of Coal Combustion Residuals in Landfills and 
Surface Impoundments (40 Code of Federal Regulations [CFR] Part 257, Subpart D). This letter 
also presents a comparison of the October 2023 sampling results to calculated groundwater 
protection standards (GWPSs). The GWPSs for the groundwater monitoring network were 
reviewed and updated as part of the statistical evaluation completed for the October 2023 
sampling event and are presented on Table 1. These GWPSs will continue to be reviewed and 
updated as additional data are collected. A comparison of the October 2023 data to the updated 
GWPSs is presented on Table 2. The statistical evaluation presented herein was performed in 
accordance with the Update to Certification of Statistical Method for Evaluating Groundwater in 
accordance with 40 CFR § 257.93 at D.B Wilson Station Phase II CC Landfill in Centertown, 
Kentucky dated May 25, 2022.

In October 2023, the Phase II CCR Landfill Groundwater Monitoring Well Network was sampled 
for Appendix III and Appendix IV parameters per the requirements of 40 CFR §257.95(d)(1). 
Interwell prediction limit statistical analyses were performed for these well/constituent pairs and 
are discussed subsequently. GWPSs were also developed in accordance with 40 CFR 
§257.95(h) which describes a GWPS as the higher value between a determined background 
concentration for an analyte and the established maximum concentration limit (MCL) or the 
GWPS criteria for select Appendix IV parameters without an MCL presented in 40 CFR 
§257.95(h)(2). This letter presents the results of the statistical evaluation of the October 2023 
assessment monitoring event for inclusion in the Phase II CCR Landfill Operating Record. 



Mr. Mike Mizell
Big Rivers Electric Corporation
January 19, 2024
Page 2

Statistical Evaluation of D.B. Wilson Station’s Phase II CCR Landfill Compliance 
Monitoring Well Network Evaluation

An interwell prediction limit evaluation was performed to compare the concentrations of 
Appendix III and Appendix IV parameters observed in October 2023 compliance (downgradient) 
monitoring wells MW-5, MW-6, MW-7, and MW-10 to calculated prediction limits (i.e., 
background limits) that were established using data collected from April of 2016 through 
October of 2023 from upgradient monitoring well MW-8. Certain Appendix III and Appendix IV 
parameters were detected in October 2023 at concentrations above the calculated background 
limits (equivalent to the MW-8 prediction limits), and a summary is included in Attachment 1. 
This included the following well/constituent pairs for downgradient compliance monitoring wells 
with statistically significant increases (SSIs) above calculated background limits:

Appendix III Parameters:
Boron (MW-5, MW-6, MW-7, and MW-10)
Calcium (MW-5, MW-6, and MW-10)
Chloride (MW-5, MW-6, MW-7, and MW-10)
Sulfate (MW-6 and MW-10)
Total Dissolved Solids (TDS) (MW-5, MW-6, MW-7, and MW-10)

Appendix IV Parameters:
Cobalt (MW-10)
Lithium (MW-5, MW-6, and MW-7)

Results of exceedances of background were generally consistent with the April 2023 statistical 
results. The reported October 2023 SSIs for sulfate (MW-6 and MW-10) and lithium (MW-7) 
were not present in April 2023. Additionally, the calcium (MW-7) and sulfate (MW-5 and MW-7) 
SSIs that were present in April 2023 were not present in this event. All other above-noted 
Appendix III and Appendix IV SSIs continue to occur at downgradient compliance monitoring 
wells in the October 2023 statistical analysis.

The Appendix IV constituents with SSIs (cobalt and lithium) were further evaluated to determine 
whether they are present at statistically significant levels (SSLs) over the GWPS by calculating 
the lower confidence limit (LCL) at 95% confidence for each well and constituent using the 
baseline, detection, and assessment monitoring results collected to date from each monitoring 
well. For a constituent to be present at an SSL over the GWPS, its LCL must be greater than 
the GWPS. The comparison of the calculated LCLs with the GWPSs for cobalt and lithium at 
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downgradient compliance monitoring wells MW-5, MW-6, MW-7, and MW-10 resulted in the 
following well/constituent pairs with SSLs above the GWPS:

Cobalt (MW-10)
Lithium (MW-6)

The LCLs for the remaining well/constituent pairs for cobalt and lithium are less than the GWPS 
and thus are not considered SSLs. Attachment 1 provides a summary of the calculated LCLs in 
comparison with the GWPSs. Results of SSLs above the GWPSs were generally consistent with 
the April 2023 results as cobalt (MW-10) and lithium (MW-6) were reported as SSLs in the April 
2023 event. 

Given that certain Appendix III and IV constituents were observed within the Phase II CCR 
Landfill groundwater monitoring network at concentrations above their respective calculated 
background limit and/or the LCL for certain Appendix IV constituents was greater than the 
corresponding GWPSs, these results do not warrant a transition to detection monitoring per the 
requirements of 40 CFR §257.95(e) and assessment monitoring will continue for the next first  
half semiannual monitoring event in 2024

Sincerely,

Burns & McDonnell

Chris Hoglund, PG
Project Manager

Attachments:

Table 1 – Calculated Background and Groundwater Protection Standards 
Table 2 – Summary of October 2023 Groundwater Analytical Results



Mr. Mike Mizell
Big Rivers Electric Corporation
January 19, 2024
Page 4

Attachment 1 – Sanitas™ Statistical Outputs for Phase II CCR Landfill Compliance Monitoring 
Network

cc: Diana Merritt, BREC Wilson Station



 

 

TABLES



Table 1
Calculated Background and Groundwater Protection Standards 

D.B. Wilson Station Phase II CCR Landfill in Centertown, Kentucky

Detection Constituents
(Appendix III)

Units Background* MCL
40 CFR 

§257.95(h)(2) 
Criteria

Groundwater 
Protection 
Standard

Boron mg/L 0.0518 -- -- --

Calcium mg/L 349 -- -- --

pH (field) SU 4.67 - 6.84 -- -- --

TDS mg/L 1810 -- -- --

Chloride mg/L 5.563 -- -- --

Fluoride mg/L 1.21 4.0 -- 4.0

Sulfate mg/L 2180 -- -- --

Assessment Constituents
(Appendix IV)

Units Background* MCL
40 CFR 

§257.95(h)(2) 
Criteria

Groundwater 
Protection 
Standard

Antimony mg/L 0.0025 0.006 -- 0.006

Arsenic mg/L 0.0144 0.01 -- 0.0144

Barium mg/L 0.07 2.0 -- 2.0

Beryllium mg/L 0.002 0.004 -- 0.004

Cadmium mg/L 0.0005 0.005 -- 0.005

Chromium mg/L 0.0224 0.1 -- 0.1

Cobalt mg/L 0.009 -- 0.006 0.009

Fluoride mg/L 1.21 4.0 -- 4.0

Lead mg/L 0.012 -- 0.015 0.015

Lithium mg/L 0.02094 -- 0.04 0.04

Mercury mg/L 0.000005 0.002 -- 0.002

Molybdenum mg/L 0.0187 -- 0.1 0.1

Combined Radium 226 and 228** pCi/L 2.94 5.0 -- 5.0

Selenium mg/L 0.0015 0.05 -- 0.05

Thallium mg/L 0.001 0.002 -- 0.002

Notes:

CFR - Code of Federal Regulations

mg/L - milligrams per liter

pCi/L - picocuries per liter

MCL - Maximum Contaminant Level

SU - standard unit

*Background concentrations were determined utilizing interwell prediction limits (Attachment 1).  Upgradient 
Monitoring Well MW-8 was used to calculate background concentrations.  This included background data 
ranging from April 2016 through October 2023. For pH, background is between those values presented. 

**Combined radium is reported with an uncertainty range.   However, this range cannot be incorporated into 
statistical calculations as it varies per result and is not a standard value.  Therefore, to maintain consistency in 
reporting these results, the reported laboratory concentration was used for the statistical analyses.
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ATTACHMENT 1 - SANITAS  STATISTICAL OUTPUTS FOR PHASE II CCR 
LANDFILL COMPLIANCE MONITORING WELL NETWORK

























































 

 

 


