
Data Validation Report 
Tennessee Valley Authority 
Johnsonville Fossil Plant 

Environmental Investigation Plan 
Solid Samples 

Chain-of-Custody: JOF_CCR_20191001_1B 

This report was updated to include the revised COC and revised data tables to reference the 
correct sample collection times for all samples. 

This quality assurance (QA) review is based upon an examination of the data generated from the 
analyses of the four solid samples collected on October 1, 2019, at the Tennessee Valley Authority 
(TVA) Johnsonville Fossil Plant facility. These samples were collectively analyzed by Eurofins 
TestAmerica, of St. Louis, Missouri, for radium-226 and for radium-228 by US EPA Method 
901.1 and for SPLP radium-226 by US EPA Method 903.0 and for SPLP radium-228 by US 
EPA Method 904.0.  

This review was performed in accordance with the Environmental Investigation Plan for the 
Tennessee Valley Authority Johnsonville Fossil Plant Environmental Investigation (JOF EIP, 
Revision 4, December 2018). This review was performed with guidance from the National 
Functional Guidelines for Inorganic Data Review (US EPA, October 2004); the 
US EPA Region IV Environmental Investigations Standard Operating Procedures and Quality 
Assurance Manual (November 2001); and the US EPA Region IV Data Validation Standard 
Operating Procedures These validation guidance documents specifically address analyses 
performed in accordance with the Contract Laboratory Program (CLP) analytical methods and 
are not completely applicable to the type of analyses and analytical protocols performed for the 
US EPA method utilized by the laboratory for these samples. Environmental Standards, Inc. 
(Environmental Standards) used professional judgment to determine the usability of the 
analytical results and compliance relative to the US EPA method utilized by the laboratory. 

Summary 

The analytical results and associated laboratory quality control (QC) samples were reviewed to 
determine the integrity of the reported analytical results and to ensure that the data met the 
established data quality objectives. This QA review includes all samples in Eurofins 
TestAmerica Job Number 180-96768-1. 



The samples that have undergone Stage 4 data validation are listed below: 

Sample Identification 

Laboratory 
Sample 

Identification 
Job 

Number Matrix 

Date 
Sample 

Collected 
Parameter(s) 

Examined 

JOF-CCR-TW14-1.5/3.5-20191001 180-96768-1 180-96768-1 Solid 10/1/19 Ra-226, Ra-2261, 
Ra-228, Ra-2281, 

Ra-226/228,  
Ra-226/2281 

JOF-CCR-TW14-6.5/8.5-20191001 180-96768-2 180-96768-1 Solid 10/1/19 Ra-226, Ra-2261, 
Ra-228, Ra-2281, 

Ra-226/228,  
Ra-226/2281  

JOF-CCR-TW14-11.0/13.5-20191001 180-96768-3 180-96768-1 Solid 10/1/19 Ra-226, Ra-2261, 
Ra-228, Ra-2281, 

Ra-226/228,  
Ra-226/2281  

JOF-CCR-TW14-16.5/18.5-20191001 180-96768-4 180-96768-1 Solid 10/1/19 Ra-226, Ra-2261, 
Ra-228, Ra-2281, 

Ra-226/228,  
Ra-226/2281  

Parameters Examined 

Ra-226 - Radium-226 by US EPA Method 901.1.
Ra-2261 - SPLP Radium-226 by US EPA Method 903.0.
Ra-228 - Radium-228 by US EPA Method 901.1.
Ra-2281 - SPLP Radium-228 by US EPA Method 904.0.
Ra-226/228 - Radium-226/228 Calculation by US EPA Method 901.1.
Ra-226/2281 - SPLP Radium-226/228 Calculation by TAL-STL Method Ra226_Ra228.
Aq - Aqueous.
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Comments and Exceptions 

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

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

Qualifier Summary 

Analytes Job Number Samples 
Validation 
Qualifiers 

Reason for  
Qualification 

Ra-226/Ra-228  
and Ra-226 

180-96768-1 All samples J LD 

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

Review performed by: Danielle Coles, Quality Assurance Chemist 
Review reviewed by: Konstadina Vlahogiani, Senior Technical Chemist 
Review approved by: Andrew L. Piasecki, Senior Quality Assurance Chemist 
Review approved by: Rock J. Vitale, CEAC, Technical Director of Chemistry/Principal 
Date review completed: 3/3/21 

Items Reviewed 

Holding Times Calibrations 

Sample Preservation Sample Preparation 

Chain-of-Custody (COC) Records and 
Case Narratives 

Blank Results 

Laboratory Control Sample (LCS) Results Laboratory Duplicate Results 

Chemical Tracer Yield Quantitation of Positive Results 



SECTION 2 

ANALYTICAL RESULTS 



 

 

INORGANIC DATA QUALIFIERS 
 
 
U* This result should be considered “not-detected” because it was detected in a rinsate 

blank or laboratory blank at a similar level. 
 
UR Unreliable reporting limit; analyte may or may not be present in sample. 
 
R Unreliable positive result; analyte may or may not be present in sample. 
 
J Quantitation is approximate due to limitations identified during data validation. 
 
UJ This analyte was not detected, but the reporting limit may or may not be higher due to a 

bias identified during data validation. 
  



 

 

REASON CODES AND EXPLANATIONS 

Reason Code Explanation 

BE Equipment blank contamination. The result should be considered “not-detected.”  

BF Field blank contamination. The result should be considered “not-detected.” 

BL Laboratory blank contamination. The result should be considered “not-detected.”  

BN Negative laboratory blank contamination.  

C Initial and/or Continuing Calibration issue, indeterminate bias. 

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

C- Initial and/or Continuing Calibration issue. The result may be biased low.  

FD Field duplicate imprecision. 

FG Total versus Dissolved Imprecision.  

H Holding time exceeded. 

I Internal standard recovery outside of acceptance limits. 

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

L+ LCS and/or LCSD recoveries outside of acceptance limits. The result may be biased high. 

L- LCS and/or LCSD recoveries outside of acceptance limits. The result may be biased low. 

LD Laboratory duplicate imprecision. 

LP LCS/LCSD imprecision. 

M MS and MSD recoveries outside of acceptance limits, indeterminate bias. 

M+ MS and/or MSD recoveries outside of acceptance limits. The result may be biased high. 

M- MS and/or MSD recoveries outside of acceptance limits. The result may be biased low. 

MP MS/MSD imprecision. 

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

P+ Post-digestion spike recovery outside of acceptance limits. The result may be biased high. 

P- Post-digestion spike recovery outside of acceptance limits. The result may be biased low. 

Q Chemical Preservation issue. 

R RL standards outside of acceptance limits, indeterminate bias. 

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

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

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

T Temperature preservation issue. 

SD Serial Dilution imprecision. 

X Percent solids < 50%. 

Y+ Chemical Yield outside of acceptance limits. The result may be biased high. 

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

Z ICP or ICP/MS Interference. 

ZZ Other. 



Lab Sample ID 180-96768-1

Sys Sample Code JOF-CCR-TW14-1.5/3.5-20191001

Sample Name JOF-CCR-TW14-1.5/3.5-20191001

Sample Date 10/1/2019 2:18:00 PM

Location JOF-TW14

Sample Type N

Parent Sample

Analytic Method Chemical Name CAS Rn Fraction Result Unit Final Result Final Qual Reason code Uncertainty Final 
MDL

Final 
RL

Final 
QL

Final 
Detect

Final 
Report

DF Basis

CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.300 U S 0.290 N Yes 1 NA

EPA 901.1 Radium 226 + radium 228 RA226/228 T PCI/G 4.69 J LD 0.721 Y Yes 1 NA

Radium 228 15262-20-1 T PCI/G 1.98 0.506 0.202 0.202 1.00 Y Yes 1 NA

Radium-226 13982-63-3 T PCI/G 2.71 J LD 0.514 0.250 0.250 1.00 Y Yes 1 NA

EPA 903.0 Radium-226 13982-63-3 S PCI/L -0.0389 U 0.0697 0.152 0.152 1.00 N Yes 1 NA

EPA 904.0 Radium 228 15262-20-1 S PCI/L 0.300 U 0.281 0.452 0.452 1.00 N Yes 1 NA

Report Generated: 3/3/2021 9:59:49 AM
Page: 1 of 4

TVA CCR Program
Facility: Johnsonville Fossil Plant
SDG: 180967681



Lab Sample ID 180-96768-2

Sys Sample Code JOF-CCR-TW14-6.5/8.5-20191001

Sample Name JOF-CCR-TW14-6.5/8.5-20191001

Sample Date 10/1/2019 2:48:00 PM

Location JOF-TW14

Sample Type N

Parent Sample

Analytic Method Chemical Name CAS Rn Fraction Result Unit Final Result Final Qual Reason code Uncertainty Final 
MDL

Final 
RL

Final 
QL

Final 
Detect

Final 
Report

DF Basis

CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.310 U 0.312 N Yes 1 NA

EPA 901.1 Radium 226 + radium 228 RA226/228 T PCI/G 6.84 J LD 0.857 Y Yes 1 NA

Radium 228 15262-20-1 T PCI/G 2.45 0.514 0.272 0.272 1.00 Y Yes 1 NA

Radium-226 13982-63-3 T PCI/G 4.39 J LD 0.686 0.349 0.349 1.00 Y Yes 1 NA

EPA 903.0 Radium-226 13982-63-3 S PCI/L 0.0120 U 0.0709 0.136 0.136 1.00 N Yes 1 NA

EPA 904.0 Radium 228 15262-20-1 S PCI/L 0.298 U 0.304 0.494 0.494 1.00 N Yes 1 NA

Report Generated: 3/3/2021 9:59:49 AM
Page: 2 of 4

TVA CCR Program
Facility: Johnsonville Fossil Plant
SDG: 180967681



Lab Sample ID 180-96768-3

Sys Sample Code JOF-CCR-TW14-11.0/13.5-20191001

Sample Name JOF-CCR-TW14-11.0/13.5-20191001

Sample Date 10/1/2019 3:13:00 PM

Location JOF-TW14

Sample Type N

Parent Sample

Analytic Method Chemical Name CAS Rn Fraction Result Unit Final Result Final Qual Reason code Uncertainty Final 
MDL

Final 
RL

Final 
QL

Final 
Detect

Final 
Report

DF Basis

CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.205 U S 0.264 N Yes 1 NA

EPA 901.1 Radium 226 + radium 228 RA226/228 T PCI/G 6.86 J LD 0.957 Y Yes 1 NA

Radium 228 15262-20-1 T PCI/G 2.94 0.693 0.360 0.360 1.00 Y Yes 1 NA

Radium-226 13982-63-3 T PCI/G 3.92 J LD 0.660 0.285 0.285 1.00 Y Yes 1 NA

EPA 903.0 Radium-226 13982-63-3 S PCI/L -0.0441 U 0.0629 0.142 0.142 1.00 N Yes 1 NA

EPA 904.0 Radium 228 15262-20-1 S PCI/L 0.205 U 0.256 0.423 0.423 1.00 N Yes 1 NA

Report Generated: 3/3/2021 9:59:49 AM
Page: 3 of 4

TVA CCR Program
Facility: Johnsonville Fossil Plant
SDG: 180967681



Lab Sample ID 180-96768-4

Sys Sample Code JOF-CCR-TW14-16.5/18.5-20191001

Sample Name JOF-CCR-TW14-16.5/18.5-20191001

Sample Date 10/1/2019 3:42:00 PM

Location JOF-TW14

Sample Type N

Parent Sample

Analytic Method Chemical Name CAS Rn Fraction Result Unit Final Result Final Qual Reason code Uncertainty Final 
MDL

Final 
RL

Final 
QL

Final 
Detect

Final 
Report

DF Basis

CALC Radium 226 + radium 228 RA226/228 S PCI/L 0.454 J S 0.292 Y Yes 1 NA

EPA 901.1 Radium 226 + radium 228 RA226/228 T PCI/G 5.69 J LD 0.673 Y Yes 1 NA

Radium 228 15262-20-1 T PCI/G 2.72 0.499 0.120 0.120 1.00 Y Yes 1 NA

Radium-226 13982-63-3 T PCI/G 2.97 J LD 0.451 0.196 0.196 1.00 Y Yes 1 NA

EPA 903.0 Radium-226 13982-63-3 S PCI/L 0.00238 U 0.0745 0.145 0.145 1.00 N Yes 1 NA

EPA 904.0 Radium 228 15262-20-1 S PCI/L 0.452 0.282 0.425 0.425 1.00 Y Yes 1 NA

Report Generated: 3/3/2021 9:59:49 AM
Page: 4 of 4

TVA CCR Program
Facility: Johnsonville Fossil Plant
SDG: 180967681



SECTION 3 

SUPPORTING DOCUMENTATION FOR QUALIFIERS 



Ir\ Ef'!V IRONJ\HNTA L 
CJSTA DAROS 

RADIOLOGICAL ANALYSIS SUPPORT DOCUMENTATION 

ESI project name: TVA-JOF El 
-----------

Sam p I e Collection Dates: 10/1 /19 

Job Number: 20188360.A000 

Project Manager: AJC 

Laboratory : TestAmerica-St. Louis 

Deliverable : Level IV (Full) (X) 

Limited ( ) 

Other: 

Reviewed by: Danielle Coles 

Approved by : 

Completion Date: 

Applicable Sample No's ( X ) 

Sample No. 

180-96768-1 

Refer to Table 1 in the Quality 
Assurance Review 

Lab Control No. 

Criteria Examined in Detail Problems Identified Support Documentation 
Attachments 

Check(✓) if Yes or Footnote Check(✓) if Yes or Footnote Check (✓) if Yes or Footnote 
Letter for Comments Below Letter for Comments Below Letter for Comments Below 

The following table indicates criteria that 
were examined, the identified problems, 
and support documentation attachments 

'-: 0 0 ~ 0 0 ~ 0 0 
~ (") '<I' ~ C') "1" ~ (") '<I' 
0 0 0 0 0 0 0 0 0 
(j) (j) (j) (j) (j) (j) (j) (j) (j) 

Holding Times X X X ! .......... 
Blank Analysis Results p=tx X i I 

I I 
Laboratory Control Standard (LCS) X X i ! ! I 
Tracer/Chemical Yield X X ! j ! 

HHmH 

Duplicate Analysis: ( _) Field ( X ) Lab X ! l X ! ! X I 
Matrix Spike Results ! rp i I 
Quantitation of Results X I I ! i 
Detection Limit ! 
Efficiencv! E_!1er.m1 Calibrations X X X I I i 
Initial Calibration Verifications X ! 
Annual Calibration Verifications i ! I 
Continuino Calibration Checks X ! X X ! I 

I 

Continuino Calibration Backgrounds X X X ! I ! 
Sample Preservation X X i X I I I 
Condition on Receipt X ! X X I I ! ---· 
Others: ! I I I I I 

Comments: All results are usable unless otherwise qualified. 



Client Sample Results 
Client: Environmental Standards Inc. Job ID: 180-96768-1 
ProjecUSite: JOF _CCR_20191001_ 1 B 

-- ·--
Client Sample ID: JOF-CCR-TW14-1.5/3.5-20191001 Lab Sample ID: 180-96768-1 
JOF-TW14 
Date Collected: 10/01/19 14:12 Matrix: Solid 
Date Received: 10/04/19 09:00 

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

Uneert. Uneert. 
Analyte Result Qualifier (2a+I-) (2a+I-) RL MDC Unit Prepared Analyzed Oil Fae 

--- --- - om pcf7g - 10109/19 11 :02 10/30/19 06:45 ---1 Radiu m 226 and 228 4.69 0.633 
(positive only) 
Radium-226 J 1 U> 2.71 0.430 0.514 1.00 0.250 pCi/g 10/09/19 11 :02 10/30/19 06:45 
Radium-228 1.98 0.464 0.506 0.202 pCi/g 10/09/19 11 :02 10/30119 06:45 

Method: 903.0 - Radium-226 (GFPC) - SPLP East IJ 
Count Total 

Uneert. Uneert. 
Analyte Result Qualifier (2a+I-) (2a+I-) RL MDC Unit Prepared Analyzed Oil Fae 
Radium-226 - -0.0389 u-- - 0.0696 - 0.0697 

- -
pCI/L 10/23/19 18:47 11/06/19 20 :21 - 1 1.00 0.152 

Carrier %Yield Qualifier Limits Prepared Analyzed Di/Fae 
--
Ba Carrier 892) 40 - 110 10/23/191 8.47 11/06/19 20.21 1 

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

Uneert. Uneert. 
Analyte Result Qualifier (2a+I-) (2a+/-) RL MDC Unit Prepared Analyzed Oil Fae 
Radium-228 0.300 u ().280 - 0.281 - 1.00 0.452 pCi/_L_ 10123/19 19:39 10/30/19 12:52 

Carrier %Yield Qualifier Limits Prepared Analyzed Di/ Fae 
---

Ba Carrier 89.2 40 - 110 10/23/191939 10/30/1912.52 --1 

Y Carrier 83.7) 40 - 110 10123/19 19:39 10130119 12.· 52 

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

Uneert. Uneert. 
Analyte Result Qualifier (2a+I-) (2a+/-) RL MDC Unit Prepared Analyzed Oil Fae 
Radium 226 and 228 0.300 ~ 0.289 0.290 5.00 pCi/L- - 11/08119 10:04 

- - 1 
I 

Eurofins TestAmerica, Pittsburgh 

Page 13 of 25 11/8/2019 



Client Sample Results 
Client: Environmental Standards Inc. Job ID: 180-96768-1 
ProjecUSite: JOF _CCR_20191001_ 1 B 

Client Sample ID: JOF-CCR-TW14-6.5/8.5-20191001 Lab Sample ID: 180-96768-2 
JOF-TW14 
Date Collected : 10/01/19 14:36 Matrix: Solid 
Date Received: 10/04/19 09:00 

Method: 901.1 - Radium-226 & Other Gamma Emitters (GS) 11 
Count Total 

Uneert. Uneert. 

Analyte Result Qualifier (211+/-) (211+/-) RL MDC Unit Prepared Analyzed Oil Fae 

Radium 226 and 228 6.84 0.688 0.857 pCi/g 10/09/19 11 :02 10/30/19 07 :25 1 
(positive on ly) 
Radium-226 J

I 
L() 4.39 0.520 0.686 1.00 0.349 pCi/g 10/09/19 11 :02 10/30/19 07:25 

Radium-228 2.45 0.450 0.514 0.272 pCi/g 10/09/19 11 :02 10/30/19 07:25 

Method: 903.0 - Radium-226 (GFPC) - SPLP East D 
Count Total 

Uneert. Uneert. 

Analyte Result Qualifier (211+/-) (211+/-) RL MDC Unit Prepared Analyzed Oil Fae 

Radium-226 0.0120 u 0.0709 0.0709 1.00 0.136 pCi/L 10/23/19 18:47 11/06/19 20:21 

Carrier %Yield Qualifier Limits Prepared Analyzed Di/ Fae 

Ba Carrier BB °/ 40 . 110 10123/19 18:47 11/06/19 20 21 

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

Uneert. Uneert. 

Analyte Result Qualifier (211+/-) (211+/-) RL MDC Unit Prepared Analyzed Oil Fae 
Ra dium-228 0.298 u 0.303 0.304 1.00 0.494 pCi/L 10/23/19 19:39 10/30/19 12:52 

Carrier %Yield Qualifier Limits Prepared Analyzed Di/ Fae 

Ba Carrier 88.0 40 - 110 10/23119 19.'39 10130119 12. 52 

Y Carrier 78 9) 40 -110 10123/19 19.'39 10/30119 12.· 52 

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

Uneert. Uneert. 

Analyte Result Qual ifier (211+/-) (211+/-) RL MDC Unit Prepared Analyzed Oil Fae 

Radium 226 and 228 0.310 u 0.311 0.312 5.00 pCi/L 11 /08/19 10:04 1 

Eurofins TestAmerica , Pittsburgh 

Page 14 of 25 11/8/2019 



Client Sample Results 
Client: Environmental Standards Inc. 
Project/Site : JOF _CCR_20191001_ 1 B 

Client Sample ID: JOF-CCR-TW14-11.0/13.5-20191001 
JOF-TW14 
Date Collected: 10/01/19 15:10 
Date Received: 10/04/19 09:00 

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

Uneert. Uneert. 
Analyte Result Qualifier (2o+/-) (2o+/-) 

Radium 226 and 228 6.86 - 0.812 0.957 
(positive only) 
Radium-226 j 

1 
L--P 3.92 0.519 0.660 

Radium-228 2.94 0.625 0.693 

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

Uneert. Uneert. 
Analyte Result Qualifier (2o+/-) (2o+/-) 

Radium-226 - -0.0441 u 0.0628 0.0629 

Carrier ¾Yield Qualifier Limits 
Ba Carrier 93.1 40 - 110 

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

Count Total 

Uneert. Uneert. 
Analyte Result Qualifier (2o+I-) (2o+I-) 

Ra dium-228 0.205 u 0.256 
---

0.256 

Carrier ¾Yield Qualifier Limits 
Ba Carrie-, -- 93.1 40 - 110 

Y Carrier 
8151 40 - 110 

RL MDC 

1.00 0.285 

0.360 

RL MDC 
1.00 0.142 

RL MDC 

1.00 0.423 

Unit 

pCi/g 

pCi/g 

pCi/g 

Unit 

pCi/L 

Unit 
pCi/L 

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

Uneert. Uneert. 
Analyte Result Qualifier (2o+I-) (2o+I-) RL MDC Unit 
Radium 226 and 228 0.205 u,s 0.264 0.264 5.00 pCi/L 

Page 15 of 25 

Job ID: 180-96768-1 II 
Lab Sample ID: 180-96768-3 

Matrix: Solid 

Prepared Analyzed 

10/09/19 11 :02 10/30/19 07 :24 

10/09/19 11 :02 10/30/19 07 :24 

10/09/19 11 :02 10/30/19 07 :24 

Prepared Analyzed 

10/23/1918:47 11 /06/19 20 :21 

Prepared Analyzed 

10/23/1918'47 11/ 06119 20.21 

Prepared Analyzed 

10/23/1919 :3 9 10/3 0/1912 :52 

Dil Fae 

1 

Dil Fae 

1 

Di/Fae 

Dil Fae 

Prepared Analyzed Di/ Fae 

10/23/1919:39 10130/19 12.52 - 1 

10/23/1919:39 10/30119 12.·52 1 

Prepared Analyzed 

11 /08/19 10:04 

Dil Fae 

1 

Eurofins TestAmerica , Pittsburgh 

11/8/2019 

II 



Client Sample Results II 
Client: Environmental Standards Inc. Job ID: 180-96768-1 
ProjecUSite: JOF _CCR_20191001_ 1 B 

Client Sample ID: JOF-CCR-TW14-16.5/18.5-20191001 - Lab Sample ID: 180-96768-4 
JOF-TW14 
Date Collected : 10/01/19 15:36 Matrix: Solid 
Date Received: 10/04/19 09:00 

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

Uneert. Uneert. 

Analyte Result Qualifier (2o+/-) (2o+/-) RL MDC Unit Prepared Analyzed Dil Fae 

Radium 226 and 228 5.69 0.529 --0.673 pCi/g 10/09/19 11 :02 10/30/19 12 :46 --1 

(positive only) 
Radium-226 J

1 
LO 2.97 0.328 0.451 1.00 0.196 pCi/g 10/09/19 11 :02 10/30/19 12 :46 

Radium-228 2.72 0.415 0.499 0.120 pCi/g 10/09/19 11 :02 10/30/19 12 :46 

Method: 903.0 - Radium-226 (GFPC) - SPLP East D 
Count Total 

Uneert. Uneert. 

Analyte Result Qualifier (2o+/-) (2o+/-) RL MDC Unit Prepared Analyzed Dil Fae 
Radium-226 0.00238 u 0.0745 0.0745 1.00 0.145 pCi/L 10/23/19 18:47 11 /06/19 20 :21 - 1 

Carrier %Yield Qualifier Limits Prepared Analyzed Di/Fae 

Ba Carrier 90 1/ 40 - 110 10123/19 18:47 11/06119 20.·21 1 

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

Uneert. Uneert. 

Analyte Result Qualifier (2o+/-) (2o+/-) RL MDC Unit Prepared Analyzed Dil Fae 

Rad ium-228 0.452 0.278 0.282 1.00 0.425 pCi/L 10/23/19 19:39 10/30/1912 :52 

Carrier %Yield Qualifier Limits Prepared Analyzed Di/Fae 

Ba Carrier 90.1 40 - 110 10/23119 19:39 10/30/19 12: 52 1 

Y Carrier 80.7/ 40 - 110 10123/19 19:39 10130/19 12.· 52 

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

Uneert. Uneert. 

Analyte Result Qualifier (2o+/-) (2o+/-) RL MDC Unit Prepared Analyzed Dil Fae 

Radium 226 and 228 0.454 j j 0.288 0.292 5.00 pCi/L 11 /08/19 10:04 1 
I 

Eurofins TestAmerica, Pittsburgh 

Page 16 of 25 11/8/2019 



QC Sample Results 
Client: Environmental Standards Inc. 
Project/Site: JOF _CCR_20191001_ 1 B 

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

Lab Sample ID: MB 160-445555/1-A 
Matrix : Solid 
Analysis Batch : 448213 

Count Total 

MB MB Uncert. Uncert. 

Analyte Result Qualifier (211+/-) (211+/-) RL MDC 

Radium 226 and 228 0.0000 u 0.163 0. 163 

(positive only) 
Radium-226 

()., •" -0.05391 u 0.0848 0.0849 1.00 0.287 

Radium-228 -0.01 458 u 0.1 39 0.139 0.229 

Lab Sample ID: LCS 160-445555/2-A 
Matrix: Solid 
Analysis Batch: 448212 

Total 

Spike LCS LCS Uncert. 

Analyte Added Result Qual (211+/-) RL 

Americium-241 96.6 102.0 12.0 

Cesium-137 27.4 31 .32 3.29 

Cobalt-60 11.0 11 .83 1.24 

Job ID: 180-96768-1 

Client Sample ID: Method Blank 
Prep Type: Total/NA 
Prep Batch: 445555 

Unit Prepared Analyzed Dil Fae 

pCi/g 10/09/19 11 :02 10/30/19 06:43 1 

pCi/g 10/09/19 11 :02 10/30/19 06:43 

pCi/g 10/09/19 11 :02 10/30/19 06:43 

Client Sample ID: Lab Control Sample 
Prep Type: Total/NA 
Prep Batch: 445555 
80-\~J. 

%Rec. 

MDC Unit %Rec Limits 

1.26 pCi/g 106/ 87 .116 

0.273 pCi/g 114✓ 87. 120 

0.147 pCi/g 108✓ 87 .115 

Lab Sample ID: 180-96768-1 DU Client Sample ID: JOF-CCR-TW14-1.5/3.5-20191001 ~ JOF-TW14 
Matrix: Solid Prep Type: Total/NA 
Analysis Batch: 448213 Prep Batch: 445c!J5 

Total 

Sample Sample DU DU Uncert. RER 

Analyte Result Qual Result Qual (211+/-) RL MDC Unit RER Limit 

Radium 226 and 4.69 3.576 0.477 pCi/g 0.93 

228 (positive 
only) 
Radium-226 2.71 1.934 0.318 1.00 0.164 pCi/g 

~ 093 Radium-228 1.98 1.642 0.356 0.114 pCi/g 0.39 

Method: 903.0 - Radium-226 (GFPC) J, L-0 . 1-1-
Lab Sample ID: MB 160-447494/22-A Client Sample ID: Method Blank 
Matrix: Solid Prep Type: Total/NA 
Analysis Batch: 449238 Prep Batch : 447494 

Count Total 

MB MB Uncert. Uncert. 

Analyte Result Qualifier (211+1-) (211+/-) RL MDC Unit Prepared Analyzed Dil Fae 
--- a- 0.0776 0.0777 1.00 0.1 40 pCi/L 10/23/19 19:20 11 /06/19 22 :09 Radium-226 ().,._~ 0.02997 1 

MB MB 
Carrier %Yield Qualifier Limits Prepared Analyzed Di/ Fae 

Ba Carrier 982✓ 40. 110 10123/ 19 19:20 11106/ 19 2 2:09 1 

Lab Sample ID: LCS 160-447494/1-A Client Sample ID: Lab Control Sample 
Matrix: Solid Prep Type: Total/NA 
Analysis Batch: 449238 Prep Batch: 447494 

Total 6o,/2'>'l· 
Spike LCS LCS Un cert. %Rec. 

Analyte Added Result Qual (211+/-) RL MDC Unit %Rec J Limits _ 
Radium-226 11 .4 10.49 1.11 1.00 0.135 pCi/L 92 75.125 

Eurofins T estAmerica, Pittsburgh 
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SECTION 4 

CASE NARRATIVE AND CHAIN-OF-CUSTODY RECORD 



Client: Environmental Standards Inc. 
ProjecUSite : JOF _CCR_20191001_ 18 

Job ID: 180-96768-1 

Laboratory: Eurofins TestAmerica, Pittsburgh 

Narrative 

Receipt 

Case Narrative 

Job Narrative 
180-96768-1 

Job ID: 180-96768-1 

The samples were received on 10/4/2019 9:00 AM; the samples arrived in good condition , properly preserved and on ice. The 
temperature of the cooler at receipt was 1.1 ° CV 

RAD 
Method 901.1 : Gamma Prep Batch 160-445555 
Any minimum detectable concentration (MDC) , critical value (DLC), or Safe Drinking Water Act detection limit (SOWA DL) is 
sample-specific unless otherwise stated elsewhere in this narrative. 

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

Many isotopes requested for analysis do not have any gamma emissions, or the gamma emissions they do have are very poor. Often , 
such analytes are reported by gamma spectrometry assuming secular equilibrium with a longer-lived parent. The client should ensure 
that such inference is acceptable for their sample based upon process knowledge. The following assumptions were made for this report : 
Inferred from Reported to Analyte 
Ac-228 Ra-228 / 
Bi-214 Ra-226 / 
JOF-CCR-TW14-1 .5/3.5-20191001 - JOF-TW14 (180-96768-1) , JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2), 
JOF-CCR-TW14-11 .0/13.5-20191001 - JOF-TW14 (180-96768-3), JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4), 
(LCS 160-445555/2-A) , (MB 160-445555/1-A) and (180-96768-A-1-C DU) 

Method 903.0: Radium-226 Prep Batch 160-447494 
Any minimum detectable concentration (MDC), critical value (DLC), or Safe Drinking Water Act detection limit (SOWA DL) is 
sample-specific unless otherwise stated elsewhere in this narrative. 

Radiochemistry sample results are reported with the count date/time applied as the Activity Reference Date. 
JOF-CCR-TW14-1 .5/3.5-20191001 - JOF-TW14 (180-96768-1). JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2) , 
JOF-CCR-TW14-11.0/13.5-20191001 - JOF-TW14 (180-96768-3) , JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4), 
(LCS 160-447494/1-A), (MB 160-447494/22-A), (180-96778-A-2-I ) and (180-96778-A-2-J DU) 

Method 903.0: Radium-226 Prep Batch 160-447494 

Ra-226 is reported without a 21-day waiting period to ensure short-lived alpha-emitting radium isotopes (e.g. Ra-224) have decayed out. 
The Ra-226 result should be considered to be potentially high biased. Associated samples have activity below the RL. The results are 
reported with this narrative. 
JOF-CCR-TW14-1.5/3.5-20191001 - JOF-TW14 (180-96768-1 ), JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2), 
JOF-CCR-TW14-11 .0/13 .5-20191001 - JOF-TW14 (180-96768-3), JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4), 
(LCS 160-447494/1-A), (MB 160-447494/22-A), (180-96778-A-2-I ) and (180-96778-A-2-J DU) 

Method 903.0: Radium-226 Prep Batch: 160-447494 
The sample duplicate precision for sample 180-96778-A-2-J DU (32161/1 .20/3.29) was outside control limits (40/1 /3). The activity was 
below the RL and MDC for the sample and duplicate. The associated Laboratory Control Sample and sample duplicate 180-96864-A-4-J 
DU precision met acceptance criteria. The data is reported. 
JOF-CCR-TW14-1 .5/3.5-20191001 - JOF-TW14 (180-96768-1) , JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2) , 
JOF-CCR-TW14-11.0/13.5-20191001 - JOF-TW14 (180-96768-3) , JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4) , 
(LCS 160-447494/1-A), (MB 160-447494/22-A), (180-96778-A-2-I) and (180-96778-A-2-J DU) 

Method 904.0: Ra-228 Prep Batch 160-447498 
Any minimum detectable concentration (MDC), critical value (DLC), or Safe Drinking Water Act detection limit (SOWA DL) is 
sample-specific unless otherwise stated elsewhere in this narrative. 
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Client: Environmental Standards Inc. 
ProjecUSite: JOF _CCR_20191001_ 1 B 

Case Narrative 
Job ID: 180-96768-1 II 

Job ID: 180-96768-1 (Continued) 

Laboratory: Eurofins TestAmerica, Pittsburgh (Continued) 

Radiochemistry sample results are reported with the count date/time applied as the Activity Reference Date. 
JOF-CCR-TW14-1 .5/3.5-20191001 - JOF-TW14 (180-96768-1 ), JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2), 
JOF-CCR-TW14-11 .0/13.5-20191001 - JOF-TW14 (180-96768-3), JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4), 
(LCS 160-447498/1-A), (MB 160-447498/22-A), (180-96778-A-2-K) and (180-96778-A-2-L DU) 

Method Fill_ Geo-21 : Gamma Prep Batch 160-445555: samples JOF-CCR-TW14-1 .5/3.5-20191001 - JOF-TW14 (180-96768-1 ), 
JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2), JOF-CCR-TW14-11 .0/13.5-20191001 - JOF-TW14 (180-96768-3), 
JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4) and (180-96768-A-1-A DU) are a light powdered soil which exhibits low j 
density. 

Method PrecSep_0: Radium 228 Prep Batch 160-447498: ot:-;,NJr' 
The following samples had white cloudy discoloration :JOF-CCR-TW14-1 .5/3.5-20191001 - JOF-TW14 (180-96768-1 ), 
JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2) and JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4). 

/ 

Method PrecSep STD: Radium 226 Prep Batch 160-447494: 
The following samples had white cloudy discoloration:JOF-CCR-TW14-1.5/3.5-20191001 - JOF-TW14 (180-96768-1), / 
JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 (180-96768-2) and JOF-CCR-TW14-16.5/18.5-20191001 - JOF-TW14 (180-96768-4). 

General Chemistry 
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page. 
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Sample Summary 
Job ID: 180-96768-1 II Client: Environmental Standards Inc. 

Project/Site : JOF _CCR_20191001_ 1 B 

Lab Sample ID 
180-967~ 

180-96768-2 

180-96768-3 

180-96768-4 

---- - ----

Client Sample ID _____ _ Matrix 
JOF-CCR-TW14-1.5/3.5-20191001 - JOF-TW14 Solid "vf
JOF-CCR-TW14-6.5/8.5-20191001 - JOF-TW14 Solid ~ 

JOF-CCR-TW14-11 .0/13 .5-20191001 - Solid _,, 
JOF-TW14 
JOF-CCR-TW14-16.5/18.5-20191001 -
JOF-TW14 

SolidV 

Page 8 of 25 

Collected Received Asset ID 
10/01/1914:12~ 10/04/19 09 :00 

10/01/1914:36 10/04/19 09 :00 

10/01/19 15:10/ 10/04/19 09:00 

10/01/1915 : 36✓10/04/19 09 :00 
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Documents 
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TV A Environmental Investigations 

[ill Tennessee Va: ltey Authority c:oow,..., ' .. ' 
GOC"°' JOF CCR 20191001 1 B f 

I Chain-of-Custody / Analytical Request Document • ol, -I Ch&Jn-of.CUlltody ,. a LEGAL OOC\JMENT. All f.t• Y"ant ~ch mu., b<t com~ end • ccut'f~ TMO...:: JOF CCR 'I 
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w i ... ,_ 0 0 ... .. 10 Business Days ~ 
0 u I:: ii ~ ... u . 
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5 :; )( 
u w 
CD _, 1/ SAMPLE ID SAMPLE ~ .. « ~ 

... 
SAMPLE i Comments/ I I 0 c3 ... :Ii SAMPLE DATE • I Sampltt IDs MUST BE UNIQUE LOCATION t: .,, ~ " ~ TIME Ub Sample 1.0 . • aj I .I! C . ., w " a 

J()f-CCR-lW14.1.513 5--20191001 JOF-lW1 4 1.S, 3.5 i' CCR G N 10/1/2019 1412 2 " X If 
JOF-CCR-TW1• -6.S/8 S-201i1001 JOF-lW14 6.5 8.5 CCR G N 10/112019 1436 2 Cl X ~ 

JOF-lW1 4/ 11.0' ccw IV. -
JOF-CCR-1WH-11.Q.'13.5t-20191001 13.5 G N 10/1/2019 1510 2 , 1,1 

JOf-CCR-TW1 4-t&.5rl1 / .s-2'0t91001 JOF-lW1i 16.fl' 18.5 Cffi G N 10/1/2019 1536 / 2 X I LI 
V V V ~ 
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laboratory duplicate analysis. 
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Eurofins TestAmerica, Pittsburgh 
301 Alpha Dnve RIDC Park 

Pittsburgh . PA 15238 
Phone: 412-963-7058 Fax: 412-963-2466 

Client Information (Sub Contract Lab) 
Chent Contact · 

Shipping/Receiving 
Company. 

T estAmerica Laboratones, Inc. 
Address 

13715 Rider Trail North. 
C,ty 

Earth City 
Stale. Zip. 

MO, 63045 
Pt,o,,e 

314-298-8566(Tel) 314-298-8757(Fax) 
Email 

PrOJflCI Name 

JOF CCR 20191001 1B 
Sue. 

Sample Identification - Client 10 (Lab 10) 

JOF-CCR-TW14-1 .513.5-20191001 - JOF-TW14 (180-96768-1) 

JOF-CCR-TW14-6.518.5-20191001 - JOF-TW14 ( 180-96768-2) 

JOF-CCR-TW14-11 .0/ 13.5-20191001 - JOF-TW14 (180-96768-3 

JOF-CCR-TW14-16.5I18.5-20191001 -JOF-TW14 (1,-96768-4 

Chain of Custody Record 1m111111~1m 1~ ~IHlll~~H~l!IIII 
Sampler: Lab PM C.:lr,I~ Tracking Nofs.) 

Rumble. Jennifer L 
PhOfle E•Mml State of Ongin· 

jennifer.rumble@testamericainc.com Tennessee 
Accreditations Requued (See note)· 

Due Date Requasted: 

11/512019 Analysis Requested 
TAT Roquosted (day,): 

I • 

. e 
.2 
~ 

PO#. ' "' "' . 
- C ., 

WO#. ~ -. ' :s ... 
~ 1 E ii! 0 0 ::: u 

Pro1ect JI : l 111 :! e 
::, 

18020000 t l~ 'g :,: 
~ "' SSOW# 'Z ! I] ii: 

IIJ ' "' 0: 

! ~ 
0. :E 

I 
:e 

I I 

Sample Matrix 0. w 
I ;1 • 0 .. ... 

Type (-.,. 

II 
;a <!) 

E 0: m le ~ 

Sample (C=comp, 
Sa!IOJid. , ... 

~ I 
;; 0 O--.t9talod, ~~ ,.; .; 

Samp le Date Time G=grab) BT•fluu., A• Air) 
ON 0 ~ a, N 0: .. 

:::::>-<::::::- "><" Preservalion Code: )( C>( 

10/1/ 19 14:12 Solid X X X X Central ~ 

1011119 
14:36 :, 

Solid X X X X 
Central 

10/1119 
1s:10 -

Solid X X X X 
Central 

10/1119 
15:36 ~ 

Solid/ X X X X 
Central I/ 

V V 

.;:: eurofins 
En-,1ronrnent i e"i l inp. 
TP.s tArnerie;i 

COCl'loc 

180-375494.1 
Page: 
Page 1 of 1 

Job• 

180-96768-1 
Preservation Codes: 

A- HCL M -Hexane 
8 - NeOH N . None 
C - Zn Ac.elate 0 • AsN,02 
0 - NitncAcld P - Na204S 
E- NaHS04 0 • NaiSOJ 
F - MeOH R - Na2S203 
G - Amchlor S· H2S04 
H - Ascorbic Ac>d T · TSP Dodccahydrato 
I Mice U • Aee1ono 

I! 
J . 01 W o1er V , MCAA 

ll K-EDTI\ W - pH 4.5 
L-EDA Z - other (speoly) '3 

C: 
0 Other: u 
'o 
! 
E 
::, 
z .. 
0 Special Instructions/Nole: ... 

IX 
2 TVA - Batch alone. Ouaranllne zone soil. 

Contact PM if insufficient volume for Tuna 

2 
TV A · Batch alone. Quarantine zone soil. 
Contacl PM ir insufficient volume for Tuna 

2 
TVA • Balch alone. Ouaranline zone soil. 
Contact PM if insufficient volume for Tuna 

2 
TVA - Batch alone. Quarantine zone so,f. 
Contact PM ii insufficient volume for Tuna 

Noto· S,nce labOralo,y accred ltalJOns ere subject 10 change. TestA,neuca l aboratones. Inc, places lhe ownership of method. anatyte g acaod1 la lion compliance voon out ,ubcontract laboratones This samplo shll)mcrtt is forwarded under ct1a1n-of-cusl0dy. Ir the laborntory does not 
curreolty ma,nloin accrodi!elii>n in lhe Slate or Ongin listed Rbove for analys1s/tcst$Jr,,atnx being analyzed, the Hmples must be· shipped ca ck. 10 1he TttStAmeriea laboralofy or other lnslructions will be orov,ded Any changn 10 accred11aI10n status should be brought 10 TcslAmcnca 
tabOralOfles, Inc alttmt.ion immediately. Ir 3lf reque-slad ..ccrcditations are current 10 date. return the s,gned Chain of Custody alteslmg to said compliennce to Te,tAmenca Laboratories, Inc. 

Possible Hazard Identificati on Sample Disposal ( A fee may be assessed if samples are retained longer than 1 month) 

Unconfirmed D Return To Clienf D Dispcsal By Lab • Archive For Months 
Deliverable Requested: I. II . Ill . IV, Other (specify) Primary Deliverable Rank: 2 Special Instructions/QC Requirements: 

Emply Ki~ shed by: __.,,,;, / 
Date: Time: Melhod of Shipm<!:nt· 

Rei nqu;s,,.,. b~ / / _/~ Dal°'~ : } ? hvt \ 76Jc. Comird1- Rece,~ D;'/}"i;,f 6''7: t5 
Compl\Oy 

Y-A. 9, 77..-
R& '•'lQUIS~ 

~ 1,...., e/flmO u,ny,ony - Received by Oate/Tunc Company V 

Relinquishod by O;1tQ/T,me Company Rect?tved Dy DalefTime Company 

Custody Seals Intact: ' Custody Seal No.: ~ er Te-mperah.we(s) °C af"ld Other Romarks 

6 Yes A No 

Ver: 0111<,nOll/ 





Login Sample Receipt Checklist 

Client: Environmental Standards Inc. 

Login Number: 96768 
List Number: 1 
Creator: Kovitch , Christina M 

Question 

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

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

Sample custody seals, if present, are intact. 

The cooler or samples do not appear to have been compromised or 
tampered with . 

Samples were received on ice. 

Cooler Temperature is acceptable. 

Cooler Temperature is recorded. 

COC is present. 

COC is filled out in ink and legible. 

COC is filled out with all pertinent information. 

Is the Field Sampler's name present on COC? 

There are no discrepancies between the containers received and the COC. 

Samples are received within Holding Time (excluding tests with immediate 
HTs) 

Sample containers have legible labels. 

Containers are not broken or leaking. 

Sample collection date/times are provided. 

Appropriate sample containers are used. 

Sample bottles are completely filled . 

Sample Preservation Verified . 

There is sufficient vol. for all requested analyses, incl. any requested 
MS/MSDs 

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

Multiphasic samples are not present. 

Samples do not require splitting or compositing . 

Residual Chlorine Checked . 

Answer 

N/A 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

Tru/ 
N/A 
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Login Sample Receipt Checklist 

Client: Environmental Standards Inc. 

Login Number: 96768 
List Number: 2 
Creator: Harris, Lorin C 

Question 

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

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

Sample custody seals , if present, are intact. 

The cooler or samples do not appear to have been compromised or 
tampered with. 

Samples were received on ice. 

Cooler Temperature is acceptable. 

Cooler Temperature is recorded. 

COC is present. 

COC is filled out in ink and legible. 

COC is filled out with all pertinent information . 

Is the Field Sampler's name present on COC? 

There are no discrepancies between the containers received and the COC. 

Samples are rece ived within Holding Time (excluding tests with immediate 
HTs) 

Sample containers have legible labels. 

Containers are not broken or leaking . 

Sample collection date/times are provided. 

Appropriate sample containers are used. 

Sample bottles are completely filled . 

Sample Preservation Verified . 

There is sufficient vol. for all requested analyses, incl. any requested 
MS/MSDs 

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

Multiphasic samples are not present. 

Samples do not require splitting or compositing . 

Residual Chlorine Checked . 

Answer 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

False 

True 

True 

True 

True 

True 

True 

True 

True 

True 

N/A 

N/A 

True 

N/A j 
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