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Radford Army A~munition Plant 

BAE Systems Ordnance Systems Inc. 
Route 114, P.O. Box 1 
Radford Anny Ammunition Plant 
Radford, VA 24141-0100 

US Army Radford Anny Ammunition Plant 
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Radford Anny Ammunition Plant 
Radford, VA 24141 
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Pursuant to Chapter 14, Section 10.1-1426, Code of Virginia (1950), as amended and regulations 
promulgated thereunder by the Department of Environmental Quality (hereinafter referred to as 
the Department), a Post-Closure Permit is issued to the United States Anny and BAE Systems 
Ordnance Systems Inc. (hereinafter referred to as the Permit and the Pennittees), for the post­
closure care of two closed hazardous waste management units (HWMU) of one hazardous waste 
disposal facility: Unit 5, and Unit 16. The facility is located in Montgomery and Pulaski 
Counties at Route 114, PO. Box 1, Radford, Virginia, 24141-0100. 

HWMU-5 is a fonner lined surface impoundment (Neutralization Pond) located at latitude 
37°11'12" North and longitude 80°32'15'' West. HWMU-16 is a closed hazardous waste landfill 
located at latitude 31'11 '49" North and longitude 80°31 '26" West. 

These two UNITs, 5, and 16, at the above facility are currently limited to the following actiVities: 
maintenance and monitoring of one closed ha2.ardous waste surface impoundment (5) and one 
hazardous waste landfill (16). 



• Permit Appendices A through K of Attachment l (applying to both units), Permit Appendices 
A through K of Attachment 2 (applying to Unit 5), and Permit Appendices A through Hof 
Attachment 3 (applying to Unit 16). If the Permit and the above attachments cont1ict, the 
Permit conditions shall prevail. The Permittees shall also comply with all applicable regulations 
contained in the Virginia Hazardous Waste Management Regulations (VHWMR), 9 VAC 20-60. 
and the Resource Conservation anq Recovery Act (RCRA) - 40 Code of Federal Regulations 
(CFR) Parts 260-266, 268, 270-273, 279-282, 148, and 124. Applicable regulations are those 
which are in effect on the date of final administrative action on this Permit as well as any self­
implementing statutory provisions and related regulations which are automatically applicable to 
the Permittees' hazardous waste management activities, notwithstanding the conditions of this 
Pennit. 

This Permit is based on the administrative record and the assumption that the information 
submitted by the Permittees and contained in the administrative record is complete and accurate. 
The Permittees' failure in the application or during the permit issuance process to fully disclose 
all relevant facts, or the Pennittees' misrepresentation of any relevant facts at any time, shall be 
grounds for the termination or modification of this Permit pursuant to 40 CFR 124.5 and 40 
CFR 270.40 through 270.43, and also may be grounds for an enforcement action. The 
Pennittees shall inform the Department of any deviations from or changes to the information 
provided in the application which might affect the ability of the Permittees to comply with 
applicable regulations and/or permit conditions, or which alter any of the conditions of the 
Permit in any way. 

• This Permit is effective as of ~ &, ~oli and shall remain in effect 

• 

until _ ~ / t,, « p.}.'f unless revoked and reissued in accordance with 40 
CFR ti4X,OCFR 270.40, and 40 CFR 270.41, terminated in accordance with 40 CFR 124.5 
and 40 CFR 270.40, or continued in accordance with 40 CFR 270.51. 

Date Signed 

Leslie A. Romanchik 
Hazardous Waste Program Manager 
Office of Waste Pennitting and Compliance 

--------------------- --
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header dates incorrect.  Annual list reduced during 2014 permit renewal.  
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ATTACHMENT 3 
UNIT 16 

APPENDIX E 

GROUNDWATER 
COMPLIANCE MONITORING (SEMIANNUAL) 

CONSTITUENT LIST 

rev 1 - class I permit mod 9-2014 (JCF/DAA)
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ATTACHMENT 3, UNIT 16 

APPENDIX E 

GROUNDWATER COMPLIANCE MONITORING (SEMIANNUAL) 
CONSTITUENT AND REQUIRED ANALYTICAL METHOD LIST 

Analyte METHOD PQL (ug/l) 
Arsenic, total 6010/6020 10 
Barium, total 6010/6020 10 

Beryllium, total 6010/6020 1 
Cadmium, total 6010/6020 1 
Chromium, total 6010/6020 5 

Cobalt, total 6010/6020 5 
Copper, total 6010/6020 5 
Lead, total 6010/6020 1 

Mercury, total 7470 2 
Nickel, total 6010/6020 10 

Vanadium, total 6010/6020 10 
Zinc, total 6010/6020 10 
Benzene 8260 1 

2-Butanone 8260 10 
Carbon tetrachloride 8260 1 

Chloroethane 8260 1 
Dichlorodifluoromethane 8260 1 

1,1-Dichloroethane 8260 1 
1,1-Dichloroethene 8260 1 

Diethyl ether 8260 12.5 
Dimethyl ether; 8260 12.5 

Ethylbenzene 8260 1 
Methylene chloride 8260 1 

Tetrachloroethene; PCE 8260 1 
Chloromethane  8260 1 

Toluene 8260 1 
Modified:  9-12-
2014 - Class 1 
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1,1,1-Trichloroethane 8260 1 
Trichloroethene 8260 1 

1,1,2-Trichloro-1,2,2-Trifluoroethane 8260 1 
Trichlorofluoromethane 8260 1 

Xylenes, total 8260 3 
Diethyl phthalate 8270 5 
2,4-Dinitrotoluene 8270 10 
2,6-Dinitrotoluene 8270 10 

Notes: 
     ug/l = micrograms per liter 
     PQL = Practical Quantitation Limit 

All methods are as described in EPA's SW-846, Test Methods in support of the RCRA program, 
August 31, 2010.  Web site: http://www.epa.gov/epawaste/hazard/testmethods/index.htm.  Single 
samples are required for each parameter and constituent during each sampling event. Alternate SW-
846 Methods may be approved by the Department if the request is in writing and submitted at least 
30 days prior to the sample collection event. Proposed alternate methods shall achieve the same 
practical quantitation limit/estimated quantitation limit (or lower) as the specified method. 

http://www.epa.gov/epawaste/hazard/testmethods/index.htm
http://www.epa.gov/epawaste/hazard/testmethods/index.htm
http://www.epa.gov/epawaste/hazard/testmethods/index.htm
http://www.epa.gov/epawaste/hazard/testmethods/index.htm
http://www.epa.gov/epawaste/hazard/testmethods/index.htm
http://www.epa.gov/epawaste/hazard/testmethods/index.htm
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Appendix G to Attachment 3 

GROUNDWATER PROTECTION STANDARDS: UNIT 16 

Unit: µg/l Unless Otherwise Noted 

Constituents/Parameters 864 
Methods 

PQL Back-
ground 

EPA MCL ACL 
RSL 

GPS 

Arsenic, total 6010/6020 10 1 10 10 
Barium, total 6010/6020 10 175.4 2000 2000 
Beryllium, total 6010/6020 1 0.7 4 4 
Cadmium, total 6010/6020 1 0.2 5 5 
Chromium, total 6010/6020 5 6.2 100 100 
Cobalt, total 6010/6020 5 5 4.7 5 
Copper, total 6010/6020 5 13 1300* 1300* 
Lead, total 6010/6020 1 10 15* 15* 
Mercury, total 7470 2 0.2 2 2 
Nickel, total 6010/6020 10 16 300 300 
Vanadium, total 6010/6020 10 151 63 151 
Zinc, total 6010/6020 10 51 4700 4700 
Benzene 8260 1 1 5 5 
2-Butanone; Methyl ethyl ketone 
(MEK) 

8260 10 1.1 4900 4900 

Carbon tetrachloride 8260 1 0.2 5 5 
Chloroethane 8260 1 20.7 

21000 21000 
Dichlorodifluoromethane 8260 1 46.5 190 190 
1,1-Dichloroethane; 8260 1 9.5 0.15 9.5 
1,1-Dichloroethene 8260 1 1 7 7 
Diethyl ether 8260 12.5 75.5 7300/RSL 7300 
Dimethyl ether; 8260 12.5 17 17 
Ethylbenzene; Phenylethane 8260 1 0.1 700 700 
Methylene chloride 8260 1 13.95 5 13.95 
Tetrachloroethene (PCE) 8260 1 0.7 5 5 
Chloromethane 8260 1 0.3 190 190 
Toluene 8260 1 0.1 1000 1000 
1,1,1-Trichloroethane; 
Methylchloroform;  

8260 1 9.2 200 200 

Trichloroethene 8260 1 0.1 5 5 

class 1 permit mod - 9-2014
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Trichlorofluoromethane 8260 1 11.3 1000 1000 
Trifluorotrichloroethane (1,1,2-
Trichloro-1,2,2-Trifluoroethane) 

8260 1 1.2 59000/RSL 59000 

Xylenes (total); 1,3-, 1,2-, & 1,4-
Dimethylbenzene 

8260 3 0.2 10000 10000 

Diethyl phthalate 8270 5 5 11000 11000 
2,4-Dinitrotoluene 8270 10 10 0.2 10 
2,6-Dinitrotoluene 8270 10 10 0.042 10 

NOTES: 

EPA MCL:  Maximum Contaminant Level of USEPA National Primary Drinking Water 
Regulations (web: http://water.epa.gov/drink/contaminants/index.cfm#Primary; 
June 2, 2010). * - Action Level.  Subject to change without notice as directed by 
DEQ. 

Background:  Calculated using analytical data from 1996 through 1998 for upgradient 
well 16C1. 

DEQ ACL:  VA DEQ Alternate Concentration Limit, Dec - 2013.  Subject to change 
without notice as directed by DEQ. 

RSL: RSL are developed by Oak Ridge National Laboratory under an Interagency 
Agreement with EPA (June 2011).  See web site “Mid-Atlantic Risk Assessment” 
at http://www.epa.gov/reg3hwmd/risk/human/index.htm  Subject to change 
without notice as directed by DEQ. 

For any monitoring event, if a GPS for a constituent in the table above is based on PQL, the Permittee will 
perform verification of a detection (i.e. value greater than the Detection Limit) of such a constituent using 
low-level analytical methods, if such methods are standard methods that are routinely available from 
commercial laboratories.  Furthermore, the low-level analytical method will be used only if the PQL 
achievable by that method is less than, or equal to, the ACL or RBC for the subject constituent.  If the 
verification event confirms a quantifiable detection (i.e. value greater than the PQL) above the applicable 
ACL or RBC, a revised background concentration will be established using low-level analytical methods, if 
appropriate, and the GPS will be updated based on the new background concentration if warranted. 

Modified: 9-12-2014 - added 1,1-DCE – Class 1 

http://water.epa.gov/drink/contaminants/index.cfm%23Primary
http://www.epa.gov/reg3hwmd/risk/human/index.htm




do not use.  Updated  9- 
2014 - class 1 permit 
mod



do not use.  
updated














































































































































































































































	Table of Contents
	Definitions
	Module I- Standard Conditions
	I.A. Effect of Permit
	I.B. Permit Actions
	I.C. Severability
	I.D. Definitions
	I.E. Reports, Notifications, and Submissions to the Director
	I.F. Signatory Requirements
	I.G. Documents to Be Maintained at the Facility Site
	I.H. Duties and Requirements
	I.H.1 Duty to Comply
	1.H.2 Permit Expiration
	1.H.3 Duty of Reapply
	1.H.4 Need to Halt or Reduce Activity Not a Defense
	1.H.5 Duty to Mitigate
	1.H.6 Proper Operation and Maintenance
	1.H.7 Duty to Provide Information
	1.H.8 Inspection and Entry
	1.H.9 Monitoring and Records
	1.H.10 Reporting Planned Changes
	1.H.11 Anticipated Noncompliance
	1.H.12 Twenty-Four Hour Reporting
	1.H.13 Other Noncompliance
	1.H.14 Transfer of Permits
	1.H.15 Other Information

	I.I. Permit Duration and Post-Closure Care Period
	I.I.1. Unit 5
	I.I.2 Unit 16

	I.J Extension of Reduction of Post-Closure Period
	I.J.1 Reduction
	I.J.2 Extension

	I.K. Compliance Period
	I.K.1 Unit 5
	I.K.2 Unit 16

	I.L. Review and Approval of Submissions

	Module II- General Facility Conditions
	II.A. Design and Operation of Facility
	II.B. Facility Description and Site Identification
	II.C. General Waste Analysis
	II.C.1 Unit 5
	II.C.2 Unit 16

	II.D. Security
	II.E. General Inspection Requirements
	II.F. Personnel Training
	II.G. Recordkeeping and Reporting
	II.G.1 Operating Record
	II.G.2 Required Reports

	II.H. Cost Estimate and Financial Assurance for Facility Post-Closure

	Module III- Post-Closure Care
	III.A. Unit Identification and Closure Construction
	III.A.1 Unit 5
	III.A.2 Unit 16

	III.B. Post-Closure Procedures and Use of Property
	III.B.1 Post-Closure Care
	III.B.2 Groundwater System Maintenance
	III.B.3 Post-closure Use
	III.B.4 Post-closure Plan

	III.C. Inspections
	III.D. Security
	III.E. Notices and Certifications
	III.E.1 Notices
	III.E.2 Certification

	III.F. Financial Assurance
	III.G. Post-Closure Permit Modifications

	Module IV- Groundwater Detection Monitoring
	IV.A. Highlights
	IV.A.1 Unit 5
	IV.A.2 Unit 16


	Module V- Groundwater Compliance Monitoring
	V.A. Highlights
	V.A.1 Unit 5
	V.A.2. Unit 16

	V.B. Historical Overview
	V.B.1. Unit 5
	V.B.2. Unit 16

	V.C. Site Hydrogeology
	V.C.1 Geologic Setting
	V.C.2 Karst Trace Analysis
	V.C.3 Occurrence of Groundwater
	V.C.1. Unit 5
	V.C.1.a Geology/Structure
	V.C.1.b Groundwater Movement

	V.C.2. Unit 16
	V.C.2.a Geology/Structure
	V.C.2.b Groundwater Movement


	V.D. Compliance Monitoring System and Sampling Schedule
	V.D.1. Unit 5
	V.D.1.a Groundwater Monitoring System
	V.D.1.b Sampling Schedule
	V.D.1.c Additional Monitoring Wells

	V.D.2. Unit 16
	V.D.2.a Groundwater Monitoring System
	V.D.2.b Sampling Schedule
	V.D.2.c Additional Monitoring Wells


	V.E. Well Construction and Maintenance
	V.E.1. Unit 5
	V.E.1.a Well Construction
	V.E.1.b Maintenance
	V.E.1.c Standard
	V.E.1.d Installation and Abandonment

	V.E.2. Unit 6
	V.E.2.a Well Construction
	V.E.2.b Maintenance
	V.E.2.c Standard
	V.E.2.d Installation and Abandonment


	V.F. Groundwater Protection Standard
	V.F.1. Unit 5
	V.F.1.a Groundwater Protection Standard
	V.F.1.b Background Concentration for Additional Constituents
	V.F.1.c Effective Duration

	V.F.2. Unit 16
	V.F.2.a Groundwater Protection Standard
	V.F.2.b Background Concentration for Additional Constituents
	V.F.2.c Effective Duration


	V.G. Sampling and Analysis Procedures
	V.G.1. Unit 5
	V.G.2. Unit 16

	V.H. Elevation of the Groundwater Surface
	V.H.1 Groundwater Surface Elevation
	V.H.2 Additional/Replacement Wells

	V.I. Statistical Procedures
	V.I.1 Statistical Evaluation
	V.I.2 Simple Empirical Comparison
	V.I.3 Statistical Procedures
	V.I.4 Schedule for Statistical Evaluation

	V.J. Monitoring Program and Data Evaluation
	V.J.1. Unit 5
	V.J.1.a Sampling and Analysis
	V.J.1.b Analytical Constituents
	V.J.1.c Analysis Data Presentation
	V.J.1.d Groundwater Flow Direction and Rate
	V.J.1.e Appendix IX to 40 CFR Part 264
	V.J.1.f Background Values for Newly Detected Constituents
	V.J.1.g GSP (Appendix G of Permit Attachment 2) for Newly Detected Constituents
	V.J.1.h Comparison to Background Concentrations
	V.J.1.i Comparison to Groundwater Protection Standards

	V.J.2. Unit 16
	V.J.2.a Sampling and Analysis
	V.J.2.b Analytical Constituents
	V.J.2.c Analysis Data Presentation
	V.J.2.d Groundwater Flow Direction and Rate
	V.J.2.e Appendix IX to 40 CFR Part 264
	V.J.2.f Background Values for Newly Detected Constituents
	V.J.2.g GPS (Appendix G of Permit Attachment 3) for Newly Detected Constituents
	V.J.2.h Comparison to Background Concentration
	V.J.2.i Comparison to Groundwater Protection Standards


	V.K. Reporting and Recordkeeping
	V.K.1 Record
	V.K.2 Groundwater Elevation
	V.K.2 Background Values

	V.L. Assurance of Compliance
	V.M. Special Requirement if the Groundwater Protection Standard is Exceeded
	V.M.1 Notice
	V.M.2 Establishment of Corrective Action
	V.M.3 Other Source Demonstration

	V.N. Requests for Permit Modification
	V.O. Evaluation of Groundwater Contaminant Plume Location
	V.O.1 Other Source Demonstration
	V.O.2 Additional Wells
	V.O.3 New Well Sampling
	V.O.4 Modification for New Well
	V.O.5 Statistical Evaluation


	Module VI- Groundwater Corrective Action and Monitoring Program for Unit 5
	VI.A. Highlights
	VI.B. Groundwater CA Program- Natural Attenuation Remedy
	VI.B.1 Design Conformance
	VI.B.2 Remedial Objectives
	VI.B.3 Operation Specifications to Be Initiated
	VI.B.4 Measurement and Maintenance of Natural Attenuation Remedy
	VI.B.5 Changes in MNA Program
	VI.B.6 Evaluation of MNA Program
	VI.B.7 Contingency Measures and Termination of Natural Attenuation
	VI.B.8 Alternative Groundwater Remediation Methods
	VI.B.9 Termination of CA/Remedy Program
	VI.B.10 Extension of Compliance Period and CA/Remedy Program

	VI.C. Groundwater CA Monitoring Program
	VI.C.1 Groundwater Monitoring System
	VI.C.2 Sampling and Analysis Schedule

	VI.D. Well Location, Installation and Construction
	VI.D.1 
	VI.D.2
	VI.D.3

	VI.E. Groundwater Protection Standard
	VI.E.1
	VI.E.2
	VI.E.3
	VI.E.4

	VI.F. Sampling and Analysis Procedures
	VI.F.1-3

	VI.G. Elevation of the Groundwater Surface
	VI.H. Monitoring Program and Data Evaluation
	VI.H.1
	VI.H.2
	VI.H.3
	VI.H.4

	VI.I. Comparison to Groundwater Protection Standards
	VI.I.1 Methods of Comparison
	VI.I.2
	VI.I.3
	VI.I.4

	VI.J. Reporting and Record Keeping
	VI.J.1 Groundwater Elevation/Potentiometric Contour Maps
	VI.J.2 Maintenance and Operation of the Remedial System
	VI.J.3 Annual Appendix IX of 40 CFR 264 Data (Appendix K)
	VI.J.4 Contents of an Annual Report

	VI.K. Assurance of Compliance
	VI.L. Special Requirement if Additional CA at the Regulated United is Required
	VI.M. Requests for Permit Modification
	VI.N. CA Schedule

	Module VII- Site-Wide Corrective Action
	VII.A. Corrective Action for Continuing Releases; Protection of Human Health and the Environment
	VII.B. Reports, Notifications, and Submissions to the Department

	Module VIII- Schedule of Compliance (Reserved)
	Attachment 1
	1.A- Facility Maps
	A.1 Facility Location Map
	A.2 Geological/Terrace Map
	A.3 Fracture Trace Map

	1.B- Contigency Plan
	B.1 Tables and Figures
	Figure 1- Contigency Plan Implementation Logic Diagram
	Figure 2- Emergency Equipment Locations
	Table 1- Emergency Procedures
	Table 2- Notification Action Summary
	Table 3- Evaluation Criteria for Implementation of Contigency Plan
	Table 4- Spill Response Measures
	Table 5- Emergency Equipment Locations at RFAAP

	B.2 Examples of Agreements
	Memorandum of Understanding with Federal Bureau of Investigations (FBI)


	1.C- Closure Notices and Post-Closure Plans
	C.1 Unit Post-Closure Notices
	C.2 Post-Closure Plan for Units 5, 7, and 16

	1.D- Facility Contact Representatives
	1.E- Security Provisions and Maintenance
	1. Introduction
	2. Security Procedures and Equipment
	3. Security Guard Force
	4. Barriers and Entry Control
	5. Warning Signs

	1.F- Inspection Requirements
	Inspection and Maintenance Plan
	1.0 Highlights
	2.0 General Inspection Requirements
	3.0 Inspection Schedule
	Table 1- Inspection Schedule
	4.0 Security Controls (Fencing and Warning Signs)
	5.0 Ground Water Monitoring System Inspection and Maintenance Plan
	5.1 Inspection
	5.2 Preventive/Corrective Maintenance
	5.3 Inspection Record Keeping

	6.0 Benchmarks
	7.0 Maintenance Plan- Remedial Action for Erosion Controls, Final Cover System, and Peripheral Drainage Swales
	7.1 Erosion Controls
	7.2 Final Cover System
	7.2.1 Settlement, Subsidence, and Displacement
	7.2.2 Erosion Damage/Water Pooling
	7.2.3 Vegetative Cover

	7.3 Peripheral Drainage Swales


	F.1 Example Semi-Annual Inspection Log
	F.2 Radford Army Ammunition Plant Benchmark Location Maps

	1.G- Personnel and Training
	Personnel and Training
	G.1 Outline of Training Program
	1. Personnel Training
	2. Outline of the Training Program
	3. Job Title/Job Description
	4. Training Content, Frequency, and Techniques
	5. Training Director
	6. Relevance of Training to Job Description
	7. Training for Emergency Response
	8. Implementation of the Training Program

	G.2 Job Description Summary
	A. Facility Coordinator
	B. Monitoring Well Samplers
	C. Hazardous Waste Management Unit Inspectors

	G.3 Personnel Training Summary

	1.H- Groundwater Compliance Monitoring Program
	Appendix H- Table of Contents
	I. Introduction
	II. Pre-Field Office Activities
	II.A. Summary of Tasks to Be Performed
	II.B. Office Activities
	II.B.1 Notification of the Analytical Laboratory(ies)
	II.B.2 Review the SAP and the Health and Safety Plan
	II.B.3 Quality Assurance/Quality Control
	II.B.4 Sample Shipment Containers
	II.B.5 Field Sampling Equipment Requirements


	III. Documentation Requirements
	III.A. Previous Field Data Sheets
	III.B. Field Log Book
	III.C. Chain of Custody Forms
	III.D. Field Data Sheets
	III.E. Notification of Designated Plant Personnel

	IV. On-Site Activities
	IV.A. Calibration of Meters
	IV.B. Measurement of Static Water Level Elevations
	IV.C. Equipment
	IV.C.1 Interface Probe
	IV.C.2 Electric Probe Method


	V. Calculation of Static Water/Purge Volume
	V.A. Purge Volume
	V.B. Micro (or Low Flow)- purging
	V.B.1 Introduction and Overview
	V.B.2 Purging Equipment
	V.B.3 Low-flow Purging Procedures
	V.B.4 Monitoring Indicator Field Parameters
	V.B.5 Purging Observations


	VI. Well Evacuation
	VI.A. NAPL Layers
	VI.B. pH and Specific Conductance
	VI.C. Equipment
	VI.C.1 Bailing
	VI.C.2 Peristaltic Pump
	VI.C.3 Bladder Pumps
	VI.C.4 Submersible Pumps
	VI.C.5 Purger Pump


	VII. Monitoring Well Sampling
	VII.A. Compliance Monitoring
	VII.B. Annual Appendix IX to 40 CFR Part 264 Sampling
	VII.C. Sampling Procedures
	VII.C.1 Low Yield
	VII.C.2 Volatile/Gases
	VII.C.3 Large Volume
	VII.C.4 Filtration
	VII.C.5 Sample Collection
	VII.C.6 Sample Collection Sequence

	VII.D. Equipment
	VII.D.1 Bailing and Sample Collection
	VII.D.2 Peristaltic Pump
	VII.D.3 Bladder Pumps
	VII.D.4 Submersible Pumps


	VIII. Decontamination Procedures
	VIII.A. Lab Cleaning
	VIII.B. Field Cleaning

	IX. QA/QC Program
	IX.A. Field QA/QC
	IX.A.1 Trip Blank
	IX.A.2 Equipment Blank
	IX.A.3 Duplicate Samples
	IX.A.4 Sample Transport and Handling
	IX.A.5 Field Logbook

	IX.B Laboratory QA/QC Control Objectives
	IX.B.1 Laboratory Analysis
	IX.B.2 Internal Quality Control
	IX.B.3 Calibration
	IX.B.4 Duplicate Samples
	IX.B.5 Sequential Dilutions


	X. Record Keeping and Reporting
	X.A. Documentation
	X.A.1 Chain-of-Custody Sheets
	X.A.2 Field Data Sheets
	X.A.3 Site Data Sheet

	X.B. Reporting Requirements
	X.B.1 Groundwater Monitoring Results
	X.B.2 Annual Report


	H.1. Groundwater Log Example
	H.2. Example Purge Volume Calculations
	H.3. Example Chain of Custody Form
	H.4. Recommended Sample Containers and Preservatives
	H.5. Groundwater Monitoring Well Construction Diagram
	H.6. Quality Assurance Project Plan: An Example
	1.0 Introduction
	2.0 Project Description
	2.1 Introduction
	2.2 Target Compounds
	2.3 Data Use
	2.4 Sampling Locations
	2.5 Schedule

	3.0 Quality Assurance Objectives for Measurement Data
	3.1 Precision (Temperate and pH, Specific Conductivity)

	4.0 Laboratory Analytical Measurements
	4.1 Accuracy
	a. Groundwater Level
	b. Temperature and pH
	c. Conductivity
	d. Laboratory Analytical Measurements


	5.0 Sampling Program
	5.1 Field Measurements
	5.2 Groundwater Samples
	5.3 Trip and Equipment Blank Collection
	5.4 Laboratory Replicate Samples
	5.5 Containers, Preservation, and Holding Times
	5.6 Chain-of-Custody Procedures
	5.7 Sample Transportation and Storage
	5.8 Prevention of Cross-Contamination
	5.9 Documentation of Sampling Activies

	6.0 Sample Custody
	6.1 Field Custody
	6.2 Laboratory Custody

	7.0 Calibration Procedures and Frequency
	7.1 Field Instruments
	7.2 Laboratory Instruments

	8.0 Analytical Procedures
	8.1 Field
	8.2 Laboratory

	9.0 Internal Quality Control (QC) Checks
	9.1 Field QC Checks
	a. Calibration
	b. Trip Blanks
	c. Equipment Blanks
	d. Laboratory Replicate Samples

	9.2 Sample Collections
	9.3 Laboratory QC Checks

	10.0 Data Reporting
	10.1 Field Data Reduction
	10.2 Office Data Reduction
	10.3 Data Reduction
	10.4 Data Reporting


	H.7. Example Laboratory Quality Assurance Manual
	1.0 Introduction
	2.0 Objectives
	3.0 Organization and Responsibility
	3.1 CHESTER LabNet
	3.2 Laboratory
	Figure 3-1 CHESTER LabNet Organization Chart
	Figure 3-2 CHESTER LabNet-Pittsburgh Laboratory Organization

	4.0 Sample Custody
	4.1 Custody and Documentation in the Field
	Chain of Custody Record

	4.2 Sample Custody in the Laboratory
	Table 4-1 Containers, Preservatives, and Holding Times
	4.2.1 Sample Receipt in the Laboratory
	4.2.2 Shipment Inspection
	4.2.3 Reconciliation with Chain-of-Custody Document
	4.2.4 Resolution of Shipment Irregularities
	4.2.5 Sample Log In
	4.2.5.1 Entry in Master Log
	4.2.5.2 Job Traveller
	4.2.5.3 Sample Labeling
	4.2.5.4 Information Distribution and Job Filing

	4.2.6 Custody Transfer Within the Laboratory
	4.2.7 Sample Disposal


	5.0 Analytical Procedures
	5.1 Coodination of Activities
	5.2 Preparation of Sample Containers
	Figure 5-1 Analytical Request Form
	5.3 Instrument Maintenance
	5.3.1 Preventive Maintenance
	5.3.2 Repair After Instrument Failure

	Figure 5-2 Corrective Action Notice
	5.4 Preparation of Standards
	Table 5-1 Standards and Solutions Holding Times
	Figure 5-3 Standard Preparation Log
	5.5 Determination of Detection and Quantitation Limits
	5.5.1 Instrument Detection Limit
	5.5.2 Method Detection Limit

	5.6 Instrument and Equipment Calibration
	5.6.1 Initial Calibration
	5.6.2 Continuing Calibration
	5.6.3 Calibration Frequency

	Table 5-2 Calibration Frequencies
	5.7 Monitoring Laboratory Reagent Water
	5.8 Analysis of Quality Control Samples
	5.8.1 Blanks
	5.8.1.1 Reagent Blank
	5.8.1.2 Method Blank

	5.8.2 Spiked Blank
	5.8.3 Spiked Sample
	5.8.4 Sample Duplicate
	5.8.5 External Quality Control Audit
	5.8.6 Record Keeping on Analysis of QC Samples

	5.9 Use of Surrogates
	Table 5-3 Surrogate Compounds and Typical Recoveries
	5.10 Establishment of Acceptance Criteria
	5.11 Development of New or Modified Methods

	6.0 Data Handling
	6.1 Data Recording
	6.1.1 Notebooks
	6.1.2 Record Keeping in Sample Preparation
	Figure 6-1 Continuous Extraction Bench Sheet
	Figure 6-2 Aqueous Sample Metals Digestion
	6.1.3 Record Keeping for Instrument Analysis
	6.1.4 Record Keeping in Noninstrument Analysis

	6.2 Data Reduction
	6.3 Data Validation
	6.4 Data Compilation
	6.5 Final Review

	7.0 Corrective Action
	7.1 Identification of Potential Problem
	7.2 Problems and Actions
	7.2.1 Continuing Calibration Outside Acceptance Range
	7.2.2 Calibration Standards Exceeding the Permitted Holding Time
	7.2.3 Laboratory Method Blanks Exceed Method Detection Limit but are Below Quantitation Limit
	7.2.4 Laboratory Method Blank Exceeds the Quantitation Limit
	7.2.5 Laboratory Control Standard Exhibits Recoveries Outside the Acceptance Criteria
	7.2.6 Surrogates and Sample Spikes Exhibit Recoveries Outside the Acceptance Limit
	7.2.7 Control Chart Exhibits a Regular Trend
	7.2.8 Internal and External Audits and Corrective Actions
	7.2.8.1 Evaluation of System Audits
	7.2.8.2 Corrective Action and Feedback
	7.2.8.3 Documentation of Corrective Action




	H.8. EPA III Micro-Purging Guidance
	EPA: Ground Water Issue
	Background
	Introduction
	II. Monitoring Objectives and Design Considerations
	A. Data Quality Objectives (DQOs)
	B. Sample Representativeness
	C. Sampling Point Design and Construction

	III. Definition of Low-Flow Purging and Sampling
	A. Low-Flow Purging and Sampling
	B. Water Quality Indicator Parameters
	C. Advantages and Disadvantages of Low-Flow (Minimum-Drawdown) Purging

	IV. Low-Flow (Minimal Drawdown) Sampling Protocols
	A. Sampling Recommendations
	B. Equipment Calibration
	C. Water Level Measurement and Monitoring
	D. Pump Type
	E. Pump Installation
	F. Filtration
	G. Monitoring of Water Level and Water Quality Indicator Parameters
	H. Sampling, Sample Containers, Preservation and Decontamination
	I. Blanks

	V. Low-Permeability Formations and Fractured Rock
	A. Low-Permeability Formations (<0.1 L/min recharge)
	B. Fractured Rock

	VI. Documentation
	VII. Notice
	VIII. References

	U.S. Environmental Protection Agency Region I
	Use of Terms
	Scope & Application
	Background for Implemenation
	Health & Safety
	Cautions
	Personnel Qualifications
	Equipment and Supplies
	Equipment/Instrument Calibration
	Preliminary Site Activities (as applicable)
	Purging and Sampling Procedure
	Decontamination
	Field Quality Control
	Field Logbook
	Data Report
	References
	Appendix A- Peristaltic Pumps
	Appendix B- Summary of Sampling Instructions
	Appendix C- Well Purging- Field Water Quality Measurements Form

	BAE Systems
	1.0 Introduction
	2.0 Purging and Sample Collection Procedures


	Appendix A- Field Log Sheet (Empty?)
	Appendix B- Unit-Specific Groundwater Monitoring Constituent List
	Hazardous Waste Management Unit 5- Groundwater Compliance Monitoring (Semiannual) Constituent List
	Hazardous Waste Management Unit 16- Groundwater Compliance Monitoring (Semiannual) Constituent List

	Appendix H.9 Investigative Derived Waste Policy
	Attachment 1
	Department of Environmental Quality Waste Operations: Policy for the Handling of Investigation Derived Waste (IDW)
	Appendix I Annual Groundwater Sampling Constituent List
	Appendix IX Method/Detection Limits
	Appendix J Statistical Procedures
	Appendix J.1 Cochran's Approximation to the Behrens-Fisher Student's T-Test
	Appendix J.2 Suggested Minimum Samples
	Appendix J.3 Statistical References

	Appendix K Methodolgy for Groundwater Monitoring Well Abandonment




	Attachment 2 Unit 5
	Appendix A: Hydrological and Geological Information
	Appendix A.1 Unit Topographic Map and Well Location Map
	Appendix A.2 Geological Cross Sections
	Appendix A.3 Potentiometric Surface Maps (Groundwater Elevation)

	Appendix B: (Reserved)
	Appendix C: Description of Wastes
	Appendix D: Contigency Plan
	Appendix E: Groundwater Compliance Monitoring Semiannual Constituent List
	Appendix F: Groundwater Initial Background Data
	Table 2 HWMU-5 Calculated Background Values

	Appendix G: Groundwater Protection Standards (GPS)
	Appendix H: Boring Logs and Well Construction Diagrams
	Table 1: Monitoring Well Survey Data
	HWMU-5 Well Installation
	Pumping Test Analysis Report
	Pumping Test Data Reports
	Ground Water Monitoring Well Construction Details
	Attachment P
	Appendix 2. Well 5W8B (Background)
	Appendix 3. Well 5W5B (Point of Compliance)
	Appendix 4. Well 5W7B (Point of Compliance)
	Appendix 5. Well 5WC21 (Point of Compliance)
	Appendix 6. Well 5WC22 (Point of Compliance)
	Appendix 7. Well 5WC23 (Point of Compliance)
	Appendix 8. Well S5W5 (Compliance Well)
	Appendix 9. Well S5W7 (Compliance Well)
	Appendix 10. Well 5W9A (Compliance Well)
	Appendix 11. Well 5W10A (Compliance Well)
	Appendix 12. Well 5W11A (Compliance Well)
	Appendix 13. Other Wells


	Appendix I: Corrective Action Plan for Hazardous Waste Managment Unit 5
	Table of Contents
	1. Introduction
	2. Background
	3. Scope of Recent Investigations
	4. Field Methods
	5. Results
	6. Nature and Extent of Plume
	7. Recommended Corrective Action
	8. Conclusions
	9. References
	Appendix A- Supporting Information from Investigational Activities
	Appendix B- Analytical Laboratory Data and Data Validation Reports
	Appendix C
	C-1 Predicted MNA Remedial Timeframe per CAP
	C-2 Point Attenuation Rate Calculation Example



	Appendix J: Groundwater Corrective Action Targeted Contaminants- GPSs and Semiannual Monitoring List for Unit 5
	Appendix K: Groundwater Corrective Annual Monitoring List

	Attachment 3 Unit 16 Closed Hazardous Waste Landfill
	Appendix A: Hydrological and Geological Information
	A.1 Unit Topographic Map and Well Location Map
	A.2 Geological Cross Sections
	A.3 Potentiometric Surface Maps (Groundwater Elevation)

	Appendix B: (Reserved)
	Appendix C: Description of Wastes
	Table 1 Summary Description of Wastes Disposed
	Table B-2 EP Toxicity Results for Wastes Disposed in HWMU-16

	Appendix D: Contigency Plan
	Appendix E: Groundwater Compliance Monitoring (Semiannual) Constituent List
	Appendix F: Groundwater Initial Background Data
	Table 2 HWMU-16 Calculated Background Values
	Statistical Computations- RAAP HWMU-16
	Normality Tests
	Target Analyte Monitoring Results

	Appendix G: Groundwater Protection Standards (GPS)
	Appendix H: Boring Logs and Well Construction Diagrams
	Attachment P: Boring and Well Construction Diagrams
	Appendix 1 General Information
	Appendix 2. Well 16C1 (Background)
	Appendix 3. Well 16MW8 (Point of Compliance)
	Appendix 4. Well 16MW9 (Point of Compliance)
	Appendix 5. Well 16WC1A (Point of Compliance)
	Appendix 6. Well 16WC1B (Point of Compliance)
	Appendix 7. Well 16-1 (Compliance Monitoring)
	Appendix 8. Well 16-2 (Compliance Monitoring)
	Appendix 9. Well 16-3 (Compliance Monitoring)
	Appendix 10. Well 16-5 (Compliance Monitoring)
	Appendix 11. Well 16WC2B (Compliance Monitoring)
	Appendix 12. Well 16Spring (Additional Sampling Point)
	Appendix 13. Well 16WC2A (Piezometer)
	Appendix 14. Well 16C3 (Piezometer)
	Appendix 15. Well 16CDH3 (Piezometer)
	Appendix.16 Other Wells


	Appendix I: Geophysical Investigation and Survey
	Geophysical Investigation at Hazardous Waste Management Site 16
	Background
	Purpose and Scope
	Geophysical Methods
	Seismic Refraction Surveys
	Results
	Electromagnetic Surveys
	Seismic Refraction Surveys

	Conclusions
	Figure 1. Site Map
	Figure 2. Location and Orientation of EM Lines
	Figure 3. Location and Orientation of Seismic Refraction Lines
	Figure 4. 2-D EM Data, 33 Ft Intercoil Spacing, Perpendicular Orientation
	Figure 5. 2-D EM Data, 66 Ft Intercoil Spacing, Perpendicular Orientation
	Figure 6. 2-D EM Data, 132 Ft Intercoil Spacing, Perpendicular Orientation
	Figure 7. 3-D EM Data, 33 Ft Intercoil Spacing, Perpendicular Orientation
	Figure 8. 3-D EM Data, 66 Ft Intercoil Spacing, Perpendicular Orientation
	Figure 9. 3-D EM Data, 132 Ft Intercoil Spacing, Perpendicular Orientation
	Figure 10. Interpreted Location of Landfill Cells, 33 Ft. Intercoil Spacing, Perpendicular Orientation
	Figure 11. Interpreted Location of Landfill Cells, 66 Ft. Intercoil Spacing, Perpendicular Orientation
	Figure 12. Interpreted Location of Landfill Cells, 132 Ft. Intercoil Spacing, Perpendicular Orientation
	Figure 13. 2-D EM Data, 33 Ft Intercoil Spacing, Parallel Orientation
	Figure 14. 2-D EM Data, 66 Ft Intercoil Spacing, Parallel Orientation
	Figure 15. 2-D EM Data, 132 Ft Intercoil Spacing, Parallel Orientation
	Figure 16. 3-D EM Data, 33 Ft Intercoil Spacing, Parallel Orientation
	Figure 17. 3-D EM Data, 66 Ft Intercoil Spacing, Parallel Orientation
	Figure 18. 3-D EM Data, 132 Ft Intercoil Spacing, Parallel Orientation
	Figure 19. Interpreted Location of Landfill Cells, 33 Ft Intercoil Spacing, Parallel Orientation
	Figure 20. Interpreted Location of Landfill Cells, 66 Ft Intercoil Spacing, Parallel Orientation
	Figure 21. Interpreted Location of Landfill Cells, 132 Ft Intercoil Spacing, Parallel Orientation
	Figure 22. 2-D Representation of Two Spacing Method (2*66-33), Perpendicular Orientation
	Figure 23. 2-D Representation of Two Spacing Method (2*132-66), Perpendicular Orientation
	Figure 24. 2-D Representation of Two Spacing Method (2*66-33), Perpendicular Orientation
	Figure 25. 2-D Representation of Two Spacing Method (2*40-60), Perpendicular Orientation
	Figure 26. EM Profile Line Along Perimeter of HWMS-16
	Figure 27. Seismic Refraction Line n-1
	Figure 28. Seismic Refraction Line n-2
	Figure 29. Seismic Refraction Line n-3
	Figure 30. Seismic Refraction Line n-4
	Figure 31. Seismic Refraction Line n-5
	Figure 32. Seismic Refraction Line n-6
	Figure 33. Seismic Refraction Line n-7
	Figure 34. Summary of Seismic Refraction Lines
	Figure 35. Top of Rock Elevation Based on Results of Seismic Refraction Surveys
	Appendix A Core Photographs



	Other Bookmarks
	Module VI - GW Corrective Action - Unit 5
	Untitled
	Module VI - Unit 5 Groundwater Corrective Action
	VI.B.4.d. Water Quality Sampling Events 
	VI.C Groundwater CA Monitoring
	VI.C. 1 - GW Monitoring System
	VI.C.2. Sampling and Analysis Schedule


	Attachment 1 Appendix A - Facility Maps
	Unit 5 and 16

	Attachment 1 - Appendix H - SAP
	Attachment 1 - Appendix H.8 - Micropurge Guidance - 
	Attachment 1 - Appendix H.9 - IDW

	Attachment 1 - Appendix I - Annual GW Monitoring Constituent List
	Attachment 2 - Appendix E - Unit 5
	Attachment 2 - Appendix F - Unit 5 - Initial Background Data
	Table 2 - Unit 5 - Calculated BKG Values 

	Attachment 2 Unit 5 - Appendix G - GPS
	Attachment 2 - Unit 5 - Appendix H - Boring and Well Construction Logs
	Attachment 2 - Unit 5 - Appendix J 
	Attachment 2 - Unit 5 - Appendix K
	Attachment 3 -Unit 16 -Appendix E Compliance Monitoring LIst rev 9-2014
	Attachment 3 - Unit 16 - Appendix F - Initial Background Data 
	Attachment 3 - Unit 16 - Appendix G - GPS - rev 9-2014
	Class 1 Mod - RAAP PCCP HWMU 16 GPS App G - 09-12-2014 REV final docx.pdf





