
ERRATA SHEET 
 
 
The Following Corrections and Clarifications Apply to: Closure Report for Corrective 
Action Unit 356: Mud Pits and Disposal Sites, Nevada Test Site, Nevada 
 
DOE Document Number: DOE/NV--835 
 
Revision: 1 
 
Original Document Issuance Date: November 2002 
 
 
This errata sheet was issued under cover letter from DOE on: March 22, 2007 
 
 
Appendix G, Use Restrictions;  
Replace page G-1 with the Use Restriction for CAS 03-04-01; the new page G-1 contains 
correct GPS coordinates. 
Replace page G-3 with the Use Restriction for CAS 03-09-04; the new page G-3 contains 
correct GPS coordinates for the site diagram that has been re-oriented so that north is 
shown on the diagram is towards the top of the page. 
Replace G-4 with the site diagram for CAS 03-09-04; the site sketch has been oriented so 
that north is towards the top of the page. 









Nevada
Environmental
Restoration
Project

Closure Report for Corrective Action 
Unit 356:  Mud Pits and Disposal 
Sites, Nevada Test Site, Nevada

Controlled Copy No.:       
Revision No.:  1

November 2002

Approved for public release; further dissemination unlimited.

U.S. Department of Energy
National Nuclear Security Administration

Nevada Operations Office

Environmental Restoration 
Division

DOE/NV--835-REV. 1

Uncontrolled When Printed



Available for public sale, in paper, from:

U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Phone:  800.553.6847
Fax:  703.605.6900
Email:  orders@ntis.fedworld.gov
Online ordering:  http://www.ntis.gov/ordering.htm

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, 
in paper, from:

U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831-0062
Phone:  865.576.8401
Fax:  865.576.5728
Email:  reports@adonis.osti.gov

Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors.

Printed on 
recycled paper

Uncontrolled When Printed



DOE/NV--835-REV. 1

CLOSURE REPORT FOR 
CORRECTIVE ACTION UNIT 356:
MUD PITS AND DISPOSAL SITES,

NEVADA TEST SITE, NEVADA

U.S. Department of Energy
National Nuclear Security Administration

Nevada Operations Office
Las Vegas, Nevada

Controlled Copy No.:       

Revision No.:  1

November 2002

Approved for public release; further dissemination unlimited.

Uncontrolled When Printed



Approved by: Date:

Janet Appenzeller-Wing, Project Manager
Industrial Sites Project

Approved by: Date:

Runore C. Wycoff, Division Director
Environmental Restoration Division

CLOSURE REPORT
FOR CORRECTIVE ACTION UNIT 356: 

MUD PITS AND DISPOSAL SITES, NEVADA TEST SITE, NEVADA

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  1
Date:  11/15/2002
Page i of xv

11/18/02 P:\Doc-prod\356\Closure_Report\Rev_1\MaindocTOC.fm

Table of Contents

1.0 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.1 CAS 03-04-01, Area 3 Change House Septic System  . . . . . . . . . . . . . . 3
1.1.2 CAS 03-09-01, Mud Pit Spill Over. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1.3 CAS 03-09-03, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1.4 CAS 03-09-04, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1.5 CAS 03-09-05, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.1.6 CAS 20-16-01, Landfill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.1.7 CAS 20-22-21, Drums (2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2 Scope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Closure Report Contents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.3.1 Supporting Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3.2 Data Quality Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.0 Closure Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.1 Description of Corrective Action Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.1.1 CAS 03-04-01, Area 3 Change House Septic System  . . . . . . . . . . . . . . 7
2.1.2 CAS 03-09-01, Mud Pit Spill Over. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1.3 CAS 03-09-03, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1.4 CAS 03-09-04, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.5 CAS 03-09-05, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.6 CAS 20-16-01, Landfill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.7 CAS 20-22-21, Drums (2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.2 Deviations from SAFER Plan as Approved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.3 Corrective Action Schedule as Completed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.4 Site Plans/Survey Plat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.0 Waste Disposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3.1 Waste Minimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Characterization  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.3 Waste Streams. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.4 Waste Sampling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.5 Storage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.6 Waste Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.7 Closure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
List of Tables. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x
List of Acronyms and Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii
Executive Summary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ES-1

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page ii of xv

Table of Contents (Continued)

4.0 Closure Verification Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

4.1 Data Quality Assessment   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
4.1.1 CAS 03-04-01, Area 3 Change House Septic System  . . . . . . . . . . . . . 21
4.1.2 CAS 03-09-01, Mud Pit Spill Over. . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.1.3 CAS 03-09-03, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.1.4 CAS 03-09-04, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.1.5 CAS 03-09-05, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.1.6 CAS 20-16-01, Landfill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.1.7 CAS 22-20-21, Drums (2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.2 Use Restrictions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.2.1 CAS 03-04-01, Area 3 Change House Septic System  . . . . . . . . . . . . . 23
4.2.2 CAS 03-09-04, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.2.3 CAS 03-09-05, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

5.0 Conclusions and Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5.1 Justification for No Further Action. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
5.2 Justification for Closure in Place  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

6.0 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Appendix A - DQOs as Developed in the SAFER Plan for CAU 356:  Mud Pits and 
Disposal Sites, Nevada Test Site, Nevada

A.1.0 Data Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1

A.1.1 Statement of Acceptability and Usability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1
A.1.1.1 Precision  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1

A.1.1.1.1 Precision for Chemical Analysis  . . . . . . . . . . . . . . . . . A-2
A.1.1.1.2 Precision for Radiological Analysis . . . . . . . . . . . . . . . A-3
A.1.1.1.3 Precision Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-7

A.1.1.2 Accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-10
A.1.1.2.1 Accuracy for Chemical Analysis  . . . . . . . . . . . . . . . . A-10
A.1.1.2.2 Accuracy for Radiological Analysis . . . . . . . . . . . . . . A-14
A.1.1.2.3 Accuracy Summary  . . . . . . . . . . . . . . . . . . . . . . . . . . A-15

A.1.1.3 Completeness  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-16
A.1.1.3.1 Rejected Data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-18
A.1.1.3.2 Completeness Summary . . . . . . . . . . . . . . . . . . . . . . . A-33

A.1.1.4 Representativeness  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-33
A.1.1.5 Comparability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-34

A.1.2 Reconciliation of DQOs and Conceptual Model(s)  . . . . . . . . . . . . . . . . . . . . . A-34
A.1.2.1 Initial Conceptual Model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-34

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page iii of xv

Table of Contents (Continued)

A.1.2.2 Investigation Design and Contaminant Identification. . . . . . . . . . . . A-34
A.1.2.3 Contaminant Nature and Extent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-35

A.1.3 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-35

A.2.0 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-36

Appendix B - Closure Certification for CAU 356:  Mud Pits and Disposal Sites,
Nevada Test Site, Nevada

B.1.0 Closure Certification. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1

B.1.1 CAS 20-22-21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1
B.1.2 CAS 03-04-01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1
B.1.3 CAS 03-09-05 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-2

Appendix C - As-Built Documentation for CAU 356:  Mud Pits and Disposal Sites, 
Nevada Test Site, Nevada

C.1.0 As-Built Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-1

Appendix D - Confirmation Sampling Test Results for CAU 356:  Mud Pits and 
Disposal Sites, Nevada Test Site, Nevada

D.1.0  Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-1

D.1.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-2
D.1.2 Report Content  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-2

D.2.0 Closure Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-4

D.2.1 Preliminary Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-5
D.2.2 Sample Locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-5
D.2.3 Field-Screening Methodology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-5
D.2.4 Geology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-5
D.2.5 Hydrology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-6
D.2.6 Laboratory Analytical Information. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-6

D.3.0 CAS 03-04-01, Area 3 Change House Septic System  . . . . . . . . . . . . . . . . . . . . . . . . . . D-8

D.3.1 SAFER Investigation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-8
D.3.1.1 Septic Tank and Manhole Integrity Sampling. . . . . . . . . . . . . . . . . . . D-8
D.3.1.2 Inspection and Sampling of Collection System Components . . . . . . D-12
D.3.1.3 Leachfield Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-15
D.3.1.4 SAFER Plan Implementation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-15
D.3.1.5 Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-16

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page iv of xv

Table of Contents (Continued)

D.3.2 Closure Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-16
D.3.2.1 Field-Screening Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-16
D.3.2.2 Sample Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-16
D.3.2.3 Analytes Detected Above Minimum Reporting Limits  . . . . . . . . . . D-16

D.3.2.3.1 Total Volatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-16

D.3.2.3.2 Total Semivolatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-17

D.3.2.3.3 Total Petroleum Hydrocarbon Analytical Results for 
Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-17

D.3.2.3.4 Total RCRA Metals Analytical Results for 
Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-18

D.3.2.3.5 Polychlorinated Biphenyl Results for Soil Samples . . D-18
D.3.2.3.6 Gamma Spectrometry Results for Soil Samples  . . . . D-19
D.3.2.3.7 Isotopic Results for Soil Samples . . . . . . . . . . . . . . . . D-22
D.3.2.3.8 Manhole and Pipe Content Sample Results . . . . . . . . D-23
D.3.2.3.9 Septic Tank Liquid Results  . . . . . . . . . . . . . . . . . . . . D-23
D.3.2.3.10 Sludge Sample Results . . . . . . . . . . . . . . . . . . . . . . . . D-23

D.3.2.4 Contaminants of Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-23
D.3.3 Nature and Extent of Contamination in Soils . . . . . . . . . . . . . . . . . . . . . . . . . . D-24
D.3.4 Revised Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-26

D.4.0 CAS 03-09-01 (Mud Pit Spill Over). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-27

D.4.1 SAFER Investigation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-27
D.4.1.1 SAFER Plan Implementation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-30
D.4.1.2 Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-30

D.4.2 Investigation Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-30
D.4.2.1 Field-Screening Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-30
D.4.2.2 Sample Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-30
D.4.2.3 Analytes Detected Above Minimum Reporting Limits  . . . . . . . . . . D-31

D.4.2.3.1 Total Volatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-31

D.4.2.3.2 Total Semivolatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-31

D.4.2.3.3 Total Petroleum Hydrocarbon Analytical Results for 
Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-31

D.4.2.3.4 Total RCRA Metals Results in Soil Samples . . . . . . . D-32
D.4.2.3.5 Polychlorinated Biphenyl Results for Soil Samples . . D-32
D.4.2.3.6 Gamma Spectrometry Results in Soil Samples  . . . . . D-33
D.4.2.3.7 Isotopic Results for Soil Samples . . . . . . . . . . . . . . . . D-33

D.4.2.4  Contaminants of Concern. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-33

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page v of xv

Table of Contents (Continued)

D.4.3 Nature and Extent of Contamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-33
D.4.4 Revised Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-34

D.5.0 CAS 03-09-03, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-36

D.5.1 SAFER Investigation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-36
D.5.1.1 SAFER Plan Implementation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-39
D.5.1.2 Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-39

D.5.2 Investigation Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-39
D.5.2.1 Field-Screening Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-39
D.5.2.2 Sample Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-39
D.5.2.3 Analytes Detected Above Minimum Reporting Limits  . . . . . . . . . . D-40

D.5.2.3.1 Total Volatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-40

D.5.2.3.2 Total Semivolatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-40

D.5.2.3.3 Total Petroleum Hydrocarbon Analytical Results  
for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-40

D.5.2.3.4 Total RCRA Metals Results in Soil Samples . . . . . . . D-40
D.5.2.3.5 Polychlorinated Biphenyl Results for Soil Samples . . D-41
D.5.2.3.6 Gamma Spectrometry Results in Soil Samples  . . . . . D-42
D.5.2.3.7 Isotopic Results for Soil Samples . . . . . . . . . . . . . . . . D-42

D.5.2.4 Contaminants of Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-43
D.5.3 Nature and Extent of Contamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-43
D.5.4 Revised Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-43

D.6.0 CAS 03-09-04, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-44

D.6.1 SAFER Investigation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-44
D.6.1.1 SAFER Plan Implementation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-45
D.6.1.2 Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-45

D.6.2 Investigation Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-47
D.6.2.1 Field-Screening Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-47
D.6.2.2 Sample Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-47
D.6.2.3 Analytes Detected Above Minimum Reporting Limits  . . . . . . . . . . D-47

D.6.2.3.1 Total Volatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-47

D.6.2.3.2 Total Semivolatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-47

D.6.2.3.3 Total Petroleum Hydrocarbon Analytical Results for 
Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-47

D.6.2.3.4  Total RCRA Metal Results in Soil Samples . . . . . . . D-48
D.6.2.3.5 Polychlorinated Biphenyl Results for Soil Samples . . D-49

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page vi of xv

Table of Contents (Continued)

D.6.2.3.6 Gamma Spectrometry Results in Soil Samples  . . . . . D-49
D.6.2.3.7 Isotopic Results for Soil Samples . . . . . . . . . . . . . . . . D-49

D.6.2.4 Contaminants of Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-50
D.6.3 Nature and Extent of Contamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-50
D.6.4 Revised Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-50

D.7.0 CAS 03-09-05, Mud Pit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-51

D.7.1 SAFER Investigation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-51
D.7.1.1 SAFER Plan Implementation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-54
D.7.1.2 Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-54

D.7.2 Investigation Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-54
D.7.2.1 Field-Screening Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-54
D.7.2.2 Sample Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-54
D.7.2.3 Analytes Detected Above Minimum Reporting Levels  . . . . . . . . . . D-54

D.7.2.3.1 Total Volatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-54

D.7.2.3.2 Total Semivolatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-55

D.7.2.3.3 Total Petroleum Hydrocarbon Analytical Results  
for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-55

D.7.2.3.4 Total RCRA Metal Results in Soil Samples  . . . . . . . D-55
D.7.2.3.5 Polychlorinated Biphenyl Results for Soil Samples . . D-56
D.7.2.3.6 Gamma Spectrometry Results in Soil Samples  . . . . . D-56
D.7.2.3.7 Isotopic Results for Soil Samples . . . . . . . . . . . . . . . . D-57

D.7.2.4 Contaminants of Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-57
D.7.3 Nature and Extent of Contamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-58
D.7.4 Revised Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-58

D.8.0 CAS 20-16-01, Landfill, and CAS 20-22-21, Drums (2) . . . . . . . . . . . . . . . . . . . . . . . D-59

D.8.1 SAFER Investigation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-59
D.8.1.1 SAFER Plan Implementation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-62
D.8.1.2 Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-62

D.8.2 Investigation Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-62
D.8.2.1 Field-Screening Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-62
D.8.2.2 Sample Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-62
D.8.2.3 Analytes Detected Above Minimum Reporting Levels  . . . . . . . . . . D-63

D.8.2.3.1 Total Volatile Organic Compound Analytical  
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-63

D.8.2.3.2 Total Semivolatile Organic Compound Analytical 
Results for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . D-63

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page vii of xv

Table of Contents (Continued)

D.8.2.3.3 Total Petroleum Hydrocarbon Analytical Results 
for Soil Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-63

D.8.2.3.4 Total RCRA Metal Results in Soil Samples  . . . . . . . D-64
D.8.2.3.5 Polychlorinated Biphenyl Results for Soil Samples . . D-64
D.8.2.3.6 Gamma Spectrometry Results in Soil Samples  . . . . . D-65
D.8.2.3.7 Isotopic Results for Soil Samples . . . . . . . . . . . . . . . . D-67

D.8.2.4 Contaminants of Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-67
D.8.3 Nature and Extent of Contamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-67
D.8.4 Revised Conceptual Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-67

D.9.0 Quality Assurance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-68

D.9.1 Data Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-68
D.9.1.1 Tier I Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-68
D.9.1.2 Tier II Evaluation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-69
D.9.1.3 Tier III Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-70

D.9.2 Quality Control Samples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-71
D.9.2.1 Field Quality Control Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-71
D.9.2.2 Laboratory Quality Control Samples  . . . . . . . . . . . . . . . . . . . . . . . . D-71

D.9.3 Field Nonconformances  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-71
D.9.4 Laboratory Nonconformances  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-72

D.10.0 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-73

D.11.0 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-74

Appendix E - Waste Disposition Documentation for CAU 356:  Mud Pits and 
Disposal Sites, Nevada Test Site, Nevada

E.1.0 Waste Disposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-1

Appendix F - Modifications to the Post-Closure Plan for CAU 356:  Mud Pits and 
Disposal Sites, Nevada Test Site, Nevada

F.1.0 Modifications to the Post-Closure Plan  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F-1

Appendix G - Use Restriction for CAU 356:  Mud Pits and Disposal Sites, 
Nevada Test Site, Nevada

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page viii of xv

Table of Contents (Continued)

Appendix H - Evaluation of Risk

H.1.0 Evaluation of Risk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H-1

H.1.1 Total Petroleum Hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H-1

H.2.0 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H-3

Appendix I - NDEP Comment Responses

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  1
Date:  11/15/2002
Page ix of xv

List of Figures

Number Title Page

1-1 Nevada Test Site, Nye County, NV  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2-1 As-Completed Site Plan and Survey Plat CAS 03-04-01, Area 3 

Change House Septic System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2-2 As-Completed Site Plan and Survey Plat CAS 03-09-01, Mud Pit Spill Over . . . . . . 12

2-3 As-Completed Site Plan and Survey Plat CAS 03-09-03, Mud Pit  . . . . . . . . . . . . . . 13

2-4 As-Completed Site Plan and Survey Plat CAS 03-09-04, Mud Pit  . . . . . . . . . . . . . . 14

2-5 As-Completed Site Plan and Survey Plat CAS 03-09-05, Mud Pit  . . . . . . . . . . . . . . 15

2-6 As-Completed Site Plan and Survey Plat CAS 20-16-01, Landfill. . . . . . . . . . . . . . . 16

D.3-1 CAS 03-04-01, Area 3 Change House Septic System Sampling Locations . . . . . . D-11

D.3-2 Fenced Leachfield at CAS 03-04-01. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-14

D.4-1 CAS 03-09-01, Mud Pit Spill Over Sample Locations . . . . . . . . . . . . . . . . . . . . . . D-29

D.5-1 CAS 03-09-03, Mud Pit Sample Locations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-38

D.6-1 CAS 03-09-04, Mud Pit Sample Locations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-46

D.7-1 CAS 03-09-05, Mud Pit Sample Locations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-53

D.8-1 CAS 20-16-01, Landfill Sample Locations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-61

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  1
Date:  11/15/2002
Page x of xv

List of Tables

Number Title Page

A.1-1 Chemical Precision Measurements for CAU 356  . . . . . . . . . . . . . . . . . . . . . . . . . A-4

A.1-2 TCLP Chemical Precision Measurements for CAU 356 . . . . . . . . . . . . . . . . . . . . A-5

A.1-3 Radionuclide Laboratory Duplicate Precision Measurements for CAU 356. . . . . A-8

A.1-4 Radionuclide Field Duplicate Precision Measurements for CAU 356  . . . . . . . . . A-9

A.1-5 Laboratory Chemical Accuracy Measurements for CAU 356 . . . . . . . . . . . . . . . A-12

A.1-6 Laboratory Chemical Accuracy Measurements for CAU 356 . . . . . . . . . . . . . . . A-13

A.1-7 Laboratory Radiological Accuracy Measurements for CAU 356  . . . . . . . . . . . . A-15

A.1-8 Chemical Completeness for CAU 356 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-17

A.1-9 TCLP Completeness for CAU 356. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-18

A.1-10 Radiological Completeness Measurements for CAU 356 . . . . . . . . . . . . . . . . . . A-19

A.1-11 CAU 356 Rejected Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-20

B.1-1 Samples Collected from CAS 20-22-21, Drums (2)  . . . . . . . . . . . . . . . . . . . . . . . B-1

B.1-2 Samples Collected from CAS 03-04-01, Area 3 Change House Septic System . . B-2

D.2-1 Laboratory Analytical Parameters and Methods, CAU 356 Closure Samples  . . . D-7

D.3-1 Samples Collected from CAS 03-04-01, Area 3 Change House Septic System . . D-9

D.3-2 Soil Sample Results for Total SVOCs Detected Above 

Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-17

D.3-3 Soil Sample Results for TPH-DRO Detected Above 

Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-18

D.3-4 Soil Sample Results for Total RCRA Metals Detected Above Minimum 

Reporting Limits  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-19

D.3-5 Soil Sample Results for Gamma Spectrometry Detected Above 

Minimum Detectable Concentrations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-20

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  1
Date:  11/15/2002
Page xi of xv

List of Tables (Continued)

Number Title Page

D.3-6 Soil Sample Results for Isotopes Detected Above 

Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-22

D.3-7 Septic Tank Liquid Results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-24

D.3-8 Sludge Sample (356018) Results Detected Above 

Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-25

D.4-1 Samples Collected from CAS 03-09-01, Mud Pit Spill Over  . . . . . . . . . . . . . . . D-28

D.4-2 Soil Sample Results for Total VOCs Detected Above

Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-31

D.4-3 Soil Sample Results for Total RCRA Metals Detected Above Minimum 

Reporting Limits  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-32

D.4-4 Soil Sample Results for PCBs Detected

Above Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-33

D.4-5 Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-34

D.4-6 Soil Sample Results for Isotopes Detected Above 

Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-35

D.5-1 Samples Collected from CAS 03-09-03, Mud Pit . . . . . . . . . . . . . . . . . . . . . . . . D-37

D.5-2 Soil Sample Results for Total VOCs 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-40

D.5-3 Soil Sample Results for Total RCRA Metals 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-41

D.5-4 Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-42

D.6-1 Samples Collected from CAS 03-09-04, Mud Pit . . . . . . . . . . . . . . . . . . . . . . . . D-45

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  1
Date:  11/15/2002
Page xii of xv

List of Tables (Continued)

Number Title Page

D.6-2 Soil Sample Results for Total VOCs 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-48

D.6-3 Soil Sample Results for TPH-DRO 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-48

D.6-4 Soil Sample Results for Total RCRA Metals 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-49

D.6-5 Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-50

D.7-1 Samples Collected from CAS 03-09-05, Mud Pit . . . . . . . . . . . . . . . . . . . . . . . . D-52

D.7-2 Soil Sample Results for TPH-DRO 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-55

D.7-3 Soil Sample Results for Total RCRA Metals

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-56

D.7-4 Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-57

D.8-1 Samples Collected from CAS 20-16-01, Landfill  . . . . . . . . . . . . . . . . . . . . . . . . D-60

D.8-2 Soil Sample Results for Total VOCs 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-63

D.8-3 Soil Sample Results for Total RCRA Metals 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-64

D.8-4 Soil Sample Results for PCBs Detected

Above Minimum Reporting Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-65

D.8-5 Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits. . . . . . . . . . . . . . . . . . . . . . . . . . . . D-66

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  1
Date:  11/15/2002
Page xiii of xv

List of Acronyms and Abbreviations

bgs Below ground surface

CAS Corrective action site

CAU Corrective action unit

CFR Code of Federal Regulations

CLP Contract Laboratory Program

COC Contaminant of concern

COPC Contaminant of potential concern

CR Closure Report

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

DQI Data Quality Indicator

DQO Data Quality Objective

DRO Diesel-range organics

EPA U.S. Environmental Protection Agency

EPH Extractable petroleum hydrocarbons

FADL Field activity daily log

FD Field duplicate

FFACO Federal Facility Agreement and Consent Order

FI Field instruction

FSL Field-screening levels

FSR Field-screening results

ft Foot (feet)

GPS Global Positioning System

GRO Gasoline-range organics

HWAA Hazardous Waste Accumulation Area

ICP Inductively coupled plasma

IDL Instrument detection limit

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page xiv of xv

List of Acronyms and Abbreviations (Continued)

IDW Investigation-derived waste

in. Inch(es)

ITLV IT Corporation, Las Vegas Office

LCS Laboratory control sample

LCSD Laboratory control sample duplicate

mi Mile

mg/kg Milligrams per kilogram

MRL Minimum reporting limits

MS/MSD Matrix spike/matrix spike duplicate

NAC Nevada Administrative Code

ND Normalized difference

NDEP Nevada Division of Environmental Protection

NIST National Institute of Standards and Technology

NNSA/NV U.S. Department of Energy, National Nuclear Security Administration 
Nevada Operations Office

NTS Nevada Test Site

PAL Preliminary action level

PB Preparation blanks

PCB Polychlorinated biphenyl(s)

pCi/g Picocuries per gram

pCi/L Picocuries per liter

POC Performance objective criteria

PPE Personal protective equipment

ppm Parts per million

PRG Preliminary remediation goal

PVC Polyvinyl chloride

QA Quality assurance

QAPP Quality Assurance Project Plan

Uncontrolled When Printed



CAU 356 Closure Report
Section:  Contents
Revision:  0
Date:  11/15/2002
Page xv of xv

List of Acronyms and Abbreviations (Continued)

QC Quality control

RCRA Resource Conservation and Recovery Act

RPD Relative percent difference

SAA Satellite Accumulation Area

SAFER Streamlined Approach for Environmental Restoration

SDG Sample delivery group

SQP Standard Quality Practice

SSHASP Site-specific health and safety plan

SVOC Semivolatile organic compound

TCLP Toxicity characteristic leaching procedure

TPH Total petroleum hydrocarbons

VCP Vitrified clay pipe

VOC Volatile organic compound

VPH Volatile petroleum hydrocarbons

µg/kg Micrograms per kilogram

µg/L Micrograms per liter

%R Percent recovery

Uncontrolled When Printed



CAU 356 Closure Report
Executive Summary
Revision:  1
Date:  11/15/2002
Page ES-1 of ES-2

Executive Summary

This Closure Report presents information supporting closure of Corrective Action Unit (CAU) 356, 

Mud Pits and Disposal Sites, Nevada Test Site, Nevada.  This complies with the requirements of the 

Federal Facility Agreement and Consent Order that was agreed to by the State of Nevada, the 

U.S. Department of Energy, and the U.S. Department of Defense.  Corrective Action Unit 356, 

Corrective Action Sites (CASs), is located within Areas 3 and 20 of the Nevada Test Site and is 

comprised of the following CASs:

• 03-04-01, Area 3 Change House Septic System
• 03-09-01, Mud Pit Spill Over
• 03-09-03, Mud Pit
• 03-09-04, Mud Pit
• 03-09-05, Mud Pit
• 20-16-01, Landfill
• 20-22-21, Drums (2)

The purpose of this Closure Report is to provide documentation supporting recommendations of no 

further action and closure in place for CASs within CAU 356.  To achieve this, the following actions 

were performed:  

• Review the current site conditions, including the concentration and extent of contamination.

• Perform closure activities to address the presence of substances regulated by the Nevada 
Administrative Code 445A.2272  (NAC, 1996) and the presence of septic tanks that had not 
been closed in accordance with Nevada Administrative Code 444.818 (NAC, 1999).

• Document Notice of Completion and closure of CAU 356 issued by NDEP.

From November 20, 2001, through January 3, 2002, March 11 through March 14, 2002, and July 8 

through August 13, 2002 closure activities were performed as set forth in the Streamlined Approach 

for Environmental Restoration Plan (DOE/NV, 2001).  The purposes of the activities as defined 

during the data quality objective process were:

• Identify the nature and extent of contaminants of potential concern at the CASs.

• Provide sufficient information and data to complete appropriate corrective actions for the 
CASs.
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Analytes detected during the closure activities were evaluated against preliminary action levels to 

determine contaminants of concern for the CASs within CAU 356.  Assessment of the data generated 

from closure activities indicates that preliminary action levels were exceeded in the soil of CAU 356 

for total petroleum hydrocarbons, americium-241, and plutonium-239/240.  The concentrations of 

arsenic are considered representative of ambient at this site (NMBG, 1998; Moore, 1999).  Therefore, 

no corrective action is necessary for the soil containing arsenic.  Soil in CASs containing petroleum 

hydrocarbons or radionuclides have been closed in place.  The septic tank at CAS 03-04-01 was 

found to contain hydrocarbon exceeding the action levels established by the Nevada Administrative 

Code 445A.2272 (NAC, 1996).  This media was removed for proper disposal.  In addition, the septic 

tank was closed in accordance with Nevada Administrative Code 444.818 (NAC, 1999).

The U.S. Department of Energy, National Nuclear Security Administration Nevada Operations 

Office, provides the following recommendations:

• No further corrective action is required at CASs 03-09-01, 03-09-03, 20-16-01, and 20-22-21.

• Closure in place is required at CASs 03-04-01, 03-09-04, and 03-09-05.

• No Corrective Action Plan is required.

• An use restriction is required at CAS 03-04-01 and CAS 03-09-04.

• A Notice of Completion to U.S. Department of Energy, National Nuclear Security 
Administration Nevada Operations Office, is requested from the Nevada Division of 
Environmental Protection for the closure of CAU 356.

• Corrective Action Unit 356 should be moved from Appendix III to Appendix IV of the 
Federal Facility Agreement and Consent Order.
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1.0 Introduction

This Closure Report (CR) presents information supporting closure of Corrective Action Unit 

(CAU) 356, Mud Pits and Disposal Sites, Nevada Test Site (NTS), Nevada.  This complies with the 

requirements of the Federal Facility Agreement and Consent Order (FFACO) that was agreed to by 

the State of Nevada, the U.S. Department of Energy (DOE), and the U.S. Department of Defense 

(FFACO, 1996).  This CAU contains the Corrective Action Sites (CASs) located within Areas 3 and 

20 of the NTS (Figure 1-1).  The NTS is approximately 65 miles (mi) northwest of Las Vegas, 

Nevada.  The seven CASs that comprise CAU 356 are as follows:     

• 03-04-01, Area 3 Change House Septic System
• 03-09-01, Mud Pit Spill Over
• 03-09-03, Mud Pit
• 03-09-04, Mud Pit
• 03-09-05, Mud Pit
• 20-16-01, Landfill
• 20-22-21, Drums (2)  

This CR provides justification for the closure of CAU 356.  This justification is based on process 

knowledge and the results of the closure activities conducted in accordance with the SAFER Plan 

(DOE/NV, 2001).  The recommended corrective actions at this CAU include closure in place and no 

further action.  The CR provides or references the specific information necessary to support these 

recommendations.

1.1 Purpose

The purpose of the CAU 356 Closure Report is to: 

• Provide documentation of the completed closure activities completed in accordance with the 
SAFER Plan (DOE/NV, 2001). 

• Provide data confirming closure.

The CAU consists of five CASs in Area 3 and two CASs in Area 20.  Four of the CASs (03-09-01, 

03-09-03, 03-09-04, and 03-09-05) are mud pits located in the northern portions of Area 3.  The mud 

pits were used during drilling activities conducted at NTS in support of the underground nuclear 

weapons testing.  Corrective Action Site 03-04-01 is a septic system at the Area 3 Change House.  
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Figure 1-1  
Nevada Test Site, Nye County, NV
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The septic system was constructed in 1962 and received effluent from at least nine Area 3 Camp 

buildings and trailers until its abandonment in 1991.  Two CASs are located in the central portion of 

Area 20.  Corrective Action Site 20-16-01 is a landfill within the U20b crater and consists of disposed 

uncontaminated drilling mud from drilling activities conducted on Pahute Mesa in Area 20.   

Corrective Action Site 20-22-21 consists of two drums that are located at the bottom of the U20b 

crater within the boundary of CAS 20-16-01, Landfill.  Additional information relating to the site 

history, planning, and scope of the closure is presented in the Streamlined Approach for 

Environmental Response (SAFER) Plan (DOE/NV, 2001).  

1.1.1 CAS 03-04-01, Area 3 Change House Septic System

The entire septic system downstream of the septic tank was characterized by excavation and 

sampling.  A portion of the system upstream of the septic tank was investigated with a video mole 

survey.  Samples were submitted for laboratory analyses of contaminants of potential concern 

(COPCs).  The contents of the septic tank were removed for disposal.  The tank was rinsed and rinsate 

samples were collected to verify that the tank was clean.  The tank was closed in place by pumping it 

full of concrete.

1.1.2 CAS 03-09-01, Mud Pit Spill Over

Two borings in the return pit and two borings in the suction pit were advanced with a Geoprobe® rig.  

Samples were field screened for volatiles and alpha and beta/gamma emitters, and submitted for 

laboratory analyses of COPCs.  

1.1.3 CAS 03-09-03, Mud Pit

Two borings in the return pit and two borings in the suction pit were advanced manually with a hand 

auger.  Samples were field screened for volatiles and alpha and beta/gamma emitters, and submitted 

for laboratory analyses of COPCs.  

1.1.4 CAS 03-09-04, Mud Pit

Two soil borings were advanced using a hand auger.  Samples were field screened for volatiles and 

alpha and beta/gamma emitters, and submitted for laboratory analyses of COPCs. 
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1.1.5 CAS 03-09-05, Mud Pit

Two soil borings were advanced using a Geoprobe® rig.  An asphalt pile in the northwest corner of 

the pit was removed using a backhoe and scraper.  Samples were field screened for volatiles and alpha 

and beta/gamma emitters, and submitted for laboratory analyses of COPCs. 

1.1.6 CAS 20-16-01, Landfill

Three soil borings in the bottom of the crater were advanced with a hand auger.  Surface samples 

were also collected in an area of dried mud and a suspected mud flow along the north flank of the 

crater, and alongside a homemade “septic system” (three drums connected with plumbing pipe).  

Samples were field screened for volatiles and alpha and beta/gamma emitters, and submitted for 

laboratory analyses of COPCs.

1.1.7 CAS 20-22-21, Drums (2)

The empty drums located on the bottom of the landfill crater were removed.  A verification sample 

was collected from surface soils under each drum to check for residual contamination.

1.2 Scope

The scope of this CR is to summarize the closure strategy for CAU 356.  To achieve this scope, the 

following actions were implemented:

• Review the current site conditions, including the concentration and extent of contamination.

• Perform closure activities to address the presence of substances regulated by the Nevada 
Administrative Code (NAC) 445A.2272  (NAC, 1996) and the presence of a septic tank that 
had not been closed in accordance with NAC 444.818 (NAC, 1999).

• Document Notice of Completion and closure of CAU 356.

• Clean-up criteria were PALs as specified in the SAFER Plan (DOE/NV, 2001).

1.3 Closure Report Contents

This CR is divided into the following sections:

Section 1.0 - Introduction:  summarizes the purpose, scope, and contents of this CR.
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Section 2.0 - Closure Activities:  summarizes the closure field activities and any deviations to the 

scope of work.

Section 3.0 - Waste Disposition:  summarizes the wastes generated and disposition of those wastes 

generated as a result of field activities.

Section 4.0 - Closure Verification Results:  summarizes the verification activities and results, and 

assesses the data quality.

Section 5.0 - Conclusions and Recommendation:  recommends closure in place and no further action 

at CAU 356.

Section 6.0 - References:  provides a list of referenced documents.

Appendix A:  DQOs as developed in the SAFER Plan for CAU 356:  Mud Pits and Disposal Sites, 

Nevada Test Site, Nevada:  summarizes the analytical results as they meet the requirements set forth 

during the data quality objectives (DQOs) process.

Appendix B:  Closure Certification for CAU 356:  Mud Pits and Disposal Sites, Nevada Test Site, 

Nevada:  documents the specific closure activities completed for the CAU. 

Appendix C:  As-Built Documentation for CAU 356:  Mud Pits and Disposal Sites, Nevada Test Site, 

Nevada:  identifies the as-built drawings for each CAS.  

Appendix D:  Confirmation Sampling Test Results for CAU 356:  Mud Pits and Disposal Sites, 

Nevada Test Site, Nevada:  provides a description of the project objectives, field closure and sampling 

activities, and closure results.

Appendix E:  Waste Disposition Documentation for CAU 356:  Mud Pits and Disposal Sites, Nevada 

Test Site, Nevada:  documents disposal of items removed during closure activities.

Appendix F:  Modifications to the Post Closure Plan for CAU 356:  Mud Pits and Disposal Sites, 

Nevada Test Site, Nevada:  documents any modifications to the Post-Closure Plan.
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Appendix G:  Use Restriction for CAU 356:  Mud Pits and Disposal Sites, Nevada Test Site, Nevada:  

Documents the use restriction for CAS 03-04-01.

Appendix H:  Evaluation of Risk.

Appendix I:  NDEP Comment Responses.

1.3.1 Supporting Documentation

Closure activities were performed in accordance with the following documents:

• Streamlined Approach for Environmental Restoration Plan for Corrective Action Unit 356: 
Mud Pits and Disposal Sites, Nevada Test Site, Nevada (DOE/NV, 2001)

• Work Plan for Leachfield Corrective Action Units:  Nevada Test Site and Tonopah Test 
Range, Nevada (Leachfield Work Plan) (DOE/NV, 1998)

• Industrial Sites Quality Assurance Project Plan (QAPP) (DOE/NV, 1996b)

• Federal Facility Agreement and Consent Order 1996, as amended

• Project Management Plan (DOE/NV, 1994)

1.3.2 Data Quality Objectives

The DQOs as identified in the SAFER Plan are as follows:

• Determine if contaminants of concern (COCs) are present.
• If COCs are present, determine the nature and extent of the COCs.
• Based upon characterization results, recommend a closure strategy.
• Perform activities required to meet the recommended closure strategy.
• Properly manage, characterize, and dispose of investigation-derived waste (IDW).

The Data Quality Indicators (DQIs), discussed in Section 4.1 and Appendix B, were achieved.  The 

DQOs, established in the SAFER Plan, were met. 
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2.0 Closure Activities

The following sections summarize the CAU 356 closure activities and any deviations from the 

original scope of work.  Appendix A and Appendix C provide details and results of the closure 

activities.

2.1 Description of Corrective Action Activities

Field activities were performed as set forth in the CAU 356 SAFER Plan (DOE/NV, 2001) from 

November 20, 2001, through January 3, 2002, March 11 through March 14, 2002, and July 8 through  

August 13, 2002.  The activities at all CASs included:

• Prefield activities, including debris removal, construction of decontamination pads and  
hazardous waste accumulation areas (HWAAs), and utility clearances

• Radiological walkover surveys

• Geophysical surveys

• Collecting waste management samples

• Collecting biased surface and subsurface soil samples, and subsequent laboratory analysis, to 
define lateral and vertical extent of COCs

• Field screening of select samples for characterization and health and safety purposes

• Collecting Global Positioning System (GPS) coordinates of sampling locations

The following sections summarize the activities at each CAS (see Appendix A for additional details).  

2.1.1 CAS 03-04-01, Area 3 Change House Septic System

The entire septic system downstream of the septic tank was characterized by excavation and 

sampling.  Exploratory trenching confirmed the configuration and dimensions of the septic tank, 

manhole, “previous” leachfield, and fenced leachfield.  Integrity soil samples were collected near the 

septic tank, manhole, and skimmer box.  Subsurface soil samples were collected beneath select 

distribution lines in both leachfields, near the leachrock/native soil interface.  Surface soil samples 

were collected at low points in the fenced leachfield.  Liquid samples were collected from both 
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chambers of the septic tank and a sludge sample was collected from a section of excavated 

distribution pipe in the fenced leachfield.

A portion of the system upstream of the septic tank was investigated with a video mole survey.  The 

mole was introduced into four septic lines radiating from an upstream manhole; the lines were found 

to be intact and generally free of sediment.

Samples were submitted for laboratory analyses of COPCs.  Also, the septic tank samples and the 

sludge sample from the fenced leachfield were analyzed on site for the presence of coliform bacteria 

(total and fecal).  Select samples were field screened for volatiles using the headspace method, and 

for alpha and beta/gamma emitters using a handheld instrument.

The contents of the septic tank were removed for disposal.  The tank was rinsed, confirmation 

samples were collected of the final rinse to verify that the tank was clean.  The tank was closed in 

place by pumping it full of concrete.

2.1.2 CAS 03-09-01, Mud Pit Spill Over

Two borings in the return pit and two borings in the suction pit were advanced with a Geoprobe® rig.  

At each boring location, a surface sample was collected as well as a sample straddling the mud/native 

soil interface.  The depth to the mud/native soil interface in the return pit ranged from 2.2 to 

6.0 feet (ft) below ground surface (bgs).  The interface was encountered in the suction pit at about 

3.5 ft bgs.  A surface sample was also collected from the middle of the channel between the two pits.  

The mud spillover was not sampled.  Samples were field screened for volatiles and alpha and 

beta/gamma emitters, and submitted for laboratory analyses of COPCs.  

2.1.3 CAS 03-09-03, Mud Pit

Two borings in the return pit and two borings in the suction pit were advanced manually with a hand 

auger.  At each boring location, a surface sample was collected as well as a sample straddling the 

mud/native soil interface.  The depth to the mud/native soil interface in the return pit ranged from 

1.7 to 2.3 ft bgs.  The interface was encountered in the suction pit from 1.3 to 1.9 ft bgs.  A surface 

sample was also collected from the middle of the channel between the two pits.  Samples were field 
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screened for volatiles and alpha and beta/gamma emitters, and submitted for laboratory analyses of 

COPCs.  

2.1.4 CAS 03-09-04, Mud Pit

Two soil borings were advanced using a hand auger.  At each boring location, a surface sample was 

collected as well as a sample straddling the mud/native soil interface.  The depth to the mud/native 

soil interface was about 1.2 ft bgs.  Samples were field screened for volatiles and alpha and 

beta/gamma emitters, and submitted for laboratory analyses of COPCs. 

2.1.5 CAS 03-09-05, Mud Pit

Two soil borings were advanced using a Geoprobe® rig.  Samples were collected from the mud/native 

soil interface, which ranged from 0.5 ft bgs to 0.75 ft bgs.  An asphalt pile in the northwest corner of 

the pit was removed using a backhoe and scraper.  Four surface soil samples were collected from the 

asphalt pile footprint to verify the complete removal of the asphalt at the 0- to 6-inch (in.) bgs 

interval.  Samples were field screened for volatiles and alpha and beta/gamma emitters, and submitted 

for laboratory analyses of COPCs. 

2.1.6 CAS 20-16-01, Landfill

Three soil borings in the bottom of the crater were advanced with a hand auger.  Samples were 

collected from the mud/native soil interface, which ranged from 0.3 ft bgs toward the crater edges to 

3.0 ft bgs in the center of the crater.  Surface samples were also collected in an area of dried mud and 

a suspected mud flow along the north flank of the crater, and alongside a homemade “septic system” 

(three drums connected with plumbing pipe).  Samples were field screened for volatiles and alpha and 

beta/gamma emitters, and submitted for laboratory analyses of COPCs.

2.1.7 CAS 20-22-21, Drums (2)

The empty drums located on the bottom of the landfill crater were removed.  Drum removal was 

documented with before and after photographs and on a Sectored Housekeeping Site Closure 

Verification Form (Appendix C).  A verification sample was collected from surface soils under each 

drum to check for residual contamination.
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2.2 Deviations from SAFER Plan as Approved

Areas within the crater requiring housekeeping removal activities identified in the SAFER Plan for 

CAS 20-16-01 were not completed.  A visual inspection of the items was conducted.  No evidence of 

hazardous materials, odor or staining was observed.  Therefore, removal of the nonhazardous debris 

was not completed.

2.3 Corrective Action Schedule as Completed

The closure activities were completed from November 20, 2001, through January 3, 2002, March 11 

through March 14, 2002, and July 8 through August 13, 2002.  

2.4 Site Plans/Survey Plat

Figures 2-1 through 2-6 are site plans of each CAS.  Sampling locations are shown in figures in 

Appendix A.                             
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Figure 2-1
As-Completed Site Plan and Survey Plat

CAS 03-04-01, Area 3 Change House Septic System
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Figure 2-2
As-Completed Site Plan and Survey Plat

CAS 03-09-01, Mud Pit Spill Over
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Figure 2-3
As-Completed Site Plan and Survey Plat

CAS 03-09-03, Mud Pit
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Figure 2-4
As-Completed Site Plan and Survey Plat

CAS 03-09-04, Mud Pit
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Figure 2-5
As-Completed Site Plan and Survey Plat

CAS 03-09-05, Mud Pit
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Figure 2-6
As-Completed Site Plan and Survey Plat

CAS 20-16-01, Landfill
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3.0 Waste Disposition

Investigation-derived wastes were generated during the field activities at CAU 356.  The waste 

streams included debris, decontamination rinsate water, personal protection equipment (PPE), field 

screening, and disposable sampling equipment.  The types, amounts, and disposal of waste are 

detailed in the following subsections.

3.1 Waste Minimization

Corrective Action Unit 356 integrated waste minimization into the field activities.  Investigation- 

derived waste was segregated to the greatest extent possible.  Controls were in place to minimize the 

use of hazardous materials and unnecessary generation of hazardous and/or mixed waste.  

Decontamination activities were planned and executed to minimize the volume of rinsate generated.

3.2 Characterization

Analytical results for each drum of waste or associated samples were reviewed to federal regulations; 

state regulations; DOE directives/policies, guidance, waste disposal criteria; and IT Corporation, 

Las Vegas Office (ITLV), Standard Quality Practices (SQPs).  Analytical data was reviewed through 

Tier I, II, and III validation.

The IDW generated by site characterization activities at CAU 356 is newly generated solid waste 

according to title 40 of the Code of Federal Regulations (CFR) Part 261.2.  Federal regulations 

40 CFR 261.3(a)(2)(iv), 261.4, and 261.6(a)(3) (CFR, 2000) were reviewed to determine if the waste 

was excluded from regulations as solid waste or hazardous waste.  The waste is not excluded from 

regulations as solid or hazardous waste.

Analytical results and knowledge of the waste were used to determine if the waste met criteria as  

hazardous waste in Subpart C, “Characteristics of Hazardous Waste.”  The RCRA-regulated 

constituents identified, as per 40 CFR 261.24, were evaluated to the regulations as potential 

“characteristic” not “listed.”
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3.3 Waste Streams

Newly generated IDW was segregated into the following waste streams: 

• PPE and disposable sampling equipment

• Debris including, but not limited to:  plastic sheeting, glass/plastic sample jars, PPE, soil, 
wood, sampling scoops, aluminum foil, bowls.

• Decontamination rinsate

• Hydrocarbon spill cleanup soil/debris

3.4 Waste Sampling

Waste determinations were made using process knowledge, field observations, and the analytical data 

from the investigative samples.  Direct sampling and analysis of the IDW was not performed for 

waste determination.  All waste is traceable to associated media samples by written record in a waste 

management log.   

3.5 Storage

Five HWAAs and two Satellite Accumulation Areas (SAAs) were established and managed at the 

closure areas.  Potentially hazardous waste generated during the closure was packaged in 55-gallon 

U.S. Department of Transportation (DOT) specification steel drums, labeled as “Hazardous Waste - 

Pending Analysis.”  The amount, type, and source of waste placed into each drum are recorded in 

waste management logbooks at each location.  Waste accumulation areas were inspected regularly as 

required by federal regulation and internal procedures (CFR, 2000).

3.6 Waste Disposal

A total of 13 drums of IDW were generated during the field activities:  

• Three drums were characterized as hydrocarbon waste exceeding regulatory threshold 
established by State of Nevada regulations (NDEP, 1997).  These drums were disposed of at 
the permitted NTS Hydrocarbon Landfill.  Hydrocarbon waste was generated at 
CASs 03-04-01, 03-09-04, and 03-09-05. 
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• Ten drums were characterized as sanitary waste.  These drums consist of three drums of PPE 
(solid) waste and seven drums of rinsate (liquid) waste.  Sanitary solid waste was disposed of 
in a permitted Class II solid waste landfill.  Rinsate was disposed of according to discharge 
criteria of the waste water system at NTS.

• Two batteries were found during the excavation activities at CAS 03-04-01.  They were 
transferred to fleet and equipment for recycling.

3.7 Closure 

The following additional waste was generated during closure activities at CAS 03-04-01:

• Liner for evaporative pond.  This was disposed of in the TPH landfill.  These activities are 
addressed in detail in Appendix B, Section B.1.2.
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4.0 Closure Verification Results

Summary characterization data from the closure activities (Appendix A) are provided in Section 4.1.  

This information satisfies the information requirements identified by the DQOs and identifies those 

COPCs that exceeded preliminary action levels (PALs) (DOE/NV, 1998; DOE/NV, 2001).  

Section 4.1 summarizes the data quality assessment.  Section 4.2 summarizes the land-use restrictions 

for each CAS.

Laboratory analyses for samples typically included total volatile organic compounds (VOCs), total 

semivolatile organic compounds (SVOCs), total Resource Conservation and Recovery Act (RCRA) 

metals, and total petroleum hydrocarbons (TPH) (diesel-range organics [DRO] and gasoline-range 

organics [GRO]).  Additional analyses were performed on sediment, sludge, and liquid samples to 

support future waste determinations.  As appropriate to the sample matrix, these analyses typically 

included Toxicity Characteristic Leaching Procedure (TCLP) VOCs, TCLP SVOCs, TCLP RCRA 

metals, polychlorinated biphenyls (PCBs), fecal coliform, tritium, gross alpha and beta, and gamma 

spectrometry.  Other analyses performed on select soil samples from the mud pits, and on all soils 

from the septic system, include isotopic plutonium and isotopic uranium.  

Arsenic was detected above the PAL of 2.7 milligrams per kilogram (mg/kg) in most soil samples 

analyzed at each of the CASs.  Arsenic concentrations ranged from 1.7 to 17.9 mg/kg.  The mean 

concentration of arsenic in silt from the Nellis Air Force Range is 7 to 8 mg/kg (NBMG, 1998; 

Moore, 1999).  Arsenic concentrations in samples from CAU 356 are considered representative of 

ambient conditions at the site, therefore; arsenic, is not considered to be a COC for soil at this CAU.

4.1 Data Quality Assessment    

An assessment of CAU 356 closure results was performed to determine whether the data collected 

met the DQOs and could support their intended use in the decision-making process.  The assessment, 

provided in Appendix B, includes an evaluation of the DQIs to determine the degree of acceptability 

and usability of the reported data in the decision-making process.  Additionally, a reconciliation of 

the data with the conceptual site model established for this project was conducted.  Conclusions were 
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validated based on the results of the quality assurance (QA)/quality control (QC) measurements 

provided in Appendix B and discussed in Section D.9.0 of Appendix D.

Meeting DQI goals supports acceptance of the CAU 356 datasets for meeting the DQOs established 

for this project and the subsequent use of this data in the decision-making process.

The conceptual model presented in the CAU 356 SAFER Plan was the basis for the sample collection 

designs used for the closure.  If information generated during the closure had required a significant 

change in the conceptual model, the sampling design may not have been adequate to meet the DQOs.  

The reconciliation of CAU 356 closure results to the established conceptual models supports the 

assumptions documented in the models and demonstrates representativeness.  The sampling 

configuration generated sufficient information required to support the corrective action decision.

Chemical results for characterization sample concentrations exceeding PALs and radiological results 

for characterization sample concentrations greater than and distinguishable from background 

concentrations (DOE/NV, 1998; DOE/NV, 2001) are summarized below for each CAS.

4.1.1 CAS 03-04-01, Area 3 Change House Septic System

The SAFER Plan was implemented through the collection and analyses of 23 soil samples, 2 liquid 

samples, 1 sludge sample, and associated QC samples at CAS 03-04-01.  Total petroleum 

hydrocarbon was detected above the PAL in one soil sample collected in the southeast corner of the 

fenced leachfield.  Step-out samples were collected 4 ft to the north and south and immediately below 

the initial sample were below the TPH PAL.  

Americium-241 was detected at concentrations above the PAL in four of the soil samples, the field 

duplicate, and two of the step-out locations, while plutonium-239/240 was detected in each of the 

three step-out locations at concentrations above the PAL.  Concentrations greater than and  

distinguishable from background concentrations are considered to be greater than the PAL.  

The DQOs established in the SAFER Plan and summarized in Section 1.3.2 were met.
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4.1.2 CAS 03-09-01, Mud Pit Spill Over 

The SAFER Plan was implemented through the collection and analyses of nine soil samples and 

associated QC samples at CAS 03-09-01.  No COCs are present at the CAS.  

The DQIs, as discussed in Appendix B, were achieved.  The DQOs established in the SAFER Plan 

and summarized in Section 1.3.2 of this CR were met.

4.1.3 CAS 03-09-03, Mud Pit

The SAFER Plan was implemented through the collection and analyses of nine soil samples and 

associated QC samples at CAS 03-09-03.  No COCs are present at the CAS.  

The DQIs, as discussed in Appendix B, were achieved, except for the completeness goal for TPH.  

Based upon an evaluation of the valid TPH results (see Appendix A, Section A.1.1.3.1), the DQIs 

including completeness are sufficient to support the DQO decisions.  The DQOs established in the 

SAFER Plan and summarized in Section 1.3.2 were met.

4.1.4 CAS 03-09-04, Mud Pit

The SAFER Plan was implemented through the collection and analyses of four soil samples and 

associated QC samples at CAS 03-09-04.  Total petroleum hydrocarbon was detected above the PAL 

in two soil samples and the field duplicate.

The DQIs, as discussed in Appendix B, were achieved except for the completeness goal for TPH.  

Based upon an evaluation of the valid TPH results (see Appendix A, Section A.1.1.3.1), the DQIs 

including completeness are sufficient to support the DQO decisions.  The DQOs established in the 

SAFER Plan and summarized in Section 1.3.2 were met.

4.1.5 CAS 03-09-05, Mud Pit

The SAFER Plan was implemented through the collection and analyses of six soil samples and 

associated QC samples at CAS 03-09-05.  Total petroleum hydrocarbon was detected above the PAL 

in two soil samples associated with the adjacent asphalt pile.  After removal of the asphalt and 
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additional soil, as a best management practice, the verification samples had results below the PAL for 

TPH. 

Americium-241 was detected at concentrations greater than the PAL at one soil sample location both 

before (Phase I) and after (Phase II) the asphalt and additional soil were removed.

The DQIs, as discussed in Appendix B, were achieved.  The DQOs established in the SAFER Plan 

and summarized in Section 1.3.2 of this CR were met.

4.1.6 CAS 20-16-01, Landfill

The SAFER Plan was implemented through the collection and analyses of six soil samples and 

associated QC samples at CAS 03-09-01.  No COCs were present at the CAS.    

The DQIs, as discussed in Appendix B, were achieved.  The DQOs established in the SAFER Plan 

and summarized in Section 1.3.2 were met.

4.1.7 CAS 22-20-21, Drums (2)

The drums in CAS 20-22-21 were empty and located in CAS 20-16-01.  No samples of drum contents 

were required; therefore, the drums were treated as debris.  Verification soil sample results showed 

that no contamination remained after the drums were removed.  The DQOs established in the SAFER 

Plan and summarized in Section 1.3.2 of this CR were met.

4.2 Use Restrictions

For CASs 03-09-01, 03-09-03, 20-16-01, and 20-22-21, analytes detected in soil during the closure 

were evaluated against PALs and it was determined that no COCs were present.  Therefore, no further 

action is necessary for the soil at these CASs in CAU 356 and no use restrictions are required.

4.2.1 CAS 03-04-01, Area 3 Change House Septic System

The fenced leachfield has subsurface contamination associated with the leachlines that exceeds PALs 

for americium-241 and plutonium-239/240.  Sufficient primary locations and step-out locations were 

sampled to conclude that the soil with americium-241 and plutonium-239/240 concentrations 
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exceeding the PALs is contained within the CAS.  The highest concentrations were 2.23 picocuries 

per gram (pCi/g) americium-241 and 16.4 pCi/g plutonium-239/240.  A use restriction for 

CAS 03-04-01 is in Appendix G.

The perimeter of the leachfield is approximately 100 by 75 ft.  Orange snow fencing was installed  

around the perimeter.  Use restriction signs were emplaced on a permanent post/pole and placed on 

each side of the leachfield.  The warning signs read:  “Warning, underground petroleum hydrocarbon 

contamination.  Contact environmental Restoration (295-7946) before working in this area.”  

“FFACO CAU 356.”

4.2.2 CAS 03-09-04, Mud Pit

Total petroleum hydrocarbon was determined to be a COC.  The concentration of TPH ranged from 

160 to 200 mg/kg in two samples and the field duplicate exceeding the TPH PAL of 100 mg/kg.  

A use restriction for CAS 03-09-04 is in Appendix G.

The perimeter of the mud pit is approximately 35 by 105 ft.  Three strand wire fencing approximately 

4 ft high was emplaced around this perimeter.  Use restriction signs were attached to the top strand of 

the wire fence on each side of the leachfield.  The warning signs read:  Warning, underground 

petroleum hydrocarbon contamination.  Contact environmental Restoration (295-7946) before 

working in this area.”  “FFACO CAU 356.” 

4.2.3 CAS 03-09-05, Mud Pit

Total petroleum hydrocarbon and americium-241 were determined to be COCs.  The maximum 

concentration of TPH was 3,300 mg/kg prior to removal of the asphalt.  After removal of the asphalt 

and additional soil, the maximum TPH concentration was 34 mg/kg.  The maximum concentration of 

americium-241 prior to asphalt removal was 1.02 pCi/g.  The maximum concentration of 

americium-241 after removal of the asphalt and additional soil was 0.71 pCi/g.  The low level of 

americium-241 concentrations does not pose a risk to future workers and no use restriction is  

required.
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5.0 Conclusions and Recommendations

Based on the results of the closure activities discussed in Appendix A, no further cleanup activities or 

use restrictions are necessary for CAU 356.  Results from the closure activities associated with the 

septic tank are presented in Appendix C.  Therefore, the DOE, National Nuclear Security 

Administration Nevada Operations Office (NNSA/NV), provides the following recommendations:

• No further corrective action is required at CAU 356.

• No Corrective Action Plan is required.

• No use restrictions are necessary for CASs 03-09-01, 03-09-03, 20-16-01, 20-22-21, and 
03-09-05.

• A Notice of Completion to NNSA/NV is requested from the Nevada Division of 
Environmental Protection (NDEP) for the closure of CAU 356.

• CAU 356 should be moved from Appendix III to Appendix IV of the FFACO.

5.1 Justification for No Further Action

For CASs 03-09-01, 03-09-03, 20-16-01, and 20-22-21, analytes detected in soil during the closure 

were evaluated against PALs and it was determined that no COCs were present.  Therefore, no further 

action is necessary for the soil at these CASs in CAU 356.

5.2 Justification for Closure in Place

For CASs 03-04-01 and 03-09-05, analytes detected in soil during the closure were evaluated against 

PALs to determine if COCs were present.  Contaminants of concern are TPH and radionuclides 

(americium-241 and/or plutonium-239/240).  The nature, extent, and concentration of the TPH and 

radionuclide COCs were bounded by sampling and shown to be within the conceptual site model 

boundaries.  Therefore, closure in place is the recommended closure for the soil at these CASs in 

CAU 356.

For CAS 03-09-04, concentrations of TPH was detected slightly above PALs in two samples and a 

duplicate sample.  Justification for closure in place was based on risk assessment (Appendix H) and 

the implementation of use restriction (Appendix G).
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The septic tank associated with CAS 03-04-01 was closed in accordance with applicable regulations.

The two drums in CAS 20-22-21 were removed as housekeeping waste. 
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A.1.0 Data Assessment

This appendix provides a summary of the assessment of CAU 356 data validation results for each 

DQI.  In addition, a reconciliation of the data with the general conceptual site model established for 

this project is provided.

A.1.1 Statement of Acceptability and Usability

This section provides an evaluation of the DQIs in determining the degree of acceptability and 

usability of the reported data in the decision-making process.

Data were evaluated against specific criteria to verify the achievement of DQI goals established to 

meet the project DQOs as provided in the Industrial Sites QAPP (DOE/NV, 1996) and the CAU 356 

SAFER Plan (DOE/NV, 2001).  The DQIs for this project include precision, accuracy, completeness, 

representativeness, and comparability.

A.1.1.1 Precision

Precision is a measure of agreement among a replicate set of measurements of the same property 

under similar conditions.  This agreement is expressed as the relative percent difference (RPD)  

between duplicate measurements (EPA, 1996).  The RPD is determined by dividing the difference 

between the replicate measurement values by the average measurement value and multiplying the 

result by 100, or:

RPD = {�a1 - a2�/[(a1 + a2)/ 2]} x 100, where

a1 =  the sample value, and

a2 = the duplicate sample value.

Determinations of precision can be made for field duplicates, laboratory duplicates, or both.  For field 

duplicates, samples are collected simultaneously with a sample from the same source under similar 

conditions in separate containers.  The duplicate sample is treated independently of the original 

sample in order to assess field impacts and laboratory performance on precision through a 
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comparison of results.  Laboratory precision is evaluated as part of the required laboratory internal 

QC program to assess performance of analytical procedures.  The laboratory sample duplicates are 

generated in a laboratory and are an aliquot or subset of the same field sample.  Typically, other 

laboratory duplicate QC samples include the matrix spike duplicate and laboratory control sample 

duplicate (LCSD) samples for organic and inorganic analytes.

The variability in results from analyses of field duplicates is generally greater than the variability in 

the results of laboratory duplicates.  This higher variability for field duplicates results from the 

increased potential to introduce factors influencing the analytical results during sampling, sample 

preparation, containerization, handling, packaging, preservation, and environmental conditions 

before the samples reach the laboratory.  Laboratory QC samples assess only the variability of results 

introduced by sample handling and preparation in the laboratory and by the analytical procedure, 

which also impacts field duplicates.  In addition, the variability in duplicate results is expected to be 

greater for soil samples than water samples, primarily due to the inherent nonhomogeneous nature of 

soil samples, despite sample preparation methods that include mixing to improve sample 

homogeneity.

A.1.1.1.1 Precision for Chemical Analysis

The RPD criteria used for assessment of laboratory sample duplicate precision associated with VOCs, 

TCLP VOCs, SVOCs, TCLP SVOCs, U.S. Environmental Protection Agency (EPA) 6010 metals, 

EPA 7470A/7471A (mercury), TCLP metals, and TCLP mercury analytical results of samples 

collected at CAU 356 are established in the Leachfield Work Plan (DOE/NV, 1998) and/or the EPA 

Contract Laboratory Functional Guidelines for Inorganic Data Review (EPA, 1994).  The RPD 

criteria for TPH DRO, TPH GRO, and PCBs are established by the laboratory to evaluate precision 

for matrix spike/matrix spike duplicate (MS/MSD) and laboratory control sample (LCS)/LCSD 

analyses.  The control limits are evaluated by the laboratory on a quarterly basis by monitoring the 

historical data and performance for each method.  No review criteria for field duplicate RPD 

comparability have been established; therefore, the laboratory sample duplicate criteria were applied 

as guidelines to the review of field duplicates. 

Precision values for organic and inorganic analyses that are within the established control criteria 

indicate that analytical results for associated samples are valid.  The RPD values that are outside the 
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criteria for organic analyses do not necessarily result in the qualification of analytical data.  It is only 

one factor to be considered in making an overall judgement about the quality of the reported 

analytical results.  Inorganic laboratory sample duplicate RPD values outside the established control 

criteria do result in the qualification of associated analytical results as estimated.  Out of control RPD 

values do not necessarily indicate that the data is not useful for the purpose intended; however, it is an 

indication that data precision should be considered for the overall assessment of the data quality and 

potential impact on data application in meeting the data quality objectives.

Precision for the measurement of target compounds or analytes collected at CAU 356 was determined 

for total VOCs, TCLP VOCs, total SVOCs, TCLP SVOCs, TPH DRO/GRO, PCBs, EPA 6010 

metals, TCLP metals, EPA 7470A/7471A (mercury) and TCLP mercury.  For the purpose of 

determining data precision of sample analyses for CAU 356, all water and soil samples including 

field QC samples (e.g., trip blanks, equipment rinsate samples, field blanks) were evaluated and 

incorporated into the precision calculation.  Tables A.1-1 and A.1-2 present the total number of 

measurements analyzed, the number of measurements within the specified criteria, and the 

percentage of measurements that met the precision criteria.  The percent of acceptable precision 

measurements was determined by taking the number of measurements within criteria, dividing by the 

total number of measurements analyzed, and multiplying by 100.  Although SVOCs indicate lower 

precision values, data validation indicates sample results were not compromised.        

Out of control RPD values do not necessarily indicate that the data is not useful for the purpose 

intended.  It does indicate that precision should be considered in the overall assessment of the data 

quality and impact to the application of associated data to meeting the DQOs. 

A.1.1.1.2 Precision for Radiological Analysis

The RPD control limit for radiological measurements has been set at 35 percent for soil and 

20 percent for water.  If the RPD is exceeded, samples are qualified.  Field duplicates are evaluated, 

but samples are not qualified based on their results.  The MSD results outside the control limit may 

not result in qualification of the data.  An assessment of the entire analytical process including the 

sample matrix is conducted to determine if qualification is warranted.  No MSD analyses were 

performed for CAU 356.
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Table A.1-1
Chemical Precision Measurements for CAU 356

Organics Inorganics

VOCs SVOCs TPH-DRO TPH-GRO PCBs *Metals Mercury

Matrix Spike Duplicate (MSD) Precision

Total Number of MSD Measurements 84 96 10 12 16 0 10

Total Number of RPDs within Criteria 84 76 8 11 16 0 10

% Acceptable MSD Measurements 100 79.2 80 91.7 100 NA 100

Laboratory Control Sample Duplicate (LCSD) Precision

Total Number of LCSD Measurements 6 72 6 0 14 42 7

Total Number of RPDs within Criteria 6 54 6 0 14 42 7

% Acceptable LCSD Measurements 100 75 100 NA 100 100 100

Field Duplicate (FD) Precision

Total Number of FD Measurements 378 455 8 7 49 49 7

Total Number of RPDs within Criteria 372 455 7 7 49 38 7

% Acceptable FD Measurements 98.4 100 87.5 100 100 77.6 100

Laboratory Sample Duplicate (Lab-Dup) Precision

Total Number of Lab-Dup 
Measurements 

NA NA NA NA NA 56 10

Total Number of RPDs within Criteria NA NA NA NA NA 56 10

% Acceptable DUP Measurements NA NA NA NA NA 100 100

* Arsenic, barium, cadmium, chromium, lead, selenium, and silver

NA = Not applicable
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Table A.1-2
TCLP Chemical Precision Measurements for CAU 356

Organics Inorganics

TCLP 
VOCs

TCLP 
SVOCs

TCLP *Metals TCLP Mercury

TCLP Matrix Spike Duplicate (MSD) Precision

Total Number of MSD Measurements 10 0 0 1

Total Number of RPDs within Criteria 10 0 0 1

% Acceptable MSD Measurements 100 NA NA 100

TCLP Laboratory Control Sample Duplicate (LCSD) Precision

Total Number of LCSD Measurements 0 0 7 1

Total Number of RPDs within Criteria 0 0 7 1

% Acceptable LCSD Measurements NA NA 100 100

TCLP Field Duplicate (FD) Precision

Total Number of FD Measurements 0 0 0 0

Total Number of RPDs within Criteria 0 0 0 0

% Acceptable FD Measurements NA NA NA NA

TCLP Laboratory Sample Duplicate (Lab-Dup) Precision

Total Number of Lab-Dup Measurements NA NA 0 1

Total Number of RPDs within Criteria NA NA 0 1

% Acceptable DUP Measurements NA NA NA 100

*Arsenic, barium, cadmium, chromium, lead, selenium, and silver

NA = Not applicable
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The evaluation of precision based on duplicate RPD requires that both the sample and its duplicate 

have concentrations of the target radionuclide exceeding five times their minimum detectable 

concentration.  This excludes many measurements because the samples contain nondetectable or low 

levels of the target radionuclide.  However, there is another method used for evaluating duplicate data 

based on the measurement uncertainty, which is associated with every radiological result.  This 

precision test, which is utilized when the RPD is not applicable, is the normalized difference.  It is 

expressed by:  

Where:

S = Sample Results
D = Duplicate Result
TPU = Total Propagated Uncertainty
TPUs = 2σ TPU of the sample
TPUD = 2σ TPU of the duplicate
σ = Standard deviation

The control limit for the normalized difference is -1.96 to 1.96, which represents a confidence level of 

95 percent.

Samples are qualified based on these duplicate tests for laboratory prepared duplicates, but not field 

duplicates.  Depending on the sample concentration, only one duplicate evaluation needs to be 

performed. 

A duplicate comparison that is outside control limits does not necessarily indicate that the data is not 

useful for the purpose intended; however, it is an indication that data precision should be considered 

for the overall assessment of the data quality and potential impact on data application in meeting 

project site characterization objectives. 

Normalized Difference
 S D–

TPUS( )2
TPUD( )2

+
------------------------------------------------------=
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For the purpose of determining data precision of sample analyses for CAU 356, all water and soil 

laboratory duplicates and field duplicates were evaluated and incorporated into Tables A.1-3 and 

A.1-4, respectively.         

The isotopic gamma analysis provides results for 22 or 23 radionuclides.  Only two or three of these 

radionuclides are usually present in sufficient concentrations to allow the determination of their 

RPDs.  The duplicate data for the remaining radionuclides is compared using the normalized 

difference.  MSD samples are not analyzed by the laboratory because of the difficulty in preparing 

homogeneous spiked duplicates and the radioactive waste produced.

The results of the precision tests for laboratory isotopic gamma measurements are included in 

Table A.1-3.  

Thirteen duplicate pairs were measured with each containing 22 or 23 radionuclides.  Ninety-four 

percent of the RPD comparisons were within limits and 97 percent of the normalized difference (ND) 

tests were acceptable.

The isotopic uranium analysis includes the measurement of three radionuclides, two of which often 

occur in concentrations sufficient for RPD evaluation.  As shown by the laboratory uranium precision 

results in Table A.1-3, 93 percent of the RPD tests and 100 percent of the ND tests were within limits. 

The isotopic plutonium analysis measures two radionuclides but usually their concentrations in 

samples is too low to permit the evaluation of the RPD.  Table A.1-3 contains the precision results for 

the laboratory duplicates measured with the plutonium laboratory batches.

The isotopic americium, tritium, gross alpha and gross beta analyses provide one result.  Only a few 

samples were analyzed by these measurements.  All of the precision tests, which are included in 

Table A.1-3, performed with these measurements were within the established control limits.

A.1.1.1.3 Precision Summary

Overall, the precision for CAU 356 measurements was high.  Of the 461 laboratory precision tests 

performed for chemical parameters, 420 (91.1 percent) were acceptable.  Of the 358 laboratory 

precision tests performed for radiological parameters, 344 (96.1 percent) were acceptable.  Of the 
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Table A.1-3
Radionuclide Laboratory Duplicate Precision Measurements for CAU 356

Number within Criteria Number Performed
% of Acceptable 
Measurements

Gamma Spectrometry Precision

RPDs 15 16 94

Normalized Difference 270 277 97

Isotopic Uranium Precision

RPDs 14 15 93

Normalized Difference 15 15 100

Isotopic Plutonium Precision

RPDs 2 4 50

Normalized Difference 19 22 86

 Isotopic Americium Precision

RPDs 1 1 100

Normalized Difference 2 2 100

Tritium Precision

RPDs NA NA NA

Normalized Difference 2 2 100

Gross Alpha Precision

RPDs NA NA NA

Normalized Difference 2 2 100

Gross Beta Precision

RPDs NA NA NA

Normalized Difference 2 2 100

NA = Not applicable
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Table A.1-4
Radionuclide Field Duplicate Precision Measurements for CAU 356

Number within Criteria Number Performed
% of Acceptable 
Measurements

Gamma Spectrometry

RPDs 13 13 100

Normalized Difference 145 147 99

Isotopic Uranium

RPDs 5 7 71

Normalized Difference 2 2 100

Isotopic Plutonium

RPDs 1 1 100

Normalized Difference 7 7 100

Isotopic Americium

RPDs NA NA NA

Normalized Difference 1 1 100

Tritium 

RPDs NA NA NA

Normalized Difference 1 1 100

Gross Alpha

RPDs NA NA NA

Normalized Difference 1 1 100

Gross Beta

RPDs 1 1 100

Normalized Difference NA NA NA

NA = Not applicable
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953 field precision tests performed for chemical parameters, 935 (98.1 percent) were acceptable, 

while 177 of the 181 (98 percent) of the field precision tests performed for radiological parameters 

were acceptable.  Therefore, the measurements for CAU 356 are considered valid in regard to 

precision.

A.1.1.2 Accuracy

Accuracy is a measure of the closeness of an individual measurement or the average of a number of 

measurements to the true value.  Accuracy includes a combination of random error (precision) and 

systematic error (bias) components that result from sampling and analytical operations.

The accuracy of the LCS determination is expressed as a percent recovery (%R) by the following:   

 The accuracy of the matrix spike determination is expressed as a percent recovery by the following:   

If LCS results are outside acceptable control limits, qualifiers are not added to the field samples 

analyzed with the LCS.  However, matrix spike results outside acceptable control limits may not 

result in qualification of the data.  An assessment of the entire analytical process including the sample 

matrix is performed to determine if qualification is necessary.

A.1.1.2.1 Accuracy for Chemical Analysis

Accuracy for chemical analysis is determined by analyzing a reference material of known pollutant 

concentration or by reanalyzing a sample to which a material of known concentration or amount of 

pollutant has been added (spiked).  Accuracy is expressed as %R for the purposes of evaluating the 

quality of data reported for CAU 356.  For organic analyses, laboratory control limits are used to 

evaluate the accuracy of all analyses.  The control limits are evaluated quarterly at the laboratory by 

o
o⁄ Recovery o

o⁄ R( ) Amount of Analyte Measured
Amount of Analyte Added

----------------------------------------------------------------------------------- 100×=

o
o⁄ Recovery o

o⁄ R( ) MS Result Sample Result–
Amount of Analyte Added

------------------------------------------------------------------------------- 100×=
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monitoring the historical data and performance for each method.  The acceptable limits for inorganic 

analyses are established in the EPA Contract Laboratory Functional Guidelines for Inorganic Data 

Review (EPA,1994).  Sample results within established control ranges for organic and inorganic 

analyses show when the analytical method is accurate and associated data are valid.  

Matrix spike samples are prepared by adding a known concentration of a target analyte to a specified 

amount of matrix sample for which an independent estimate of the target analyte concentration is 

available.  Spiked samples are one component used to determine the laboratory’s accuracy by 

comparing the percent recovered to the known true value.  Matrix spike recoveries within the 

specified criteria for organic and inorganic analyses indicate the laboratory is capable of performance  

within established controls and potential matrix affects producing valid, quality results.  Matrix spike 

results outside the control limits for organic analyses may or may not result in qualification of the 

data.  An assessment of the entire analytical process is performed to determine the quality of the data 

and whether qualification is necessary.

Laboratory control samples are generated to provide accuracy of analytical methods and laboratory 

performance.  They are prepared, extracted (as required by method), analyzed, and reported once per 

SDG, per matrix.  When the LCS recoveries are within established criteria, the laboratory's methods 

and preparation are said to be acceptable.  Laboratory control sample recoveries that are not within 

established criteria may result in the qualification of data.  An assessment of the entire analytical 

process is performed to determine the quality of the data and whether qualification is necessary. 

Surrogates (System Monitoring Compounds) are used to assess the method performance for each 

sample analyzed by organic analyses.  Control limits established by the laboratory are also used to 

evaluate the accuracy of the surrogate recoveries.  Factors beyond the laboratory’s control, such as 

sample matrix effects, can cause the measured values to be outside of the established criteria.  When 

this occurs, the entire sampling and analytical process must be evaluated when determining the 

quality of the analytical data provided.           

Tables A.1-5 and A.1-6 identify the number of matrix spike, laboratory control, and surrogate 

measurements performed for CAU 356.  The tables present the total number of measurements 

analyzed, the number of measurements within the specified criteria, and the percentage of 

measurements that met the accuracy criteria.  The percentage of acceptable measurements was 
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determined by taking the number of measurements within criteria, dividing that by the total number 

of measurements analyzed, and multiplying by 100.  For organic analyses, each sample had 

surrogates analyzed; therefore, the number of surrogates is significantly greater than the number of 

matrix spike and laboratory control samples.   

Matrix spike accuracy results for organic analyses in Tables A.1-5 and A.1-6 include the total number 

of matrix spike measurements per analysis and the number of matrix spike measurements within 

criteria.  All samples for organic analyses within the associated sample delivery group (SDG) are not 

Table A.1-5
Laboratory Chemical Accuracy Measurements for CAU 356

Organics Inorganics

VOCs SVOCs TPH-DRO TPH-GRO PCBs Metals* Mercury

Matrix Spike (MS) Accuracy

Total Number of MS Measurements 180 192 20 24 32 56 20

Total Number of MS Measurements 
within Criteria

175 182 16 20 28 52 20

% Acceptable MS Measurements 97.2 94.8 80 83.3 87.5 92.9 100

Laboratory Control Sample (LCS) Accuracy

Total Number of LCS Measurements 102 216 18 10 40 84 14

Total Number of LCS Measurements 
within Criteria

102 207 18 9 40 84 14

% Acceptable LCS Measurements 100 95.8 100 90 100 100 100

Surrogate Accuracy

Total Number of  Measurements 
Analyzed 

4,228 4225 78 65 455 455 65

Total Number of Measurements not 
affected by Out-of-Control Surrogates 

4,225 3909 73 38 448 NA NA

% Acceptable Surrogate 
Measurements

99.9 92.5 93.6 58.5 98.5 NA NA

*Arsenic, barium, cadmium, chromium, lead, selenium, and silver

NA = Not applicable
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qualified, only the native sample in which the spike was added.  Overall, accuracy was high for 

matrix spikes in this CAU.

Tables A.1-5 and A.1-6 include the total number of LCS measurements per analysis and the number 

of LCS measurements within criteria.  For organic analyses, an evaluation of the overall analytical 

process is performed to determine if data qualification is necessary.  Inorganic LCS recoveries 

outside of established controls require data to be qualified for the individual analyte out of control.  If 

the LCS criteria are not met, the laboratory performance and method accuracy are in question. 

Overall, accuracy was high for LCSs for this CAU.

Surrogates reported within established control criteria indicate quality, valid data.  Tables A.1-5 and 

A.1-6 include the total number of sample measurements performed for each method and the total 

Table A.1-6
Laboratory Chemical Accuracy Measurements for CAU 356

Organics Inorganics

TCLP 
VOCs

TCLP 
SVOCs

TCLP 
Metals*

TCLP 
Mercury

TCLP Matrix Spike (MS) Accuracy

Total Number of MS Measurements 20 0 0 2

Total Number of MS Measurements within Criteria 20 0 0 2

% Acceptable MS Measurements 100 NA NA 100

TCLP Laboratory Control Sample (LCS) Accuracy

Total Number of LCS Measurements 10 24 14 2

Total Number of LCS Measurements within Criteria 10 23 14 2

% Acceptable LCS Measurements 100 95.8 100 100

TCLP Surrogate Accuracy

Total Number of  Measurements Analyzed 10 12 7 1

Total Number of Measurements not Affected by 
Out-of-Control Surrogates

0 0 NA NA

% Acceptable Surrogate Measurements 0 0 NA NA

*Arsenic, barium, cadmium, chromium, lead, selenium, and silver

NA = Not applicable
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number of sample measurements qualified for surrogate recoveries exceeding criteria.  The lower 

number of acceptable surrogate recoveries found in the TPH GRO analyses were from low percent 

recoveries.  These samples were all reanalyzed and it was found that matrix interferences were the 

likely cause.  This is supported by the fact that all samples with low percent recoveries on the 

surrogate also had low percent recoveries on the matrix spike.

Accuracy for the measurement of target analytes collected at CAU 356 was determined for VOCs, 

TCLP VOCs, SVOCs, TCLP SVOCs, TPH DRO, TPH GRO, PCBs, EPA 6010 metals, TCLP metals, 

EPA 7470A/7471A (mercury) and TCLP mercury.

For the purpose of determining data accuracy of sample analysis for CAU 356, all water and soil 

samples including field QC samples (e.g., trip blanks, equipment rinsate samples, field blanks) were 

evaluated and incorporated into the accuracy calculation.  

A.1.1.2.2 Accuracy for Radiological Analysis

Laboratory control samples and matrix spike samples are used to determine the accuracy of 

radiological measurements.  The LCS is prepared by adding a known concentration of the 

radionuclide being measured to a sample that does not contain radioactivity (i.e., distilled water).  

This sample is analyzed with the field samples using the same sample preparation, reagents, and 

analytical methods employed for the samples.  One LCS is prepared with each batch of samples for 

analysis by a specific measurement.

MS samples are prepared by adding a known concentration of a target analyte to a specified field 

sample with a measured concentration.  The purpose of the MS is to determine the effect of 

interferences from the sample matrix.  Isotopic uranium, americium, and plutonium utilize 

radioactive tracers to determine the chemical or processing yield.  Stable strontium carrier is used to 

determine chemical yield for the Strontium-90 measurement.  Since the addition of tracers or carriers 

is similar to a matrix spike, MS samples are not needed for these measurements.  Normally a MS 

analysis is not performed for gamma measurements since this is a nondestructive analysis using large 

sample aliquots.  This results in radioactive waste, and it is difficult to prepare homogeneous solid 

spike samples.  No MS analyses were performed for CAU 356.
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If the LCS results are outside acceptable control limits, qualifiers are added to the field samples 

analyzed with the LCS. 

Table A.1-7 gives the number of  laboratory control samples, including soil and water matrices,  

measured for each radiochemical measurement for CAU 356.  The percent accuracy for the procedure 

is determined as the number of LCS measurements that are within the control limits divided by the 

total number LCS analyses, multiplied by 100.    

The LCS samples for gamma, isotopic plutonium, americium, gross alpha, gross beta and tritium use 

only one radionuclide.  Three uranium radionuclides are added to the isotopic uranium LCS samples, 

but the U-235 concentration is usually too low to allow evaluation.

Laboratory control samples within the specified criteria for radiological analyses indicate the 

laboratory is producing valid data.  If the LCS criteria are not met, the laboratory performance and 

method accuracy are in question.  Radiological LCS recoveries outside of established controls require 

data to be qualified for the individual analyte out of control.  The LCS recoveries were 100 percent 

for all analyses except for one U-234 and U-235.  These two LCS recoveries resulted in the 

qualification of three uranium sample results.

A.1.1.2.3 Accuracy Summary

Overall, the accuracy for CAU 356 chemical and radiological measurements was high.  The percent 

of the accuracy measurements for the TPH GRO surrogates that are within standard acceptable limits 

is 58.5 percent.  This reduced accuracy for the surrogate might be attributable to the matrix effects 

Table A.1-7
Laboratory Radiological Accuracy Measurements for CAU 356

Gamma
Isotopic
Uranium

Isotopic
Americium

Isotopic
Plutonium

Gross
Alpha

Gross
Beta

Tritium

Total Number 12 27 3 13 2 2 2

Total Number within 
Criteria

12 25 3 13 2 2 2

% of Acceptable LCS 
Measurements

100 93 100 100 100 100 100
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since the LCS accuracy for TPH GRO is within acceptable limits.  Those samples with unacceptable 

surrogate recoveries also had unacceptable matrix spike recoveries.

The percent of the accuracy measurements for the TCLP SVOC and VOC laboratory control samples 

is 0 percent.  Failed laboratory control samples indicates poor laboratory performance and the  

associated samples were appropriately qualified.

A.1.1.3 Completeness

Completeness is defined as sufficient data of the appropriate quality to satisfy DQO decision data 

requirements.  A measure of completeness is the amount of data obtained that are judged to be valid.   

Percent completeness for sample analyses was determined by dividing the total number of samples 

analyzed (per method) by the total number of samples sent to the laboratory (per method) and 

multiplied by 100.  Percent completeness for measurement usability (not rejected) was determined by 

dividing the total number of non-rejected measurements by the total number of measurements (per 

method), multiplied by 100.  All measurements for completeness include all sample reanalyses.  

Tables A.1-8, A.1-9, and A.1-10 contain results of completeness per analytical method.           

The specified sampling locations were used as planned and all samples were collected as specified in 

the SAFER Plan (DOE/NV, 2001).  No analyses were compromised as a result of sample containers 

not reaching the laboratory intact. 

The 478 measurements in VOC analyses were rejected for low calibration response factors.  (All 

rejected data are discussed in the following subsection.)  Response factors within required criteria are 

necessary for the proper determination of target analytes.

Of the 27 rejected results in the SVOC analyses, eight were due to low calibration response factors.  

The other 19 rejected results were from one sample, which was a reanalysis of the original which did 

produce usable data.  The qualification of  results for this reanalysis were due to grossly exceeded 

holding times.  

Eight sample analyses for TPH DRO were rejected due to the laboratory’s inability to properly 

quantitative results.  The raw data was reviewed and it was determined by the analytical services data 

validation specialists that the data for these sample results should not be used.  
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In PCB analyses, the seven rejected results are from one sample whose matrix spike recovery was 

zero percent.  The result for this sample should not be used.

The one rejected result in the TCLP SVOC analysis was from one sample whose LCS/LCSD failed 

criteria for the recovery of pyridine.  Without accurate recovery for pyridine in the LCS and LCSD 

(no MS was performed), the lab failed to demonstrate proficiency.  

Completeness performance criteria of 100 percent for critical analytes (chromium, TPH DRO, and 

PCBs) in or at the mud pits as indicated in Table 6-1 of the CAU 356 SAFER Plan for TPH DROs 

was not met in CAS 03-09-03 and CAS 03-09-04.  This is further discussed in the CAS-specific 

portion of the following subsection. 

Table A.1-8
Chemical Completeness for CAU 356

Organics Inorganics

Completeness Parameters VOCs SVOCs
TPH-
DRO

TPH-
GRO

PCBs Metals* Mercury

Sample Analysis Completeness

Total samples sent to lab 79 65 78 65 65 65 65

Total samples analyzed 79 65 78 65 65 65 65

Total samples not analyzed by the lab 0 0 0 0 0 0 0

Percent Completeness 100 100 100 100 100 100 100

Measurement Usability Completeness

Total measurements ** 4,228 4,225 78 65 455 455 65

Total measurements rejected - Field 0 0 0 0 0 0 0

Total measurements rejected - Lab/Matrix 478 27 8 0 7 0 0

Percent Completeness 88.7 99.4 89.7 100 98 100 100

*Arsenic, barium, cadmium, chromium, lead, selenium, and silver

**Measurements include reanalyses
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Completeness performance criteria of 100 percent for critical analytes (lead, PCBs, and solvents) in 

or at the septic systems as indicated in Table 6-1 of the CAU 356 SAFER Plan was not met for VOCs.  

The VOCs rejected are not solvents.

A.1.1.3.1 Rejected Data

Data identified as unusable and qualified as rejected “R” during Tier II data validation is presented in 

Table A.1-11.  A discussion as to the reasons for the data rejection and the impacts on the DQOs 

follows.    

Volatile Organic Compounds 

The VOC analyses included 55 volatile compounds.  Six of the 55 compounds were rejected on all of 

the samples.  These six compounds:  1,4-dioxane; acetonitrile; acrolein; acroylonitrile; isobutanol; 

and propionitrile were rejected because the average and/or sample-specific response factor was below 

Table A.1-9
TCLP Completeness for CAU 356

Organics Inorganics

Completeness Parameters VOCs SVOCs Metals* Mercury

Sample Analysis Completeness

Total samples sent to lab 1 1 1 1

Total samples analyzed 1 1 1 1

Total samples not analyzed by the lab 0 0 0 0

Percent Completeness 100 100 100 100

Measurement Usability Completeness

Total measurements ** 10 12 7 1

Total measurements rejected - Field 0 0 0 0

Total measurements rejected - Lab/Matrix 0 1 0 0

Percent Completeness 100 91.7 100 100

*Arsenic, barium, cadmium, chromium, lead, selenium, and silver

** Measurements include reanalyses
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the required limits.  A poor relative response factor for these compounds is a known potential 

occurrence and does not impact any other compounds.  The 49 of 55 compounds, with acceptable 

data, yield a 89.1 percent analyte completeness and enables the project to make determinations as to 

whether VOC COCs are present in the soil.  Therefore, the criteria for closure decisions were met.

Thorium-227

The gamma spectrometry analyses consists of the analyses of several gamma-emitting radionuclides.  

Lead-212 was detected in virtually all of the samples.  The lead-212 spectra includes a peak at the 

same energy as the thorium-227 spectra.  The presence of lead-212 and its interference on the 

calculation of thorium-227 was verified during the Tier II validation and resulted in the rejection of 

the thorium-227 results.  This accounts for the 27 thorium-227 measurements rejected in 

Table A.1-10.  A qualitative review of the gamma spectrometry results indicates that thorium-227 

may be present in some of the samples at a concentration which should be below the PALs.  

Therefore, the criteria for closure decisions were met.

Table A.1-10
Radiological Completeness Measurements for CAU 356

Completeness Parameters Tritium Gamma
Isotopic 

Americium
Isotopic 

plutonium

Gross 
Alpha/ 
Beta

Isotopic 
Uranium

Sample Analysis Completeness

Total samples sent to lab 5 65 13 30 6 19

Total samples analyzed 5 65 13 30 6 19

Total samples not analyzed by the lab 0 0 0 0 0 0

Percent Completeness 100 100 100 100 100 100

Measurement Usability Completeness

Total measurements ** 5 1469 13 60 12 57

Total measurements rejected - Field 0 0 0 0 0 0

Total measurements rejected - 
Lab/Matrix

0 27 0 0 0 0

Percent Completeness 100 98.2 100 100 100 100

**Measurements include reanalyses
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Table A.1-11
CAU 356 Rejected Data

 (Page 1 of 12)

Sample Number Lab Method Parameter Matrix 

CAS 03-04-01

356001 SW8260B 1,4-Dioxane Soil 

356002 SW8260B 1,4-Dioxane Soil 

356003 SW8260B 1,4-Dioxane Soil 

356004 SW8260B 1,4-Dioxane Soil 

356005 SW8260B 1,4-Dioxane Soil 

356006 SW8260B 1,4-Dioxane Soil 

356007 SW8260B 1,4-Dioxane Liquid

356008 SW8260B 1,4-Dioxane Soil 

356009 SW8260B 1,4-Dioxane Soil 

356006 SW8260B 1,4-Dioxane Soil 

356010 SW8260B 1,4-Dioxane Liquid

356013 SW8260B 1,4-Dioxane Soil 

356015 SW8260B 1,4-Dioxane Soil 

356016 SW8260B 1,4-Dioxane Soil 

356017 SW8260B 1,4-Dioxane Soil 

356019 SW8260B 1,4-Dioxane Soil 

356089 SW8260B 1,4-Dioxane Liquid

356095 SW8260B 1,4-Dioxane Soil 

356001 SW8260B Acetonitrile Soil 

356003 SW8260B Acetonitrile Soil 

356004 SW8260B Acetonitrile Soil 

356005 SW8260B Acetonitrile Soil 

356006 SW8260B Acetonitrile Soil 

356007 SW8260B Acetonitrile Liquid

356008 SW8260B Acetonitrile Soil 

356009 SW8260B Acetonitrile Soil 

356010 SW8260B Acetonitrile Liquid

356012 SW8260B Acetonitrile Soil 

356013 SW8260B Acetonitrile Soil 

356015 SW8260B Acetonitrile Soil 

356016 SW8260B Acetonitrile Soil 

356017 SW8260B Acetonitrile Soil 
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356019 SW8260B Acetonitrile Soil 

356089 SW8260B Acetonitrile Liquid

356095 SW8260B Acetonitrile Soil 

356002 SW8260B Acetone Soil 

356012 SW8260B Acetone Soil 

356013 SW8260B Acetone Soil 

356001 SW8260B Acrolein Soil 

356002 SW8260B Acrolein Soil 

356003 SW8260B Acrolein Soil 

356004 SW8260B Acrolein Soil 

356005 SW8260B Acrolein Soil 

356006 SW8260B Acrolein Soil 

356007 SW8260B Acrolein Liquid

356008 SW8260B Acrolein Soil 

356009 SW8260B Acrolein Soil 

356010 SW8260B Acrolein Liquid

356012 SW8260B Acrolein Soil 

356013 SW8260B Acrolein Soil 

356015 SW8260B Acrolein Soil 

356016 SW8260B Acrolein Soil 

356017 SW8260B Acrolein Soil 

356019 SW8260B Acrolein Soil 

356089 SW8260B Acrolein Liquid 

356095 SW8260B Acrolein Soil 

356001 SW8260B Acrylonitrile Soil 

356002 SW8260B Acrylonitrile Soil 

356003 SW8260B Acrylonitrile Soil 

356004 SW8260B Acrylonitrile Soil 

356005 SW8260B Acrylonitrile Soil 

356006 SW8260B Acrylonitrile Soil 

356007 SW8260B Acrylonitrile Liquid 

356008 SW8260B Acrylonitrile Soil 

356009 SW8260B Acrylonitrile Soil 

Table A.1-11
CAU 356 Rejected Data

 (Page 2 of 12)

Sample Number Lab Method Parameter Matrix 

Uncontrolled When Printed



CAU 356 Closure Report
Appendix A
Revision:  1
Date:  11/15/2002
Page A-22 of A-36

356010 SW8260B Acrylonitrile Liquid

356012 SW8260B Acrylonitrile Soil 

356013 SW8260B Acrylonitrile Soil 

356015 SW8260B Acrylonitrile Soil 

356016 SW8260B Acrylonitrile Soil 

356017 SW8260B Acrylonitrile Soil 

356019 SW8260B Acrylonitrile Soil 

356089 SW8260B Acrylonitrile Liquid 

356095 SW8260B Acrylonitrile Soil 

356007 SW8015B GRO Liquid 

356010 SW8015B GRO Liquid

356089 SW8015B GRO Liquid

356001 SW8260B Isobutanol Soil 

356002 SW8260B Isobutanol Soil 

356003 SW8260B Isobutanol Soil 

356004 SW8260B Isobutanol Soil 

356005 SW8260B Isobutanol Soil 

356006 SW8260B Isobutanol Soil 

356007 SW8260B Isobutanol Liquid

356008 SW8260B Isobutanol Soil 

356009 SW8260B Isobutanol Soil 

356010 SW8260B Isobutanol Liquid

356012 SW8260B Isobutanol Soil 

356013 SW8260B Isobutanol Soil 

356015 SW8260B Isobutanol Soil 

356016 SW8260B Isobutanol Soil 

356017 SW8260B Isobutanol Soil 

356019 SW8260B Isobutanol Soil 

356089 SW8260B Isobutanol Liquid 

356095 SW8260B Isobutanol Soil 

356007 SW8015B, Modified PCB, Aroclor 1016 Liquid

356007 SW8015B, Modified PCB, Aroclor 1221 Liquid

356007 SW8015B, Modified PCB, Aroclor 1232 Liquid

Table A.1-11
CAU 356 Rejected Data

 (Page 3 of 12)

Sample Number Lab Method Parameter Matrix 
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356007 SW8015B, Modified PCB, Aroclor 1242 Liquid

356007 SW8015B, Modified PCB, Aroclor 1248 Liquid

356007 SW8015B, Modified PCB, Aroclor 1254 Liquid

356007 SW8015B, Modified PCB, Aroclor 1260 Liquid

356001 SW8260B Propionitrile Soil 

356002 SW8260B Propionitrile Soil 

356003 SW8260B Propionitrile Soil 

356004 SW8260B Propionitrile Soil 

356005 SW8260B Propionitrile Soil 

356006 SW8260B Propionitrile Soil 

356007 SW8260B Propionitrile Liquid 

356008 SW8260B Propionitrile Soil 

356009 SW8260B Propionitrile Soil 

356010 SW8260B Propionitrile Liquid

356012 SW8260B Propionitrile Soil 

356013 SW8260B Propionitrile Soil 

356015 SW8260B Propionitrile Soil 

356016 SW8260B Propionitrile Soil 

356017 SW8260B Propionitrile Soil 

356019 SW8260B Propionitrile Soil 

356089 SW8260B Propionitrile Liquid 

356095 SW8260B Propionitrile Soil 

356018 SW8270C Pyridine Sludge 

356001 RICHRC5017 Th-227 Soil 

356002 RICHRC5017 Th-227 Soil 

356004 RICHRC5017 Th-227 Soil 

356005 RICHRC5017 Th-227 Soil 

356008 RICHRC5017 Th-227 Soil 

356012 RICHRC5017 Th-227 Soil 

356015 RICHRC5017 Th-227 Soil 

356016 RICHRC5017 Th-227 Soil 

356017 RICHRC5017 Th-227 Soil 

356019 RICHRC5017 Th-227 Soil 

Table A.1-11
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CAS 03-09-01

356020 SW8260B 1,4-Dioxane Soil 

356021 SW8260B 1,4-Dioxane Soil 

356022 SW8260B 1,4-Dioxane Soil 

356023 SW8260B 1,4-Dioxane Soil 

356024 SW8260B 1,4-Dioxane Soil 

356025 SW8260B 1,4-Dioxane Soil 

356026 SW8260B 1,4-Dioxane Soil 

356027 SW8260B 1,4-Dioxane Soil 

356028 SW8260B 1,4-Dioxane Soil 

356084 SW8260B 1,4-Dioxane Soil 

356020 SW8260B Acetonitrile Soil 

356021 SW8260B Acetonitrile Soil 

356022 SW8260B Acetonitrile Soil 

356023 SW8260B Acetonitrile Soil 

356024 SW8260B Acetonitrile Soil 

356025 SW8260B Acetonitrile Soil 

356026 SW8260B Acetonitrile Soil 

356027 SW8260B Acetonitrile Soil 

356028 SW8260B Acetonitrile Soil 

356084 SW8260B Acetonitrile Soil 

356020 SW8260B Acetonitrile Soil 

356020 SW8260B Acrolein Soil 

356021 SW8260B Acrolein Soil 

356022 SW8260B Acrolein Soil 

356023 SW8260B Acrolein Soil 

356024 SW8260B Acrolein Soil 

356025 SW8260B Acrolein Soil 

356026 SW8260B Acrolein Soil 

356027 SW8260B Acrolein Soil 

356028 SW8260B Acrolein Soil 

356084 SW8260B Acrolein Soil 

356020 SW8260B Acrylonitrile Soil 

Table A.1-11
CAU 356 Rejected Data

 (Page 5 of 12)

Sample Number Lab Method Parameter Matrix 

Uncontrolled When Printed



CAU 356 Closure Report
Appendix A
Revision:  1
Date:  11/15/2002
Page A-25 of A-36

356021 SW8260B Acrylonitrile Soil 

356022 SW8260B Acrylonitrile Soil 

356023 SW8260B Acrylonitrile Soil 

356024 SW8260B Acrylonitrile Soil 

356025 SW8260B Acrylonitrile Soil 

356026 SW8260B Acrylonitrile Soil 

356027 SW8260B Acrylonitrile Soil 

356028 SW8260B Acrylonitrile Soil 

356084 SW8260B Acrylonitrile Soil 

356020 SW8260B Isobutanol Soil 

356021 SW8260B Isobutanol Soil 

356022 SW8260B Isobutanol Soil 

356023 SW8260B Isobutanol Soil 

356024 SW8260B Isobutanol Soil 

356025 SW8260B Isobutanol Soil 

356026 SW8260B Isobutanol Soil 

356027 SW8260B Isobutanol Soil 

356028 SW8260B Isobutanol Soil 

356084 SW8260B Isobutanol Soil 

356020 SW8260B Propionitrile Soil 

356021 SW8260B Propionitrile Soil 

356022 SW8260B Propionitrile Soil 

356023 SW8260B Propionitrile Soil 

356024 SW8260B Propionitrile Soil 

356025 SW8260B Propionitrile Soil 

356026 SW8260B Propionitrile Soil 

356027 SW8260B Propionitrile Soil 

356028 SW8260B Propionitrile Soil 

356084 SW8260B Propionitrile Soil 

356020 RICHRC5017 Th-227 Soil 

356022 RICHRC5017 Th-227 Soil 

356023 RICHRC5017 Th-227 Soil 

356025 RICHRC5017 Th-227 Soil 

Table A.1-11
CAU 356 Rejected Data
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356026 RICHRC5017 Th-227 Soil 

356027 RICHRC5017 Th-227 Soil 

356028 RICHRC5017 Th-227 Soil 

CAS 03-09-03

356038 SW8260B 1,4-Dioxane Soil 

356039 SW8260B 1,4-Dioxane Soil 

356040 SW8260B 1,4-Dioxane Soil 

356041 SW8260B 1,4-Dioxane Soil 

356042 SW8260B 1,4-Dioxane Soil 

356043 SW8260B 1,4-Dioxane Soil 

356044 SW8260B 1,4-Dioxane Soil 

356045 SW8260B 1,4-Dioxane Soil 

356046 SW8260B 1,4-Dioxane Soil 

356073 SW8260B 1,4-Dioxane Soil 

356038 SW8260B Acetonitrile Soil 

356039 SW8260B Acetonitrile Soil 

356040 SW8260B Acetonitrile Soil 

356041 SW8260B Acetonitrile Soil 

356042 SW8260B Acetonitrile Soil 

356043 SW8260B Acetonitrile Soil 

356044 SW8260B Acetonitrile Soil 

356045 SW8260B Acetonitrile Soil 

356046 SW8260B Acetonitrile Soil 

356073 SW8260B Acetonitrile Soil 

356038 SW8260B Acrolein Soil 

356039 SW8260B Acrolein Soil 

356040 SW8260B Acrolein Soil 

356041 SW8260B Acrolein Soil 

356042 SW8260B Acrolein Soil 

356043 SW8260B Acrolein Soil 

356044 SW8260B Acrolein Soil 

356045 SW8260B Acrolein Soil 

356046 SW8260B Acrolein Soil 

Table A.1-11
CAU 356 Rejected Data
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356073 SW8260B Acrolein Soil 

356038 SW8260B Acrylonitrile Soil 

356039 SW8260B Acrylonitrile Soil 

356040 SW8260B Acrylonitrile Soil 

356041 SW8260B Acrylonitrile Soil 

356042 SW8260B Acrylonitrile Soil 

356043 SW8260B Acrylonitrile Soil 

356044 SW8260B Acrylonitrile Soil 

356045 SW8260B Acrylonitrile Soil 

356046 SW8260B Acrylonitrile Soil 

356073 SW8260B Acrylonitrile Soil 

356042 SW8015B GRO Soil 

356044 SW8015B GRO Soil 

356073 SW8015B GRO Soil 

356038 SW8260B Isobutanol Soil 

356039 SW8260B Isobutanol Soil 

356040 SW8260B Isobutanol Soil 

356041 SW8260B Isobutanol Soil 

356042 SW8260B Isobutanol Soil 

356043 SW8260B Isobutanol Soil 

356044 SW8260B Isobutanol Soil 

356045 SW8260B Isobutanol Soil 

356046 SW8260B Isobutanol Soil 

356073 SW8260B Isobutanol Soil 

356038 SW8260B Propionitrile Soil 

356039 SW8260B Propionitrile Soil 

356040 SW8260B Propionitrile Soil 

356041 SW8260B Propionitrile Soil 

356042 SW8260B Propionitrile Soil 

356043 SW8260B Propionitrile Soil 

356044 SW8260B Propionitrile Soil 

356045 SW8260B Propionitrile Soil 

356046 SW8260B Propionitrile Soil 

Table A.1-11
CAU 356 Rejected Data
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356073 SW8260B Propionitrile Soil 

356039 RICHRC5017 Th-227 Soil 

356044 RICHRC5017 Th-227 Soil 

356073 RICHRC5017 Th-227 Soil 

CAS 03-09-04

356047 SW8260B 1,4-Dioxane Soil 

356048 SW8260B 1,4-Dioxane Soil 

356049 SW8260B 1,4-Dioxane Soil 

356050 SW8260B 1,4-Dioxane Soil 

356051 SW8260B 1,4-Dioxane Soil 

356069 SW8260B 1,4-Dioxane Soil 

356047 SW8260B Acetonitrile Soil 

356048 SW8260B Acetonitrile Soil 

356049 SW8260B Acetonitrile Soil 

356050 SW8260B Acetonitrile Soil 

356051 SW8260B Acetonitrile Soil 

356069 SW8260B Acetonitrile Soil 

356047 SW8260B Acrolein Soil 

356048 SW8260B Acrolein Soil 

356049 SW8260B Acrolein Soil 

356050 SW8260B Acrolein Soil 

356051 SW8260B Acrolein Soil 

356069 SW8260B Acrolein Soil 

356047 SW8260B Acrylonitrile Soil 

356048 SW8260B Acrylonitrile Soil 

356049 SW8260B Acrylonitrile Soil 

356050 SW8260B Acrylonitrile Soil 

356051 SW8260B Acrylonitrile Soil 

356069 SW8260B Acrylonitrile Soil 

356047 SW8015B GRO Soil 

356048 SW8015B GRO Soil 

356047 SW8260B Isobutanol Soil 

356048 SW8260B Isobutanol Soil 

Table A.1-11
CAU 356 Rejected Data
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356049 SW8260B Isobutanol Soil 

356050 SW8260B Isobutanol Soil 

356051 SW8260B Isobutanol Soil 

356069 SW8260B Isobutanol Soil 

356047 SW8260B Propionitrile Soil 

356048 SW8260B Propionitrile Soil 

356049 SW8260B Propionitrile Soil 

356050 SW8260B Propionitrile Soil 

356051 SW8260B Propionitrile Soil 

356069 SW8260B Propionitrile Soil 

356047 RICHRC5017 Th-227 Soil 

CAS 03-09-05

356029 SW8260B 1,4-Dioxane Soil 

356030 SW8260B 1,4-Dioxane Soil 

356031 SW8260B 1,4-Dioxane Soil 

356031RE SW8260B 1,4-Dioxane Solid 

356080 SW8260B 1,4-Dioxane Soil 

356029 SW8260B Acetonitrile Soil 

356030 SW8260B Acetonitrile Soil 

356031 SW8260B Acetonitrile Soil 

356031RE SW8260B Acetonitrile Solid 

356080 SW8260B Acetonitrile Soil 

356080 SW8260B Acetone Soil 

356029 SW8260B Acrolein Soil 

356030 SW8260B Acrolein Soil 

356031 SW8260B Acrolein Soil 

356031RE SW8260B Acrolein Solid 

356080 SW8260B Acrolein Soil 

356029 SW8260B Acrylonitrile Soil 

356030 SW8260B Acrylonitrile Soil 

356031 SW8260B Acrylonitrile Soil 

356031RE SW8260B Acrylonitrile Solid 

356080 SW8260B Acrylonitrile Soil 

Table A.1-11
CAU 356 Rejected Data

 (Page 10 of 12)

Sample Number Lab Method Parameter Matrix 

Uncontrolled When Printed



CAU 356 Closure Report
Appendix A
Revision:  1
Date:  11/15/2002
Page A-30 of A-36

356029 SW8260B Isobutanol Soil 

356030 SW8260B Isobutanol Soil 

356031 SW8260B Isobutanol Soil 

356031RE SW8260B Isobutanol Solid 

356080 SW8260B Isobutanol Soil 

356029 SW8260B Propionitrile Soil 

356030 SW8260B Propionitrile Soil 

356031 SW8260B Propionitrile Soil 

356031RE SW8260B Propionitrile Solid 

356080 SW8260B Propionitrile Soil 

356029 RICHRC5017 Th-227 Soil 

356031 RICHRC5017 Th-227 Soil 

356080 RICHRC5017 Th-227 Soil 

CAS 20-16-01

356032 SW8260B 1,4-Dioxane Soil 

356033 SW8260B 1,4-Dioxane Soil 

356034 SW8260B 1,4-Dioxane Soil 

356035 SW8260B 1,4-Dioxane Soil 

356036 SW8260B 1,4-Dioxane Soil 

356037 SW8260B 1,4-Dioxane Soil 

356077 SW8260B 1,4-Dioxane Soil 

356036 SW8260B Acetone Soil 

356032 SW8260B Acetonitrile Soil 

356033 SW8260B Acetonitrile Soil 

356034 SW8260B Acetonitrile Soil 

356035 SW8260B Acetonitrile Soil 

356036 SW8260B Acetonitrile Soil 

356037 SW8260B Acetonitrile Soil 

356077 SW8260B Acetonitrile Soil 

356032 SW8260B Acrolein Soil 

356033 SW8260B Acrolein Soil 

356034 SW8260B Acrolein Soil 

356035 SW8260B Acrolein Soil 

Table A.1-11
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356036 SW8260B Acrolein Soil 

356037 SW8260B Acrolein Soil 

356077 SW8260B Acrolein Soil 

356032 SW8260B Acrylonitrile Soil 

356033 SW8260B Acrylonitrile Soil 

356034 SW8260B Acrylonitrile Soil 

356035 SW8260B Acrylonitrile Soil 

356036 SW8260B Acrylonitrile Soil 

356037 SW8260B Acrylonitrile Soil 

356077 SW8260B Acrylonitrile Soil 

356032 SW8260B Isobutanol Soil 

356033 SW8260B Isobutanol Soil 

356034 SW8260B Isobutanol Soil 

356035 SW8260B Isobutanol Soil 

356036 SW8260B Isobutanol Soil 

356037 SW8260B Isobutanol Soil 

356077 SW8260B Isobutanol Soil 

356032 SW8260B Propionitrile Soil 

356033 SW8260B Propionitrile Soil 

356034 SW8260B Propionitrile Soil 

356035 SW8260B Propionitrile Soil 

356036 SW8260B Propionitrile Soil 

356037 SW8260B Propionitrile Soil 

356077 SW8260B Propionitrile Soil 

356034 RICHRC5017 Th-227 Soil 

356037 RICHRC5017 Th-227 Soil 

356077 RICHRC5017 Th-227 Soil

GRO = TPH Gasoline-Range Organics

Table A.1-11
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CAS 03-04-01, Area 3 Change House Septic System

In addition to the six VOCs discussed above, acetone was rejected on samples 356002, 356012, and 

356095 at CAS 03-04-01.  Sample 356002 was collected in the immediate vicinity of sample 356001.  

Sample 356012 was collected near sample 356017.  Sample 356095 was a field duplicate of 356003.  

None of the samples for CAS 03-04-01 had any VOCs detected above the MRLs.  Therefore, the 

criteria for closure decisions were met.

The SVOC pyridine was rejected on sample 356018.  This is the sludge sample and does not impact 

the determination of COPCs in the soil.

The PCB results for sample 356007 were rejected.  This is a liquid sample from the septic tank and 

does not impact the determination of COPCs in the soil.

The TPH GRO results on samples 356007, 356010, and 356089 were rejected.  These are liquid 

samples from the septic tank and do not impact the determination of COPCs in the soil.

CAS 03-09-01, Mud Pit Spill Over

The only results from CAS 03-09-01 rejected were the six VOCs and thorium-227.  Therefore, the 

criteria for closure decisions were met.

CAS 03-09-03, Mud Pit

The TPH GRO results were rejected on samples 356042, 356044, and 356073 at CAS 03-09-03. 

Sample 356044 was collected in the immediate vicinity of sample 356043, which did not have a TPH 

GRO detection above the GRO.  Sample 356073 is a field duplicate of sample 356042 which were 

both collected in the channel between the Suction Pit and Return Pit.  (Refer to Figure D.5-1 in 

Appendix D.)  Based upon the conceptual model, which has not been shown to be incorrect, the 

highest concentrations are expected to be found within the mud pits themselves.  None of the samples 

at CAS 03-09-03 had TPH GRO concentrations above the MRL.  Therefore, the criteria for closure 

decisions were met.
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CAS 03-09-04, Mud Pit

The TPH GRO results were rejected on samples 356047 and 356048.  The other two samples and the 

field duplicate at this CAS had TPH GRO above the PAL at concentrations ranging from 160 to 

200 mg/kg.  Based upon the mixing operations at mud pits, sample locations, and the TPH GRO 

results at the other mud pits, it is believed that the concentration at the rejected data sample locations 

would be similar to the TPH GRO valid data (160 to 200 mg/kg) at this CAS.  Therefore, the criteria 

for closure decisions were met.

CAS 03-09-05, Mud Pit

In addition to the six VOCs discussed above, acetone was rejected on sample 356080 at 

CAS 03-09-05.  Sample 356080 was a field duplicate of 356029.  None of the samples for 

CAS 03-09-05 had any VOCs detected above the MRLs.  Therefore, the criteria for closure decisions 

were met.

CAS 20-16-01, Landfill

In addition to the six VOCs discussed above, acetone was rejected on sample 356036 at 

CAS 03-09-05.  The only VOC detection for any CAS 20-16-01 sample was for sample 356037 with 

an acetone concentration of 80 J µg/kg, which is well below the PAL of 6,200,000 µg/kg.  (The “J” is 

the qualifier, indicating the result is an estimated value.)  Therefore, the criteria for closure decisions 

were met.

A.1.1.3.2 Completeness Summary

Overall project completeness, as can be seen from the percent completeness presented in 

Tables A.1-8, A.1-9, and A.1-10, meets project requirements.  Individual data points which were 

identified as incomplete or rejected were determined to not create decisional gaps in the project data.  

Therefore, the measurements performed for CAU 356 are considered valid in regard to completeness.

A.1.1.4 Representativeness

A seven-step DQO process was utilized to identify CAU 356 requirements.  During the process, 

locations were selected which enabled the samples collected to be representative of the media being 

evaluated.  Samples were collected as planned.  Quality control blanks are used as a way of 
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measuring outside factors that could impact sample results.  No data was rejected due to QC blanks.  

Therefore, the analytical data acquired during the CAU 356 investigation are representative of site 

characteristics.

A.1.1.5 Comparability

Field sampling activities were performed and documented in accordance with approved procedures 

that are comparable to standard industry practices.  Approved standardized analytical methods and 

procedures were used to analyze, report, and validate the data.  Therefore, datasets within this project 

are comparable to all other datasets generated using standardized quality procedures. 

A.1.2 Reconciliation of DQOs and Conceptual Model(s)

This section provides a reconciliation of the data collected and analyzed during this investigation, 

with the preliminary conceptual site models established in the DQO process. 

A.1.2.1 Initial Conceptual Model

A general conceptual model was developed for CAU 356 as presented in the SAFER 

(DOE/NV, 2001) based on historical information, previous septic tank sample analyses, and process 

knowledge.  This data assessment reconciles the investigation results with the conceptual model.

The general conceptual model was applied at CAU 356.  This model assumed that any contamination 

would be located in the surface soil and the soil immediately adjacent to the septic system.  The extent 

of underlying soil impact was expected to be dependent upon the nature of COPCs and other factors.

The general conceptual model was applied to the CAU 356 mud pits and mud pit spillover.  This 

model assumed that any contamination would be located in the mud and the soil immediately 

adjacent to the mud.  The extent of underlying soil impact was expected to be dependent upon the 

nature of COPCs and other factors.

A.1.2.2 Investigation Design and Contaminant Identification

The conceptual site model was used as the basis for identifying appropriate sampling strategies and 

data collection methods.
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To address the conceptual model, subsurface samples were collected for analyses designed to define 

the extent of the COPCs identified in the CAIP.  A biased strategy was developed to focus the 

investigation on areas of potential contamination.  The models assumed that the contamination would 

be limited to the boundaries of the site due to the minimal potential for migration based on the 

geological and historical information for the site.

Implementation of the investigation design has shown that contamination did not extend beyond the 

septic system components; therefore, it did not extend beyond the boundaries of the CAS as presented 

in Appendix A.  This is reasonable because the models predict that the extent of impact of any 

contaminated effluent released to soil is limited (DOE/NV, 2001).

A.1.2.3 Contaminant Nature and Extent

The presence of contamination was identified in septic system components by sample results showing 

COPC concentrations exceeding regulatory thresholds for future disposal of affected media, thereby 

defining COCs at the CASs.  Soil sample results demonstrated that COCs of TPH and radionuclides 

were identified in soil within the physical boundaries, and did not extend beyond the boundaries of 

the general subsurface model defined in the SAFER (DOE/NV, 2001).  The CAS-specific 

investigation findings, analytical results, and descriptions of site conditions are presented in 

Appendix A.

A.1.3 Conclusions

The DQIs (precision, accuracy, completeness, representativeness, and comparability) were all 

evaluated for quality and impact to the data.  All of the data, except data qualified as rejected, can be 

used in project decisions.
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B.1.0 Closure Certification

The following sections document closure activities completed for CAU 356.

B.1.1 CAS 20-22-21

The two drums were removed as housekeeping waste on August 13, 2002.  A housekeeping closure 

verification form is attached for each drum.  The drums were empty and were disposed of as sanitary 

waste in the Area 9 Landfill.  The Landfill Access Register, Landfill Load Verification Form, and 

Solid Waste Report for this waste are in Appendix E.

Verification samples were collected from under each drum after removal.  Verification sample 

analytical results showed that no residual contamination remained and are in this appendix.

B.1.2 CAS 03-04-01

The septic tank at CAS 03-04-01 was closed in place.  The septic tank contents were removed and 

placed in a temporary evaporative pond for volume reduction, the tank was triple rinsed, and samples 

of the final rinse were collected from each chamber of the septic tank.  Analytical results for the 

rinsate samples showed that no contamination remained in the septic tank and are in this appendix. 

Table B.1-1
Samples Collected from CAS 20-22-21, Drums (2)

Sample
Number

Sample
Location/Description

Depth
(ft bgs)

Sample
Matrix

Purpose Analyses

356312
Inside crater, south side, 

below drum
0.0 - 0.5 Drilling Mud Verification Set 1

356313 Inside crater, east side 0.0 - 0.5 Drilling Mud Verification Set 1

356314 Inside crater, east side 0.0 - 0.5 Drilling Mud
Field Duplicate

of #356313
Set 1

356315 N/A N/A Water Trip Blank VOC

Set 1 = Total VOCs; Total SVOCs, RCRA Metals, PCB, TPH-GRO, TPH, DRO, Gamma Spectrometry, and Gross Alpha Beta

ft bgs = Feet below ground surface
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Subsequently, the septic tank was closed in place, backfilling the tank with 24 cubic yards of 

concrete.

The water fraction of the waste was reduced in the shallow evaporative ponds until there was only a 

small volume of solid residue on the plastic sheeting.  Samples were collected of the residue to 

determine the disposal path.  Based on the analytical results, the plastic with residue was disposed of 

as hydrocarbon waste.  The analytical results for the residue are in this appendix.  

B.1.3 CAS 03-09-05

An asphalt pile in the northwest corner of the pit was removed using a backhoe and scraper.  Three 

loads of waste were removed from the site on March 20, 2002.  The Landfill Access Register, 

Landfill Load Verification Form, and the Solid Waste Report for this waste are in Appendix E.  Four 

Table B.1-2
Samples Collected from CAS 03-04-01, Area 3 Change House Septic System

Sample
Number

Sample
Location/Description

Depth
(ft bgs)

Sample
Matrix

Purpose Analyses

356301
Septic tank, north side, 

bottom of tank
N/A Liquid WM

Set 1, 
Total Mercury

356302
Septic tank, south side, 

bottom of tank
N/A Liquid WM

Set 1,
Total Mercury

356303
Septic  tank, north side, 

bottom of tank
N/A Liquid

Field Duplicate of 
#356301

Set 1,
Total Mercury

356304
Garden Hose used to collect 

samples from tank
N/A Water Source Blank

Set 1,
Total Mercury

356310 N/A N/A Water Trip Blank VOC

356310* Southwest corner of lagoon 0.0 - 0.5 Soil WM Set 1

356311 Southwest corner of lagoon 0.0 - 0.5 Soil
Field Duplicate of

#356310
Set 1

356309 N/A N/A Water Trip Blank VOC

Set 1 = Total VOC, Total SVOC, RCRA Metals, TPH-GRO, TPH-DRO, TCLP RCRA Metals, Gamma Spectrometry, 
Isotopic Uranium, and Isotopic Plutonium

*Sample number was duplicated; however, sample type and analysis is different.
ft bgs = Below ground surface
N/A = Not applicable
WM - Waste management to verify clean rinsate conditions and waste disposal profile verification.
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surface soil samples were collected from the asphalt pile footprint to verify the complete removal of 

the asphalt at the 0- to 6-in. bgs interval.  Samples were field screened for volatiles and alpha and 

beta/gamma emitters, and submitted for laboratory analyses of COPC.  Samples 356031, 356049, 

356212, and 356213 are discussed in Section D.7.0 of the closure report.
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 Mud Pits and Disposal Sites, 
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C.1.0 As-Built Documentation

The as-built drawings are Figures 2-1 through 2-6 in Section 2.4.
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D.1.0  Introduction

This appendix details SAFER activities and analytical results for CAU 356.  This CAU is located 

within Areas 3 and 20 of the NTS, and is comprised of seven potentially contaminated CASs 

(Figure 1-1):  

• 03-04-01, Area 3 Change House Septic System
• 03-09-01, Mud Pit Spill Over
• 03-09-03, Mud Pit
• 03-09-04, Mud Pit
• 03-09-05, Mud Pit
• 20-16-01, Landfill
• 20-22-21, Drums (2)  

The closure activities were conducted in accordance with the SAFER Plan for CAU 356 

(DOE/NV, 2001) and the Leachfield Work Plan (DOE/NV, 1998), as developed under the FFACO 

(1996).  Hereafter, any citations from the CAU 356 SAFER Plan or the Leachfield Work Plan in this 

appendix are associated with the aforementioned references listed in Section D.11.0. 

The CAU consists of a septic system that was installed in 1962, and received sanitary sewage waste 

from approximately nine Area 3 Camp buildings and trailers until its abandonment in 1991.  

Corrective Action Site 03-04-01 was investigated because process knowledge indicated that 

contaminated effluent might have been discharged to the septic system.  Additionally, industrial 

operations within other identified source buildings to the septic system may have contributed COCs 

in the form of lead cuttings, lead paint, cutting oils, degreasers/solvents, and liquid ammonia.  

The CAU also consists of four mud pits used for preshot drilling activities and one landfill that was 

used for disposal of uncontaminated drilling mud.  Corrective Action Sites 03-09-01, 03-09-03, 

03-09-04, 03-09-05, and 20-16-01 were investigated because historical information and process 

knowledge identified sources of potential contamination for the mud pits and the mud disposal 

landfill.  Additives such as polymers, chromium, and diesel were typically included in drilling fluid 

mixtures to enhance the performance of the drilling equipment.  Discharges from vehicles near the 

mud pits may also have released fuels, motor oil, and hydraulic fluids into the pits.
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Corrective Action Site 20-22-21, Drums (2), consists of two empty drums located on the bottom of 

the crater within the boundary of CAS 20-16-01, Landfill.  Corrective Action Site 20-22-21 was 

transferred from CAU 352 to CAU 356 to expedite remediation while performing other housekeeping 

activities at CAS 20-16-01. 

Additional information regarding the history of each site, planning, and the scope of the closure is 

presented in the SAFER Plan.

D.1.1 Objectives

The primary objectives of the closure were to:

• Determine if COPCs were present.

• Identify the nature and extent of COCs, if present.

• Provide sufficient information and data to develop appropriate corrective action and/or 
closure alternatives for CAU 356.

D.1.2 Report Content

This appendix contains information and data in sufficient detail to support the recommendations for 

closure in place and no further action in the CR.  The contents of this appendix are as follows:

• Section D.1.0 introduces the closure background, objectives, and report contents.

• Section D.2.0 provides a closure overview.

• Section D.3.0 through Section D.8.0 provide CAS-specific information regarding field 
activities, sampling methods, and laboratory analyses results from the closure samples.

• Section D.9.0 discusses the QA and QC procedures that were followed, and the results of the 
QA/QC activities.

• Section D.10.0 is a summary of the closure results.

• Section D.11.0 lists the cited references.
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The complete field documentation and laboratory data, including field activity daily logs (FADLs), 

sample collection logs, analysis request/chain-of-custody forms, soil sample descriptions, laboratory 

certificates of analyses, analytical results, and surveillance results are retained in project files.
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D.2.0 Closure Overview

The SAFER field work was conducted from November 20, 2001, through January 3, 2002, March 11 

through March 14, 2002, and July 8 through August 13, 2002.  The closure was managed in 

accordance with the requirements set forth in the SAFER Plan.  Field activities were performed in 

accordance with the approved Site-Specific Health and Safety Plan (SSHASP) (IT, 2001), which is 

consistent with the DOE Integrated Safety Management System.  Samples were collected and 

documented following approved protocols and procedures indicated in the SAFER Plan.  Quality 

control samples (e.g., field blanks, equipment rinsate blanks, trip blanks, and field duplicates) were 

collected as required by the Industrial Sites QAPP (DOE/NV, 1996) and approved procedures.  

During the SAFER field work, waste minimization practices were followed according to approved 

procedures, including segregation of waste by waste stream.

The septic system at CAS 03-04-01 was characterized by surface and subsurface soil samples 

collected by backhoe excavation, and by septic tank and distribution pipe content samples collected 

by hand tools.  Aliquots of liquid from the septic tank and sludge from a distribution line in the 

leachfield were field-analyzed for fecal coliform.  The remaining CASs (mud pits and landfill) were 

characterized by surface and subsurface mud and soil samples collected by hand auger and 

Geoprobe®.  Soil samples were field screened for VOCs and alpha and beta/gamma-emitting 

radiation.  The results were compared against field-screening levels (FSLs) to guide the closure.  

Select samples were shipped to off-site laboratories to be analyzed for appropriate chemical and 

radiological parameters.

The CAU 356 sampling locations were accessible and sampling activities at planned locations were 

not restricted by buildings, storage areas, active operations, or aboveground and underground 

utilities.  Sampling stepout locations were accessible and remained within anticipated CAS 

boundaries.  

Sections D.2.1 through D.2.6 provide the closure methodology, site geology and hydrology, and 

laboratory information.  The CAS-specific closure details are provided in Sections D.3.0 through 

D.8.0.
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D.2.1 Preliminary Conceptual Model

The site-specific conceptual models are provided in the SAFER Plan.  Also, the conceptual model for 

CAS 03-04-01 is consistent with the generic conceptual model for leachfields provided in the 

Leachfield Work Plan.  A detailed discussion of conceptual model reconciliation is in Appendix B, 

Section A.1.2.

D.2.2 Sample Locations

Closure locations selected for sampling were based on interpretation of engineering drawings, 

interviews with former and current site employees, site conditions, and process knowledge.  The 

planned biased sample locations are shown in the SAFER Plan.  Actual sample locations are shown in 

figures in Sections D.3.0 through D.8.0.  Some locations were modified slightly from planned 

positions due to field conditions and observations.  Sample locations were staked in the field, labeled 

appropriately, and surveyed with a GPS instrument.  

Phase I samples were collected to define the nature (presence) of COCs.  When COCs were 

determined to be present, Phase II was initiated to determine the extent of the contamination.

D.2.3 Field-Screening Methodology

Field screening for VOC and alpha and beta/gamma radiation were performed as specified in the 

SAFER Plan.  The FSL for VOC headspace was established at 20 parts per million (ppm) or 2.5 times 

background, whichever was greater.  The site-specific FSLs for alpha and beta/gamma radiation were 

defined as the mean background activity level plus two times the standard deviation of readings from 

20 background locations.  The radiation FSLs are instrument-specific and were established for each 

instrument prior to use.  Field screening was conducted using a flame-ionization detector for VOCs 

and an NE Technologies Electra for alpha and beta/gamma radiation.

D.2.4 Geology

The geology of Areas 3 and 20 is provided in the SAFER Plan.  No samples were required during the 

field activities to further identify the area geology.  
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D.2.5 Hydrology

The hydrology in Area 3, where the septic tank is located, is sufficiently known and identified in the 

SAFER Plan, and groundwater at the CASs is not expected to be impacted by COPC migration due to 

the depth of groundwater.  Therefore, no field activities were required regarding the hydrology.  

D.2.6 Laboratory Analytical Information

Chemical and radiological analyses were performed by Severn Trent Laboratories, Earth City, 

Missouri; Severn Trent Laboratories, Richland, Washington; and Paragon Analytics, Inc., 

Fort Collins, Colorado. 

The analytical parameters and laboratory analytical methods used to analyze CAU 356 closure 

samples are listed in Table D.2-1.  Organic and inorganic analytical results are compared to the 

minimum reporting limits (MRLs) established in the Leachfield Work Plan (DOE/NV, 1998), and the 

PALs established in the SAFER Plan.  Radiochemical results are compared to the PALs established in 

the SAFER Plan.     

The analytical results of samples collected from the CAU 356 closure have been compiled and 

evaluated to determine the presence and/or extent of contamination in Sections D.3.0 through D.8.0.  

The analytical results reported above the MRLs are summarized and those results exceeding PALs 

are identified.  The complete laboratory data packages are available in the project files.  

The analytical parameters were selected through the application of site process knowledge according 

to the EPA’s Guidance for the Data Quality Objects Process (EPA, 1994a).  The PALs for off-site 

laboratory analytical methods (EPA, 1999) were determined during the DQO process (EPA, 1994a) 

and are documented in the Leachfield Work Plan (DOE/NV, 1998) and SAFER Plan 

(DOE/NV, 2001).  Sampling activities were conducted to confirm or disprove assumptions 

(i.e., conceptual models outlined in the SAFER Plan) made in the DQO process.  Analytical results 

that are detected above PALs are termed COCs.  If COCs are present, corrective action must be 

considered.

The analytical method TPH DRO, also referred to as extractable petroleum hydrocarbons (EPH), 

includes the carbon range C10 - C38.  The TPH GRO, also referred to as volatile petroleum 
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hydrocarbons (VPH), includes the carbon range from C6 - C10.  When TPH is used without further 

designation, it refers to TPH in general and may be used in conjunction with sampling or 

field-screening methodology. 

Table D.2-1
Laboratory Analytical Parameters and Methods, CAU 356 Closure Samples

Analytical Parameter Analytical Method

Total volatile organic compounds SW-846 8260Ba

Total semivolatile organic compounds SW-846 8270Ca

Total petroleum hydrocarbons - gasoline-range organics SW-846 8015B (modified)a

Total petroleum hydrocarbons - diesel-range organics SW-846 8015B (modified)a

Polychlorinated biphenyls SW-846 8082a

Total RCRA metals
Water - SW-846 6010B/7470Aa

Soil - SW-846 6010B /7471Aa

TCLP volatile organic compounds SW-846 1311/8260Ba

TCLP semivolatile organic compounds SW-846 1311/8270Ca

TCLP RCRA metals SW-846 1311/6010B/7470Aa

Gamma spectrometry Water and Soil RICH-RC-5017b

Isotopic uranium Water and Soil RICH-RC-5079c

Gross alpha/beta Water - RICH-RC-5014d

Tritium Water - RICH-RC-5007e

Isotopic plutonium RICH-RC-5010f

aEPA Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 3rd Edition, Parts 1-4, SW-846 (EPA, 1996).
bStandard Operating Procedure RICH-RC-5017 is a variant of and incorporates all the intentions of EPA Procedure 901.1 and 
  DOE/Environmental Measurements Laboratory, Procedure 4.5.2.3.
cStandard Operating Procedure RICH-RC-5079 is principally similar to DOE/Environmental Measurements Laboratory (DOE, 1997),
  Procedure 4.5.2.1, and meets Standard Method 7500-U-C.
dStandard Operating Procedure RICH-RC-5014 meets the requirements of EPA Procedure 900.0.
eStandard Operating Procedure RICH-RC-5007 provides the analysis portions of EPA Procedure 906.0. 
f Standard Operating Procedure RICH-RC-5010 is similar to American Society for Testing and Materials procedures D3865-97
   (water) and C1001-90 (soil).
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D.3.0 CAS 03-04-01, Area 3 Change House Septic System

The Area 3 Change House Septic System consists of a dual-chambered, steel septic tank, a concrete 

manhole south of the septic tank, two leachfields (referred to as the “previous leachfield” and the 

“fenced leachfield”), a concrete skimmer box at the proximal end of the fenced leachfield, and 

associated piping both upstream and downstream of the septic tank.  

The system was initially constructed in the 1960s and received effluent from at least nine Area 3 

Camp buildings and trailers until its abandonment in 1991 (Flangas, 1990; H&N, 1988).  In 1989, an 

unpermitted lagoon formed above the fenced leachfield as a consequence of excessive flow and 

saturated conditions.  A new septic system was proposed but not implemented due to the impending 

relocation of the Area 3 Camp to Area 6.  Temporary remediation of the existing system consisted of 

evacuating the septic tank of fluids to be treated at other NTS facilities until the camp was abandoned 

(Haworth, 1991).  The temporary remediation efforts resulted in no additional percolation of effluent 

above ground surface (Haworth, 1990).

D.3.1 SAFER Investigation

Twenty-three soil samples, two liquid samples, one sludge sample, and associated QC samples were 

collected and analyzed during closure activities conducted at CAS 03-04-01 and are listed in 

Table D.3-1.  The planned sample locations at CAS 03-04-01 are shown in Figure A.2.1 of the 

SAFER Plan.  The actual sample locations are shown in Figure D.3-1.        

D.3.1.1 Septic Tank and Manhole Integrity Sampling 

Four integrity soil samples were collected around the septic tank.  Two samples were collected below 

the bottom of the inlet and nearly flush with the side of the tank, at 5.0 and 5.5 ft bgs, respectively. 

The bottom of the inlet was found to be 4.5 ft bgs, so the first sample was collected about 6 in. below 

the bottom of the inlet.  One sample was collected about 6 in. below the bottom of the outlet and 

nearly flush with the side of the tank at 5.5 ft bgs.  One sample was collected about 8 in. below the 

body of the tank and nearly flush with the south side at 11.75 ft bgs.  
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Table D.3-1
Samples Collected from CAS 03-04-01, Area 3 Change House Septic System

 (Page 1 of 2)

Sample
Number

Sample
Location/Description

Depth
(ft bgs)

Sample
Matrix Purpose Analyses

356001 Septic tank outlet; south end 5.5 - 6.0 Soil SC Set 1

356002 Below septic tank; south end 11.75 - 12.25 Soil SC Set 1

356003 Septic tank inlet; north end 5.0 - 5.5 Soil SC, MS/MSD Set 2

356095 Septic tank inlet, north end 5.0 - 5.5 Soil
Field Duplicate

of #356003
Set 2

356201 Septic tank inlet; north end 5.5 - 6.5 Soil SC Set 5

356004 Manhole inlet; north side 6.0 - 6.5 Soil SC Set 1

356005
Manhole outlet

(uncapped plastic pipe); 
south side

5.25 - 5.75 Soil SC Set 1

356202 Deeper depth of #356005 10.5 - 11.5 Soil SC Set 5

356203 Deeper depth of #356005 10.5 - 11.5 Soil
Field Duplicate

of #356202
Set 5

356006
Manhole outlet

(capped VCP); south side
6.0 - 6.5 Soil SC Set 1

356007
South chamber (outlet) of 

septic tank
NA Liquid SC, MS/MSD Set 3

356008
Previous leachfield

distal end of distribution pipe
7.0 - 7.5 Soil SC Set 1

356009
Previous leachfield

proximal end of distribution 
pipe

7.0 - 7.5 Soil SC Set 1

356010
North chamber

(inlet) of septic tank
NA Liquid SC Set 3

356089
North chamber

(inlet) of septic tank
NA Liquid

Field Duplicate
of #356010

Set 3

356012
SE corner of fenced 

leachfield at low point
0.0 - 0.5 Soil SC Set 1

356207
Step-out location; 4 ft north 

of #356012
0.0 - 0.5 Soil SC Set 5

356208 Deeper depth of #356012 0.5 - 1.0 Soil SC Set 5

356209
Step-out location; 4 ft south 

of #356012
0.0 - 0.5 Soil SC Set 5

356013
NW corner of fenced 
leachfield at low point

0.0 - 0.5 Soil SC Set 1

356206 Deeper depth of #356013 0.5 - 1.0 Soil SC Set 5

356204
Step-out location; 4 ft north 

of  #356013
0.0 - 0.5 Soil SC Set 5

356205
Step-out location; 4 ft south 

of #356013
0.0 - 0.5 Soil SC Set 5
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356015
Previous leachfield

distal lateral distribution 
pipe; western end

7.5 - 8.0 Soil SC Set 1

356016
Fenced leachfield skimmer 

box outlet; south side
4.0 - 4.5 Soil SC Set 1

356210 Deeper depth of #356016 7.2 - 8.2 Soil SC Set 5

356017
Fenced leachfield

below distal distribution pipe 
(south side)

3.5 - 4.0 Soil SC Set 1

356018
Fenced leachfield inside 

distribution pipe, 5 ft 
downstream of skimmer box

2.0 - 2.5 Sludge SC Set 4

356019
Fenced leachfield

below proximal distribution 
pipe (north side)

4.0 - 4.5 Soil SC Set 1

356086 NA NA Liquid Trip Blank VOC

356087 NA NA Liquid Trip Blank VOC

356088 NA NA Liquid Trip Blank VOC

356090 NA NA Liquid Trip Blank VOC

356091 NA NA Liquid Trip Blank VOC

356092 NA NA Liquid Trip Blank VOC

356094 NA NA Liquid Field Blank Set 3

356096 NA NA Liquid Trip Blank VOC

356097 NA NA Liquid Trip Blank VOC

356098 NA NA Liquid Source Blank Set 3

356099 NA NA Liquid Trip Blank VOC

356211 NA NA Liquid
Equipment

Rinsate Blank
Set 5

ft bgs = Feet below ground surface
SC = Site characterization
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Set 1:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO); Gamma Spectrometry
Set 2:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
Set 3:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
          Gross Alpha/Beta, Tritium

Set 4:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
          TCLP VOC, TCLP SVOC, TCLP RCRA Metals

Set 5:  TPH (DRO), Isotopic Uranium, Isotopic Americium

Table D.3-1
Samples Collected from CAS 03-04-01, Area 3 Change House Septic System

 (Page 2 of 2)

Sample
Number

Sample
Location/Description

Depth
(ft bgs)

Sample
Matrix Purpose Analyses
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Figure D.3-1
CAS 03-04-01, Area 3 Change House Septic System Sampling Locations
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Four integrity soil samples were collected around the manhole.  One sample was collected about 4 in. 

below the bottom of the inlet and nearly flush with the side of the manhole at 6.0 ft bgs.  One sample 

was collected about 6 in. below the bottom of the capped, vitrified clay pipe (VCP) and nearly flush 

with the side of the manhole at 6.0 ft bgs.  Two samples were collected below the bottom of the 

uncapped plastic pipe nearly flush with the side of the manhole at 5.25 and 10.5 ft bgs, respectively.  

The bottom of the plastic pipe was measured at 5.25 ft bgs, so the first sample was collected directly 

beneath the pipe. 

D.3.1.2 Inspection and Sampling of Collection System Components

The septic tank, manhole, skimmer box, and portions of the collection system piping were inspected.  

The septic tank was accessed by two riser pipes, one from each chamber.  Both riser pipes were fitted 

with hinged steel lids.  It was determined that the septic tank had an interior baffle between chambers.  

Each chamber was fitted with a removable section of elbowed pipe protruding from the riser, fitted 

with firehose-type couplings, presumably for pumping out the contents of the tank.  In addition, each 

chamber was fitted with a stick float used to measure depth and thickness of the liquid contents.

The dual-chambered, cylindrical, steel septic tank was measured as 16 ft long and 8 ft in diameter, 

with a calculated capacity of 6,000 gallons.  The top of the tank was 3.5 ft bgs.  The tank contained 

slightly murky liquid with suspended solids and had a moderate septage odor.  There was about half 

an inch of darker, watery sludge at the bottom of the tank.  The height of the water column was 

measured and the liquid contents of the tank was calculated at 4,000 gallons, or approximately 

66 percent full.  A liquid sample was collected from each chamber.  The watery sludge was not 

sampled as a discrete phase due to minimal volume, though some of it was incorporated in the upper 

liquid sample.

The concrete manhole was 28 in. in diameter and was 6 ft long; 3 in. protruded above surface grade.  

The manhole sat on a 3-in. concrete base, was fitted with a steel lid, and steel rungs extended to the 

bottom.  There was a minimal amount of soil and gravel in the bottom of the manhole not believed to 

be associated with the system, so it was not collected.  A single inlet of 8-in. diameter VCP at 5.0 ft 

bgs trended due north approximately 25 ft to the south end of the septic tank.  Two outlets at 5.0 ft bgs 

trended generally south.  The 8-in. diameter VCP trended 200 degrees for 33 ft to the previous 

leachfield.  The distal end of this pipe was fitted with a steel plate.  It was observed during excavation 
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that the proximal end of this pipe, 12.75 ft south of the manhole, was broken and missing.  It is 

presumed that this break caused abandonment of the previous leachfield.  The 6-in. diameter plastic 

pipe trends 170 degrees for 217 ft to the fenced leachfield.

During excavation to collect soil samples, various sections of the collection piping was breached and 

inspected.  The sewer lines upstream and downstream from the septic tank are 8-in. diameter VCP.  

Two lateral distribution lines were found in the previous leachfield, both trending 270 degrees for 

49 ft from the west side of the main line.  Both lines were 4-in. slotted Orangeburg pipe; the proximal 

line was 13 ft south of the manhole, and the distal line was 33 ft south of the manhole.

The fenced leachfield is pitchfork-shaped with a 60-ft long, 4-in. diameter solid polyvinyl chloride 

(PVC) manifold at the proximal end.  Upstream of the manifold is a bowl-shaped, open skimmer box.  

Off the manifold are ten, 4-in. diameter, slotted Orangeburg distribution pipes on 6-ft centers.  The 

distribution lines are capped at their distal ends and are about 85 ft long.  The lines sit in a 2.0- to 

2.5-ft thick leachrock bed, most of it beneath the pipes.  The lines are generally found from 2.0 to 

2.5 ft bgs.  Figure D.3-2 is a diagrammatic sketch of the fenced leachfield.    

A video mole was introduced into a manhole located approximately 540 ft north and upstream of the 

septic tank.  Pipes to the manhole from the north and south (the main sewer line), east, and west were 

observed.  In general, the pipes were found to be free of sediment and of good integrity.  Some 

portions of the pipes were water stained and discolored.  No breaches were observed.

The north line is 6 to 8 in. in diameter, and the mole was advanced for 47 ft until a soil plug was 

encountered.  The south line is 8- to 10-in. diameter VCP, and the mole was advanced for 103 ft until 

it quit moving.  On this line, two vertical pipes were observed at 31 ft and 33 ft from the manhole, 

respectively.  The east line has a 4-in. diameter, and the mole was advanced for 126 ft to a pipe 

coming in from the south at a 45-degree angle.  Two other 45-degree lines were observed; one from 

the north at 120 ft from the manhole, and one from the south at 119 ft from the manhole.  To the west, 

the mole was advanced 75 ft to a grout plug.  Along this line, a perpendicular line coming in from the 

south was noted at 54 ft from the manhole, and another line coming in from the north at 74 ft from the 

manhole.  
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Figure D.3-2
Fenced Leachfield at CAS 03-04-01
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D.3.1.3 Leachfield Sampling

Soil samples were collected from the previous leachfield and the fenced leachfield.  Three samples 

were collected from the previous leachfield:  one beneath the broken proximal end of the VCP main 

line at 13 ft south of the manhole, one below the distal end of the capped VCP main line at 33 ft south 

of the manhole, and one from beneath the end of the distal perforated Orangeburg distribution line.  

Samples were collected just below the leachrock/native soil interface.

Twelve soil samples and one sludge sample were collected from the fenced leachfield, as shown in 

Figure D.3-2.  Three of the soil samples were collected from the surface at a low spot in the northwest 

corner of the leachfield.  These sample locations are on a north-south trend with a 4-ft separation.  In 

addition, a subsurface soil sample was collected from 0.5- to 1.0-ft bgs below the center location.  

This sampling scenario was repeated at a low spot in the southeast corner of the leachfield.  Two soil 

samples were collected below the skimmer box outlet, one from 4.0 to 4.5 ft bgs just below the 

leachrock/native soil interface, and another at the same location from 7.2 to 8.2 ft bgs.  One soil 

sample was collected below an Orangeburg distribution line near the skimmer box, just below the 

leachrock/native soil interface.  One soil sample was collected below the distal end of one of the 

Orangeburg distribution lines at the south end of the leachfield, just below the leachrock/native soil 

interface.  A sludge sample was collected from a section of excavated Orangeburg distribution pipe, 

which was dug up 6 ft south of the skimmer box. 

D.3.1.4 SAFER Plan Implementation

The following field activities were conducted at CAS 03-04-01 to meet SAFER Plan requirements:

• Collected integrity soil samples from the influent and effluent ends of the septic tank and 
manhole.

• Inspected the collection system piping. 

• Collected liquid content samples from both chambers of the septic tank.

• Conducted exploratory excavations to confirm the configuration of the leachfields, septic 
tank, manhole, and skimmer box.

• Collected biased soil samples from various locations at both leachfields.
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• Collected a sludge sample from inside a distribution pipe at the fenced leachfield.

• Field screened soil samples for VOCs and alpha and beta/gamma radiation.

• Analyzed select samples for total and fecal coliform.

• Submitted select samples for off-site laboratory analysis.

D.3.1.5 Deviations

There were no significant deviations to the SAFER Plan requirements.  

D.3.2 Closure Results

The following subsections provide CAS-specific field screening and sample analysis results.

D.3.2.1 Field-Screening Results

Samples were field screened for volatiles and alpha and beta/gamma emitters.  None of the samples 

exceeded established FSLs.

D.3.2.2 Sample Analyses

Select closure samples were analyzed for CAS-specified COPCs which included total VOCs, total 

SVOCs, total RCRA metals, TPH (DRO and GRO), TCLP RCRA metals, PCBs (not required in the 

SAFER Plan), and radionuclides.

The analytical parameters and laboratory analytical methods used to analyze the closure samples are 

listed in Table D.2-1.  Table D.3-1 lists the sample-specific analytical parameters.

D.3.2.3 Analytes Detected Above Minimum Reporting Limits

Samples with results greater than MRLs or PALs are presented in Tables D.3-2 through D.3-8.

D.3.2.3.1 Total Volatile Organic Compound Analytical Results for Soil Samples

No total VOC analytical results for soil samples exceeded the MRLs or PALs established in the 

Leachfield Work Plan and SAFER Plan.
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D.3.2.3.2 Total Semivolatile Organic Compound Analytical Results for Soil Samples

Table D.3-2 lists the soil samples that have total SVOC concentrations above the MRLs established 

in the Leachfield Work Plan and SAFER Plan.  No samples had results that exceeded PALs.   

D.3.2.3.3 Total Petroleum Hydrocarbon Analytical Results for Soil Samples

Table D.3-3 lists the soil samples that have TPH (DRO and GRO) concentrations above the MRLs 

established in the Leachfield Work Plan and SAFER Plan.  Sample 356012 has a result that exceeds 

the PAL of 100 mg/kg.  Samples 356207 and 356209 were collected 4 ft to the north and south of 

sample 356012, respectively.  Both samples had TPH results above the MRL and below the PAL.  

Sample 356208 was collected immediately below sample 356012 and did not have TPH results above 

the MRL or PAL.    

Table D.3-2
Soil Sample Results for Total SVOCs 

Detected Above Minimum Reporting Limits 

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (µg/kg)
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Preliminary Action Levelsa 100,000,000 2,900 290,000 88,000,000 30,000,000 NI b 54,000,000

356003 5 - 5.5 850 -- -- -- -- -- --

356012 0.0 - 0.5 -- 850 930 2,800 2,300 2,000 1,500

356013 0.0 - 0.5 -- -- -- 960 -- -- --

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).
bPhenanthrene does not have a preliminary remediation goal (PRG).  Phenanthrene is an isomer of anthrecene, which has a 

PRG (PAL) of 100,000,000 µg/kg.

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
NI = Not identified
µg/kg = Micrograms per kilogram
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D.3.2.3.4 Total RCRA Metals Analytical Results for Soil Samples

The total RCRA metals detected in soil samples at concentrations exceeding MRLs are listed in 

Table D.3-4 and discussed below.  Only arsenic exceeded the PALs for RCRA metals established in 

the Leachfield Work Plan and SAFER Plan.       

Arsenic was detected above the PAL of 2.7 mg/kg in all soil samples analyzed.  The mean 

concentration of arsenic in silt from the Nellis Air Force Range is 7 to 8 mg/kg (NBMG, 1998; 

Moore, 1999).  Arsenic concentrations presented in Table D.3-4 exceed the PAL, but are considered 

representative of ambient conditions at the site.  

D.3.2.3.5 Polychlorinated Biphenyl Results for Soil Samples

No PCB analytical results for soil exceeded the MRLs or PALs established in the Leachfield Work 

Plan. 

Table D.3-3
Soil Sample Results for TPH-DRO 

Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Diesel-Range Organics, also reported as Extractable 
Petroleum Hydrocarbon (EPH)

Preliminary Action Levelsa 100

356012 0.0 - 0.5 400 (J)

356016 4.0 - 4.5 75

356207 0.0 - 0.5 50 (M)

356209 0.0 - 0.5 75 (M,Z)

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).

ft bgs = Feet below ground surface
mg/kg = Milligrams per kilogram
M = Motor oil
Z = The reported result did not resemble the patterns of the following petroleum hydrocarbon products:  gasoline, JP-4,

     JP-8, diesel, mineral spirits, Stoddard solvent and Bunker C.
J = Estimated value.  Qualifier added to laboratory data; record accepted.  Surrogates diluted out.
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D.3.2.3.6 Gamma Spectrometry Results for Soil Samples

Gamma spectrometry was used to analyze select soil samples in support of waste management 

determinations only.  The results did not indicate the presence of man-made radionuclides at 

concentrations greater than and distinguishable from background concentrations (US Ecology and 

Atlan-Tech, 1992; McArthur and Miller, 1989), except for americium-241 in samples 356003, 

356005, 356013, 356016, 356095, 356207, and 356209.  The remaining samples and step-out 

locations are sufficient to conclude that the soil with americium-241 concentrations exceeding the 

PALs is contained within the CAS.  Gamma spectrometry results are presented in Table D.3-5.      

Table D.3-4
Soil Sample Results for Total RCRA Metals 
Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead Mercury Selenium

Preliminary Action Levelsa 2.7 100,000 450 750 610 10,000

356001 5.5 - 6.0 5.2 157 7.0 10.9 -- --

356002 11.75 - 12.25 3.7 187 5.1 9.2 -- --

356003 5.0 - 5.5 4.3 163 6.7 9.4 -- --

356004 6.0 - 6.5 6.4 174 11.1 12.8 -- 0.83

356005 5.25 - 5.75 4.1 219 7.8 10.2 -- 0.64

356006 6.0 - 6.5 4.6 189 10.0 10.8 -- 0.55

356008 7.0 - 7.5 3.0 186 5.6 8.4 -- --

356009 7.0 - 7.5 4.0 100 6.0 8.3 -- 0.55

356012 0.0 - 0.5 5.0 339 10.8 44.0 -- 0.78

356013 0.0 - 0.5 4.4 201 9.1 35.8 0.051 0.68

356015 7.5 - 8.0 3.9 167 6.0 7.6 -- --

356016 4.0 - 4.5 5.1 162 6.9 14.6 -- 0.67

356017 3.5 - 4.0 3.7 172 6.0 8.2 -- --

356019 4.0 - 4.5 3.8 146 5.0 8.4 -- --

356095 5.0 - 5.5 4.4 144 5.8 8.7 -- --

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
mg/kg = Milligrams per kilogram
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Table D.3-5
Soil Sample Results for Gamma Spectrometry Detected Above Minimum Detectable Concentrations

 (Page 1 of 2)

Sample
 Number

Depth
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Contaminants of Potential Concern (pCi/g)
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Preliminary Action Levels 3.64 0.05 7.033 0.5 3.64 3.47 97.7 3.38 3.64

356001 5.5 - 6.0 2.24 ± 0.65 -- 0.471 ± 0.15 (J)c -- 2.26 ± 0.44 1.38 ± 0.35 33.1 ± 5.4 0.774 ± 0.19 --

356002 11.75 - 12.25 2.61 ± 0.73 -- -- -- 1.76 ± 0.4 1.32 ± 0.35 29 ± 5 0.654 ± 0.20 --

356003 5.0 - 5.5 2.2 ± 0.55 0.639 ± 0.20 -- -- 1.47 ± 0.29 1.13 ± 0.3 34.8 ± 5.3 0.694 ± 0.15 --

356004 6.0 - 6.5 2.72 ± 0.86 -- -- -- 1.72 ± 0.41 1.67 ± 0.5 32.9 ± 5.7 0.681 ± 0.19 --

356005 5.25 - 5.75 2.04 ± 0.61 2.44 ± 0.38 1.13 ± 0.27 1.61 ± 0.45 2.4 ± 0.45 1.22 ± 0.37 31 ± 5 0.867 ± 0.23 --

356006 6.0 - 6.5 -- -- 1.24 ± 0.29 -- 1.99 ± 0.41 1.04 ± 0.42 31.8 ± 5.6 0.674 ± 0.21 --

356008 7.0 - 7.5 -- -- -- -- 1.98 ± 0.33 1.01 ± 0.37 30.6 ± 5.2 0.586 ± 0.17 --

356009 7.0 - 7.5 1.93 ± 0.67 -- -- -- 1.93 ± 0.33 1.17 ± 0.31 31.7 ± 5.2 0.607 ± 0.18 --

356012 0.0 - 0.5 -- -- 0.543 ± 0.22 -- 2.23 ± 0.49 (J)e 1.06 ± 0.47 30.3 ± 5.6 0.631 ± 0.24 3.16 ± 1.3

356013 0.0 - 0.5 1.91 ± 0.8 1.76 ± 0.41 (J)d 1.21 ± 0.24 -- 1.98 ± 0.35 (J)e 1.34 ± 0.38 37.7 ± 6.1 0.704 ± 0.22 --

356015 7.5 - 8.0 1.8 ± 0.56 -- -- -- 1.98 ± 0.32 (J)e 1.16 ± 0.28 32.9 ± 5.1 0.743 ± 0.16 2.04 ±  0.74

356016 4.0 - 4.5 2.58 ± 0.77 4.08 ± 0.53 (J)d -- -- 2.08 ± 0.37 (J)e 1.42 ± 0.31 33.4 ± 5.4 0.723 ± 0.18 2.75 ±  0.91

356017 3.5 - 4.0 -- -- -- -- 1.9 ± 0.43 (J)e 0.975 ± 0.37 27.5 ± 4.8 0.568 ± 0.2 --

356019 4.0 - 4.5 2.18 ± 0.73 -- -- -- 1.99 ± 0.34 (J)e 1.13 ± 0.4 26.8 ± 4.9 0.84 ± 0.2 2.86 ±  1.1

356095 5.0 - 5.5 2.39 ± 0.73 3.64 ± 1.8 -- -- 1.59 ± 0.43 1.08 ± 0.34 33.1 ± 5.4 0.682 ± 0.2 --

356205 0.0 - 0.5 -- 0.053 ± 0.027 -- -- -- -- -- -- --
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356207 0.0 - 0.5 -- 0.173 ± 0.052 -- -- -- -- -- -- --

356209 0.0 - 0.5 -- 2.23 ± 0.34 -- -- -- -- -- -- --

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level Radioactive Waste (LLRW) Facility (US Ecology and 
Atlan-Tech, 1992).

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and Miller, 1989).
cQualifier added to laboratory data; record accepted.  Nuclide not identified by software.
dQualifier added to laboratory data; record accepted.  Duplicate normalized difference outside control limits.
eQualifier added to laboratory data; record accepted.  Duplicate relative percent difference over the control limits.

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
J = Estimated value
pCi/g = Picocuries per gram

Table D.3-5
Soil Sample Results for Gamma Spectrometry Detected Above Minimum Detectable Concentrations

 (Page 2 of 2)
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 Number

Depth
(ft bgs)

Contaminants of Potential Concern (pCi/g)
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Preliminary Action Levels 3.64 0.05 7.033 0.5 3.64 3.47 97.7 3.38 3.64
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D.3.2.3.7 Isotopic Results for Soil Samples

Isotopic analyses were used to analyze select soil samples in support of waste management 

determinations only.  The results did not indicate the presence of man-made radionuclides at 

concentrations greater than and distinguishable from background concentrations (US Ecology and 

Atlan-Tech, 1992; McArthur and Miller, 1989), except for plutonium-239/240 in samples 356205, 

356207, and 356209.  The remaining samples and step-out locations are sufficient to conclude that 

the soil with plutonium-239/240 concentrations exceeding the PALs is contained within the CAS.  

Isotopic results are presented in Table D.3-6.   

Table D.3-6
Soil Sample Results for Isotopes Detected Above Minimum Reporting Limits

Sample 
Number

Depth 
(ft bgs)

Contaminants of Potential Concern (pCi/g)
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Preliminary Action 
Levels

1.56 0.07 3.2 0.05 0.106

356003 5.0 - 5.5 1.28 ± 0.26 (J)c 0.0631 ± 0.027 1.2 ± 0.24 -- 0.485 ± 0.14 (J)d

356095 5.0 - 5.5 1.09 ± 0.24 (J)c -- 1.1 ± 0.24 -- 0.435 ± 0.12 (J)e

356204 0.0 - 0.5 -- -- -- 0.049 ± 0.026 0.211 ± 0.058

356205 0.0 - 0.5 -- -- -- -- 0.226 ± 0.058

356207 0.0 - 0.5 -- -- -- 0.117 ± 0.042 1.38 ± 0.23

356209 0.0 - 0.5 -- -- -- 0.469 ± 0.094 16.5 ± 2.3

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level Radioactive 
Waste (LLRW) Facility (US Ecology and Atlan-Tech, 1992).

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and 
Miller, 1989).

c
Qualifier added to laboratory data; record accepted.  Laboratory control sample/laboratory control sample duplicate recovery was 
below the control limits.

dQualifier added to laboratory data; record accepted.  Chemical yield below control limits.
eQualifier added to laboratory data; record accepted.  Duplicate relative percent difference over the control limits.

ft bgs = Feet below ground surface
pCi/g = Picocuries per gram
J = Estimated value
-- = Not detected above minimum reporting limits
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D.3.2.3.8 Manhole and Pipe Content Sample Results

Insufficient material was present to collect samples from the manhole.  The pipe content sample is 

discussed in Section D.3.2.3.10.

D.3.2.3.9 Septic Tank Liquid Results

Results were compared to regulatory levels based on disposal options.  If the waste has no hazardous 

component, the regulatory level is based on NTS disposal options and lagoons (BN, 1995; 

CFR, 2000 a and b; NDEP, 1997 a, b, and c).  If the waste is hazardous, the release criteria is based on 

interpretation of the guidelines presented in the performance objective criteria (POC) (BN, 1995; 

Alderson, 1999).  For waste destined for off-site disposal, the POC radiological levels must be met to 

certify that the waste has no added radioactivity.  

Liquid sample 356007 was collected from the South Chamber, and 356010 and 356089 are duplicate 

liquid samples collected from the North Chamber of the septic tank.  There was not a discrete sludge 

layer in the septic tank contents; therefore, only liquid samples were obtained.  The liquid samples 

from the tank were analyzed for VOCs, SVOCs, RCRA metals, TPH DRO and GRO, gamma 

spectrometry, isotopic plutonium, gross alpha/beta, and tritium.  The results for the septic tank liquid 

above the MRLs are listed in Table D.3-7.  The results from the extractable petroleum hydrocarbon 

(TPH GRO) and PCBs were rejected during Tier II data validation (see Appendix B).      

The fecal coliform screening from the septic tanks liquids were negative.

D.3.2.3.10 Sludge Sample Results

One sludge sample was collected from piping 5 ft downstream from the skimmer box.  Results greater 

than MRLs are presented in Table D.3-8.       

D.3.2.4 Contaminants of Concern

Sample 356012 exceeded the TPH PAL of 100 mg/kg.  Step-out samples were collected surrounding 

this sample location.  The results of the step-out location samples were all below the PAL.
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Americium-241 and plutonium-239/240 concentrations greater than and distinguishable from 

background were detected in several samples.

D.3.3 Nature and Extent of Contamination in Soils

Samples were collected from step-out locations in the vicinity of sample 356012 that exceeded PAL 

for TPH.  Step-out location samples 356207 and 356209 were collected 4 ft to the north and south of 

sample 356012, respectively.  Both samples had TPH results above the MRL and below the PAL.  

Step-out location sample 356208 was collected immediately below sample 356012 and did not have 

TPH results above the MRL or PAL.  The highest TPH concentration was 400 mg/kg. 

Sufficient primary locations and step-out locations were sampled to conclude that the soil with 

americium-241 and plutonium-239/240 concentrations exceeding the PALs is contained within the 

Table D.3-7
Septic Tank Liquid Results

Sample Number Parameter Result Units Limits Reference

356007 Selenium 32.7 (J) µg/L 1,000 CFR, 2000a

356007 Gross Beta 58.5 ± 8.8 pCi/L NA NDEP, 1997b

356007 Plutonium-239/40 0.066 ± 0.035 pCi/L 10 * NDEP, 1997b

356007 Uranium-234 1.53 ± 0.39 (J) pCi/L 100 * NDEP, 1997b

356007 Uranium-238 0.537 ± 0.18 pCi/L 100 * NDEP, 1997b

356010 Lead 17.0 µg/L 5,000 CFR, 2000a

356010 Gross Beta 48.6 ± 7.1 pCi/L NA NDEP, 1997b

356010 Uranium-234 1.27 ± 0.32 (J) pCi/L 100 * NDEP, 1997b

356010 Uranium-238 0.447 ± 0.15 pCi/L 100 * NDEP, 1997b

356089 Arsenic 11.2 µg/L 5,000 CFR, 2000a

356089 Lead 55.2 µg/L 5,000 CFR, 2000a

356089 Selenium 22.4 µg/L 1,000 CFR, 2000a

356089 Gross Beta 54.9 ± 8.2 pCi/L NA NDEP, 1997b

356089 Plutonium-239/40 0.194 ± 0.11 (J) pCi/L 10 * NDEP, 1997b

356089 Uranium-234 2.53 ± 0.56 (J) pCi/L 100 * NDEP, 1997b

356089 Uranium-238 0.886 ± 0.24 pCi/L 100 * NDEP, 1997b

* = Regulatory limits based on solidification for landfill.
J = Concentration is an estimate.
NA = Not applicable
µg/L = Micrograms per liter
pCi/L = Picocuries per liter
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Table D.3-8
Sludge Sample (356018) Results

Detected Above Minimum Reporting Limits 

Parameter Result Units
Regulatory

Limits
Regulatory
Reference

Extractable Petroleum Hydrocarbon 4,100 (J)a mg/kg 100  NAC, 1996b 

Arsenic 74.0 mg/kg NA CFR, 2000a

Barium 243 mg/kg NA CFR, 2000a

Chromium 52.3 mg/kg NA CFR, 2000a

Lead 72.5 mg/kg NA CFR, 2000a

Selenium 16.0 mg/kg NA CFR, 2000a

Silver 9.9 mg/kg NA CFR, 2000a

Mercury 2.6 mg/kg NA CFR, 2000a

Acenaphthene 9,800 (J)a µg/kg NA CFR, 2000a

Anthracene 18,000 (J)a µg/kg NA CFR, 2000a

Benzo(a)anthracene 46,000 (J)a µg/kg NA CFR, 2000a

Benzo(a)pyrene 36,000 (J)a µg/kg NA CFR, 2000a

Benzo(b)fluoranthene 27,000 (J)a µg/kg NA CFR, 2000a

Benzo(ghi)perylene 15,000 (J)a µg/kg NA CFR, 2000a

Benzo(k)fluoranthene 28,000 (J)a µg/kg NA CFR, 2000a

Carbazole 9,000 (J)a µg/kg NA CFR, 2000a

Chrysene 49,000 (J)a µg/kg NA CFR, 2000a

Dibenzo(a,h)anthracene 7,400 (J)a µg/kg NA CFR, 2000a

Fluoranthene 85,000 (J)a µg/kg NA CFR, 2000a

Indeno(1,2,3-cd)pyrene 19,000 (J)a µg/kg NA CFR, 2000a

Phenanthrene 51,000 (J)a µg/kg NA CFR, 2000a

Pyrene 81,000 (J)a µg/kg NA CFR, 2000a

Americium-241 3.07 ± 0.71 (J)b pCi/g NA CFR, 2000a

Potassium-40 27.5 ± 5.3 pCi/g 100 NDEP, 1997b

Lead-212 1.8  ± 0.34 (J)c pCi/g NA NDEP, 1997b

Lead-214 1.32 ± 0.38 pCi/g NA NDEP, 1997b

Thallium-208 0.619 ± 0.23 pCi/g NA NDEP, 1997b

Uranium-234 38.2 ± 7 pCi/g 100 NDEP, 1997b

Uranium-235 0.48 ± 0.11 pCi/g 100 NDEP, 1997b

Uranium-238 11.6 ± 2.1 pCi/g 100 NDEP, 1997b

Plutonium-238 1.03 ± 0.22 (J)c pCi/g 10 NDEP, 1997b

Plutonium239/240 66.2 ± 11 (J)c pCi/g 10 NDEP, 1997b

aQualifier added to laboratory data; record accepted.  Surrogates diluted out.
bQualifier added to laboratory data; record accepted.  Duplicate normalized difference outside control limits.
cQualifier added to laboratory data; record accepted.  Duplicate relative percent difference over the control limits.

mg/kg = Milligrams per kilogram
µg/kg = Micrograms per kilogram
pCi/g = Picocuries per gram
J = Estimated value
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CAS.  The highest concentrations were 2.23 pCi/g americium-241 and 16.4 pCi/g 

plutonium-239/240.

D.3.4 Revised Conceptual Model

No variations to the conceptual model were identified. 
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D.4.0 CAS 03-09-01 (Mud Pit Spill Over)

Corrective Action Site 03-09-01, Mud Pit Spill Over, is located south of the U3ly emplacement hole 

in Area 3, and consists of two mud pits (a larger return pit and a smaller suction pit), and a mud spill.  

Drilling for the U3ly emplacement hole began in September 1984 and ceased in October 1984 

(RSN, 1991); however, tests were never performed at this hole.  It can be assumed that the mud pits 

were created around that time.  An as-built drawing dated September 1984 shows plans for the two 

mud pits associated with the U3ly emplacement hole (H&N, 1984).

The return pit is approximately 130 by 120 ft surrounded by a berm measuring 5 to 6 ft above ground 

surface.  Mud levels vary from recharge area (highest) to the channel (lowest) resulting in a distinct 

slope.  The return pit connects to the suction pit by a channel, which previously contained a weir box 

to control flow.  The suction pit is approximately 125 by 15 ft.  Obvious low points were noticed in 

both the return and suction pits.

The mud spill is located at the southern end of the suction pit, and is apparently the result of an 

overflow of the small pit or a weir box failure.  The spill area measures approximately 100 by 70 ft.

D.4.1 SAFER Investigation

Nine closure soil samples and associated QC samples were collected during the field activities 

conducted at CAS 03-09-01 and are listed in Table D.4-1.  The planned sample locations at 

CAS 03-09-01 are shown in Figure A.2-2 of the SAFER Plan.  The actual characterization sample 

locations are shown in Figure D.4-1.       

Biased surface and subsurface soil samples were collected from low points in both the suction and 

return pit, near the channel mouth in the return pit, from a point of maximum mud accumulation in 

the suction pit, and from the channel between the pits (surface sample only).  Surface samples were 

collected by hand, using the scoop and trowel method.  Subsurface samples were collected using 

Geoprobe® direct-push technology.  The Geoprobe® equipment was mounted on the back of a 

four-wheel drive Ford Pathfinder.
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Soil cores were collected in lexan liners and brought to the sampling table.  The site geologist visually 

inspected the core and selected the sampling interval based on lithology, normally one foot 

distributed evenly across the mud/native soil interface.  The lexan liner was cut open and the selected 

Table D.4-1  
Samples Collected from CAS 03-09-01, Mud Pit Spill Over

Sample
Number

Sample
Location

Depth
(ft bgs)

Sample
Matrix

Purpose Analyses

356020
Return pit 
low point

1.7 - 2.7 Soil SC Set 1

356021
Channel mouth in 

return pit
5.5 - 6.5 Soil SC Set 1

356022
Surface at return 

pit low point
0.0 - 0.5 Soil SC Set 2

356084
Surface at return 

pit low point
0.0 - 0.5 Soil

Field Duplicate
of #356022

Set 2

356023
Surface at 

channel mouth in 
return pit 

0.0 - 0.5 Soil SC, MS/MSD Set 2

356024
Middle of channel 

between pits
0.0 - 0.5 Soil SC Set 1

356025
Suction pit 
low point

3.0 - 4.0 Soil SC Set 1

356026
Suction pit point 

of maximum 
accumulation

3.25 - 4.25 Soil SC Set 1

356027
Surface at suction 

pit low point
0.0 - 0.5 Soil SC Set 1

356028

Surface at suction 
pit point of 
maximum 

accumulation

0.0 - 0.5 Soil SC Set 1

356083 NA NA Water Field Blank Set 2

356085 NA NA Water Trip Blank VOC

ft bgs = Feet below ground surface
SC = Site characterization
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Set 1:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO); Gamma Spectrometry
Set 2:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
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Figure D.4-1
CAS 03-09-01, Mud Pit Spill Over Sample Locations
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sample interval was placed in a decontaminated stainless-steel bowl and field screened.  Sample 

aliquots were collected and containerized per the Field Instruction (FI) and applicable SQPs.  

D.4.1.1 SAFER Plan Implementation

The following field activities were conducted at CAS 03-09-1 to meet SAFER Plan requirements:

• Collected surface and subsurface mud/soil samples at biased locations in both pits and the 
channel between the pits.

• Field screened soil samples for VOCs and alpha and beta/gamma radiation. 

• Submitted samples for off-site laboratory analysis.    

D.4.1.2 Deviations

There were no deviations from the proposed field activities listed in the SAFER Plan.

D.4.2 Investigation Results

The following subsections provide CAS-specific field screening and sample analysis results.

D.4.2.1 Field-Screening Results

Soil samples were field screened for VOCs and alpha and beta/gamma radiation.  The field-screening 

results (FSRs) were compared to FSLs to guide sampling decisions.  The FSRs did not exceed FSLs 

in any of the samples.

D.4.2.2 Sample Analyses

Closure soil samples were analyzed for the SAFER Plan-specified COPCs which included total 

VOCs, total SVOCs, total RCRA metals, TPH (DRO and GRO), PCBs (not required by SAFER 

Plan), isotopic uranium, isotopic plutonium, and gamma-emitting radionuclides.  

The analytical parameters and laboratory analytical methods used to analyze the closure samples are 

listed in Table D.2-1.  Table D.4-1 lists the sample-specific analytical parameters.
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D.4.2.3 Analytes Detected Above Minimum Reporting Limits

Samples with results greater than the MRLs are presented in Tables D.4-2 to D.4-6.  No analytes were 

detected above the PALs established in the SAFER Plan.  

D.4.2.3.1 Total Volatile Organic Compound Analytical Results for Soil Samples

Table D.4-2 lists the sample that had a total VOC concentration above the MRLs established in the 

SAFER Plan.  No samples had concentrations that exceed PALs.    

D.4.2.3.2 Total Semivolatile Organic Compound Analytical Results for Soil Samples

No total SVOC analytical results for soil exceeded the MRLs or PALs established in the SAFER 

Plan.

D.4.2.3.3 Total Petroleum Hydrocarbon Analytical Results for Soil Samples

No TPH (DRO and GRO) analytical results for soil exceeded the MRLs or PALs established in the 

SAFER Plan.  

Table D.4-2
Soil Sample Results for Total VOCs 

Detected Above Minimum Reporting Limits

Sample 
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (µg/kg)

Acetone

Preliminary Action Levelsa 6,200,000

356021 5.5 - 6.5 72 (J)

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).

ft bgs = Feet below ground surface
µg/kg = Micrograms per kilogram
J = Estimated value.  Qualifier added to laboratory data.  Relative response factor <0.05.  Percent relative standard 

deviation exceeded 30%.
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D.4.2.3.4 Total RCRA Metals Results in Soil Samples

The total RCRA metals detected in soil samples at concentrations exceeding PALs are listed in 

Table D.4-3 and discussed below.  Only arsenic exceeded the PALs for RCRA metals established in 

the SAFER Plan.     

Arsenic was detected above the PAL of 2.7 mg/kg in most of the soil samples analyzed.  The mean 

concentration of arsenic in silt from the Nellis Air Force Range is 7 to 8 mg/kg (NBMG, 1998; 

Moore, 1999).  Most arsenic concentrations presented in Table D.4-3 exceed the PAL, but are 

considered representative of ambient conditions at the site. 

D.4.2.3.5 Polychlorinated Biphenyl Results for Soil Samples

Table D.4-4 lists the samples that had PCB concentrations above the MRLs established in the SAFER 

Plan.  No samples had concentrations that exceed PALs.    

Table D.4-3
Soil Sample Results for Total RCRA Metals 
Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead

Preliminary Action Levelsa 2.7 100,000 450 750

356020 1.7 - 2.7 5.4 178 7.7 10.1

356021 5.5 - 6.5 5.7 142 7.5 9.2

356022 0.0 - 0.5 2.9 84.7 -- 6.4

356023 0.0 - 0.5 1.7 163 -- 10.1

356024 0.0 - 0.5 4.4 154 6.7 8.8

356025 3.0 - 4.0 5.2 166 7.3 9.5

356026 3.25 - 4.25 5.7 199 8.1 10.9

356027 0.0 - 0.5 2.4 245 1.5 8.4

356028 0.0 - 0.5 3.3 220 1.5 8.0

356084 0.0 - 0.5 2.9 75.5 -- 6.1

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
mg/kg = Milligrams per kilogram
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D.4.2.3.6 Gamma Spectrometry Results in Soil Samples

Gamma spectrometry was used to analyze select soil samples in support of waste management 

determinations only (Table D.4-5).  The results did not indicate the presence of man-made 

radionuclides at concentrations greater than and distinguishable from background concentrations 

(US Ecology and Atlan-Tech, 1992; McArthur and Miller, 1989).    

D.4.2.3.7 Isotopic Results for Soil Samples

Isotopic analyses were used to analyze select soil samples in support of waste management 

determinations only (Table D.4-6).  The results did not indicate the presence of man-made 

radionuclides at concentrations greater than and distinguishable from background concentrations 

(US Ecology and Atlan-Tech, 1992; McArthur and Miller, 1989).     

D.4.2.4  Contaminants of Concern

Based on the aforementioned analytical results, no COCs are present in the mud or the soil under the 

mud pit.  

D.4.3 Nature and Extent of Contamination

No COCs are present.

Table D.4-4
Soil Sample Results for PCBs Detected

Above Minimum Reporting Limits

Sample
Number

Depth
(ft bgs)

Contaminants of Potential Concern (µg/kg)

Aroclor 1248 Aroclor 1254

Preliminary Action Levelsa 1,000 1,000

356027 0.0 - 0.5 -- 410

356028 0.0 - 0.5 89 --

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).

ft bgs = Feet below ground surface
µg/kg = Micrograms per kilogram
-- = Not detected above minimum, reporting limit
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D.4.4 Revised Conceptual Model

 No variations to the conceptual model were identified. 

Table D.4-5
Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (pCi/g)
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32

b

Preliminary Action Levels 3.64 3.47 3.64 3.47 97.7 3.38 3.64

356020 1.7 - 2.7 -- -- 2.16 ± 0.45 1.45 ± 0.49 33.7 ± 7 0.763 ± 0.21 --

356021 5.5 - 6.5 1.99 ± 0.86 -- 2.22 ± 0.49 1.9 ± 0.45 28.8 ± 5.7 -- --

356022 0.0 - 0.5 2.74 ± 0.94 2.67 ± 1.8 3.07 ± 0.63 1.65 ± 0.55 32.2 ± 6.1 0.917 ± 0.27 --

356023 0.0 - 0.5 2.53 ± 0.74 -- 2.36 ± 0.41 1.12 ± 0.38 28.4 ± 5.1 0.677 ± 0.21 3.31 ± 0.85

356024 0.0 - 0.5 2.32 ± 0.63 -- 1.96 ± 0.34 1.37 ± 0.41 30 ± 5.3 -- --

356025 3.0 - 4.0 -- -- 1.73 ± 0.6 2.22 ± 0.6 29.6 ± 6.2 -- --

356026 3.25 - 4.25 -- -- 2.08 ± 0.49 1.36 ± 0.42 29.1 ± 5.6 0.537 ± 0.23 --

356027 0.0 - 0.5 -- -- 2.33 ± 0.51 1.41 ± 0.56 24.8 ± 5.8 0.893 ± 0.32 --

356028 0.0 - 0.5 3.59 ± 1.1 -- 1.86 ± 0.5 1.44 ± 0.54 28.2 ± 6.1 0.781 ± 0.22 --

356084 0.0 - 0.5 3.2 ± 1.1 -- 2.59 ± 0.51 1.75 ± 0.5 33.7 ± 6.5 1.03 ± 0.27 --

a
Background concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level Radioactive Waste 
(LLRW) Facility (U.S. Ecology and Atlan-Tech, 1992).

b
Background concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and Miller, 1989).

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
pCi/g = Picocuries per gram
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Table D.4-6
Soil Sample Results for Isotopes Detected Above Minimum Reporting Limits

Sample Number
Depth
(ft bgs)

Contaminants of Potential Concern (pCi/g)

Uranium-234a Uranium-235a Uranium-238b

Preliminary Action Levels 1.56 0.07 3.2

356022 0.0 - 0.5 1.15 ± 0.22 0.049 ± 0.018 (J) 1.24 ± 0.24

356023 0.0 - 0.5 1.12 ± 0.23 0.0481 ± 0.23 (J) 1.17 ± 0.24

356084 0.0 - 0.5 1.16 ± 0.22 0.0493 ± 0.02 (J) 1.23 ± 0.24

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level 
Radioactive Waste (LLRW) Facility (US Ecology and Atlan-Tech, 1992).

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and 
Miller, 1989).

ft bgs = Feet below ground surface
pCi/g = Picocuries per gram
J = Estimated value

Uncontrolled When Printed



CAU 356 Closure Report
Appendix D
Revision:  1
Date:  11/15/2002 
Page D-36 of D-77

D.5.0 CAS 03-09-03, Mud Pit

Corrective Action Site 03-09-03, Mud Pit, is located west of the U3jv crater in Area 3 and consists of 

two mud pits - a larger return pit and a smaller suction pit.  These mud pits are located adjacent to the 

U3jv crater, and are assumed to be associated with the nuclear weapons test that formed this crater.  

The emplacement hole for the nuclear weapons test that created the U3jv crater was drilled in August 

1976.  The mud pits would have been utilized at this time.

The return pit is rectangular in shape, approximately 120 by 52 ft.  The return pit is surrounded by a 

small berm.  The return pit connects to the suction pit by a channel, which previously contained a 

weir box to control flow.  The suction pit is approximately 60 by 20 ft, and is located north of the 

return pit.  The suction pit is surrounded by a berm with thick vegetation.  Obvious low points were 

noted in the return pit, but not in the suction pit.

D.5.1 SAFER Investigation

Nine closure surface and subsurface soil samples and associated QC samples were collected during 

the field activities conducted at CAS 03-09-03 and are listed in Table D.5-1.  The planned sample 

locations at CAS 03-09-03 are shown in Figure A.2-2 of the SAFER Plan.  The actual 

characterization sample locations are shown in Figure D.5-1.          

Biased surface and subsurface soil samples were collected from the low point in the return pit, near 

the channel mouth in the return pit, from the channel between the pits (surface sample only), from a 

point of maximum mud accumulation in the suction pit, and from the center of the suction pit.  

Surface samples were collected by hand using the scoop and trowel method.  Subsurface samples 

were collected using a stainless-steel hand-auger, fitted with a 3-in. diameter, decontaminated, 

open-ended auger bit.

Generally, a pilot hole was augered near the selected sampling location to determine the depth of the 

mud/native soil interface.  The site geologist inspected the lithology of the cuttings to make the 

determination.  Also, differences in ease of augering and the sound of the cutting auger assisted in 

making the depth determination.  Once the sampling interval was established, the auger was advanced 

to the desired sampling depth.  At that point, a decontaminated bit was placed on the auger rod, and 
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Table D.5-1
Samples Collected from CAS 03-09-03, Mud Pit

Sample
Number

Sample
Location

Depth
(ft bgs)

Sample
Matrix

Purpose Analyses

356038
Return pit 
low point

2.0 - 2.5 Soil SC Set 1

356039
Surface at

return pit low point
0.0 - 0.5 Soil SC, MS/MSD Set 1

356040
Mouth of channel 

in return pit
1.4 - 1.9 Soil SC Set 1

356041
Surface at mouth

of channel
in return pit

0.0 - 0.5 Soil SC Set 1

356042
Surface from 

middle of channel 
between pits

0.0 - 0.5 Soil SC Set 1

356073
Surface from 

middle of channel 
between pits

0.0 - 0.5 Soil
Field Duplicate

of #356042
Set 1

356043
Suction pit at 

point of maximum 
accumulation

1.7 - 2.2 Soil SC Set 1

356044

Surface at suction 
pit point of 
maximum 

accumulation

0.0 - 0.5 Soil SC Set 1

356045
Center of 
suction pit

1.1 - 1.6 Soil SC Set 1

356046
Surface at center 

of suction pit
0.0 - 0.5 Soil SC Set 1

356072 NA NA Water
Equipment

Rinsate Blank
Set 2

356074 NA NA Water Field Blank Set 1

356075 NA NA Water Trip Blank VOC

ft bgs = Feet below ground surface
SC = Site characterization
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Set 1:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO); Gamma Spectrometry
Set 2:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
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Figure D.5-1
CAS 03-09-03, Mud Pit Sample Locations
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the bit advanced through the desired interval.  When the bit was full of sample material, it was 

carefully retrieved from the hole and the contents pushed out into a stainless-steel sampling bowl.  

Any slough that may have fallen into the sample was discarded.  The sample material was field 

screened, and sample aliquots were collected and containerized per the FI and applicable SQPs.

D.5.1.1 SAFER Plan Implementation

The following field activities were conducted at CAS 03-09-03 to meet SAFER Plan requirements:

• Collected mud/soil samples at biased locations in both pits and in the channel between the 
pits.

• Field screened soil samples for VOCs and alpha and beta/gamma radiation. 

• Submitted samples for off-site laboratory analysis.    

D.5.1.2 Deviations

There were no deviations from the proposed field activities listed in the SAFER Plan.

D.5.2 Investigation Results

The following subsections provide CAS-specific field screening and sample analysis results.

D.5.2.1 Field-Screening Results

Soil samples were field screened for VOCs and alpha and beta/gamma radiation.  The FSRs were 

compared to FSLs to guide sampling decisions.  The FSRs did not exceed FSLs in any of the samples. 

D.5.2.2 Sample Analyses

Closure samples were analyzed for the SAFER Plan-specified COPCs, which included total VOCs, 

total SVOCs, total RCRA metals, TPH (DRO and GRO), PCBs (not required by the SAFER Plan), 

isotopic uranium, isotopic plutonium, and gamma-emitting radionuclides.  

The analytical parameters and laboratory analytical methods used to analyze the closure samples are 

listed in Table D.2-1.  Table D.5-1 lists the sample-specific analytical parameters.

Uncontrolled When Printed



CAU 356 Closure Report
Appendix D
Revision:  1
Date:  11/15/2002 
Page D-40 of D-77

D.5.2.3 Analytes Detected Above Minimum Reporting Limits  

Samples with results greater than the MRLs are presented in the following tables.  No analytes were 

detected above the PALs established in the SAFER Plan.

D.5.2.3.1 Total Volatile Organic Compound Analytical Results for Soil Samples

Table D.5-2 lists the sample result that had a total VOC concentration above the MRLs established in 

the SAFER Plan.  No samples had concentrations that exceed PALs.   

D.5.2.3.2 Total Semivolatile Organic Compound Analytical Results for Soil Samples

No total SVOCs analytical results for soil exceeded the MRLs or PALs established in the SAFER 

Plan.

D.5.2.3.3 Total Petroleum Hydrocarbon Analytical Results for Soil Samples

No PCB analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan. 

D.5.2.3.4 Total RCRA Metals Results in Soil Samples

The total RCRA metals detected in soil samples at concentrations exceeding PALs are listed in 

Table D.5-4 and discussed below.  Only arsenic exceeded the PALs for RCRA metals established in 

the SAFER Plan.  

Table D.5-2
Soil Sample Results for Total VOCs 

Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (µg/kg)

Acetone Methylene Chloride

Preliminary Action Levelsa 6,200,000 21,000

356038 2.0 - 2.5 220 (J) 9.0

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).

ft bgs = Feet below ground surface
µg/kg = Micrograms per kilogram
J = Estimated value.  Qualifier added to laboratory data; record accepted.  Relative response factor <0.05.  Percent 

relative standard deviation exceeded 30%.
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Arsenic was detected above the PAL of 2.7 mg/kg in most of the soil samples analyzed.  The mean 

concentration of arsenic in silt from the Nellis Air Force Range is 7 to 8 mg/kg (NBMG, 1998; 

Moore, 1999).  Most arsenic concentrations presented in Table D.5-3 exceed the PAL, but are 

considered representative of ambient conditions at the site.     

D.5.2.3.5 Polychlorinated Biphenyl Results for Soil Samples

No PCB analytical results for soil exceeded the PALs established in the SAFER Plan.

Table D.5-3
Soil Sample Results for Total RCRA Metals 
Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead Mercury

Preliminary Action Levelsa 2.7 100,000 450 750 610

356038 2.0 - 2.5 5.1 276 (J)b 5.6 16.1 (J)c 0.066

356039 0.0 - 0.5 10.6 209 (J)b 10.3 13.9 (J)c --

356040 1.4 - 1.9 11.0 188 (J)b 10.5 15.8 (J)c --

356041 0.0 - 0.5 6.9 164 (J)b 5.9 8.4 (J)c --

356042 0.0 - 0.5 6.4 149 (J)b 7.2 10.5 (J)c --

356043 1.7 - 2.2 4.9 150 (J)b 6.8 9.3 (J)c --

356044 0.0 - 0.5 5.6 193 (J)b 9.5 15.5 (J)c --

356045 1.1 - 1.6 4.0 198 (J)b 5.8 10.8 (J)c --

356046 0.0 - 0.5 6.9 171 (J)b 9.9 11.1 (J)c --

356073 0.0 - 0.5 5.6 165 (J)b 5.3 13.0 (J)c --

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).
bQualifier added to laboratory data; record accepted.  Spike recovery was outside control limits.
cQualifier added to laboratory data; record accepted.  Inductively coupled plasma serial dilution recovery was not met.  Matrix effects 

may exist.

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
mg/kg = Milligrams per kilogram
J = Estimated value
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D.5.2.3.6 Gamma Spectrometry Results in Soil Samples

Gamma spectrometry was used to analyze select soil samples in support only of waste management 

determinations (Table D.5-4).  The results did not indicate the presence of man-made radionuclides at 

concentrations greater than and distinguishable from background concentrations (US Ecology and 

Atlan-Tech, 1992; McArthur and Miller, 1989).    

D.5.2.3.7 Isotopic Results for Soil Samples

No isotopic analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan.  

The results did not indicate the presence of man-made radionuclides at concentrations greater than 

Table D.5-4
Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits

Sample 
Number

Depth
(ft bgs)

Contaminants of Potential Concern (pCi/g)
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Preliminary Action 
Levels

3.64 3.64 3.47 97.7 3.47 3.38 3.64

356038 2.0 - 2.5 2.58 ± 0.66 1.87 ± 0.32 1.17 ± 0.31 29.4 ± 4.8 -- 0.712 ± 0.17 --

356039 0.0 - 0.5 2.68 ± 0.92 2.03 ± 0.45 1.14 ± 0.33 24.7 ± 4.6 -- -- --

356040 1.4 - 1.9 -- 2 ± 0.52 1.2 ± 0.44 22.7 ± 4.5 -- -- 3.58 ± 1.2

356041 0.0 - 0.5 -- 2.32 ± 0.39 1.24 ± 0.37 28.1 ± 5.5 -- 0.798 ± 0.22 --

356042 0.0 - 0.5 1.85 ± 0.55 1.89 ± 0.33 0.864 ± 0.36 37.2 ± 5.9 1.02 ± 0.28 0.579 ± 0.24 1.81 ± 0.77

356043 1.7 - 2.2 2.31 ± 0.71 1.9 ± 0.34 1.38 ± 0.34 32.5 ± 5.4 -- 0.397 ± 0.17 --

356044 0.0 - 0.5 3.11 ± 0.97 2.43 ± 0.41 1.29 ± 0.43 35.7 ± 6.2 -- 0.858 ± 0.22 2.11 ± 0.98

356045 1.1 - 1.6 2.1 ± 0.69 1.91 ± 0.33 1.11 ± 0.32 31.1 ± 5.4 -- 0.688 ± 0.17 --

356046 0.0 - 0.5 2.22 ± 0.7 2.24 ± 0.46 1.32 ± 0.45 34.8 ± 6.2 -- 0.618 ± 0.25 2.65 ± 1

356073 0.0 - 0.5 2.25 ± 0.71 2.37 ± 0.45 1.56 ± 0.39 35 ± 6 -- 0.663 ± 0.19 --

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level Radioactive 
Waste (LLRW) Facility (US Ecology and Atlan-Tech, 1992).

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and 
Miller, 1989).

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
pCi/g = Picocuries per gram
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and distinguishable from background concentrations (US Ecology and Atlan-Tech, 1992; McArthur 

and Miller, 1989).  

D.5.2.4 Contaminants of Concern

Based on the aforementioned analytical results, no COCs are present in the mud or the soil under the 

mud pit.  

D.5.3 Nature and Extent of Contamination

No COCs are present.

D.5.4 Revised Conceptual Model

 No variations to the conceptual model were identified. 
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D.6.0 CAS 03-09-04, Mud Pit

Corrective Action Site 03-09-04, Mud Pit, consists of a single pit located west of the potential crater 

area of U3gi in Area 3.  The exploratory drill hole for U3gi is located between this mud pit and the 

U3gi emplacement hole.  The U3gi emplacement hole was drilled in August 1972, an exploratory 

hole was drilled in November 1972, and the nuclear weapons test associated with the U3gi crater was 

conducted in December 1972.  The mud pit is believed to be the preshot and/or exploratory drill hole 

mud pit.

The mud pit measures approximately 105 by 35 ft with bermed sides.  A piece of wood debris is 

present on the northeast side of the pit.  Soil originally excavated during construction of the mud pit 

forms a dirt mound on the southwest margin of the mud pit.

D.6.1 SAFER Investigation

Four closure soil samples and associated QC samples were collected during the field activities 

conducted at CAS 03-09-04 and are listed in Table D.6-1.  The planned sample locations at 

CAS 03-09-04 are shown in Figure A.2-2 of the SAFER Plan.  The actual characterization sample 

locations are shown in Figure D.6-1.        

Biased surface and subsurface soil samples were collected from the low point and the point of 

maximum mud accumulation in the mud pit.  Surface samples were collected by hand using the scoop 

and trowel method.  Subsurface samples were collected using a stainless-steel hand-auger, fitted with 

a 3-in. diameter, decontaminated, open-ended auger bit.

A pilot hole was augered near the selected sampling location to determine the depth of the mud/native 

soil interface.  The site geologist inspected the lithology of the cuttings to make the determination.  

Also, differences in ease of augering and the sound of the cutting auger assisted in making the depth 

determination.  Once the sampling interval was established, the auger was advanced to the desired 

sampling depth.  At that point, a decontaminated bit was placed on the auger rod, and the bit advanced 

through the desired interval.  When the bit was full of sample material, it was carefully retrieved from 

the hole and the contents pushed out into a stainless-steel sampling bowl.  Any slough that may have 
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fallen into the sample was discarded.  The sample material was field screened, and sample aliquots 

were collected and containerized per the FI and applicable SQPs. 

D.6.1.1 SAFER Plan Implementation

The following field activities were conducted at CAS 03-09-04 to meet SAFER Plan requirements:

• Collected mud/soil samples at biased locations in the pit.
• Field screened soil samples for VOCs and alpha and beta/gamma radiation. 
• Submitted samples for off-site laboratory analysis.    

D.6.1.2 Deviations

There were no deviations from the proposed field activities listed in the SAFER Plan.

Table D.6-1
Samples Collected from CAS 03-09-04, Mud Pit 

Sample
Number

Sample
Location

Depth
(ft bgs)

Sample
Matrix

Purpose Analyses

356047 Mud pit low point 0.8 - 1.3 Soil SC Set 2

356048
Surface at mud pit 

low point
0.0 - 0.5 Soil SC, MS/MSD Set 1

356050
Point of maximum 

accumulation
0.9 - 1.4 Soil SC Set 1

356051
Surface at point of 

maximum 
accumulation

0.0 - 0.5 Soil SC Set 1

356069
Surface at point of 

maximum 
accumulation

0.0 - 0.5 Soil
Field Duplicate

of #356051
Set 1

356070 NA NA Water Trip Blank VOC

356071 NA NA Water Field Blank Set 2

ft bgs = Feet below ground surface
SC = Site characterization
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Set 1:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO); Gamma Spectrometry
Set 2:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
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Figure D.6-1
CAS 03-09-04, Mud Pit Sample Locations
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D.6.2 Investigation Results

The following subsections provide CAS-specific field screening and sample analysis results.

D.6.2.1 Field-Screening Results

Soil samples were field screened for VOCs and alpha and beta/gamma radiation.  The FSRs were 

compared to FSLs to guide sampling decisions.  The FSLs were not exceeded in any of the samples.  

D.6.2.2 Sample Analyses

Select closure samples were analyzed for the SAFER Plan-specified COPCs which included total 

VOCs, total SVOCs, total RCRA metals, TPH (DRO and GRO), PCBs (not required by the SAFER 

Plan), isotopic uranium, isotopic plutonium, and gamma-emitting radionuclides.  

The analytical parameters and laboratory analytical methods used to analyze the closure samples are 

listed in Table D.2-1.  Table D.6-1 lists the sample-specific analytical parameters.

D.6.2.3 Analytes Detected Above Minimum Reporting Limits

Samples with results greater than the MRLs or PALs are presented in the following tables.

D.6.2.3.1 Total Volatile Organic Compound Analytical Results for Soil Samples

Table D.6-2 lists the sample that had a total VOC concentration above the MRLs established in the 

SAFER Plan.  No samples had concentrations that exceed PALs.      

D.6.2.3.2 Total Semivolatile Organic Compound Analytical Results for Soil Samples

No total SVOCs analytical results for soil exceeded the PALs established in the SAFER Plan.

D.6.2.3.3 Total Petroleum Hydrocarbon Analytical Results for Soil Samples

Table D.6-3 lists the soil samples that have TPH (DRO and GRO) concentrations above the MRLs 

established in the Leachfield Work Plan and SAFER Plan.  Three samples had results that exceeded 

PALs.    
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D.6.2.3.4  Total RCRA Metal Results in Soil Samples

The total RCRA metals detected in soil samples at concentrations exceeding PALs are listed in 

Table D.6-4 and discussed below.  Only arsenic exceeded the PALs for RCRA metals established in 

the SAFER Plan.     

Arsenic was detected above the PAL of 2.7 mg/kg in most of the soil samples analyzed.  The mean 

concentration of arsenic in silt from the Nellis Air Force Range is 7 to 8 mg/kg (NBMG, 1998; 

Table D.6-2
Soil Sample Results for Total VOCs 

Detected Above Minimum Reporting Limits 

Sample
 Number

Depth (ft bgs)

Contaminants of Potential Concern 
(µg/kg)

Methylene Chloride

Preliminary Action Levelsa 21,000

356069 0.0 - 0.5 8.2

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) 
(EPA, 2000).

ft bgs = Feet below ground surface
µg/kg = Micrograms per kilogram

Table D.6-3
Soil Sample Results for TPH-DRO 

Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Diesel-Range Organics, also reported as 
Extractable Petroleum Hydrocarbon (EPH)

Preliminary Action Levelsa 100

356050 0.9 - 1.4 160

356051 0.0 - 0.5 170

356069 0.0 - 0.5 200

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs)
(EPA, 2000).

ft bgs = Feet below ground surface
mg/kg = Milligrams per kilogram
EPH = Extractable Petroleum Hydrocarbon
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Moore, 1999).  Arsenic concentrations presented in Table D.5-3 exceed the PAL, but are considered 

representative of ambient conditions at the site. 

D.6.2.3.5 Polychlorinated Biphenyl Results for Soil Samples

No PCB analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan.

D.6.2.3.6 Gamma Spectrometry Results in Soil Samples

Gamma spectrometry was used to analyze select soil samples in support of only waste management 

determinations (Table D.6-5).  The results did not indicate the presence of man-made radionuclides at 

concentrations greater than and distinguishable from background concentrations (US Ecology and 

Atlan-Tech, 1992; McArthur and Miller, 1989).       

D.6.2.3.7 Isotopic Results for Soil Samples

No isotopic analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan.  

The results did not indicate the presence of man-made radionuclides at concentrations greater than 

Table D.6-4
Soil Sample Results for Total RCRA Metals 
Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead

Preliminary Action Levelsa 2.7 100,000 450 750

356047 0.8 - 1.3 6.9 216 (J)b 8.6 14.6 (J)c

356048 0.0 - 0.5 17.9 383 (J)b 14.6 16.3 (J)c

356050 0.9 - 1.4 8.5 367 (J)b 9.7 25.0 (J)c

356051 0.0 - 0.5 9.3 325 (J)b 8.7 29.1 (J)c

356069 0.0 - 0.5 15.1 491 (J)b 11.3 68.8 (J)c

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).
bQualifier added to laboratory data; record accepted.  Spike recovery was outside control limits.
cQualifier added to laboratory data; record accepted.  Inductively coupled plasma serial dilution recovery was not met.  Matrix 

effects may exist.

ft bgs = Feet below ground surface
mg/kg = Milligrams per kilogram
J = Estimated value
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and distinguishable from background concentrations (US Ecology and Atlan-Tech, 1992; McArthur 

and Miller, 1989).  

D.6.2.4 Contaminants of Concern

Two samples and the field duplicate exceeded the TPH PAL of 100 mg/kg.  

D.6.3 Nature and Extent of Contamination

Total petroleum hydrocarbon was determined to be a COC.  The concentration of TPH ranged from 

160 to 200 mg/kg. 

D.6.4 Revised Conceptual Model

 No variations to the conceptual model were identified. 

Table D.6-5
Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits

Sample
Number

Depth
(ft bgs)

Contaminants of Potential Concern (pCi/g)
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3.64 3.47 7.033 3.64 3.47 97.7 3.38

356047 0.8 - 1.3 2.25 ± 0.7 -- -- 2.45 ± 0.48 1.19 ± 0.4 28 ± 5.1 0.654 ± 0.2

356048 0.0 - 0.5 -- -- 0.712 ± 0.25 2.44 ± 0.45 1.81 ± 0.46 18.6 ± 5.1 --

356050 0.9 - 1.4 2.54 ± 0.79 -- -- 1.77 ± 0.43 1.43 ± 0.63 25.4 ± 5.4 0.63 ± 0.23

356051 0.0 - 0.5 -- -- -- 2.06 ± 0.53 1.2 ± 0.45 21.9 ± 5.5 0.733 ± 0.18

356069 0.0 - 0.5 2.62 ± 0.76 -- 0.537 ± 0.16 1.92 ± 0.44 1.6 ± 0.38 18 ± 4.2 0.789 ± 0.21

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level Radioactive 
Waste (LLRW) Facility (US Ecology and Atlan-Tech, 1992).

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and 
Miller, 1989).

ft bgs  = Feet below ground surface
-- = Not detected above minimum reporting limits
pCi/g = Picocuries per gram
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D.7.0 CAS 03-09-05, Mud Pit

Corrective Action Site 03-09-05, Mud Pit, consists of a single pit located northeast of the U3La crater 

in Area 3.  Drilling for the U3La emplacement hole was completed in August 1979, and the 

corresponding nuclear weapons test was conducted in May 1982.  The mud pit may have been used 

during this time frame.

The mud pit measures approximately 225 by 150 ft and is bermed on three sides.  The southern side, 

located near the crater edge, is not bermed.  The elevated sides of the pit are the result of the large 

excavation rather than engineered berms.  The base of the pit is approximately 10 ft beneath the 

ground surface and contains a thin layer of mud.

Asphalt debris from an old road was located in the northwest area of the mud pit and asphalt 

fragments range in size up to several feet long and one-inch thick.  The area of asphalt debris 

measured approximately 110 by 6 ft.

D.7.1 SAFER Investigation

Six closure samples were collected during the field activities conducted at CAS 03-09-05 and are 

listed in Table D.7-1.  The planned sample locations at CAS 03-09-05 are shown in Figure A.2-2 of 

the SAFER Plan.  The actual characterization sample locations are shown in Figure D.7-1.       

Biased subsurface soil samples were collected from the low point and from the point of maximum 

mud accumulation in the mud pit.  Surface samples were not collected at these locations due to the 

shallowness of the mud/native soil interface (approximately 0.5 to 0.75 ft bgs).  Subsurface samples 

were collected using Geoprobe® direct-push equipment, mounted on the back of a four-wheel drive 

vehicle.  Soil cores were collected in lexan liners and brought to the sampling table.  The site 

geologist visually inspected the core and selected the sampling interval based on lithology, normally 

one foot distributed evenly across the mud/native soil interface.  The lexan liner was cut open and the 

selected sample interval was placed in a decontaminated stainless-steel bowl and field screened.  

Sample aliquots were collected and containerized per the field instruction (FI) and applicable SQPs.   
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Surface samples were collected within the footprint of the removed asphalt pile, formerly located in 

the northwest corner of the pit.  Two of these samples (356212 and 356213) were collected at a later 

date after more of the asphalt-contaminated soil had been removed to confirm the complete removal 

of asphalt.  Surface samples were collected by hand, using the scoop and trowel method, and 

containerized as described above.  

Table D.7-1
Samples Collected from CAS 03-09-05, Mud Pit

Sample
Number

Sample
Location

Depth
(ft bgs)

Sample
Matrix

Purpose Analyses

356029 Mud pit low point 0.25 - 1.25 Soil SC Set 1

356080 Mud pit low point 0.25 - 1.25 Soil
Field Duplicate

of #356029
Set 1

356030 Center of mud pit 0.0 - 1.0 Soil SC, MS/MSD Set 1

356031
Middle of asphalt 

pile footprint
0.0 - 0.5 Soil SC Set 1

356049
North end of 
asphalt pile 

footprint
0.0 - 0.5 Soil SC Set 1

356212
Middle of asphalt 

pile footprint
0.0 - 0.25 Soil SC Set 5

356213
North end of 
asphalt pile 

footprint
0.0 - 0.25 Soil SC Set 5

356079 NA NA Water
Equipment

Rinsate Blank
Set 3

356081 NA NA Water Field Blank Set 1

356082 NA NA Water Trip Blank VOC

ft bgs = Feet below ground surface
SC = Site characterization
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Set 1:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO); Gamma Spectrometry
Set 3:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
Gross Alpha/Beta, Tritium
Set 5:  TPH (DRO), Isotopic Uranium, Isotopic Americium
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Figure D.7-1
CAS 03-09-05, Mud Pit Sample Locations
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D.7.1.1 SAFER Plan Implementation

The following field activities were conducted at CAS 03-09-05 to meet SAFER Plan requirements:

• Collected mud/soil samples at biased locations within the pit.
• Collected surface soil samples from the footprint of the asphalt pile.
• Field screened soil samples for VOCs and alpha and beta/gamma radiation. 
• Submitted samples for off-site laboratory analysis.    

D.7.1.2 Deviations

There were no deviations from the proposed field activities listed in the SAFER Plan.

D.7.2 Investigation Results

The following subsections provide CAS-specific field screening and sample analysis results.

D.7.2.1 Field-Screening Results

Soil samples were field screened for VOCs and alpha and beta/gamma radiation.  The FSRs were 

compared to FSLs to guide sampling decisions.  The FSLs were not exceeded in any of the samples.

D.7.2.2 Sample Analyses

Closure samples were analyzed for the SAFER Plan-specified COPCs which included total VOCs, 

total SVOCs, total RCRA metals, TPH (DRO and GRO), PCBs (not required by the SAFER Plan), 

isotopic uranium, isotopic plutonium, and gamma-emitting radionuclides.  

The analytical parameters and laboratory analytical methods used to analyze the closure samples are 

listed in Table D.2-1.  Table D.7-1 lists the sample-specific analytical parameters.

D.7.2.3 Analytes Detected Above Minimum Reporting Levels

Samples with results greater than the MRLs and PALs are presented in the following tables.

D.7.2.3.1 Total Volatile Organic Compound Analytical Results for Soil Samples

No total VOC analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan.
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D.7.2.3.2 Total Semivolatile Organic Compound Analytical Results for Soil Samples

No total SVOC analytical results for soil exceeded the MRLs or PALs established in the SAFER 

Plan.

D.7.2.3.3 Total Petroleum Hydrocarbon Analytical Results for Soil Samples

Table D.7-2 lists the soil samples that have TPH (DRO and GRO) concentrations above the MRLs 

established in the Leachfield Work Plan and SAFER Plan.  Two samples had results that exceeded 

PALs.  These samples were from below the asphalt pile.  After the asphalt pile was removed, the 

sample locations were resampled.  One resample was above the MRL (356212) and below the PAL, 

while the second resample (356213) was below the MRL and PAL.  

D.7.2.3.4 Total RCRA Metal Results in Soil Samples

The total RCRA metals detected in soil samples at concentrations exceeding PALs are listed in 

Table D.7-3 and are discussed below.  Only arsenic exceeded the PALs for RCRA metals established 

in the SAFER Plan.       

Table D.7-2
Soil Sample Results for TPH-DRO 

Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Diesel-Range Organics, also reported as 
Extractable Petroleum Hydrocarbon (EPH)

Preliminary Action Levelsa 100

356031 0.0 - 0.5 1,600 (J)

356049 0.0 - 0.5 3,300

356212 0.0 - 0.25 34 (M)

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) 
(EPA, 2000).

ft bgs = Feet below ground surface
mg/kg = Milligrams per kilogram
M = Motor oil
J = Estimated value.  Qualifier added to laboratory data; record accepted.  Surrogates diluted out.
EPH = Extractable Petroleum Hydrocarbon
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Arsenic was detected above the PAL of 2.7 mg/kg in most of the soil samples analyzed.  The mean 

concentration of arsenic in silt from the Nellis Air Force Range is 7 to 8 mg/kg (NBMG, 1998; 

Moore, 1999).  Arsenic concentrations presented in Table D.5-3 exceed the PAL, but are considered 

representative of ambient conditions at the site. 

D.7.2.3.5 Polychlorinated Biphenyl Results for Soil Samples

No PCB analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan.

D.7.2.3.6 Gamma Spectrometry Results in Soil Samples

Gamma spectrometry was used to analyze select soil samples in support of waste management 

determinations only (Table D.7-4).  The results did not indicate the presence of man-made 

radionuclides at concentrations greater than and distinguishable from background concentrations 

(US Ecology and Atlan-Tech, 1992; McArthur and Miller, 1989), except americium-241 in samples 

356031 and 356212.    

Table D.7-3
Soil Sample Results for Total RCRA Metals
Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead

Preliminary Action Levelsa 2.7 100,000 450 750

356029 0.25 - 1.25 4.6 262 49.8 15.4 (J)b

356030 0.0 - 1.0 4.0 310 40.7 16.9 (J)b

356031 0.0 - 0.5 5.3 109 8.9 15.5 (J)b

356049 0.0 - 0.5 4.8 178 (J)c 5.9 11.3 (J)b

356080 0.25 - 1.25 4.8 259 40.5 14.9 (J)b

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).
bQualifier added to laboratory data; record accepted.  Inductively coupled plasma serial dilution recovery was not met.  Matrix
effects may exist.

cQualifier added to laboratory data; record accepted.  Spike recovery was outside control limits.

ft bgs = Feet below ground surface
mg/kg = Milligrams per kilogram
J = Estimated value
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D.7.2.3.7 Isotopic Results for Soil Samples

No isotopic analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan.  

The results did not indicate the presence of man-made radionuclides at concentrations greater than 

and distinguishable from background concentrations (US Ecology and Atlan-Tech, 1992; McArthur 

and Miller, 1989).  

D.7.2.4 Contaminants of Concern

Two samples had results that exceeded PALs.  These samples were from below the asphalt pile.  

After the asphalt pile was removed, the sample locations were resampled.  One resample was above 

the MRL and below the PAL, while the second resample was below the MRL and PAL.

Soil with americium-241 concentrations greater than and distinguishable from background were 

detected in two Phase I samples and one Phase II (post-removal of the asphalt pile) sample.

Table D.7-4
Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits

Sample
Number

Depth
(ft bgs)

Contaminants of Potential Concern (pCi/g)
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Preliminary Action Levels 3.64 0.05 7.033 3.64 3.47 97.7 3.38 3.64

356212 -- -- 0.71 ± 0.13 -- -- -- -- -- --

356029 0.25 - 1.25 3.38 ± 0.99 -- -- 2.49 ± 0.5 1.13 ± 0.4 34.3 ± 6.1 0.98 ± 0.26 2.98 ± 1.3

356030 0.0 - 1.0 2.84 ± 0.73 -- -- 2.57 ± 0.4 1.56 ± 0.38 31.5 ± 5.6 0.958 ± 0.2 2.43 ± 0.86

356031 0.0 - 0.5 -- 1.02 ± 0.51 0.606 ± 0.16 1.31 ± 0.32 1.15 ± 0.31 27.1 ± 4.6 0.442 ± 0.15 --

356049 0.0 - 0.5 -- -- -- 1.22 ± 0.29 -- 25.2 ± 5.9 -- --

356080 0.25 - 1.25 3.02 ± 0.94 -- -- 3.48 ± 0.64 1.6 ± 0.5 31.9 ± 6 0.872 ± 0.23 2.9 ± 1.1

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level Radioactive Waste (LLRW)  
Facility (US Ecology and Atlan-Tech, 1992).

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and Miller, 1989).

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
J = Estimated value
pCi/g = Picocuries per gram
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D.7.3 Nature and Extent of Contamination

Total petroleum hydrocarbon and americium-241 were determined to be COCs.  The maximum 

concentration of TPH was 3,300 mg/kg prior to removal of the asphalt and some soil.  After removal 

of the asphalt and additional soil, the maximum TPH concentration was 34 mg/kg.  The maximum 

concentration of americium-241 prior to asphalt and soil removal was 1.02 pCi/g.  The maximum 

concentration of americium-241 after removal of the asphalt and soil was 0.71 pCi/g.

D.7.4 Revised Conceptual Model

 No variations to the conceptual model were identified. 
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D.8.0 CAS 20-16-01, Landfill, and CAS 20-22-21, Drums (2)

Corrective Action Site 20-16-01, Landfill, occupies the U20b crater in Area 20, and consists of 

disposed, uncontaminated drilling mud from drilling activities conducted on Pahute Mesa.  The 

U20b crater was created after an underground weapons test in October 1969.  Around 1987, the U20b 

crater was designated as a disposal area for excess, uncontaminated drilling mud from the drilling 

activities on Pahute Mesa.  This location was chosen in lieu of transporting the mud from Pahute 

Mesa to the Area 3 Mud Disposal Crater.  The U20b crater landfill was active until approximately 

1992 to 1993, when underground testing ceased.

The U20b crater measures approximately 400 ft in diameter and 48 ft deep based on engineering 

drawings.  Miscellaneous debris, including CAS 20-22-21, Drums (2), was noticed around and within 

the perimeter of the crater.  Mud was observed in the bottom of the crater and appears to be 

approximately 75 ft to 100 ft in diameter.  A berm is located on the west side of the crater and 

contains miscellaneous debris.  A discharge/access point is visible near the entrance of the crater 

where mud was dumped and allowed to flow to the bottom; therefore, some mud accumulated near 

the top of the crater.

D.8.1 SAFER Investigation

Six closure samples were collected during the field activities conducted at CAS 20-16-01 and are 

listed in Table D.8-1.  The actual characterization sample locations are shown in Figure D.8-1.      

Biased surface and subsurface soil samples were collected from the center of the crater at a point 

presumed to be the maximum accumulation of mud (assuming a bowl-shaped crater configuration).  

Surface samples were collected from an area of obvious dried mud along the northwest slope of the 

crater, from a potential mudflow location along the north flank of the crater, and at the mouth of the 

flow channel near the bottom of the crater.  A subsurface sample was collected adjacent to a 

home-made “septic system”; a series of 55-gallon drums connected with plumbing hose laying on the 

ground on the south flank of the crater.  Surface samples were collected by hand, using the scoop and 

trowel method.  Subsurface samples were collected using a stainless-steel hand-auger, fitted with a 

3-in. diameter, decontaminated, open-ended auger bit.
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A pilot hole was augered near the selected sampling location to determine the depth of the mud/native 

soil interface.  The site geologist inspected the lithology of the cuttings to make the determination.  

Also, differences in ease of augering and the sound of the cutting auger assisted in making the depth 

determination.  Once the sampling interval was established, the auger was advanced to the desired 

sampling depth.  At that point, a decontaminated bit was placed on the auger rod, and the bit advanced 

through the desired interval.  When the bit was full of sample material, it was carefully retrieved from 

the hole and the contents pushed out into a stainless-steel sampling bowl.  Any slough that may have 

fallen into the sample was discarded.  The sample material was field screened, and sample aliquots 

were collected and containerized per the FI and applicable SQPs.  

Table D.8-1
Samples Collected from CAS 20-16-01, Landfill

Sample
Number

Sample
Location

Depth
(ft bgs)

Sample
Matrix

Purpose Analyses

356032
Surface at center 

of crater
0.0 - 0.5 Soil SC, MS/MSD Set 2

356033
Surface at mouth 
of flow channel

0.0 - 0.75 Soil SC Set 1

356077
Surface at mouth 
of flow channel

0.0 - 0.75 Soil
Field Duplicate

of #356033
Set 1

356034
Surface at mud pit 
area, north slope 

of crater 
0.0 - 0.5 Soil SC Set 1

356035

Alongside “septic 
system drums,” 
south slope of 

crater

1.0 - 1.5 Soil SC Set 1

356036

Surface at 
potential mudflow, 

north slope of 
crater

0.0 - 0.5 Soil SC Set 1

356037 Center of crater 2.5 - 3.5 Soil SC Set 2

356076 NA NA Water Field Blank Set 2

356078 NA NA Water Trip Blank VOC

ft bgs = Feet below ground surface
SC = Site characterization
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable

Set 1:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO); Gamma Spectrometry
Set 2:  VOC, SVOC, RCRA Metals, TPH (GRO and DRO), Gamma Spectrometry, Isotopic Uranium, Isotopic Plutonium
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Figure D.8-1
CAS 20-16-01, Landfill Sample Locations
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D.8.1.1 SAFER Plan Implementation

The following field activities were conducted at CASs 20-16-01 and 20-22-21 to meet SAFER Plan 

requirements:

• Collected mud/soil samples at biased locations within and around the crater.
• Field screened soil samples for VOCs and alpha and beta/gamma radiation. 
• Submitted samples for off-site laboratory analysis.   
• Removed the empty drums (CAS 20-22-21) and other debris during housekeeping activities. 

D.8.1.2 Deviations

Areas within the crater requiring housekeeping removal activities identified in the SAFER Plan for 

CAS 20-16-01 were not completed.  A visual inspection of the items was conducted.  No evidence of 

hazardous materials, odor or staining was observed.  Therefore, removal of the nonhazardous debris 

was not completed.

D.8.2 Investigation Results

The following subsections provide CAS-specific field screening and sample analysis results.

D.8.2.1 Field-Screening Results

Soil samples were field screened for VOCs and alpha and beta/gamma radiation.  The FSRs were 

compared to FSLs to guide sampling decisions.  The FSLs were not exceeded in any of the samples.

D.8.2.2 Sample Analyses

Closure samples were analyzed for the SAFER Plan-specified COPCs which included total VOCs, 

total SVOCs, total RCRA metals, TPH (DRO and GRO), PCBs (not required by the SAFER Plan), 

isotopic uranium, isotopic plutonium, and gamma-emitting radionuclides.  

The analytical parameters and laboratory analytical methods used to analyze the closure samples are 

listed in Table D.2-1.  Table D.8-1 lists the sample-specific analytical parameters.
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D.8.2.3 Analytes Detected Above Minimum Reporting Levels

Samples with results greater than the MRLs are presented in the following tables.  No analytes were 

detected above the PALs established in the SAFER Plan.

D.8.2.3.1 Total Volatile Organic Compound Analytical Results for Soil Samples

Table D.8-2 lists the sample that had a total VOC concentration above the MRLs established in the 

SAFER Plan.  No samples had concentrations that exceed PALs. 

D.8.2.3.2 Total Semivolatile Organic Compound Analytical Results for Soil Samples

No total SVOC analytical results for soil exceeded the MRLs or PALs established in the SAFER 

Plan.

D.8.2.3.3 Total Petroleum Hydrocarbon Analytical Results for Soil Samples

No TPH (DRO and GRO) analytical results for soil exceeded the MRLs or PALs established in the 

SAFER Plan.  

Table D.8-2
Soil Sample Results for Total VOCs 

Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (µg/kg)

Acetone

Preliminary Action Levelsa 6,200,000

356037 2.5 - 3.5 80 (J)

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals IPRGs) (EPA, 2000).

ft bgs = Feet below ground surface
µg/kg = Micrograms per kilogram
J = Estimated value.  Qualifier added to laboratory data; record accepted.  Relative response factor <0.05.  Percent 

relative standard deviation exceeded 30%.
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D.8.2.3.4 Total RCRA Metal Results in Soil Samples

The total RCRA metals detected in soil samples at concentrations exceeding PALs are listed in 

Table D.8-3 and are discussed below.  Only arsenic exceeded the PALs for RCRA metals established 

in the SAFER Plan.     

Arsenic was detected above the PAL of 2.7 mg/kg in most of the soil samples analyzed.  The mean 

concentration of arsenic in silt from the Nellis Air Force Range is 7 to 8 mg/kg (NBMG, 1998; 

Moore, 1999).  Arsenic concentrations presented in Table D.8-3 exceed the PAL, but are considered 

representative of ambient conditions at the site. 

D.8.2.3.5 Polychlorinated Biphenyl Results for Soil Samples

Table D.8-4 lists the sample that had a PCB concentration above the MRLs established in the SAFER 

Plan.  No samples had concentrations that exceed PALs.  

Table D.8-3
Soil Sample Results for Total RCRA Metals 
Detected Above Minimum Reporting Limits

Sample
 Number

Depth
(ft bgs)

Contaminants of Potential Concern (mg/kg)

Arsenic Barium Chromium Lead

Preliminary Action Levelsa 2.7 100,000 450 750

356032 0.0 - 0.5 3.5 166 2.4 15.2 (J)

356033 0.0 - 0.75 3.3 161 3.1 17.1 (J)

356034 0.0 - 0.5 3.0 43.4 3.1 62.5 (J)

356035 1.0 - 1.5 9.5 132 8.5 8.7 (J)

356036 0.0 - 0.5 2.8 60.4 -- 39.0 (J)

356037 2.5 - 3.5 4.7 83.3 4.3 104 (J)

356077 0.0 - 0.75 3.8 140 3.0 16.2 (J)

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2000).

J = Estimated value.  Qualifier added to laboratory data; record accepted.  Inductively coupled plasma serial dilution recovery was 
not met.  Matrix effects may exist.

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
mg/kg = Milligrams per kilogram

Uncontrolled When Printed



CAU 356 Closure Report
Appendix D
Revision:  1
Date:  11/15/2002 
Page D-65 of D-77

D.8.2.3.6 Gamma Spectrometry Results in Soil Samples

Gamma spectrometry was used to analyze select soil samples in support of waste management 

determinations only.  The results did not indicate the presence of man-made radionuclides at 

concentrations greater than and distinguishable from background concentrations (US Ecology and 

Atlan-Tech, 1992; McArthur and Miller, 1989).  Gamma spectrometry results are presented in 

Table D.8-5.       

Table D.8-4
Soil Sample Results for PCBs Detected

Above Minimum Reporting Limits

Sample
Number

Depth
(ft bgs)

Contaminants of Potential Concern (µg/kg)

Aroclor 1254

Preliminary Action Levelsa 1,000

356034 0.0 - 0.5 82

aBased on U.S. Environmental Protection Agency, Region 9 Preliminary Remediation Goals (PRGs) 
(EPA, 2000).

ft bgs = Feet below ground surface
µg/kg = Micrograms per kilogram
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Table D.8-5
Soil Sample Results for Gamma Spectrometry 

Detected Above Minimum Reporting Limits

Sample
Number

Depth
(ft bgs)

Contaminants of Potential Concern (pCi/g)
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Preliminary Action Levels 3.64 3.47 3.64 3.47 97.7 3.47 3.38 3.64

356032 0.0 - 0.5 3.33 ± 0.81 -- 2.73 ± 0.41 1.6 ± 0.43 23.7 ± 4.5 -- 0.77 ± 0.23 2.95 ± 0.87

356033 0.0 - 0.75 3.05 ± 0.66 2.67 ± 1.1 2.23 ± 0.4 1.95 ± 0.42 36.5 ± 5.6 1.64 ± 0.36 0.88 ± 0.2 2.89 ± 1.1

356034 0.0 - 0.5 3.5 ± 0.87 -- 3.03 ± 0.49 1.81 ± 0.51 39.6 ± 7.1 -- 1.1 ± 0.28 3 ± 1.5

356035 1 - 1.5 2.75 ± 0.68 -- 1.85 ± 0.34 1.68 ± 0.4 31 ± 5.1 -- 0.62 ± 0.15 1.77 ± 1

356036 0.0 - 0.5 2.17 ± 0.7 -- 2.28 ± 0.38 1.55 ± 0.35 33.5 ± 5.3 -- 0.617 ± 0.21 1.97 ± 0.84

356037 2.5 - 3.5 -- -- 2.47 ± 0.41 2.04 ± 0.47 29.4 ± 5 1.82 ± 0.47 0.738 ± 0.24 --

356077 0.0 - 0.75 2.86 ± 0.71 -- 2.18 ± 0.45 2.17 ± 0.45 34.4 ± 5.4 -- 0.828 ± 0.2 2.96 ± 1.2

aBackground concentration listed in Environmental Monitoring Report for the Proposed Ward Valley, California, Low-Level Radioactive Waste (LLRW) Facility 
(US Ecology and Atlan-Tech, 1992).

bBackground concentration listed or derived in Off-Site Radiation Exposure Review Project, Phase II Soil Program (McArthur and Miller, 1989).

ft bgs = Feet below ground surface
-- = Not detected above minimum reporting limits
pCi/g = Picocuries per gram
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D.8.2.3.7 Isotopic Results for Soil Samples

No isotopic analytical results for soil exceeded the MRLs or PALs established in the SAFER Plan.  

The results did not indicate the presence of man-made radionuclides at concentrations greater than 

and distinguishable from background concentrations (US Ecology and Atlan-Tech, 1992; McArthur 

and Miller, 1989).  

D.8.2.4 Contaminants of Concern

Based on the aforementioned analytical results, no COCs are present in the mud or the soil under the 

mud pit.  

D.8.3 Nature and Extent of Contamination

No COCs are present.

D.8.4 Revised Conceptual Model

 No variations to the conceptual model were identified. 
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D.9.0 Quality Assurance

This section contains a summary of the QA/QC process implemented during the CAU 356 SAFER.  

Laboratory analyses were conducted for samples used in the decision-making process to provide a 

quantitative measurement of any COPCs present.  The QA/QC process was implemented for all 

laboratory samples including documentation, data verification and validation of analytical results, 

and affirmation of DQI requirements related to laboratory analyses.  Detailed information regarding 

the QA program is contained in the Industrial Sites QAPP (DOE/NV, 1996).  A discussion of the 

DQIs, including the datasets, is provided in Appendix A.

D.9.1 Data Validation

Data validation was performed in accordance with the Industrial Sites QAPP (DOE/NV, 1996) and 

approved procedures.  Laboratory data from samples collected and analyzed for CAU 356 were 

evaluated for data quality according to the EPA Functional Guidelines (EPA, 1994b and 1999) and 

method-specific QC requirements.  These guidelines are implemented in a tiered process and are 

presented in Sections D.9.1.1 through D.9.1.3.  Data were reviewed to ensure that samples were 

appropriately processed and analyzed, and the results passed data validation criteria.  Documentation 

of the data qualifications resulting from these reviews is retained in project files as a hard copy and 

electronic media.

One hundred percent of the data analyzed as part of this closure were subjected to Tier I and Tier II 

evaluations.  A Tier III evaluation was performed on 10 percent of the samples. 

D.9.1.1 Tier I Evaluation

Tier I evaluation for both chemical and radiological analysis examined, but was not limited to:

• Sample count/type consistent with chain of custody
• Analysis count/type consistent with chain of custody
• Correct sample matrix 
• Significant problems stated in cover letter or case narrative
• Completeness of certificates of analysis
• Completeness of Contract Laboratory Program (CLP) or CLP-like packages
• Completeness of signatures, dates, and times on chain of custody
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• Condition-upon-receipt variance form included
• Requested analyses performed on all samples
• Date received/analyzed given for each sample
• Correct concentration units indicated
• Electronic data transfer supplied
• Results reported for field and laboratory QC samples
• Whether or not the deliverable met the overall objectives of the project
• Proper field documentation accompanies project packages

D.9.1.2 Tier II Evaluation

Tier II evaluation for both chemical and radiological analysis examines (but is not limited to):

Chemical:

• Correct detection limits achieved
• Sample date, preparation date, and analysis date for each sample
• Holding time criteria met
• Quality control batch association for each sample
• Cooler temperature upon receipt
• Sample pH for aqueous samples, as required
• Detection limits properly adjusted for dilution, as required
• Blank contamination evaluated and applied to sample results/qualifiers
• MS/MSD, percent recovery (%R), and RPDs evaluated and applied to laboratory 

results/qualifiers
• Field duplicate RPDs evaluated using professional judgement and applied to laboratory 

results/qualifiers
• Laboratory duplicate RPDs evaluated and applied to laboratory results/qualifiers
• Surrogate %Rs evaluated and applied to laboratory results/qualifiers
• Laboratory control sample %R evaluated and applied to laboratory results/qualifiers
• Initial and continuing calibration evaluated and applied to laboratory results/qualifiers
• Internal standard evaluated and applied to laboratory results/qualifiers
• Mass spectrometer tuning criteria
• Organic compound quantitation 
• Inductively coupled plasma (ICP) interference check sample evaluation
• Graphite furnace atomic absorption quality control
• Inductively coupled plasma serial dilution effects
• Recalculation of 10 percent of laboratory results from raw data

Radioanalytical:

• Correct detection limits achieved
• Blank contamination evaluated and applied to sample results/qualifiers
• Certificate of analysis consistent with data package documentation
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• Quality control sample results (duplicates, laboratory control samples, laboratory blanks) 
evaluated and applied to laboratory result qualifiers

• Sample results, error, and minimum detectable activity evaluated and applied to laboratory 
result qualifiers

• Detector system calibrated to National Institute for Standards and Technology 
(NIST)-traceable sources

• Calibration sources preparation was documented, demonstrating proper preparation and 
appropriateness for sample matrix, emission energies, and concentrations

• Detector system response to daily, weekly, and monthly background and calibration checks, 
which may include peak energy, peak centroid, peak full-width half-maximum, and peak 
efficiency, depending on the detection system

• Tracers NIST-traceable, appropriate for the analysis performed, and recoveries that met 
QC requirements

• Documentation of all QC sample preparation complete and properly performed
• QC sample results (e.g., calibration source concentration, %R, and RPD) verified
• Spectra lines, emissions, particle energies, peak areas, and background peak areas that support 

the identified radionuclide and its concentration
• Recalculation of 10 percent of laboratory results from raw data

D.9.1.3 Tier III Review

Tier III evaluations examine a limited portion of data reviewed during Tier II validation.  The Tier III 

review includes the additional evaluations.

Chemical:

• Recalculation of laboratory results from raw data

Radioanalytical:

• Radionuclides and their concentration appropriate considering their decay schemes and 
half-lives

• Each identified line in spectra verified against emission libraries and calibration results
• Independent identification of spectra lines, area under the peaks, and quantification of 

radionuclide concentration in a random number of sample results
• Recalculation of laboratory results from raw data

A Tier III review of approximately 10 percent of the samples is being conducted.  Tier II and Tier III 

results were compared and, where differences were noted, data was reviewed and changes made 

accordingly.
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D.9.2 Quality Control Samples

There were 14 trip blanks, 6 field blanks, 1 source blank, 3 equipment rinsate blanks, 7 MS/MSD, and 

8 field duplicates associated with soil samples collected and submitted for laboratory analysis as 

shown in Table D.2-1.  The quality control samples were assigned individual sample numbers and 

sent to the laboratory “blind.”  Additional samples were selected by the laboratory to be analyzed as 

laboratory duplicates.

D.9.2.1 Field Quality Control Samples

Review of the field-blank analytical data for the CAU 356 soil sampling indicates that 

cross-contamination from field methods did not occur during sample collection.  Field, equipment 

rinsate, and source blanks were analyzed for the parameters listed in Table D.2-1 and trip blanks were 

analyzed for VOCs only.  Several different contaminants were detected in some of the samples, but 

they were below or slightly above the contract-required detection limits.

During the sampling events, eight field duplicate soil samples were sent as blind samples to the 

laboratory to be analyzed for the closure parameters listed in Table D.2-1.  For these samples, the 

duplicate results precision (i.e., RPDs between the environmental sample results and their 

corresponding field duplicate sample results) were evaluated to the guidelines set forth in EPA 

Functional Guidelines (EPA, 1994b).

D.9.2.2 Laboratory Quality Control Samples

Analysis of method QC blanks were performed on each SDG for inorganics.  Analysis for surrogate 

spikes and preparation blanks (PBs) were performed on each SDG for organics only.  Initial and 

continuing calibration and LCS were performed for each SDG.  The results of these analyses were 

used to qualify associated environmental sample results according to EPA Functional Guidelines 

(EPA, 1994b and 1999).  Documentation of data qualifications resulting from the application of these 

guidelines is retained in project files as both hard copy and electronic media.

D.9.3 Field Nonconformances

No field nonconformances were identified for the SAFER.  
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D.9.4 Laboratory Nonconformances

Laboratory nonconformances are due to inconsistencies in analytical instrumentation operation, 

sample preparations, extractions, missed holding times, and fluctuations in internal standard and 

calibration results.  Nonconformances were issued by the laboratory that resulted in qualifying data 

and have been accounted for during the data qualification process.
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D.10.0 Summary

Analysis of the data generated from SAFER activities indicated the following:

Analytes detected in soil samples during the SAFER were evaluated against PALs to determine the 

nature and extent of contaminants of concern for CAU 356.  Assessment of the data generated from 

closure activities indicates that PALs were only exceeded in the soil of CAU 356 for arsenic, total 

petroleum hydrocarbons, americium-241, and plutonium-239/240.  

The concentrations of arsenic are considered ambient at this site (NMBG, 1998; Moore, 1999).  

Therefore, no corrective action is necessary for the soil containing arsenic.  Soil in CASs containing 

petroleum hydrocarbons or radionuclides have been closed in place.  

The septic tank at CAS 03-04-01 was found to contain media that contained substances regulated by 

NAC 445A.2272 (NAC, 1996b).  This media was removed for disposal.  In addition, the structures 

were closed in accordance with the NAC 444.818 (NAC, 1999). 
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E.1.0 Waste Disposition 

The manifests for the disposal of the asphalt pile removed from CAS 03-09-05 and the two drums 

removed at CAS 20-22-21 are attached.
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F.1.0 Modifications to the Post-Closure Plan

There are no modifications to the Post-Closure Plan.

Uncontrolled When Printed



Appendix G

Use Restriction for CAU 356:  
Mud Pits and Disposal Sites, 

Nevada Test Site, Nevada

Uncontrolled When Printed



Uncontrolled When Printed



Uncontrolled When Printed



Uncontrolled When Printed



Uncontrolled When Printed



Appendix H

Evaluation of Risk

Uncontrolled When Printed



CAU 356 Closure Report
Appendix H
Revision:  1
Date:  11/15/2002
Page H-1 of H-3

H.1.0 Evaluation of Risk

An evaluation of risk for TPH concentrations in drilling mud and soil at CAS 03-09-04 is presented in 

Section H.1.1.  Based on the following factors, TPH concentrations do not pose a risk to human 

health or the environment. 

H.1.1 Total Petroleum Hydrocarbons

The following evaluation of NAC 459.9973 (a-k) (NAC, 2000) supports the corrective action 

alternative of closure in place at CAU 356 CAS 03-09-04.

a. The depth to groundwater at CAU 356 is approximately 835 to 1,540 feet (ft) below ground 
surface (bgs), based on monitoring data from four active water-supply wells near the site 
(DRI, 1996).  Activities at this CAS have ceased, eliminating future contributing factors to 
contamination migration.

b. The closest active water-supply wells to Area 3 include water well 4, 4A, C, and C-1 
(DRI, 1996).  These wells are located in the southeast corner of Area 6, approximately 13 mi 
south-southeast of CAU 356.  Regional groundwater flow in this area of the NTS is to the 
south and southwest (Winograd and Thordarson, 1975).  Based on depth to groundwater, 
distance to the wells, direction of regional groundwater flow, and concentrations of the 
contaminant, the possibility of any impact to these wells is minimal.

c. Soil at CAS 03-09-04 consists of a poorly sorted, medium brown silty sand with gravel and 
pebbles.  The drilling mud is a light to medium brown, silt to sandy clay.

d. Average annual precipitation for valleys in the South-Central Great Basin ranges from 
3 to 6 inches (Winograd and Thordarson, 1975).  Annual evaporation is roughly 5 to 25 times 
the annual precipitation (Winograd and Thordarson, 1975).  The high evaporation and low 
precipitation rates create a negative water balance for the area; therefore, precipitation is not 
available to mobilize COCs vertically.  Ponding from localized heavy precipitation is likely at 
the Mud Pit, however due to the depth of the mud pit, downgradient mobility is not likely and 
no significant off-site releases of COCs are expected to result from flooding that may occur at 
the site.   

e. The type of regulated substance released is TPH-DRO.

f. The lateral extent of the contamination in the mud pit is confined to the mud within the 
mud pit and not expected to exceed the boundaries of this CAS based on design and current 
configuration.  The vertical extent of the contamination at CAS 03-09-04 is not expected to 
extend beyond 2 ft.  
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g. CAU 356 is located within the NTS, a government-controlled facility.  The NTS  is a 
restricted area and unauthorized personnel are not allowed at the facility.  The site lies within 
the Nuclear Test Zone and future use includes dynamic experiments, hydrodynamic tests, and 
underground nuclear weapons and weapons effect tests.  This zone includes compatible 
defense and nondefense research, development, and testing activities (DOE/NV, 1998).

h. Preferred routes of vertical migration are limited since the release sources have been 
eliminated and contributing factors are not significant.  Vertical migration of the COCs is 
improbable because this area experiences high evaporation and low precipitation rates which 
create a negative water balance; therefore, precipitation is not available to mobilize COCs 
vertically.  No significant vertical movement of COCs are expected to occur from ponding or 
flooding that may occur at the site.  

i. Building and facilities located in the vicinity of CAS 03-09-04 include the Mud Plant 
Buildings and the Area 3 Camp.  Both facilities are no longer in operation.

j. The potential for a hazard related to fire, vapor or explosion is virtually nonexistent for the 
COC at CAU 03-09-04.

k. No other site-specific factors are known at this time.
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1. Document Title/Number:  Closure Report for Corrective Action Unit 356:  Mud Pits and Disposal 
Sites, Nevada Test Site, Nevada

2. Document Date:  August 2002

3. Revision Number:  0 4. Originator/Organization:  IT Corporation

5. Responsible DOE/NV ERP Project Mgr.:  Janet Appenzeller-Wing 6. Date Comments Due:  

7. Review Criteria:  Full

8. Reviewer/Organization/Phone No.:  Paul Liebendorfer, NDEP 9. Reviewer’s Signature:  

10. Comment 
Number/
Location

11. Type* 12. Comment 13. Comment Response 14. Accept

1) General Comment 
Section 1.3.1

Confirm/verify the appropriate or applicable Industrial Sites QAPP 
revision for this investigation. 

The 1996b QAPP is applicable to this investigation 
as specified in accordance with Section 3.0 of the 
approved SAFER Plan for CAU 356.

Yes

2) General Comment 
Appendices B & D, 
Sections 3.2, 3.6, and 
Sections 4.1.1 - 4.1.7

We cannot distinguish which analytical results provided in 
Appendices B and D apply to which sites for closure verification 
purposes.  As such, the statements in Sections 4.1.1 - 4.1.7 cannot 
be fully supported or confirmed.  Please provide sample 
identification numbers when discussing analytical results in Sections 
4.1.1 - 4.1.7, as is done to some extent in Appendix A and in Table 
A.1-11.  A suggestion would be to include Tables at the front of 
Appendices B and D that cross-reference the sample identification 
numbers with the locations of a given CAS (indicate the 
corresponding CAS sample ID/location with the “Client Sample ID”, 
as recorded by the laboratory and provided in the data report).

Tables B.1-1 and B.1-2 were added to Appendix B to 
cross reference sample number with appropriate 
CAS.  Existing tables D.3-1 through D.8-1 cross 
reference the sample number with the CAS location.  
The low levels of contamination is confined to the 
mud within the mud pit.  This is supported by data 
from similar sites (CAU 34).

Yes

3) Section 3.4

Explain or clarify the statement “Direct sampling was not performed, 
but held as a contingency to confirm the regulatory status of the 
IDW.”  Provide references to “media sample association” 
results/data that were used to make waste determinations, so that 
waste determinations can be traced to actual media sample results.

Clarification to Section 3.4 was made.

Yes
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4) Section 4.2, 5.2

For CAS 03-09-04, TPH was detected at concentrations that 
exceeded PALs.  According to Sections 3.2.2.2 and 3.5 of the 
approved SAFER Plan (DOE/NV, August 2001), “lateral and vertical 
extent of contamination will be bounded by analytical results that 
show concentrations of COCs below PALs.” and “If closure in place 
is the preferred corrective action alternative, the appropriate use 
restrictions will be implemented and documented...”  In the closure 
report, Section 4.2.2 and Section 5.2, justification for closure in 
place is inappropriate and insufficient.  Provide rationale/justification 
for selecting closure in place as the corrective action alternative, and 
furthermore, closing CAS 03-09-04 in place without use restrictions.  
The meaning of “COCs were bounded by sampling and shown to be 
within conceptual site model boundaries.” (Section 5.2) is unclear, 
and as such, insufficient support for selecting closure in place 
without use restrictions.

The rationale/justification for close in place was 
modified by adding a risk assessment (a-k analysis, 
Appendix H).  Also, a use restriction was added to 
Appendix G.

Yes

5) Section 4.2.1, 5.2
Describe or indicate how the use-restricted area(s) will be 
designated or distinguished.

A requirement for signage and fencing was added to 
the use restriction.

Yes

6) Appendix B, 
Page B-4

This housekeeping closure verification form indicates CAS closure 
for CAS 03-04-01.  The form appears to duplicate that recorded for 
CAS 20-22-21.  Confirm or modify the CAS ID, as this CAS 
03-04-01 is the Change House Septic System.

The housekeeping closure verification form was 
corrected to CAS 20-22-21.

Yes

a Comment Types:  M = Mandatory, S = Suggested.
Return Document Review Sheets to DOE/NV Environmental Restoration Division, Attn:  QAC, M/S 505.

10. Comment 
Number/
Location

11. Type* 12. Comment 13. Comment Response 14. Accept
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