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US Army Radford Army Ammunition Plant 
Route 114, P.O. Box 2 
Radford Army Ammunition Plant 
Radford, VA 24141

EPA I.D. No.:  VA1210020730 

Pursuant to Chapter 14, Section 10.1-1426 Code of Virginia (1950), as amended and 
regulations promulgated thereunder by the Department of Environmental Quality, a Permit is 
issued to the United States Army Radford Army Ammunition Plant and BAE Systems 
Ordnance Systems Inc. (hereinafter referred to as the Permittees), for the post-closure care of 
two closed hazardous waste management units (HWMUs) of one hazardous waste 
disposal facility: HWMU-5, and HWMU-16. The facility is located in Montgomery and 
Pulaski Counties. HWMU-5 is located in Montgomery County and HWMU-16 is located in 
Pulaski County at latitude 37°11'12” to 49'' North and longitude 80°33’15” to 31'26'' West

The Permittee shall comply with all terms and conditions set forth in this Permit including all 
Permit Attachments. If the Permit and the Permit Attachments conflict, the wording of the Permit 
shall prevail. The Permittee shall also comply with all applicable regulations contained in the 
Virginia Hazardous Waste Management Regulations (VHWMR) as codified in Title 9 of the 
Virginia Administrative Code, Agency 20, Chapter 60 (9 VAC 20-60) and the Resource 
Conservation and Recovery Act (RCRA) Regulations under in 40 CFR Parts 124, 260, 261, 262, 
264, 265, 268, and 270, as adopted by reference in the VHWMR. (For convenience, wherever the 
RCRA Regulations are adopted by reference and cited in this Permit and the Permit Attachments, 
the regulatory citations will be only those from 40 CFR).



The Commonwealth of Virginia has received authorization for its hazardous waste pro-gram under 
Section 3006(b) of the RCRA, 42 U.S.C. § 6926(b), to administer and enforce the RCRA 
regulations under the VHWMR in lieu of the federal hazardous waste management pro-gram. 
Applicable regulations are those under the VHWMR (9 VAC 20-60) which are in effect on the date 
of final administrative action on this Permit and as well as any self-implementing statutory 
provisions and related regulations which are automatically applicable to the Permittee's hazardous 
waste management activities, notwithstanding the conditions of this Permit.

This Permit is based on the administrative record and the assumption that the information submitted 
by the Permittee and contained in the administrative record is complete and accurate. The Permittee's 
failure to fully disclose all relevant facts in the submittal of the permit application or during the 
permit issuance process, or the Permittee's misrepresentation of any relevant facts at any time, shall 
be grounds for the modification or termination of this Permit pursuant to the VHWMR, and in 
accordance with 40 CFR § 124.5, § 270.41, § 270.42 and § 270.43, and shall also be grounds for 
initiation of an enforcement action. The Permittee shall inform the Department of any deviations 
from permit conditions or changes in the information provided in the application. In particular, the 
Permittee shall inform the Department of any proposed changes that might affect the ability of the 
Permittee 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                     and shall remain in effect until                 unless 

ii

revoked and reissued in accordance with 40 CFR § 124.5 and § 270.41, terminated in accordance 
with 40 CFR § 270.43, or continued in accordance with 9 VAC 20-60-270.B.15. 

Date Signed Ashby R. Scott 
Hazardous Waste Program Manager 
Office of Financial Responsibility and Waste 
Programs
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DEFINITIONS

iv 

All definitions contained in 40 CFR Sections 124.2, 260.10, 264.141, 264.1031, 264.1051, 
264.1081, 270.2, and 9 VAC 20-60 are hereby incorporated, in their entirety, by reference into 
this Permit. Any of the definitions used below shall supersede any definition of the same term 
given in 40 CFR Sections 124.2, 260.10, 264.141, 264.1031, 264.1051, 264.1081, 270.2, and 9 
VAC 20-60. Where terms are not defined in the regulations or the Permit, the meaning 
associated with such terms shall be defined by a standard dictionary reference or the generally 
accepted scientific or industrial meaning of the term. 

Throughout the Permit, all references to 40 CFR Parts 124, 261-266, 268, 270, 273, 279, are as 
adopted by reference in the Virginia Hazardous Waste Management Regulations, 9 VAC 20-60. 

a. The term “Area of Concern” shall mean an area at the facility or an off-site area, 
which is not at this time known to be a solid waste management unit, where hazardous 
waste and/or hazardous constituents are present or are suspected to be present as a 
result of a release from the facility.

b. The term "Permit" shall mean the Permit issued by the Virginia Department of 
Environmental Quality, pursuant to Chapter 14, Article 4, Title 10.1, Code of 
Virginia (1950), as amended, and the Virginia Hazardous Waste Management 
Regulations (VHWMR) as codified in Title 9 of the Virginia Administrative Code, 
Agency 20, Chapter 60 (9 VAC 20 60). 

c. The term "Director" shall mean the Director of the Virginia Department of 
Environmental Quality or his designated representative. 

d. The term "Department" shall mean the Virginia Department of Environmental 
Quality (DEQ) (with the address as specified in Permit Condition I.K.).

e. The terms "facility" or "site" shall mean all contiguous land, and structures, other 
appurtenances, and improvements on the land, used for treating, storing, or disposing of 
hazardous waste. For the purpose of implementing corrective action under 40 CFR § 
264.101, “facility” means all contiguous property under the control of the owner or 
operator seeking a permit under Subtitle C of RCRA. 

f. The term "hazardous waste management unit” is a contiguous area of land on or in 
which hazardous waste is placed, or the largest area in which there is significant 
likelihood of mixing hazardous waste constituents in the same area. Examples of 
hazardous waste management units include a surface impoundment, a waste pile, a land 
treatment area, a landfill cell, an incinerator, a tank and its associated piping and 
underlying containment system and a container storage area. A container alone does not 
constitute a unit; the unit includes containers and the land or pad upon which they are 
placed.
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g. The term "release" shall mean any spilling, leaking, pumping, pouring, emitting, 
emptying, discharging, injecting, escaping, leaching, dumping, or disposing into the 
environment, including abandonment or discarding of barrels, containers, and other 
closed receptacles containing any hazardous substance, pollutant, or contaminant (40 
CFR § 302.2 and CERCLA § 101(22)).

h. The term “Hazardous Constituent” shall mean all constituents that are listed in 40 CFR 
261, Appendix VIII and 40 CFR Part 264, Appendix IX (9 VAC 20-60-264.B.6.).

i. The term “Permittee” shall mean the owner/operator of the facility to which the Permit is 
issued. 

j. The term “EPA” shall mean United States Environmental Protection Agency. 

k. The term “Solid Waste Management Unit” shall mean any discernable unit at the 
facility from which hazardous constituents might migrate, irrespective of whether the 
units were intended for the management of solid and/or hazardous wastes. Such units 
include any area at a facility where solid wastes have been routinely and systematically 
released. 

l. The term “unit” refers to containers, container storage areas, tanks, surface 
impoundments, waste piles, land treatment units, landfills, incinerators, underground 
injection wells, and other physical, chemical, and biological units or treatment units.

m. The term “Days” shall mean calendar days except as otherwise provided herein. 

n. The term “Plume Monitoring Wells” shall mean those groundwater monitoring wells 
designated by Permit Conditions V.D.1.a.ii, V.D.2.a.ii, VI.C.1.b and located as shown in 
Permit Attachments II.A and V.A.

o. The term “Exceedance” shall mean any measured concentration greater than established 
standard.  May be verified by resampling. 

p. The term “Independent Samples” shall mean samples collected after a new volume of 
purged water has completely passed through the filter pack. Sampling interval is 
calculated based upon aquifer characteristics.

q. The term “Point of Compliance” shall mean the vertical plane at the hydraulically 
downgradient limit of the waste management unit. 

r. The term “Point of Compliance Wells” shall mean those groundwater monitoring wells at 
the hydraulically downgradient limit of the Regulated Unit as designated by Permit 
Conditions V.D.1.a.i, V.D.2.a.i, and VI.C.1.a and located as shown Permit Attachments 
II.A and V.A.

v 
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s. The term “Regulated Unit” shall mean any hazardous waste management unit for 
treatment, storage, or disposal regulated under the Virginia Hazardous Waste 
Management Regulations.

vi
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MODULE I - STANDARD CONDITIONS

This Permit has been developed for Radford Army Ammunition Plant (Radford AAP) Hazardous 
Waste Management Units (HWMUs) 5 and 16 to ensure compliance with all appropriate 
reporting and monitoring requirements as defined by 9 VAC 20-60-10 et seq. for the closed 
HWMU- 5 located in Montgomery County and HWMU- 16 located in Pulaski County at latitude 
37o11'12” to 49'' North and longitude 80o33’15” to 31'26'' West.  Hazardous waste management 
at the Facility addressed by this Permit is currently limited to the following activity: maintenance 
and monitoring of one closed hazardous waste surface impoundment (HWMU- 5) and one closed 
hazardous waste landfill (HWMU-16) containing hazardous wastes and various laboratory 
chemicals as specified in this Permit.

The Permit Conditions in this module apply to both units, HWMU- 5  and HWMU-16.

I.A. EFFECT OF PERMIT

Module I-1

This Permit, issued by the Director pursuant to 40 CFR § 270.1(c)(4), authorizes 
only the management of hazardous waste expressly described in this Permit and 
in accordance with the conditions of this Permit and with the applicable 
provisions of the VHWMR under 9 VAC 20-60. Any management of hazardous 
waste by the Permittee which is not authorized by this Permit or 9 VAC 20-60, 
and for which a permit is required under Chapter 14, Article 4, Title 10.1, Code 
of Virginia (1950), as amended, is prohibited (40 CFR §§ 270.30(g) and 270.4(b) 
and (c)). Compliance with this Permit generally constitutes compliance, for the 
purposes of enforcement, with Chapter 14, Article 4, Title 10.1-1426, Code of 
Virginia (1950), as amended.  This Permit does not convey any property rights of 
any sort, or any exclusive privilege.  Possession of a permit does not authorize 
any injury to persons or property or invasion of other private rights, or any 
infringement of Commonwealth of Virginia or local laws or regulations. 
Compliance with the terms of this Permit may not constitute a defense to any 
action brought under Chapter 14, Article 8, Code of Virginia (1950), as amended, 
or any other Commonwealth law governing protection of public health or the 
environment.  

I.B. PERMIT ACTIONS

I.B.1 This Permit may be modified, revoked and reissued, or terminated for cause as 
specified in 40 CFR §§ 124.5, 270.30(f), 270.41, 270.42, and 270.43. The filing 
of a request by the Permittee for a permit modification, revocation and 
reissuance, or termination, or the notification of planned changes or anticipated 
noncompliance does not stay the applicability or enforceability of any Permit 
Condition (40 CFR § 270.30(f)).
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I.B.2 Permit modifications at the request of the Permittee shall be done as specified by 
40 CFR § 270.42. 

I.B.3 This Permit may be renewed as specified in 9 VAC 20-60-270.B.6. and 40 CFR § 
270.10(h), and Permit Condition I.D.2. Review of any application for a permit 
renewal shall consider improvements in the state of control and measurement 
technology, as well as changes in applicable regulations. 

I.C. SEVERABILITY

Module I-2

I.C.1 The provisions of this Permit are severable, and if any provision of this Permit or 
the application of any provision of this Permit to any circumstance is held invalid, 
the application of such provision to other circumstances and the remainder of this 
Permit shall not be affected thereby. Invalidation of any Commonwealth or 
federal statutory or regulatory provision which forms the basis for any condition 
of this Permit does not affect the validity of any other Commonwealth or Federal 
statutory or regulatory basis for said condition (40 CFR § 124.16(a)(2)).

I.C.2 In the event that a condition of this Permit is stayed for any reason, the Permittee 
shall continue to comply with the conditions of the existing permit which 
correspond to the stayed condition unless the Director determines such 
compliance would be technologically incompatible with compliance with other 
conditions of this Permit which have not been stayed (40 CFR §124.16(c)(2)).

I.D. DUTY AND REQUIREMENTS

I.D.1. Duty to Comply 

The Permittee shall comply with all conditions of this Permit, except that the 
Permittee need not comply with the conditions of this Permit to the extent and for 
the duration such noncompliance is authorized by an emergency permit under 40 
CFR § 270.61. Any other noncompliance with the Permit constitutes a violation 
of Title 10.1, Code of Virginia (1950), as amended, and regulations promulgated 
thereunder and is grounds for enforcement action; for Permit termination, 
revocation and reissuance, or modification; or denial of a Permit renewal 
application (40 CFR 270.30(a)).

I.D.2. Duty to Reapply 

If the Permittee wishes to or is required to continue an activity regulated by 
this Permit after the expiration date of this Permit, the Permittee shall apply for 
and obtain a new Permit as specified below.
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a. The Permittee shall submit a new and complete application for a new 
Permit at least 180 days before the Permit expires, unless a later date has 
been approved by the Director. (40 CFR §270.30(b)).

b. Pursuant to 40 CFR § 270.10(h), the Director shall not grant permission for an 
application to be submitted later than the existing Permit’s expiration date. 

I.D.3. Need to Halt or Reduce Activity Not a Defense

Module I-3

It shall not be a defense in an enforcement action to argue that it would have 
been necessary to halt or reduce the permitted activity in order to maintain 
compliance with the conditions of this Permit (40 CFR 270.30(c)).

I.D.4. Duty to Mitigate

In the event of noncompliance with the Permit, the Permittee shall take all 
reasonable steps to minimize releases to the environment and shall carry out such 
measures as are reasonable to prevent significant adverse impacts on human 
health and the environment (40 CFR § 270.30(d)).

I.D.5. Proper Operation and Maintenance

The Permittee shall at all times properly operate and maintain all facilities and 
systems of treatment and control (and related appurtenances) which are installed 
or used by the Permittee to achieve compliance with the conditions of this 
Permit. Proper operation and maintenance includes effective performance, 
adequate funding, adequate operator staffing and training, and adequate 
laboratory and process controls; including appropriate quality assurance 
procedures. This provision requires the operation of back-up or auxiliary 
facilities or similar systems only when necessary to maintain compliance with 
the conditions of the Permit (40 CFR § 270.30(e)). 

I.D.6. Duty to Provide Information

The Permittee shall furnish the Director within a reasonable time, any relevant 
information the Director may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this Permit, or to determine 
compliance with this Permit. The Permittee shall also furnish the Director, 
upon request, copies of records required to be kept by this Permit (40 CFR § 
270.30(h)).

I.D.7. Inspection and Entry

The Permittee shall allow the Director or an authorized representative, upon the 
presentation of credentials and other documents as may be required by law to:
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a. Enter at reasonable times upon the Permittee's premise where a regulated 
facility or activity is located or conducted, or where records must be kept 
under the conditions of this Permit;

b. Have access to and copy, at reasonable times, any records that must be 
kept under conditions of this Permit;

c. Inspect at reasonable times any facilities, equipment (including monitoring 
and control equipment), practices, or operations regulated or required under 
this Permit; and

d. Sample or monitor, at reasonable times, for the purpose of assuring Permit 
compliance or as otherwise authorized by 9 VAC 20-60, any substances or 
parameters at any location (40 CFR § 270.30(i)).

I.D.8. Reporting Planned Changes

Module I-4

The Permittee shall give advance written notice to the Director as soon as 
possible of any planned physical alterations or additions to the permitted facility. 
This notice shall include a description of all incidents of noncompliance 
reasonably expected to result from the proposed changes (40 CFR § 
270.30(l)(1)).

I.D.9. Anticipated Noncompliance

The Permittee shall give advance notice to the Director of any planned changes 
in the permitted facility or activity which may result in noncompliance with the 
Permit requirements (40 CFR § 270.30(l)(2)).

I.D.10. Twenty-four Hour Reporting 

The Permittee shall report to the Director any non-compliance which may 
endanger human health or the environment. Information shall be provided orally 
within 24-hours of the Permittee becoming aware of the circumstances. 
Information specified in a., b., and c. below shall be reported orally within 24 
hours:

a. Information concerning the release of any hazardous waste that may cause 
an endangerment to public drinking water supplies. 

b. Any information of a release or discharge of hazardous waste, or of a fire 
or explosion at the facility, which could threaten the environment or human 
health outside the facility. 
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c. The description of the occurrence and its cause shall include:

i. Name, address, and telephone number of the owner or operator; 

ii. Facility name, address, and telephone number; 

iii. Date, time, and type of incident; 

iv. Name and quantity of material(s) involved; 

v. The extent of injuries, if any; 

vi. An assessment of actual or potential hazard to the environment and 
human health outside the facility, where this is applicable; and 

vii. Estimated quantity and disposition of recovered material that 
resulted from the incident (40 CFR §270.30 (l)(6)). 

d. A written submission shall also be provided to the Director within five (5) 
days of the time the Permittee become aware of the circumstances. The 
written submission shall contain at a minimum the following:

i. A description of the noncompliance and its cause; 

ii. The periods of noncompliance, including exact dates and times, and if 
the noncompliance has not been corrected, the anticipated time it is 
expected to continue; and 

iii. The steps taken or planned to reduce, eliminate, and prevent 
reoccurrence of the noncompliance. 

The Director may waive the five (5) day notice requirement in favor of a 
written report within fifteen (15) days (40 CFR § 270.30(l)(6)(iii)).

I.D.11. Other Noncompliance

Module I-5

The Permittee shall report all other instances of noncompliance not otherwise 
required to be reported pursuant to Permit Conditions I.D.10, I.D.12, and I.E.1, 
at the time monitoring reports are submitted. The reports shall contain at a 
minimum the information listed in Permit Condition I.D.10 (40 CFR § 
270.30(l)(10)).

I.D.12. Other Information

Whenever the Permittee becomes aware that it failed to submit any relevant
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facts in the Permit application, or submitted incorrect information in a permit 
application or in any report to the Director, the Permittee shall promptly 
submit such facts or information to the Director (40 CFR § 270.30(l)(11).

I.E. MONITORING AND RECORDS

Module I-6

I.E.1. Monitoring Reports

Monitoring shall be performed and results shall be reported at the intervals 
specified in the Permit.

I.E.2. Samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity (40 CFR § 270.30(j)(1)). The method 
used to obtain a representative sample of the waste to be analyzed must be the 
appropriate method specified in 40 CFR 261, Appendix I, or an equivalent 
method approved by the EPA. Laboratory methods must be those specified in 
Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, SW-846 
(3rd ed.; November, 1986, as updated), Standard Methods of Wastewater 
Analysis (16th ed.; 1985, as updated), or an equivalent method approved by the 
EPA. Additionally, the laboratory must be accredited for the analytical method, 
matrix and target analyte (where applicable) by the Virginia Environmental 
Laboratory Accreditation Program (VELAP).

I.E.3. The Permittee shall retain records of all monitoring information, including all 
calibration and maintenance records, and all original strip chart recordings for 
continuous monitoring instrumentation, copies of all reports and records 
required by this Permit, all certifications required by 40 CFR § 264.73(b)(9), 
and records of all data used to complete the application for this Permit, for a 
period of at least 3 years (or longer if specified elsewhere in this Permit) from 
the date of the sample collection, measurement, report, certification, or 
application. These retention periods may be extended by the request of the 
Director at any time and are automatically extended during the course of any 
unresolved enforcement actions regarding this facility. The Permittee shall 
maintain records from all ground-water monitoring wells and associated ground-
water surface elevations, for the active life of the facility, and for disposal 
facilities for the post-closure care period as well.  

Records of monitoring information shall include at a minimum: 

a. The date, exact place, and time of sampling or measurements; 

b. The individual(s) who performed the sampling or measurements; 

c. The date(s) analyses were performed;
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d. The individual(s) who performed the analyses; 

e. The analytical techniques or test methods used; and 

f. The results of such analyses (40 CFR § 270.30(j)). 

I.F. COMPLIANCE NOT CONSTITUTING DEFENSE

Module I-7

Compliance with the terms of this Permit does not constitute a defense to any 
action brought under Chapter 14, Article 8 of Title 10.1, Code of Virginia (1950) 
as amended or any other Commonwealth law governing protection of the public 
or the environment.

I.G. TRANSFER OF PERMITS

This Permit is not transferable to any person except after notice to the Director. 
(40 CFR § 270.30(l)(3)) The Director may require modification or revocation 
and reissuance of the Permit pursuant to 40 CFR §§124.5, 270.40, 270.41, 
270.42, and 270.43, to identify the new Permittee and incorporate such other 
requirements as may be necessary. If the name of the Permittee changes, the 
Director may require modification of the Permit through a Class 1 modification 
pursuant to 40 CFR § 270.42(a). Before transferring ownership or operation of 
the facility during its operating life, the Permittee shall notify the new owner or 
operator in writing of the requirements of 9 VAC 20-60-264 and 40 CFR Parts 
264 and 270 and at the same time shall send a copy of such notice to the 
Director (40 CFR § 264.12(c)).

I.H. PERMIT DURATION AND POST-CLOSURE CARE PERIOD

Pursuant to 9 VAC 20-60-270.B.15 this Permit will remain in force until the 
effective date of a new permit if the Permittee has submitted a timely, complete 
application pursuant to Permit Condition I.D.2.a. and through no fault of the 
Permittee, the Director has not issued a new permit with an effective date on or 
before the expiration date of this Permit. All conditions of the continued Permit 
shall remain fully effective and enforceable (40 CFR § 270.51(d)).

The post-closure period for each hazardous waste management unit shall begin 
after completion of closure of the unit and continue for 30 years after that date 
(264.117(a)), or for a reduced period if the Director approves clean closure of the 
unit and the reduced period is sufficient to protect human health and the 
environment (264.117(a)(2)(i)), or for an extended period if the Director finds 
that the extended period is necessary to protect human health and the 
environment (e.g., leachate or ground-water monitoring results indicate a 
potential for migration of hazardous wastes at levels which may be harmful to 
human health and the environment) (264.117(a)(2)(ii)). The date of final closure
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certification for each unit is different; therefore, the final date of post-closure 
care is different for each unit. 

I.H.1. HWMU-5

Module I-8

The hazardous waste surface impoundment was closed on October 26, 1989 and 
the post-closure care period was to extend to October 26, 2019. The facility is 
required to manage this unit under a Post-closure Permit until October 26, 2019, 
until the Director approves clean closure of the unit, or for an extended period if 
the Director finds that an extended period is necessary to protect human health 
and the environment.

I.H.2. HWMU-16

UNIT 16 was operated from 1980 to 1988.  The hazardous waste landfill was 
certified closed on August 10, 1993 and the post-closure care period was extend 
to August 10, 2023. The facility is required to manage this unit under a Post-
closure Permit until August 10, 2023, until the Director approves clean closure of 
the unit, or for an extended period if the Director finds that an extended period is 
necessary to protect human health and the environment. 

I.I. EXTENSION OR REDUCTION OF POST-CLOSURE PERIOD

I.I.1. The Permittee may request a reduction in the 30-year post-closure period if the 
following condition exists (40 CFR § 264.117(a)(2)(i)): A shortened period is 
sufficient to protect human health and the environment based upon: leachate or 
groundwater monitoring results, characteristics of the hazardous wastes, 
application of advanced technology, or alternate disposal, treatment, or reuse 
techniques indicate that the facility is secure.

I.I.2. The Director may extend the post-closure period applicable to the hazardous 
waste management unit or facility if the extended period is necessary to protect 
human health and the environment (e.g., leachate or groundwater monitoring 
results indicate a potential for migration of constituents at levels which may be 
harmful to human health and the environment). (40 CFR § 264.117(a)(2)(ii)).

I.J. COMPLIANCE PERIOD

I.J.1. The Compliance Period is the period of time that the facility is required to remain 
in compliance with the Groundwater Protection Standards (GPS) in the uppermost 
aquifer beneath the unit at the point of compliance (40 CFR § 264.92 and § 
264.96). The compliance period is the number of years equal to the active life of 
the Regulated Units including any waste management activity prior to permitting, 
and the closure period. The compliance period begins when the owner or operator 
initiates a compliance monitoring program, which was the effective date of the
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original Permit issued.  

I.J.2. HWMU-5

Module I-9

The closed surface impoundment (unlined from 1970 to 1981; lined from 1981 to 
1989) operated as the collection impoundment downstream from an acid tank 
farm from 1970 until final closure of the unsaturated soils in 1989.  The 
compliance period during which the GPS (Permit Attachment V.F) applies is 
nineteen (19) years.  The original permit for HWMU-5 was issued on September 
28, 2001. The original compliance period, therefore, continued until October 28, 
2020. Exceedances above the GPS values continued to occur at the point of 
compliance beyond the original compliance period. Therefore, the compliance 
period has been extended to October 28, 2030, or until the Director approves 
clean closure of the unit.

I.J.3. HWMU-16

The closed hazardous waste landfill consisted of a trench without a liner or 
leachate collection system.  HWMU-16 was operated from 1980 to 1988 and the 
unit was certified closed on August 10, 1993.  The original compliance period 
during which the GPS (Permit Attachment V.F) applied was thirteen (13) years 
from the effective date of the original  permit and continued until October 30, 
2015. Due to the continued presence of hazardous waste buried within the unit, 
the potential for impact to human health and the environment remains. Therefore, 
the compliance period has been extended to October 30, 2035, or until the 
Director approves clean closure of the unit.

I.J.4. If at the end of the specified compliance period for either HWMU, the facility is 
engaged in a corrective action program, the compliance period shall be extended 
until the Permittee can demonstrate that the GPS has not been exceeded at the 
point of compliance for a period of three (3) consecutive years (40 CFR § 
264.96(c)).

I.K. REPORTS NOTIFICATIONS AND SUBMISSIONS TO THE
DEPARTMENT

I.K.1. Duty to Submit Documents

All reports, notifications or other submissions which are required by this Permit 
to be sent or given to the Director of the Virginia Department of Environmental 
Quality (DEQ) shall be sent electronically, by certified mail, overnight express, 
or be hand-delivered to:

Department of Environmental Quality 
Hazardous Waste Program Manager
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Office of Financial Responsibility and Waste Programs 
P.O. Box 1105 
Richmond, Virginia 23218 

Street address: 
1111 East Main Street, Suite 1400 
Richmond, VA 23219

and one (1) copy of all such correspondence, reports, and submissions shall also 
be sent to:

Land Protection Manager, Blue Ridge Regional Office 
Department of Environmental Quality 
901 Russell Drive 
Salem, VA 24153 

Associate Director, Office of Remediation 
Environmental Protection Agency, Region III 
1650 Arch Street 
Philadelphia, PA 19103-2029 
(3LC20)

I.K.2. Signatory Requirements 

Module I-10

All applications, work-plans, reports, and other information submitted shall be 
signed and certified as specified by 40 CFR §270.11. 

I.L. DOCUMENTS TO BE MAINTAINED AT THE FACILITY

I.L.1. The Permittee shall maintain at the facility, until post-closure care is completed 
and certified by the Permittee and by an independent, Virginia-registered 
professional engineer, the following documents (as amended, revised, and/or 
modified):

a. The Permit, including all attachments, revisions and modifications; 

b. All Part A and B Permit Applications supporting the Permit; 

c. The facility operating record required by 40 CFR § 264.73;

d. Inspection schedules and logs required by 40 CFR § 264.15(b)(2) § 
264.15(d), and this Permit;



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

e. Personnel training documents and records required by 40 CFR § 264.16 and 
this Permit; 

f. Closure Plans, as required by 40 CFR § 264.112(a), as applicable; 

g. Post-Closure Plans, as required by 40 CFR § 264.118(a), as applicable; 

h. Groundwater sampling and analysis plan required by 40 CFR § 264.92 and 
this Permit; 

i. Groundwater monitoring results required by 40 CFR § 264.73(b)(6) and this 
Permit; 

j. All other documents required by Permit Conditions I.D.8 through I.D.12 and 
I.E. 

I.M. TRADE SECRET PROTECTION

Module I-11

In accordance with §10.1-1458 of the Code of Virginia (1950, as amended), the 
permittee may claim any information this permit requires, or is otherwise 
submitted to the Director as trade secret. In doing so, the permittee shall: 1) assert 
any such claim at the time of submittal, 2) identify the data or materials for which 
protection is being sought, and 3) state the reasons why protection is necessary.  
Further information regarding trade secret protection, the basis for submittal of 
such a request, the Department’s decision process and handling of trade secret 
protected information is available on the Virginia Regulatory Town Hall website 
(http://townhall.virginia.gov/L/ViewGDoc.cfm?gdid=5322). If no claim is made 
at the time of submittal, the Director may make the information available to the 
public without further notice. The permittee has the burden of substantiating that 
the claimed information is trade secret, and the Department may request further 
information regarding such claim, and may reasonably determine which such 
information to treat as trade secret.  The Department may disclose trade secret 
information to the appropriate officials of the Environmental Protection Agency 
pursuant to the requirements of the federal Solid Waste Disposal Act, 42 U.S.C. § 
3251, et seq., or as otherwise required by law.

I.N. APPROVAL/DISAPPROVAL OF SUBMISSIONS

I.N.1. The Department will review the plans, reports, schedules and other documents 
(hereinafter collectively referred to as "submissions") that are submitted which 
require the Director’s approval. The Department will notify the Permittee in 
writing of the Department’s approval, conditional approval, or disapproval of 
each submission. 

http://townhall.virginia.gov/L/ViewGDoc.cfm?gdid=5322
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I.N.2. Each submission required by this Permit, upon approval by the Director, is 
incorporated into this Permit. Any noncompliance with a Department-approved 
submission shall be deemed as noncompliance with this Permit. A conditionally 
approved submission, including any terms of such conditional approval set 
forth in the Department’s decision, shall constitute the Department-approved 
submission and shall be incorporated into this Permit.

I.N.3. In the event of the Department's conditional approval of a submission, the 
Director shall specify in writing any deficiencies in the submission and the 
terms upon which approval of the submission is conditioned. If the Permittee 
disputes any term upon which approval of the submission was conditioned, the 
Permittee may initiate Dispute Resolution pursuant to Permit Condition I.O. 

I.N.4. In the event of the Department’s disapproval of a submission, the Director or the 
Department shall specify the deficiencies in writing. Such disapproval shall not 
be subject to the Dispute Resolution provision set forth in Permit Condition I.O. 
The Permittee shall modify the submission to correct/address the specified 
deficiencies within a reasonable time period established by the Director or the 
Department taking into account the tasks to be performed, and submit the revised 
submission to the Department for approval. 

I.N.5. If the revised submission is disapproved, the Director or the Department will 
notify the Permittee of the deficiencies in writing and specify a schedule for the 
Permittee to correct the deficiencies and resubmit the submission to the 
Department. The Permittee shall correct the deficiencies as directed by the 
Department, and forward the revised submission within the time period specified 
by the Department. In the event the Permittee disagrees with the Department’s 
disapproval of the revised submission, the Permittee shall notify the Department 
in writing and the disagreement shall be resolved in accordance with the Dispute 
Resolution provision in Permit Condition I.O. of this Permit.

I.O. DISPUTE RESOLUTION 

Module I-12

I.O.1. Except as otherwise provided in this Permit, in the event the Permittee disagrees, 
in whole or in part, with Department disapproval of any submission required by 
this Permit, the Permittee shall notify the Department in writing of its objections, 
and the basis thereof, within fourteen (14) days of receipt of the Department's 
disapproval. Such notice shall set forth the specific matters in dispute, the 
position(s) the Permittee asserts which should be adopted as consistent with the 
requirements of the Permit, the basis for the Permittee's position, and supporting 
documentation considered necessary for the Department's determination.

I.O.2. The Department and the Permittee shall have an additional fourteen (14) days 
from the Department's receipt of the notification to meet or confer to resolve 
any disagreement or dispute. In the event agreement is reached, the Permittee
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shall submit the revised submission and implement the same in accordance with 
such agreement.

I.O.3. In the event the Permittee and the Department are not able to reach an 
agreement on the dispute items within the additional 14-day period, the 
Department will notify the Permittee in writing of its decision on the dispute 
and the Permittee shall comply with the terms and conditions of the 
Department's decision in the dispute. The Permittee does not waive its right to 
assert any and all available defenses in a proceeding to enforce this Permit. 

I.O.4. In the event the Permittee disagrees with the Department 's disapproval of a 
submission or revised submission and the Department’s written decision 
regarding dispute items, the Permittee may file an appeal with the Director within 
30 days of the disapproval (as provided for in Rule 2A:2 of the Supreme Court of 
Virginia).

Module I-13
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MODULE II - GENERAL FACILITY CONDITIONS 

The Permit Sections in this module apply to both units, HWMU-5 and HWMU-16. 

II.A. DESIGN AND OPERATION OF FACILITY

Module II-1

The Permittees shall maintain and operate the facility, the location of which is 
shown by the location map, topographic map, and facility map (Permit 
Attachment II.A), to minimize the possibility of fire, explosion, or any unplanned 
sudden or non-sudden release of hazardous waste constituents to the air, soil, or 
surface water which could threaten human health or the environment.

II.B. FACILITY DESCRIPTION AND SITE IDENTIFICATION

The facility, Radford Army Ammunition Plant, is located in the mountains of 
southwestern Virginia within Pulaski and Montgomery Counties.  The site 
location map is presented in  Figure II.A-1 of Permit Attachment II.A. The 
installation consists of two noncontiguous areas - the Radford Unit (or Main 
Section) and the New River Ammunition Storage Area Unit.  The Main Section is 
located approximately 4 miles northeast of the city of Radford, approximately 10 
miles west of Blacksburg, and 47 miles southwest of Roanoke, Virginia.  The 
New River Unit is located approximately 6 miles west of the Main Section, near 
the town of Dublin, Virginia.  The New River divides the Radford Army 
Ammunition Plant into two areas (see Figures II.A-2 and II.A-3).  The southern 
area, which comprises approximately two-thirds of Radford Army Ammunition 
Plant, is called the "Main Plant Area."  The remaining northern one-third section 
is called the "Horseshoe Area," and is located within a meander of the New River. 

Forty three (43) Solid Waste Management Units (SWMUs) and six (6) HWMUs 
are located in both the Main Plant Area and the Horseshoe Area (Figure II.A-4).  
This permit includes two (2) Hazardous Wastes Management Units: HWMU-5 
and HWMU-16 (Figure II.A-5).

The Radford Army Ammunition Plant is a government-owned, contractor-
operated (GOCO) military industrial installation supplying solvent and solventless 
propellant grains and trinitrotoluene (TNT) explosives. From its inception as a 
GOCO installation in 1940 until 1995, the Radford Army Ammunition Plant was 
operated by Hercules Incorporated. On March 15, 1995 Alliant Techsystems, 
Incorporated acquired Hercules Incorporated and took over operation of the 
Radford Army Ammunition Plant. BAE Systems, Ordnance Systems Inc. became 
the operating contractor on July 1, 2012. 

Construction of the Radford Army Ammunition Plant began in 1940. Initially, the 
Radford Army Ammunition Plant consisted of two distinct areas - a smokeless-
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powder plant (Radford Ordnance Works [ROW]) and a bag-manufacturing and 
loading plant for artillery, cannon, and mortar projectiles (New River Ordnance 
Works [NROW]).  These two production facilities were operated separately from 
1940 to 1945.  Late in 1945, ROW was designated as the Radford Arsenal, and 
NROW was designated as a subpost.  By January 1950, NROW was made an 
integral part of the Radford Arsenal and no longer considered a subpost.  The 
arsenal was renamed Radford Ordnance Plant in 1961 and was finally 
redesignated as the Radford Army Ammunition Plant in August 1963. 

Expansion of both ROW and NROW continued throughout World War II. Late in 
1945, the Radford Unit was placed on standby status. The following year, the 
nitric acid area of the plant was reactivated to produce ammonium nitrate 
fertilizer, an activity that continued until 1949 under contract with Hercules 
Powder Company (later Hercules Incorporated). In September 1945, the NROW 
was declared surplus; but in April 1946, the magazine areas were changed from 
surplus to standby status. Between December 1946 and January 1948, large 
parcels of the NROW plant manufacturing area were sold. These parcels were 
excess land holdings that had never been used for production purposes. Between 
1952 and 1958, the Goodyear Aircraft Corporation was contracted to manufacture 
component parts used in missile production at the Radford Army Ammunition 
Plant. In 1958, Hercules took over the Goodyear operations at the Plant. In mid-
1968, the continuous TNT plant was put into production and remained in 
operation until destroyed by an explosion in May 1974. The TNT plant was 
restarted in 1983 and operated until 1986. In December 1988, a facility cleanup 
was conducted and the TNT plant was prepared for long-term standby status.  
Between 1990 and 1992, two nitroglycerin lines were modernized and went back 
into production as needed. 

The general responsibilities assigned to the Radford Army Ammunition Plant 
include: 

a. Manufacturing of explosives and propellants; 

b. Handling and storage of strategic and critical materials as directed for other 
government agencies;

c. Operation and maintenance, as directed, of active facilities in support of 
current operations.  Maintenance and/or lay-away in accordance with 
Ammunition Procurement and Supply Agency instructions, of standby 
facilities, including any machinery and packaged lines received from industry, 
in such conditions as will permit rehabilitation and resumption of production 
within the time limitations prescribed;

d. Receipt, surveillance, maintenance, renovation, demilitarization, salvage, 
storage, and issue of assigned Field Service Stock and industrial stock as 

Module II-2
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required or directed;

e. Procurement, receipt, storage, and issue of necessary supplies, equipment, 
components, and essential materials; 

f. Mobilization planning, including review and revision of plant as required; 

g. Custodial maintenance and administrative functions of subinstallations; and 

h. Support services for tenants. 

These responsibilities are met through the efforts of the operating contractor, BAE 
Systems Ordnance Systems Inc. The Administrative Contracting Officer (ACO) 
and his or her staff provide technical assistance and administer the contracts with 
the civilian operating contractors. Radford Army Ammunition Plant also provides 
logistics support for tenant activities.

Production at Radford Army Ammunition Plant is accomplished at the primary 
and secondary manufacturing areas. The primary manufacturing processes include 
the production of single-base and multi-base solvent propellants, cast propellant,  
solventless propellant (rolled powder), and TNT. From 1941 to present the 
principle products at Radford AAP have been single or multi base solvent and 
solventless propellants.

II.B.1. HWMU-5

Module II-3

HWMU-5 is a closed lined neutralization pond/ surface impoundment (Figure 
II.A-6).  It is located on a river terrace which gently slopes to the north towards 
the New River.  This pond was operated as an unlined pond from 1970 to 1981, 
prior to being retrofitted with a HypalonTM liner in 1981. Leakage from the unit 
may have occurred prior to the installation of the liner. Numerous karst features, 
predominantly sinkholes, are near this unit. Intermittent drainages are located to 
the west and northeast of the Unit, and the New River is located approximately 
3,000 feet northeast of the Unit. 

II.B.2. HWMU-16

HWMU-16 is located within the Horseshoe Area of the New River and is a 
hazardous waste trench located within a solid waste landfill (Figure II.A-7). 
Several sources, the Soil Conservation Services and consultant reports, indicated 
that the unit is located within a karst dominated area. The unit is underlain by 
clay, silty sands, gravels, and limestone.  The clay and silt deposits can be up to 
38 feet thick.  The overburden materials are terrace deposits. The bedrock is the 
Elbrook Formation which is encountered at a depth of 50 to 60 feet on the west 
end and at 70 feet on the east end. The formation is highly fractured and 
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fragmented with breccia, vugs, and solution channels. A spring and perennial 
stream are located approximately 730 feet northeast of the Unit, and the New 
River is located approximately 1,500 feet south of the Unit. 

II.B.3. The Permittee has provided GIS coordinate surveys for HWMU-5 and HWMU-16 
to support EPA with long-term geospatial recordkeeping goals for hazardous 
waste management units. As part of the facility operational security measures, 
these surveys shall be kept in the site operating record and shall be made available 
for viewing at the request of DEQ. All surveys of the units shall meet the 
following requirements:

a. Define the boundary of each unit as a polygon 

b. Establish the longitude and latitude of each polygon vertex as follows: 

i. Decimal degrees format 

ii. At least seven decimal places 

iii. Negative sign for west longitude 

iv. World Geodetic System (WGS) 1984 datum 

II.C. GENERAL WASTE ANALYSIS 

Module II-4

The general chemical and physical analysis of the wastes handed in the facility for 
each unit are addressed as in the following. 

II.C.1. HWMU-5

During its operation, the lined neutralization pond received stormwater runoff, 
spilled liquids, and washdown waters from an acid tank farm. The effluent from 
HWMU-5 was discharged to an equalization basin (HWMU-4). The primary 
function of HWMU-5 was to hold acidic waste waters prior to discharge to an 
equalization basin. The wastes deposited in HWMU-5 were characteristically 
hazardous as corrosive (D002). The waste waters in HWMU-5 were both nitric 
(NO3) and sulfuric (SO4) in composition. 

Process waste water containing low concentrations of nitrocellulose (NC) was 
conveyed from the acid screen house to HWMU-5 until the process was 
discontinued in 1983. Microscopic examination of sludge samples from other acid 
waste lagoons that received similar waste streams indicated NC in concentrations 
less than one percent. According to test criteria used by the Radford AAP 
laboratory, sludges containing less than 26 percent NC are non-reactive when NC 
is the only reactive component present. Analyses for other explosive materials 
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including nitroglycerin and dinitroglycerin showed very low concentrations of 
these constituents in the lagoon sludges. These results indicated that it was 
unlikely that the solids in HWMU-5 were reactive due to NC or other explosive 
materials which may have been present.

The pH of the surface impoundment was 1.5 and the dominant components of the 
hazardous wastes sent to the unit were the noted mixed acids. Several heavy 
metals were detected in low (i.e., non-hazardous) concentrations. The results of 
the analyses conducted on the lagoon water are presented in Permit Attachment 
II.D. This description is based upon information provided by the Facility. 

II.C.2. HWMU-16

Module II-5

HWMU-16 is a closed hazardous waste landfill, which is closed in accordance 
with the regulations promulgated under the authority of the Resource 
Conservation and Recovery Act (RCRA) of 1976. Hazardous wastes and other 
waste known to have been disposed of within HWMU-16 included 3898 tons of 
ash from the burning of waste explosives and explosives-contaminated material 
(EPA Hazardous Waste Code D003, D004, D007 and D008; arsenic, cadmium, 
chromium and lead), 545 tons of wastewater treatment sludges (EPA Hazardous 
Waste Code K044 and K045, with the characteristic of ignitability, corrosivity or 
reactivity), 6 tons of asbestos, and various laboratory chemicals. Additionally, the 
following wastes were disposed of in HWMU-16 in unknown quantities: ash from 
waste propellant incinerator (EPA Hazardous Waste Code D003), residue from 
waste propellant burning (EPA Hazardous Waste Code D003), residue from 
explosive contaminated waste burning (EPA Hazardous Waste Code D003), 
Sulfur Acid Regeneration (SAR) area fume burner ash (EPA Hazardous Waste 
Code D006 and D007), sludges from Bioplant Building 470 (EPA Hazardous 
Waste Code K044), and NG 2 Pretreatment Building 9410 (EPA Hazardous 
Waste Code K044).

From the beginning of disposal activities at HWMU-16, reactive wastes were 
incinerated or open burned prior to disposal in the unit. However, several heavy 
metals were detected during extraction procedure toxicity analyses conducted on 
ash residues disposed in the Unit. Furthermore, several of the laboratory 
chemicals disposed of within the Unit are listed. A complete listing of the wastes 
contained in the Unit and the results of the analyses conducted on the ash residues 
are presented in Attachment II.D.

The groundwater has been monitored since 1981 as part of the requirements of 
RCRA interim status. The Unit was certified as closed in 1993 with all waste 
materials remaining in place and a final cover system has been provided. No 
waste has been managed in HWMU-16 since it was closed. 

The primary contaminants of concern at HWMU-16 are lead, the explosive-
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related compounds, several purgeable organic compounds, and a few of the base-
neutral extractable organic compounds.

A description of all hazardous wastes and waste constituents, which were ever 
known to have been discharged to and which were suspected to have been placed 
in the hazardous waste landfill, are provided in the List of Wastes (Attachment 
II.D) and the Compliance (Semiannual) Groundwater Monitoring List 
(Attachment V.D). These lists are based upon information provided by the 
facility. All Appendix IX to 40 CFR 264 Annual Groundwater Sampling 
constituents (Attachment V.C), that have been detected in groundwater and are 
reasonably expected to have originated from the unit, have been included on the 
list.

II.D. SECURITY

Module II-6

The Permittees shall comply with the security provisions of 40 CFR § 264.14. The 
security measures shall follow the requirements described in Permit Attachments 
II.E and III.A.

II.E. GENERAL INSPECTION REQUIREMENTS

The Permittees shall follow the inspection plan set out in Permit Attachment II.F. 
The Permittees shall remedy any deterioration or malfunction discovered by an 
inspection (40 CFR § 264.15). Inspection records shall be kept as required by 40 
CFR § 264.15(d).

II.F. PERSONNEL TRAINING

The Permittees shall conduct required personnel training (40 CFR § 264.16). This 
training program shall follow Permit Attachment II.G.  The Permittees shall 
maintain training documents and records (40 CFR § 264.16(e)).

II.G. RECORDKEEPING AND REPORTING

II.G.1 Operating Record 

Pursuant to 40 CFR § 264.73, the Permittees shall maintain a written operating 
record at the Facility. The record can be a compilation of various documents and 
shall include, but not be limited to, the information listed below. 

a. The following records shall be maintained until post-closure is complete and 
certified:
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i. Records of spills and releases required by existing environmental laws, 
including, but not limited to Section 103 of the Comprehensive 
Environmental Response, Compensation and Liability Act;

ii. Written reports and records of verbal notification to the Director to 
address releases, fires, and explosions;

iii. All reports of noncompliance pursuant to Permit Condition I.D.9 and 
I.D.11.; 

iv. All submittals prepared pursuant to Permit Condition I.D.10.; 

v. Records of all monitoring information pursuant to Permit Section I.E.; and 

vi. Training records of current Facility personnel.

b. The following records shall be maintained for a minimum of 3 years.  This 
time period may be extended by the Department in the event of enforcement 
action or notification by the Department that an investigation is ongoing.

i. Generator Biennial Reports submitted in compliance with 40 CFR § 
262.41; 

ii. Facility Biennial Reports submitted in compliance with 40 CFR § 264.75; 

iii. Training records of former Facility personnel; and

iv. Records of all inspections, pursuant to 40 CFR § 264.15, which shall 
include at a minimum:

• The date and time of the inspection; 

• The name of the person performing the inspection; 

• A notation of the observations made; and 

• The date and nature of any repairs or remedial actions.

c. Current copies of the following documents as amended, revised, and modified 
shall be maintained at the Facility until post-closure and corrective action are 
complete and certified:

i. Training Plan; and 

ii. All closure, post-closure, interim measures, and final corrective action cost

Module II-7
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estimates; financial assurance documents prepared pursuant to this Permit; 
and the company names and addresses of Facility insurers.

II.G.2 Required Reports

Module II-8

The Permittees shall comply with all applicable reporting requirements as 
described in Permit Module I.

II.H. COST ESTIMATE AND FINANCIAL ASSURANCE FOR FACILITY
POST-CLOSURE

Pursuant to Subpart H to 40 CFR 264 – Financial Requirement.  The federal 
government is exempt from the financial requirements.  As the Radford AAP is a 
federal government installation, and all the HWMUs at the Radford AAP are 
exempted from the requirements of 40 CFR 264.142 through 145. 
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ATTACHMENT II.A - FACILITY MAPS

Figure II.A-1 – Facility Location Map
Figure II.A-2 – Geological/ Terrace Map
Figure II.A-3 – Fracture Trace Map
Figure II.A-4 – Radford Army Ammunition Plant Installation Restoration Program Sites
Figure II.A-5 – Topographic Map
Figure II.A-6 – HWMU-5 Topographic Map
Figure II.A-7 – HWMU-16 Topographic Map

Attachment II.A-1
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Figure II.A-1 – Facility Location Map

Attachment II.A-2
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Figure II.A-2 – Geological/ Terrace Map

Attachment II.A-3
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Figure II.A-3 – Fracture Trace Map

Attachment II.A-4
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Figure II.A-4 – Radford Army Ammunition Plant Installation Restoration Program Sites

Attachment II.A-5
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Figure II.A-5 – Topographic Map

Attachment II.A-6
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Figure II.A-6 – HWMU-5 Topographic Map

Attachment II.A-7
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Figure II.A-7 – HWMU-16 Topographic Map

Attachment II.A-8
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ATTACHMENT II.B - CONTINGENCY PLAN 

II.B-A. CONTINGENCY PLAN TABLES AND FIGURES 

Attachment II.B-1

Figure II.B-1 – Contingency Plan Implementation Logic Diagram
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Figure II.B-2 – Emergency Equipment Locations

Attachment II.B-2
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Table II.B-1 – Emergency Procedures

RFAAP Disaster Control And Emergency Action Plan (DCP-EAP) provides plans for: 
1) Hazardous material emergency response 
2) Pollution incident reporting 
3) Chemical, nuclear or radiological accident/incident control 
4) Emergency situation reporting 
5) Bomb threats 
6) Crisis emergency/relocation plan 
7) Flood watch

Spill Prevention, Control, and Countermeasures Plan (SPCC) and Management Manual (MM) 3-1.1 
Environmental, Quality, and Safety Incident Reporting for spills other than hazardous waste described in 
the Part B permit.

SPCC provides area specific plans including:

1)  Description of physical layout and processes performed 
2)  Inventory of tanks, drums, and containment structures 
3)  Identification of potential spill scenarios and volumes 
4)  Flow path(s) for spills 
5)  Any area specific response measures, which may be required 
6)  Listing of any treatment facilities servicing the area

MM 3-1.1 Environmental, Quality, and Safety Incident Reporting is concerned with the recognition, 
reporting, containment and notification procedures in the event of leaks and spills.

Fire Prevention and Protection Program describes:

1) Employee and Fire Department personnel responsibilities for fire prevention and protection 
2) Inspection and use of equipment and supplies 
3) Fire Department training program 
4) Building evacuation procedures 
5) Annual Fire Prevention and Protection Program 
6) Prefire plan and other fire plans

Plant Protection Plan (PPP) outlines plan protection/security procedures including the security of 
explosives, intrusion detection systems, protective communications and key and lock control.

Plant Operating Procedures:

GOP 4-27-008C: Electrical Distribution System Switching, Shutdowns, & Safe Clearances 
PPS 2.00: Personal Protective Equipment 
PPS 1.70: Flood Watch 
PPS 2.60: Respiratory Protection Equipment 
GOP 4-A-049: Operation of Two-Way Radio Mobile Units and Fixed Base Central 
GOP 4-A-111:  General Safety Rules for Preparing Waste Explosives

Attachment II.B-3
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Table II.B-2 – Notification Action Summary

Emergency Contacts 
Contacts to be made in accordance with Management Manual 3-1.1

The shift fire captain will act as the Incident Commander (IC) in the event of an incident.  
Area specific reporting procedures should be followed; however, all emergency events 
should be reported to the RFAAP Dispatch Emergency number. All appropriate contact 
information is listed in the table below.

Attachment II.B-4

Entity Telephone Number

Emergency Dispatch 540-639-7163
On-Call Environmental 540-230-8970
Hospital 540-639-7123
Non-Emergency Dispatch 540-639-7323
Security HQ 540-639-8289

Communications during emergency events are discussed in more detail in the RFAAP 
DCP-EAP. Facility staff will contact selected local and regional entities and authorities 
that may be involved in responding to an emergency situation according to the anticipated 
needs at the plant. Personnel from these organizations may be asked to support RFAAP 
personnel in response to fires, explosions, or chemical releases if RFAAP personnel cannot 
adequately address the situation internally. Personnel from these agencies will act under 
the direction of the IC; and will be directed and escorted by plant personnel.   
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Table II.B-3 – Evaluation Criteria For Implementation Of Contingency Plan

In accordance with the Contingency Plan Implementation Logic Diagram (Figure II.B-1), 
the following are examples of when the contingency plan would need to be implemented:

For a fire and/or explosion:

Attachment II.B-5

• If the fire causes a release of toxic fumes that go off plant or impacts personnel 

• If the fire could spread (is not contained), thereby possibly igniting materials in 
other locations on-site or off site, or could cause heat induced leaks or explosions 

• If the use of fire suppressant could result in contaminated runoff that cannot be 
contained. 

• If an explosion has or could: 

o Result in damage from flying fragments or shock waves 

o Ignite other hazardous waste at the facility 

o Release toxic materials that could cause harm to human health or the 
environment or cannot be contained. 

• Or if a fire or explosion endangers human health or the environment for any other 
reason.

For spills or material releases:

• If a spill could release toxic or explosive liquids, thus causing a fire or explosion 
hazard

• If a spill could result in off-site or on-site soil contamination and/or ground or 
surface water contamination 

• If a spill constitutes a release of a “reportable quantity” of a hazardous substance 
under the Comprehensive Environmental Response, Compensation and Liability 
Act (CERCLA). 

• Or if a spill endangers human health or the environment for any other reason.
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Table II.B-4 – Spill Response Measures

The spill response program will be coordinated by the Emergency Coordinator or designated 
representative.  Guidelines are provided concerning safety, containment, evaluation, notification, 
treatment and monitoring as related to each spill incident. 

1. Safety 

a. Evaluate the hazard of the spilled chemical to personnel which may be involved in 
containment, clean up, treatment and monitoring operations. 

b. Assure proper clothing and protective equipment is available and used by personnel 
involved in the spill response. 

2. Containment 

a. Establish the expected flow path of the spilled material. 

b. Locate the nearest proposed damming site. 

c. Erect a dam – notify Roads and Grounds regarding construction of dam.

3. Evaluation of Spill Extent 

a. Obtain pH readings at site if chemical spilled was an acid or base. 

b. Confirm stoppage of leak at source.

4. Initial Notification 

a. Delegated to the Emergency Coordinator 

b. Notify appropriate agencies (see Notification Action Summary)

5. Treatment

a. Straw or other absorbers will be supplied to entrap hazardous wastes which are spilled.  
Sites/locations within the plant containing straw and other entrapment materials are 
controlled by Roads and Grounds.

6. Monitor Program

Upon receiving notification of an accidental loss to the industrial sewer or surface streams, 
personnel will obtain grab samples at specified locations and time intervals as determined by 
the Emergency Coordinator. 

Attachment II.B-6
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a. In-Plant Sites 

i. Suggested sampling sites will be determined based on the location of the spill 

ii. Samples will be collected at internal locations designated. 

b. New River Site

i. Sampling at the New River site will be performed on a staggered basis since the river 
flow approximates one mile per hour.  

7. Final Treatment 

a. Determine disposition of impounded material depending on type and quantity of spill.  
Ensure EPA and DEQ concur with disposition. 

b. Provide monitoring for duration of disposition. 

8. Explosion fragments and materials as well as contaminated soils will be decontaminated in 
either the decontamination oven or the decontamination incinerator on-site at Radford AAP 
provided they are not TCLP toxic or reactive.  The decontaminated materials will then be 
disposed of in a permitted landfill or as decontaminated scrap.

Attachment II.B-7
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Table II.B-5 – Emergency Equipment Locations At RFAAP

All Equipment listed below is maintained, repaired, or replaced as necessary. Locations 
are shown on Figure II.B-2. The fire trucks, maintained by the onsite Fire Department, 
undergo required annual pump testing through an offsite contractor.

Attachment II.B-8

Location Description Equipment Available

Bldg. 1034, Electric Shop Rubber gloves and respirators

Roads & Grounds

Respirators, goggles, air fed respirators, 
safety belts, shoe cleats, air compressors 
(250 and 700 cfm ratings), portable 
pumps (50, 100, and 700 gpm 
capacities), cranes, bulldozers, movers, 
graders, tow tractors, portable electric 
generators, backhoes, front end loaders, 
portable tankers, absorbent pads, booms, 
cloths

Bldg. 1908, Material Storage Absorbent materials and booms

Bldg. 350, Fire Department

Ladder truck, engine, utility truck, brush 
truck, ATV’s, command vehicle, 
HAZMAT truck with response gear, 
boat, and ambulance

Bldg. 201, Main Lab Nitroglycerin remover
Bldg. 9387-2, River Warehouse Soda Ash
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II.B-B. LETTERS OF AGREEMENT/ MUTUAL AID AGREEMENTS

Attachment II.B-9
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ATTACHMENT II.C - FACILITY CONTACT REPRESENTATIVES

The post-closure care contact representative for the Radford Army Ammunition Plant is noted 
below:

On-site Operator Contact:

Mr. Nelson Hernandez 
Environmental Manager 
BAE Systems Ordnance Systems Inc. Radford Army Ammunition Plant 
Route 114, P.O. Box 1 
Radford, VA 24141-0100 

Owner Contact:

Mr. Robert Davie, II 
Chief Operations 
United States Army  
Route 114, PO Box 2 
Radford Army Ammunition Plant 
Radford, VA 24141

United States Army (Owner) 
BAE Systems Ordnance Systems Inc.  (Operator)

Radford Army Ammunition Plant 
Route 114 

Radford, Virginia, 24141-0100 

Attachment II.C-1
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ATTACHMENT II.D - DESCRIPTION OF WASTES

II.D-A. HWMU-5 WASTES

Attachment II.D-1
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II.D-B. HWMU-16 WASTES

Attachment II.D-2
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ATTACHMENT II.E - SECURITY PROVISIONS AND MAINTENANCE

II.E-A. INTRODUCTION

Attachment II.E-1

Protection of plant personnel, property, resources and operations at the Radford 
Army Ammunition Plant (RFAAP), a Government-owned, contractor-operated 
(GOCO) manufacturing facility, is provided under contract by BAE Systems 
Ordnance Systems Inc. (BAE) in accordance with Department of the Defense 
(DOD), Department of the Army (DA), United States Army Joint Munitions 
Command (USAJMC) and other regulatory guidance and standards.  A 
subcontractor security guard force, Centerra, is used to perform and enforce 
prescribed physical security measures.

II.E-B. SECURITY PROCEDURES AND EQUIPMENT

Security areas on the installation have been designated as Limited and Posted 
Areas.  These areas and corresponding control measures are documented in 
Chapter 2 of the Plant Protection Plan (PPP).  RFAAP is considered a “closed 
post” in that access is controlled at all times by perimeter barriers with limited, 
manned entry control points.  The PPP also contains Security Guard orders, 
Security Guard standing operating procedures (SOPs) and numerous plans for 
execution in specific situations such as bomb threat, installation closure, work 
stoppage and civil disturbance.  SOPs cover a range of subjects such as property 
movement, personnel and visitor identification and control, vehicle and personnel 
searches, perimeter inspections, key and lock control, and use of force.  Security 
Guard Orders cover specific duties and requirements at assigned Security Guard 
posts, gates and stations.  Physical security measures at RFAAP include Security 
Guard patrols, manned security posts, perimeter fencing, badge identification 
system, lock and key accountability and rotation, vehicle registration, pre-
employment background investigations, security lighting, warning signs and 
physical barriers.  At storage sites, tank inlets and disbursing valves are secured 
with security padlocks.

II.E-C. SECURITY GUARD FORCE

The Security Guard Force provides 24 x 7 security coverage and is divided into 
three (3) shifts.  Each shift consists of manned posts, roving patrols and 
management personnel.  The roving patrols perform random checks each shift of 
manufacturing areas, locked explosive storage buildings and road-visible 
perimeter fencing.

II.E-D. BARRIERS AND ENTRY CONTROL

Entry to the Radford Army Ammunition Plant is restricted.  Personnel must be in 
possession of a valid personnel identification badge or visitor badge.  If the person 
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has valid official business at the plant or is accompanying a person who does have 
such business, posted area visitor badges are issued and the time and date of entry 
is recorded.  Entry onto any of the HWMUs by anyone other than environmental 
or sampling personnel requires an Area Entry Permit.

II.E-E. WARNING SIGNS

At all plant entrances and in areas designated as posted, the following “Condition 
of Entry” signs have been erected:

Signs reading “U
approximately ev
designated Limit
property bounda

Every 500 feet o
as corners and ga

RA

All persons, their p
their stay, or upon 
constitutes consent

The following artic

 Alco
 Fire
 Exp
 Cam
 Cam
 Into
 Gam
 Che
 Stol
CONDITION OF ENTRY 

TO 

DFORD ARMY AMMUNITION PLANT

ossessions and vehicles are liable to search upon entering, during 
their leaving this installation. Entry of persons and/or vehicles 
 to search by proper authorities at any time.

les are prohibited on this installation:

hol 
arms, Ammunition and Weapons 
losives and Explosives Devices 
eras (Unless Authorized in Writing) 
era Cell Phones (Unless Registered) 

xicants and Drugs 
bling Devices 

mical Emission Devices 
en Property and Obscene Literature
Attachment II.E-2

.S. Government Property-No Trespassing” are located 
ery 500 feet on the installation boundary, except where 
ed Area fences are not located on or reasonably adjacent to the 
ry.

n Limited Area fencing and at other highly visible locations, such 
tes, the following sign is located on the fence facing outward:

By Order of the Commanding Officer 
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U.S. ARMY 

RESTRICTED AREA 

WARNING

This area has been declared a restricted Area by authority of 
the Commanding Officer, in accordance with provisions of the 
Directive issued by the Secretary of Defense on 20 August 1954, 
pursuant to the provisions of Section 21, Internal Security Act 
of 1950. Unauthorized entry is prohibited. All persons and 
vehicles entering heron are liable to search. Photographing, 
making notes, drawings, maps, or graphic representations of this 
area or test activities are prohibited unless specifically 
authorized by the Commanding Officer. Any such material 
found in the possession of unauthorized persons will be 
confiscated. 

In addition, information signs warning against smoking and the introduction of 
matches and other flame-producing devices are displayed at all normally used 
gates.

Attachment II.E-3
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ATTACHMENT II.F - INSPECTION AND MAINTENANCE PLAN

II.F-A. HIGHLIGHTS

Attachment II.F-1

In accordance with 40 CFR 264.15, the Permittees shall follow a written 
inspection schedule for each Unit, shall maintain a signed and dated Inspection 
Log, and shall implement remedial action when necessary to remediate any 
observed malfunctions, deterioration, operational errors, and discharges from the 
erosion controls, final cover system, and peripheral drainage swales; the security 
controls; the ground water monitoring system; and, the condition of benchmarks.

The Inspection Log shall be maintained at the facility and shall be made available 
to the Department for inspection upon request.   The Inspection Log shall provide 
inspection observations, deficiencies noted, and corrective action taken.  All 
inspections shall be performed by persons properly trained for this task, as 
specified in Permit Attachment II.G (Personnel and Training), at the frequencies 
specified in Table II.F-1. 

II.F-B. GENERAL INSPECTION REQUIREMENTS

Inspections function as a preventative measure to help ensure safe operations and 
to identify potential problems before they can become serious problems. All 
Units will be inspected as specified in this Inspection Schedule. 

All inspection results will be recorded by the individual who performs the 
inspection, at that time of the inspection, on an inspection form.  The individual 
performing the inspection will sign and date each completed inspection form.  
Separate inspection forms are used for each unit and are documented on DUP 
6057F, Inspection of Closed Hazardous Waste Management Unit (see Appendix 
II.F.1).

Only personnel who have completed appropriate training and are approved for the 
task shall conduct inspections pursuant to this Inspection Schedule.

II.F-C. INSPECTION SCHEDULE

The Permittees shall inspect the final soil cover, vegetative cover, peripheral 
drainage swales, PVC liner, stormwater drainage areas, fence, warning signs, 
access road, monitoring wells, and benchmarks at least semi-annually, in 
accordance with the schedule specified in Table II.F-1.  The Inspection Items and 
their associated Types of Problems listed in Table II.F-1 are important due to their 
role in preventing, detecting, or responding to environmental or human health 
hazards.
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For each Inspection Item subject to inspection, a list of problems normally 
encountered is identified in Table II.F-1.  Inspections will explicitly examine each 
item for the presence of the potential problems for each inspection item as 
specified in Table II.F-1.  Inspections of each item will be conducted at the 
frequency specified.  

Table II.F-1 – Inspection Schedule

INSPECTION ITEM TYPES OF PROBLEMS FREQUENCY OF 
INSPECTION

Attachment II.F-2

Final Soil Cover Erosion, Settlement, Subsidence, 
or Displacement, and Ponding

Semi-annually

Vegetative Cover Dead vegetation, or inadequate 
growth, presence of trees, shrubs, 
or deep rooted vegetation, need to 
fertilize, irrigate, or cut grass

Semi-annually

Peripheral Drainage Swales Erosion, Subsidence, Pooling Semi-annually

PVC Liner Exposure Semi-annually

Stormwater Drainage Areas Erosion, Subsidence, Vegetation 
growth, Accumulated Sediment

Semi-annually

Monitoring Wells (Outer 
protective casing, well caps 
and locks, concrete pad, and 
inner cap and riser)

Damage to Locks and Caps and 
cracks or settlement

Semi-annually

Security Damage to Fencing, Warning 
Signs, and Access road

Semi-annually

Benchmarks Damage to monument Semi-annually

II.F-D. SECURITY CONTROLS

II.F-D.1. Fencing

Access to Units shall be restricted by the Permittees' Security System, as specified 
in Permit Attachment II.E.  The Permittees shall inspect the installation fencing at 
least semi-annually and any damage shall be noted in the Semi-annual Inspection 
Log (see Appendix II.F.1) and repaired or replaced as necessary.

II.F-D.2. Warning Signs 
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"U.S. Government Property-No Trespassing" signs and as specified in Permit 
Attachment II.E, shall be posted on the fences at the installation boundary near 
Units.  The Permittees shall inspect the condition of the warning signs at least 
semi-annually during security inspections.

II.F-E. GROUND WATER MONITORING SYSTEM INSPECTION AND

Attachment II.F-3

MAINTENANCE PLAN

II.F-E.1. Inspection

During the post-closure care period all monitoring wells and piezometers shall be 
inspected at least semi-annually during ground water sampling events for general 
condition and integrity.  All inspection observations shall be recorded on an 
inspection log sheet similar to that given in Appendix II.F.1.  Copies of the 
inspection log sheets shall be maintained on file for a minimum of three years.  
The inspection shall consist of the following:

a. Inspection of outer protective casing 

i. The outer protective casing shall be visually inspected to determine casing 
integrity.   

b. Well caps and locks 

i. Well caps and locks shall be visually inspected to insure that both are in 
place and functioning properly.  

c. Concrete pad  

i. The concrete pad shall be visually inspected for the presence of cracks and 
settlement. 

d. Inspection of inner cap and riser pipe 

i. The inner cap and riser pipe shall be visually inspected to insure that they 
are intact and functioning properly.

II.F-E.2. Preventive/Corrective Maintenance

Based on the visual inspections, monitoring wells shall be maintained by 
conducting the following as required:

a. Replacement of well caps.
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b. Lubrication of locks. 

c. Replacement of locks. 

d. Painting of outer protective casing in high visibility color. 

e. Replacement of concrete pad. 

f. Replacement of well. 

II.F-E.3. Inspection Record Keeping 

Attachment II.F-4

The operators involved with ground water monitoring will record each inspection 
on a Semi-annual Inspection Log.  These forms will be maintained as part of the 
facility operating record for at least three years from the date of inspection.  These 
records will include the date and time of inspection, the name of the inspector 
(including full signature), a notation of the observations made, and the date and 
nature of any repairs or remedial actions.

II.F-F. BENCHMARKS

The Permittees shall inspect all surveyed benchmarks (see Appendix II.F.2) at 
least annually.  The benchmarks shall be maintained, repaired, or replaced as 
necessary.  The benchmarks shall be clearly identified and protected.  

Permanent survey benchmarks are constructed of concrete.  These units are not 
typically degradable and should not require replacement during the post-closure 
care period.

II.F-G. MAINTENANCE PLAN - REMEDIAL ACTION FOR EROSION 
CONTROLS, FINAL COVER SYSTEM, AND PERIPHERAL DRAINAGE 
SWALES

If the Permittee discovers any problems or deficiencies with the erosion controls, 
final cover system, and peripheral drainage swales during an inspection, then that 
problem or deficiency will be recorded on the Semi-annual Inspection Log (see 
Appendix II.F.1).  Any necessary remediation actions will also be noted on the 
form and the problem or deficiency will be brought to the attention of the 
appropriate supervisor.  After repairs or remedial actions have been completed, 
the date and nature of the repairs or remedial actions will be recorded on the same 
inspection form on which the problem or deficiency was originally noted.
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If the Inspector discovers any problems or deficiencies that could lead to a release 
of hazardous waste or which could threaten personnel safety, operations will 
cease until the problem or deficiency is rectified.  In no case will operations 
resume until all spill and emergency response equipment is operable and 
adequately stocked.

II.F-G.1. Erosion Controls 

Attachment II.F-5

The Permittees shall inspect the peripheral drainage swales and riprap at each 
Unit at least semi-annually or after every major rainfall (approximately 2 inches 
per 8-hour period) or catastrophic events (e.g., fire or explosion elsewhere at the 
installation).  The erosion controls (riprap and drainage swales) shall be 
maintained/repaired in accordance with the approved Closure/Post-Closure Plan 
(see Permit Attachment III.A).  

II.F-G.2. Final Cover System 

a. All Units were capped with a composite liner consisting of (from ground 
surface to base of cap): 

i. vegetative cover; 

ii. riprap perimeter; 

iii. filter fabric between the riprap and the cover soil; 

iv. two feet of topsoil; 

v. one foot of drainage layer (10-3 cm/sec permeability); 

vi. a 30 mil PVC membrane liner; and 

vii. two feet of clay (10-7 cm/sec permeability). 

The final cover system is designed to ensure the integrity and to minimize 
surface water run-on and run-off with a minimum of maintenance.  No heavy 
equipment or vehicles shall be permitted on the final cover area unless 
involved in maintenance or repair activities.

b. Settlement, Subsidence, and Displacement

The Permittees will maintain the final cover at the approximate slope and 
gradients specified in the Post-Closure Plan.  Slope and gradient shall be 
checked when there is an apparent change detected during inspections due to 
settling, subsidence, or displacement



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

c. Erosion Damage/Water Pooling 

The Permittees shall inspect the final cover at least semi-annually or after 
every major rainfall (approximately 2 inches per 8-hour period) or 
catastrophic event (e.g., fire or explosion elsewhere at the installation) for 
erosion, pooling of water, and visible damage.  Erosion or pooling of water 
shall be corrected. 

d. Vegetative Cover

The Permittees shall inspect the vegetative cover at least semi-annually or 
after every major rainfall (approximately 2 inches per 8-hour period) or 
catastrophic event (e.g., fire or explosion elsewhere at the installation).  
Maintenance shall be performed as needed.  Damaged or dead vegetation shall 
be removed and replaced with equivalent vegetation.  No trees, shrubs, or 
other deep-rooted plants shall be allowed to grow on any Unit.  Areas 
damaged by erosion shall be repaired and re-vegetated.

The vegetative layer shall be maintained by fertilizing, irrigating, and cutting, 
if necessary.  Fertilizing shall be performed as often as necessary to maintain 
the layer.  Irrigating and cutting are seasonally dependent and shall be 
performed as often as necessary.

II.F-G.3. Peripheral Drainage Swales 

Attachment II.F-6

The Permittees shall inspect the peripheral drainage swales at least semi-annually 
or after every major rainfall (approximately 2 inches per 8-hour period) or 
catastrophic event (e.g., fire or explosion elsewhere at the installation). 

All peripheral drainage swales shall be maintained and kept free of debris or other 
blockage.  Drainage controls shall be inspected semi-annually and after major 
storms (approximately 2 inches of rain over an 8-hour period) and cleaned, as 
necessary.  Repairs shall include regrading and re-vegetation, if necessary.
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Appendix II.F.1. – EXAMPLE SEMI-ANNUAL INSPECTION LOG 

DUP 6057F (Rev. Lev. 0, 11/1/2000) 

INSPECTION OF CLOSED HAZARDOUS WASTE MANAGEMENT FACILITIES

Name of Hazardous Waste Management Facility: 
HWMU Facility No. 
EPA Permit No. 
Date of Inspection _____ /_____ /_____ Time of Inspection _____: _____ AM/ PM 
Reason for Inspection: Semiannual/ Major rainfall event (2” in 8 hr period)/ catastrophic event

Attachment II.F-7

ITEM INSPECT FOR DEFICIENCIES 
NOTED

REMEDIAL ACTION 
REQUIRED

Final Soil Cover Erosion 
Settlement, Subsidence, or 

Displacement 
Pooling

Vegetative Cover Dead vegetation, or 
inadequate growth 
Presence of trees, shrubs, or 
deep rooted vegetation 
Need to fertilize, irrigate, or 
cut grass

PVC Liner Liner exposed
Peripheral Drainage Swales Erosion 

Subsidence 
Pooling

Stormwater Drainage Areas Erosion 
Subsidence 
Vegetation growth 
Accumulated sediment

Security Access road in place 
Warning signs legible and in 
place 
Fences not breached and no 
visible damage

Monitoring Wells 
Outer protective casing 
Well caps and locks 
Concrete pad 
Inner cap and riser

Casing in good condition 
In place and functioning 
Cracks or settlement 
Intact and functioning

Benchmarks (3) Monuments present and 
visible 
Damage to monument

______________________________________________________________
___________________________________________________________________________________________________

_____________________ ________________________

__________________________________

________________ ___________________

Date and nature of repairs or remedial action:

Printed Name of Inspector: Signature of Inspector: 

Company: 

Date remedial action completed: Remedial action approved by:
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Appendix II.F.2. – RADFORD ARMY AMMUNITION PLANT BENCHMARK 
LOCATIONS MAPS

Attachment II.F-8
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Attachment II.F-9



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment II.F-10
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ATTACHMENT II.G - PERSONNEL AND TRAINING

II.G-A. Appropriate training shall be completed by all persons at RAAP and/or their 
consultants who are or may be involved in a task associated with a hazardous 
waste post-closure care activity. The Permittee shall insure that those individuals 
responsible for groundwater monitoring, inspections, and repair are appropriately 
trained. New employees who have as part of their job responsibility tasks which 
are associated or may be associated with a post-closure care activity shall not 
work unsupervised until the training requirements in accordance with this permit 
are completed. Such new employees shall complete required training within six 
months of their employment date.

II.G-B. All training of personnel shall be documented at the time of each completed 
session and such documentation shall be maintained in the facility files in the 
operating log for at least three years from the date on which the training was 
completed.  Such documentation shall include the name of each trainee and 
trainer, date of instruction, and a summary or outline of the training session.   

II.G-C. All training under this permit shall be reviewed at least annually and updated as 
necessary.  All personnel who are subject to the training requirements under this 
permit shall be required to review their training at least annually.

II.G-D. In general, all personnel who are actively associated or may be associated with the 
proper inspection and maintenance of the monitoring wells and the proper 
operation of the monitoring wells are required to read the Permittees’ Post-closure 
Plan and/or Sampling and Analysis Procedures as appropriate.  The personnel 
shall be trained to properly perform their assigned duties including, but not 
limited to, conducting inspections required by Permit Attachment II.F, obtaining 
samples from groundwater monitoring wells and maintaining documentation in 
accordance with the requirement of this permit.   

II.G-E. The personnel noted above shall be required under this permit to fully understand 
the techniques of proper maintenance and operation and maintain appropriate 
documentation required under this permit.  Supervisory staff shall be trained to 
review and to provide appropriate guidance and/or liaison with the Permittees’ 
management.  The Permittee shall provide sufficient opportunity for personnel to 
acquire a full understanding of maintenance and operation techniques by 
providing sufficient instruction and/or sponsoring sufficient instruction by 
professionals who are qualified to provide such instruction. 

II.G-F. All personnel who are or may be exposed to the hazards associated with the post-
closure care activity shall receive the appropriate training and shall utilize the 
appropriate personnel training as specified by the Occupational Safety and Health 
Act (OSHA) requirements in 29 CFR 1910.120. 

Attachment II.G-1
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II.G-G. The personnel involved in the actual post-closure care activity, specifically the 
groundwater monitoring wells, within the scope of this permit will be trained in 
the proper procedures for spent monitoring well sample effluent (i.e., purge water, 
decontamination fluids) and the Sampling and Analysis Plan and Groundwater 
Monitoring Program required by Permit Modules IV, V, and VI.  These 
procedures will ensure continued safe operation and maintenance and compliance 
with applicable environmental regulations.

II.G-H. The facility contact will be responsible for the overall training program, 
scheduling and documentation of such training and shall serve as the post-closure 
care Training Director.  He/she shall ensure that all sub-contractors are trained in 
accordance with OSHA 1910.120(3)(2). 

II.G-I. All personnel required under this permit to receive training shall at minimum be 
instructed in the following areas: 

a. Area specific management practices regarding post-closure care activities. 

b. Security and safety. 

c. General and area specific inspections and record keeping. 

d. Regulatory updates which affect operations and activities.

e. Job function and procedural descriptions of each employee’s respective role in 
post-closure care.

II.G-J. Appendices II.G.1 – II.G.3 of this Attachment provide a summary of the position 
descriptions and specific training requirements for personnel who have or may be 
given tasks associated with post-closure care activity. 

Attachment II.G-2
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Appendix II.G.1 – OUTLINE OF TRAINING PROGRAM

1. Personnel Training

Attachment II.G-3

The purpose of the introductory and continuing hazardous waste training program 
is to educate the employees who are responsible for handling hazardous wastes 
and any post closure care permit related tasks.  The program makes known to the 
employee the hazards of those wastes and the proper procedures to follow in the 
event of an emergency.  The employee training has been and will be completed 
through formal classes and through on-the-job training given by Permittee. 

2. Outline of the Training Program

The permittees have an established section of personnel responsible for the 
employee training program.  The training program at the facility consists of a 
general orientation, instruction for area-specific procedures, on-the-job training, 
and a general and continuing training program.  

3. Job Title/Job Description 

Job titles, job descriptions, and the names of those individuals involved with 
hazardous wastes at the permitted treatment and storage area are summarized in 
the table in Appendix II.G.3. Those job titles and the name of the individual 
filling it are maintained and kept on file at the facility.

4. Training Content, Frequency, and Techniques

Introductory training for all facility employees consists of general orientation 
which is provided by the facility training department.  Training in operating 
procedures is given on-the-job by the area foreman.  The operating procedures 
cover subjects such as cleaning equipment and materials, operating equipment 
and materials, safety rules and precautions, and a step-by-step description of the 
designated task.

Facility personnel have or will successfully complete the required training 
program within six (6) months after the effective date of their employment or 
assignment to the permitted treatment and storage area, or to a new position at the 
permitted treatment and storage area, whichever is later.  Employees will not 
work in unsupervised positions until they have completed the training 
requirements described in this section.  Facility personnel will also participate in 
an annual review of the introductory training program.

All personnel who are or may be exposed to the hazards associated with the post-
closure care activity shall receive the appropriate training and shall utilize the 
appropriate personnel training as specified by the Occupational Safety and Health 
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Act (OSHA) requirements in 29 CFR 1910.120. 

5. Training Director 

Attachment II.G-4

The overall responsibility for facility training is the Permittee.

Permittee conducts or oversees all hazardous waste management training and 
maintenance of personnel training records.  The responsibilities for this position 
include compiling the hazardous waste annual report, notifying health, safety, 
security, operations, and fire departments of changes in facility status, and 
reviewing operating procedures. Appropriate changes in facility operating 
procedures are implemented as a result of training. 

Operating personnel receive on-the-job training based on these operating 
procedures.  In this way, the training of the operating personnel in facility 
procedures is accomplished.  The training department manager maintains the 
records of all training at RFAAP. 

6. Relevance of Training to Job Description

All employees receive general plant orientation and training in area specific 
procedures.  Employees then receive on-the-job training which specifically 
pertains to their area of involvement. If the monitoring is outsourced, the 
contractor employees will be trained to comply with the requirements of the 
permit. 

Training records are maintained for all facility employees.  Training records of all 
employees involved with hazardous waste management will be reviewed annually 
in order to ensure that employee training is current and that appropriate and 
relevant training is coordinated with employee job functions. 

Contractor employees training records will be maintained by the contractor and 
supplied to BAE on an annual basis for recordkeeping. 

7. Training for Emergency Response 

The training program at RFAAP includes on-the-job training to cover effective 
response to emergencies.

Due to the reactive wastes at the facility, it is imperative that adequate fire 
prevention and protection is provided by the facility’s fire department.  The Fire 
Prevention and Protection Training Program includes drills, exercises, and hands-
on training sessions.  Each fireman receives minimum of four hours training each 
week.  A training schedule is prepared and a training record is maintained on each 
fireman and retained in the fire station.  New firemen receive formal and on-the-
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job training and respond with the fire company to all fires.  The basic training 
period usually covers at least 18 months depending on prior qualification and 
experience of the new fireman.  Training of other employees is conducted during 
drills and safety meetings.  Fire department personnel are available to other 
people on request to conduct classes, demonstrations and drills. 

8. Implementation of the Training Program

Attachment II.G-5

There exists at RFAAP, an extensive system and computer program to ensure that 
required on-the-job training has been conducted with each employee. Based on 
the job title/description, each employee is assigned two sets of training programs 
and procedures. The first set is a general plant training set that each new 
employee gets and the second set of training is an area and job specific set. These 
training sets have a deadline that they have to be completed by and if they are 
reaching the deadline or miss it, the employee and/or employee’s supervisor will 
receive notification to that effect. On-the-job training and area specific procedure 
training is usually performed by the foreman/supervisor to the employees and 
when complete they will verify the training by signing a sign-off sheet. 

Training records and the computer training program is maintained by the training 
department. The system notifies supervision when training is required.

Current training records of employees involved with hazardous waste 
management will be kept until closure of the hazardous waste facilities. Training 
records on former employees will be kept for at least three years from the date the 
employee last worked at the facility. 
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Appendix II.G.2 – JOB DESCRIPTION SUMMARY

A. Facility Coordinator:

Attachment II.G-6

Oversees the monitoring wells, unit cap, security fence safety, and inspection and 
maintenance programs. Has record keeping responsibilities, retains Hazardous 
Waste Management Facility Permit, inspection checklists and/or logs, and assures 
that all inspection and maintenance schedules are in accordance with Permit 
Attachment II.F.

B. Monitoring Well Samplers:

Follows sampling protocol as described in Permit Attachment V.B.  Collects 
samples and decontaminates equipment. Stabilizes samples and provides transport 
to appropriate laboratory facility for analysis. Transports and disposes of purge or 
decontamination water at the on-site water treatment facility.  Checks wells for 
structural integrity and security. Redevelops monitoring wells when necessary. 
Maintains accurate and detailed records/logs of observations and remediation if 
required in accordance with Permit Attachment V.B. 

C. Hazardous Waste Management Unit Inspectors:

Follows inspection requirements as outlined in Attachment II.F.  Inspects the 
HWMU’s following the inspection schedule, record keeping requirements, and 
training. Maintains accurate and detailed inspection forms noting any issues and 
corrective/preventive actions taken.
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Appendix II.G.3 – PERSONNEL TRAINING SUMMARY

Attachment II.G-7

TITLE RESPONSIBILITY AND TRAINING REQUIREMENTS
RCRA Coordinator Responsible for overall administration of hazardous waste 

management program as directed by the Army under the terms of 
the operating contract for the installations.  Trained in all aspects 
of hazardous waste management. Involved in pollution abatement 

and hazardous waste management. Responsible for Waste 
Analysis Plan.

Training 
Coordinator

Conduct general and continuing training program.

Plant Protection 
Manager

Overall monitoring of radio transmissions and HWMU security. 
Trained in all aspects of hazardous waste emergency response.

Fire Department 
Coordinator

Assist in preparation and presentation of training program, 
maintain pre-fire plan for SWMU’s, responds to fire alarms. 

Trained in hazardous waste emergency procedures.
Medical Director Responds to all health emergencies.  Responsible for all aspects 

of hazardous waste emergency health responses.
Sub-contract 
Groundwater 

Samplers

Responsible to have trained personnel to properly collect 
groundwater samples.  Trained to collect groundwater samples.

Inspector Responsible for performing the required inspections and trained 
to inspect the closed units according to the permit.

Firemen Respond to hazardous waste emergencies.  Trained in all aspects 
of hazardous waste emergency response. Training conducted with 

regular fire training and not hazardous waste program.
Environmental 

Manager
Functions as alternate to RCRA Coordinator.  Responsible for 

overall plant environmental management. Trained in all aspects 
of manufacturing and hazardous waste disposal operations.

VP Operations Functions as alternate to RCRA Coordinator.  Responsible for 
overall plant management.  Trained in all aspects of 

manufacturing operations.

NOTE: Names of responsible personnel associated with Permit compliance will be maintained in 
the facility record at Radford AAP in accordance with 40 CFR § 264.16(d). 



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

MODULE III - POST-CLOSURE CARE

The Permit Sections in this Module apply to both units: HWMU-5 and HWMU-16. 

Mr. Nelson Hernandez, Environmental Program Manager,  of BAE Systems Ordnance Systems 
Inc., Route 114, Radford, Virginia, 24143-0100 (540-639-7701), and Mr. Matt Alberts of the 
Department of the Army ACOP staff, Route 114 Radford, Virginia 24143-0002 are the 
designated persons to contact in reference to this post-closure permit during the post closure care 
period. 

III.A. UNIT IDENTIFICATION AND CLOSURE CONSTRUCTION

Module III-1

III.A.1 HWMU-5

HWMU-5 is a single hazardous waste management unit (HWMU) for the 
purposes of groundwater monitoring.  The waste is remained in place at closure.  
Therefore, the Permittees are required to conduct post-closure care for the 
HWMU in accordance with the terms and conditions of this permit.  The basic 
closure construction includes a cap and a liner.

The closed HWMU-5 has been capped with a composite liner consisting of (from 
ground surface to base of cap):

a. Vegetative cover; 
b. Two feet of topsoil; 
c. One foot of drainage layer (no less than 10-3 cm/sec permeability); 
d. A 30 mil PVC membrane liner; and 
e. Two feet of clay (10-7 cm/sec permeability or less). 

Additional features associated with the cover system include a perimeter of riprap 
slope protection, filter fabric between the riprap and cover soil, and drainage 
swales to divert surface flows away from the Unit. Construction was performed 
per the approved Closure Plan dated May 27, 1988.  Details of the cap 
construction and effectiveness are presented in the post-closure plan for the Unit 
(Permit Attachment III.A). 

HWMU-5 was put into operation as an unlined surface impoundment in 1970 and 
was retrofitted with a 60 mil Hypalon liner in 1981. The liner was covered with 
approximately 12 inches of sand and the sides were covered with approximately 6 
inches of sand and 6 inches of granite riprap. The Unit’s dimensions were 
approximately 150 feet by 100 feet at the top of the berm.  The berm rose 10 feet 
above the base of the impoundment.  The impoundment was taken out of 
operation in 1986. HWMU-5 was closed in 1989. The basin was drained of all 
waters and the soil was treated in place with lime kiln dust to achieve a target pH 
between 6.3 and 10.5.  As part of demolition and cleanup activities, per the
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Closure Plan for HWMU-5, the riprap was removed and used for the perimeter of 
the cover system for the Unit. The cover sand on the bottom and side slopes were 
removed and later used as backfill material in HWMU-5. The Hypalon liner was 
cut into pieces and disposed of in HWMU-5 as part of backfilling. HWMU-5 has 
never had leachate collection system in place. 

III.A.2 UNIT 16

Module III-2

The hazardous waste landfill post-closure details and specifications are included 
in Permit Attachment III.A. Construction was performed per the approved 
Closure Plan dated May 27, 1988. HWMU-16 consisted of a trench measuring 
approximately 60 feet width, 400 length and 10 to 14 depth feet.  The trench was 
constructed without a liner or leachate collection system.  The hazardous waste 
landfill unit trench was first used in 1980. Waste disposal within the Unit began in 
1980. The trench had an estimated capacity of 6,000 cubic yards, and was filled to 
approximately 80% of its capacity. 

The closure construction included leachate drain system installation and cover 
system installation, including associated drainage swales to divert surface flows 
away from the Unit. The final cover system consists of one foot of topsoil with 
grass cover; one foot of cover soil; one foot of drainage sand layer (no less than 
10-3 cm/sec permeability), a 30-mil PVC membrane liner; and a two-foot thick 
clay liner (10-7 cm/sec permeability or less). To the knowledge of current facility 
personnel, leachate has not been produced, collected, or sampled at HWMU-16.

III.B. POST-CLOSURE PROCEDURES AND USE OF PROPERTY

III.B.1. Post-Closure Care

The Permittees shall conduct post-closure care for the hazardous waste 
management units listed in Permit Sections III.A.1 (HWMU-5) and III.A.2 
(HWMU-16), for a period of thirty (30) years after final closure certification was 
accepted by Department.  The specific date for each unit is listed Permit Section 
I.J.  The 30-year post-closure care period may be shortened upon petition and 
demonstration by the facility, if the Director determines that the facility is secure.  
Conversely, the post-closure care period may be extended if the Director finds 
this necessary to protect human health and the environment in accordance with 40 
CFR § 264.117(a)(2).

III.B.2. Groundwater System Maintenance

The Permittees shall maintain and monitor the groundwater system and comply 
with all other applicable requirements of 40 CFR § 264.90 during the post-closure 
care period in accordance with 40 CFR § 264.117(a).
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III.B.3. Post-Closure Use

Module III-3

The Permittees shall not allow any post-closure use in Permit Sections III.A.1 
(HWMU-5) and III.A.2 (HWMU-16) that would disturb the integrity or the 
function of the facility's monitoring systems and cover during the post-closure 
care period in accordance with 40 CFR § 264.117(c).

III.B.4. Post-Closure Plan 

The Permittees shall implement the Post-Closure Plan in accordance with the 
Permit Modules and Permit Attachment III.A. Where post-closure care activities 
have been updated since development of the Post-Closure Plan, language in the 
Permit Modules shall supersede any language in Permit Attachment III.A. All 
post-closure care activities must be conducted in accordance with the provisions 
of the Permit Modules, the Post-Closure Plan, and 40 CFR § 264.117(d) and 40 
CFR § 264.118(b).

III.C. INSPECTIONS

The Permittees shall inspect the components, structures, and equipment at the site 
in accordance with the Inspection Requirements of Permit Attachment II.F and 40 
CFR § 264.117(a)(1)(ii).

III.D. SECURITY

The Permittees shall maintain security at the facility during the post-closure care 
period, in accordance with Permit Attachment II.E, and 40 CFR § 264.117(b). 

III.E. NOTICES AND CERTIFICATION

III.E.1. Notices 

If the Permittees or any subsequent owner or operator of the land upon which any 
of or all two units were located, wish to remove hazardous wastes and hazardous 
waste residues, or contaminated soils, or contaminated groundwater, then they 
shall request modification to this Post-closure Permit in accordance with the 
applicable requirements in 40 CFR § 264.119(c) and 40 CFR § 270.42. The 
Permittees or any subsequent owner or operator of the land shall demonstrate that 
the removal of hazardous wastes will satisfy the criteria of 40 CFR § 264.117(c).

III.E.2. Certification 

No later than sixty (60) days after completion of the established post-closure care 
period, the Permittees shall submit, by registered mail to the Director for 
approval, a certification that the post-closure care for the hazardous waste
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disposal unit was performed in accordance with the specifications in the approved 
Post-closure Plan.  The certification must be signed by the Permittees and an 
independent, registered, Virginia-certified professional engineer.  Documentation 
supporting the independent, registered professional engineer's license and 
certification must be furnished upon request.

III.F. FINANCIAL ASSURANCE 

Module III-4

Financial assurance is not required for the federal facility. 

III.G. POST-CLOSURE PERMIT MODIFICATIONS

The Permittees must request a permit modification to authorize a change in the 
approved Post-closure Plan.  This request must be in accordance with applicable 
requirements of 40 CFR § 264.119(c) and 40 CFR § 270.42 and must include a 
copy of the proposed amended Post-closure Plan for approval by the Director.  
The Permittees shall request a permit modification whenever changes in operating 
plans or facility design affect the approved Post-closure Plan, or other events 
occur that effect the approved Post-closure Plan.



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

ATTACHMENT III.A - CLOSURE NOTICES AND POST-CLOSURE PLANS

III.A-A. POST-CLOSURE NOTICES

Attachment III.A-1
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Attachment III.A-2
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Attachment III.A-3
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Attachment III.A-4
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Attachment III.A-5
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Attachment III.A-6
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III.A-B. POST-CLOSURE PLAN

Attachment III.A-7
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Attachment III.A-8
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Attachment III.A-9
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Attachment III.A-10
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Attachment III.A-11
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Attachment III.A-12
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Attachment III.A-13
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MODULE IV - GROUNDWATER DETECTION MONITORING

IV.A. HIGHLIGHTS

Module IV-1

Neither of the two units (HWMU- 5 or 16) are currently in detection monitoring. 
The original Post-closure Care Permit for HWMU-5 was issued on September 28, 
2001, and the final and consolidated Post-Closure Care Permit for Hazardous 
Waste Management Units 5, 7, 10, and 16 was issued on October 4, 2002 and was 
effective on November 4, 2002. Prior to issuance of the final Post-closure Care 
Permit, Groundwater Quality Assessment Plans (GWQAPs) were established and 
implemented for HWMUs 5 and 16. At the time of Permit issuance, RFAAP 
implemented Compliance Monitoring Programs for HWMUs 5 and 16 rather than 
Detection Monitoring Programs. Therefore, the Units transitioned directly from 
Interim Status GWQAPs to Compliance Monitoring Programs and were never in 
Detection Monitoring Programs. HWMU-5 transitioned from a Compliance 
Monitoring Program to a Corrective Action Monitoring Program in November 
2009. 

[HWMU- 5 is currently under Corrective Action Monitoring (in accordance with 
Permit Module VI); HWMU-16 is currently under Groundwater Compliance 
Monitoring (Module V). HWMU-7 was determined to be clean-closed for soil and 
groundwater on June 26, 2013 and HWMU-10 was determined to be clean-closed 
soil and groundwater on April 2, 2014. These Units were removed from the 
Permit upon previous reissuance on August 16, 2014. Any references to HWMU-
7 and HWMU-10 in the current Permit are historical reference only.]

IV.A.1. HWMU-5

At the time of the GWQAP report (August 1999), eleven inorganic constituents, 
three volatile organic constituents, and two explosive/propellant constituents had 
been historically detected in the groundwater monitoring network at HWMU-5, at 
statistically significant concentrations above calculated background 
concentrations.

From the first quarter of 1996 to the first quarter of 1999, the concentrations of 
antimony, beryllium, 2-6 dinitrotoluene, lead, thallium, trichloroethene and bis(2-
ethylhexyl)phthalate are historical maximums that were recorded prior to the 
establishment of groundwater protection standards in the permit, for the 
monitored constituents proposed by the facility in point of compliance wells at 
HWMU-5. 

IV.A.2. HWMU-16

Groundwater samples from the HWMU-16 area have been collected and analyzed 
since 1981 in compliance with the Virginia Hazardous Waste Management
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Regulations. Groundwater quality assessment data indicated that the groundwater 
in the HWMU-16 area is contaminated by low levels of DNT and halomethane 
compounds. The nearby former TNT neutralization sludge disposal trench was 
identified as source of the DNT contamination. Well 16-4 is the most 
contaminated well and is very close to the former TNT trench. Radford AAP has 
submitted Annual Groundwater Monitoring Reports for the Unit during the period 
that Unit 16 has been under interim status.

Historically, from 1992 through 1998 at least the following constituents were 
detected in downgradient wells: Cyanide, Xylene (Total), TOC, TOX, Antimony, 
Arsenic, Barium, Beryllium, Cadmium, Chromium, Cobalt, Copper, Lead, 
Mercury, Nickel, Selenium, Silver, Thallium, Vanadium, Zinc, Bromoform, 
Carbon Tetrachloride, Chloromethane (methyl chloride), di-n-Butylphthalate (2-
Benzenedicarboxylic acid dibutyl ester), 1,4-Dichlorobenzene, 
Dichlorodifluoromethane, 1,1-Dichloroethane, 1,2-Dichloroethane, 
 2,4-Dinitrotoluene (2,4-DNT), and 2,6-Dinitrotoluene (2,6-DNT), Ethylbenzene, 
Methyl ethyl ketone (MEK, 2-Butanone), 1,1,2,2-Tetrachloroethane, 
Trichloroethene, Toluene, trans-1,2-Dichloroethylene, 1,1,1-Trichloroethane, 
1,1,2-Trichloroethane, Trichlorodifluoromethane,Tetryl 
(trinitrophenylmethylnitramine), and Vinyl chloride.  Potential hazardous 
constituents include a series of Polychlorodibenzofuran compounds (TCDF –
Tetrachlorodibenzofuran, PECDF – Pentachlorodibenzofuran, HPCDF – 
Hexachlorodibenzofuran, HPCDF – Heptachlorodibenzofuran, and OCDE - 
Octachlorodibenzofuran). 

Module IV-2



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

MODULE V - GROUNDWATER COMPLIANCE MONITORING 

The Permit Sections in this Module apply to both units: HWMU-5 and HWMU-
16. 

HWMU-5 is currently under Corrective Action Monitoring (in accordance with 
Permit Module VI) and will not be conducting Compliance Monitoring currently 
under Module V; however, if the facility is able to demonstrate that Corrective 
Action goals have been met, HWMU-5 may revert to Compliance Monitoring and 
the requirements in Module V will apply. 

V.A. HIGHLIGHTS

Module V-1

Radford AAP is implementing a compliance monitoring program because a 
groundwater quality assessment monitoring program was established prior to the 
Permit issuance. 

In October 1995, a GWQAP was submitted for HWMUs 4, 5, 7, 10, and 16. A 
GWQAP Addendum was submitted for these HWMUs in November 1995. DEQ 
met with Alliant on May 21, 1996 to negotiate a Post-closure permitting schedule 
for the HWMUs. It was agreed that a revised GWQAP report would be prepared 
for each individual HWMU rather than to consolidate the HWMUs. But, at 2001 
after a negotiation between DEQ and the facility an agreement has been achieved 
to issue one consolidated Permit, which is this permit.

V.A.1. HWMU-5

Historically, the Permittees determined that hazardous waste constituents were 
found in groundwater at levels statistically higher than background; therefore, 
groundwater monitoring shall be conducted under a Compliance Monitoring 
program during the compliance period.

V.A.2. HWMU-16

From historic data, the Permittees determined that a plume of contamination had 
been released at the point of compliance for HWMU-16. At least forty three (43) 
hazardous constituents have been detected in the downgradient groundwater 
monitoring wells at HWMU-16.  Data collected in previous investigations clearly 
indicated that groundwater was being impacted.  Therefore, the groundwater is 
being monitored in the Compliance Monitoring Program. 

V.B. HISTORICAL OVERVIEW 

V.B.1. HWMU-5
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In 1984, a GWQAP for HWMU's 4,5,7 and 16 was submitted. The Permittees' 
Phase I - Ground Water Assessment Report for SWMU's 4,5,7 was submitted in 
1985.  The Phase I report included hydraulic conductivity, ground water flow and 
rates, and chemical analyses. Also in 1985, the Permittees submitted a GWQAP 
report on additional ground water monitoring wells with an associated earth 
resistivity study for HWMU's 4,5,7, and 16. The HWMU-5 was closed 1989. The 
Permittees submitted interim GWQAP reports and modifications to the GWQAP 
in 1987, 1988, 1992, 1993, and 1995 for HWMU's 4,5,7, and 16 jointly. In 
August, 1999, the facility submitted a last Groundwater Quality Assessment 
Report (GWQAR) in the Post-closure Care Permit Application Part B for 
HWMU-5.  In this GWQAR historical Isoconcentration Maps were produced to 
depict constituent plumes in the groundwater beneath the HWMU-5 using the 
historical maximum concentrations for the constituents monitored at the HWMU-
5 for the time periods of 1992 through 1995 and 1996 through First quarter 1999. 

V.B.2. HWMU-16

Module V-2

A final GWQAR for the unit was submitted with the Post-closure Care Permit 
Application Part B together. In order to evaluate the shape and position of 
constituent plumes over time, historical Isoconcentration Maps were developed to 
illustrate the lateral extent of the combined inorganic metals, the combined 
volatile organic constituents, and the combined explosive/propellant constituents 
using the historical maximum concentrations for the constituents monitored at the 
site for the time periods of 1992 through 1995 and 1996 through 1998.   

V.C. SITE HYDROGEOLOGY 

V.C.1. Geologic Setting 

This part applies the whole facility. 

The geological and stratigraphic map is provided in Permit Attachment II.A. 

The facility is situated in one of a series of narrow valleys typical of the Valley 
and Ridge physiographic province of the Appalachian Highland region of North 
America. Oriented in a northeast-southwest direction, the valley is approximately 
25 miles long. The valley has width of approximately eight miles at the southwest 
end and narrows to approximately two miles at the northeast end. Radford AAP 
lies along the New River in the relatively narrow northeast corner of the valley.  
The maximum elevation at Radford AAP is 2225 feet above mean sea level 
(amsl) in the southeast corner and the minimum elevation is approximately 1675 
feet amsl along the New River at the northern property boundary.

The valley and Ridge physiographic province consists of folded and thrust-faulted 
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Paleozoic sedimentary rocks ranging in age from Cambrian to Mississippian.  
Post-deformation weathering of these thrust-faulted and overturned Paleozoic 
rocks has resulted in the formation of resistant sandstone and dolomite ridges 
separated by valley underlain by more easily eroded shale and limestone. Well-
developed karst features such as sinkholes and caves are common in the Valley 
and Ridge. 

The general geology at Radford AAP consists of limestone/dolomite bedrock 
covered by weathered residual deposits and/or alluvial deposits. The alluvial 
deposits consists of typical fluvial deposits of interbedded clay, silt, and 
sand/gravel deposits with cobble lenses. The thickness of the alluvial deposits 
ranges from a few feet to approximately 50 feet, with an average thickness of 20 
feet. The residual deposits consists of clay, silt, and clasts resulting from the 
physical and chemical weathering of the parent bedrock. The residual deposits 
typically underlie the alluvium, except in locations where the residuum has been 
eroded to bedrock and replaced by alluvium. The thickness of the residual 
deposits ranges from a few feet to approximately 40 feet. Underlying the alluvium 
and residuum throughout most of Radford AAP is a series of dolomite, limestone, 
and shale strata known as the Cambrian-aged Elbrook Formation. The Elbrook 
formation is the major outcropping formation as well as the predominant karstic 
formation below the facility. Sinkholes, solution channels, pinnacled surfaces, and 
springs are common to the Elbrook Formation. 

V.C.2. Karst Trace Analysis 

Module V-3

This part applies the whole facility. 

A fracture trace map is provided in Permit Attachment II.A. 

a. Fracture Trace Analysis

A total of 66 fracture traces were identified within and around Radford AAP 
in a photogeologic study conducted by the USEPA’s Environmental 
Photographic interpretation center (EPIC) in 1992. Fracture traces are linear 
features identified in aerial photographs that represent the surface expression 
of primary joint sets, major fractures, and/or zones of fracturing in the 
subsurface. These features may be expressed as soil-tonal variations and 
vegetational and topographical alignments, and are significant in 
consideration of groundwater flow at Radford AAP. The fractures and joint 
sets can act as discrete conduits for groundwater flow, increasing flow rates, 
and in some cases, redirecting flow away from the expected flow direction. In 
Karst terrains, such features are environmentally significant because 
solutionization and resulting conduits develop along bedding plans as well as 
fractures and joints. 
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The primary traces identified at Radford AAP in the 1992 USEPA EPIC study 
are illustrated on the Fracture Trace Map (Appendix A.3 of Permit 
Attachment II.A). The bedding plane structures, seen as ledges in the New 
River channel, are also illustrated on the Fracture Trace Map.

b. Sink Hole Delineation 

The locations of sinkholes at Radford AAP were also mapped during the 1992 
USEPA EPIC study (Fracture Trace Map in Appendix A.3 of Permit 
Attachment II.A). In the vicinity of Radford AAP, the strike of bedding in the 
Elbrook Formation is roughly west/northeast, with dips to the south/southeast.  
As shown on the Fracture Trace Map, the orientation of bedding can be seen 
in the nearly east-west alignment of sinkholes at Radford AAP and 
surrounding areas. Most of the sinkholes in the area are oval shaped and 
elongated with respect to the strike of bedding planes. In some instances, the 
sinkholes appear to align with respect to the fracture traces. The sinkholes 
most likely represent bedrock units with a greater carbonate content and lower 
shale content within the underlying Elbrook formation (USEPA, 1992). 

c. Dry Trace Results

In September 1993 through December 1993, engineering-Science, Inc. of 
Fairfax, VA conducted a dye-trace test to identify hydrologic connections 
between areas of groundwater recharge (upland sinkholes) in the south-central 
portion of Main Plant and their respective discharge areas around the facility.  
The south-central portion of the Main Plant area is characterized by numerous 
sinkholes and a deep water table. The karst development within the underlying 
folded limestone and dolomite of the Elbrook Formation likely has a 
significant influence on groundwater flow through the bedrock in this area.

V.C.3. Occurrence of Groundwater

Module V-4

The general hydrogeological setting at Radford AAP is characterized by porous 
alluvial sediments overlying weathered and unweathered dolomite and limestone.  
In areas where the porous allluvial sediments are the uppermost water-bearing 
zone, groundwater flow is generally from topographically high areas to 
topographically low areas. In some areas of Radford AAP, the uppermost water-
bearing zone is within the limestone and dolomite bedrock. The karst features 
within the bedrock aquifer can provide conduits for rapid transport of 
groundwater to the New River, which is the discharge area for regional 
groundwater flow.

Seasonal variations in precipitation can affect the direction of groundwater flow 
within the bedrock aquifer at Radford AAP. During wet seasons (high flow 
conditions), groundwater flow may occur in higher elevation conduits that are not
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normally saturated during dry seasons (low flow conditions). As a result, flow 
may short-circuit the predominant flow paths and be redirected, discharging in 
unexpected areas.

In addition to seasonal variations, groundwater levels within the bedrock aquifer 
may fluctuate dramatically during heavy precipitation events. Groundwater levels 
in the karst bedrock aquifer generally respond to heavy precipitation within 
approximately 14 hours, and may rise several feet in a short time (Engineering-
Science, 1994). This condition exists throughout Radford AAP, especially in 
areas where surface water infiltrates through these conduits, stormwater 
infiltrating in the uplands of the facility may discharge to the New River in a 
matter of a few days following a storm event.  The turbulent flow created by these 
conditions aerates the infiltrating water.  The increased O2 content can 
significantly affect the chemistry of the groundwater, increasing the concentration 
of many commonly occurring inorganic analytes.  It is this direct connection 
between surface water and groundwater and the rapid movement of groundwater 
through the aquifer that is vital to interpreting the migration of both naturally 
occurring and released constituents in the groundwater at Radford AAP.

V.C.4. HWMU-5

Module V-5

a. Geology/Structure

Geological Cross Sections are presented in Permit Attachment V.A. Bedrock 
below the unit is generally encountered at a depth ranging from 28 to over 56 
feet below ground level, with alluvial sediments and weathered bedrock 
residuum overlying the bedrock. It is characterized by “floaters”, depressions 
and pinnacles resulting from differential physical and chemical weathering 
influenced primarily by the structural, depositional, and mineralogical nature 
of the uppermost lithologic unit (i.e., predominantly brecciated, shaley, or 
crystalline carbonate). The shaley units of the Elbrook Formation tend to be 
more resistant, resulting in pinnacles or bedrock highs.  In general, the 
bedrock below the southern portion of the unit slopes downward to the north-
northeast, while the bedrock to the north of the unit slopes downward to the 
south-southwest. This appears to indicate the development of a sinkhole in the 
vicinity of monitoring well cluster 5WC21, 5WC22, and 5WC23. The area 
around HWMU-5 is characterized by the development of sinkholes without 
any apparent alignment or preferred orientation.  The fracture lineations 
identified during the fracture trace analysis, however, appear to be oriented 
radially, trending northeast-southwest to northwest-southeast in the area of 
HWMU-5. It is probable that there are well developed karst conduits which 
convey aerated surface water during precipitation events from the upland 
sinkholes through these solution-enhanced fractures and joints towards the 
New River at relatively rapid velocities.
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b. Groundwater Movement

Groundwater elevation (potentiometric surface) and flow direction maps are 
provided in Permit Attachment V.A. GW is encountered at depths ranging 
from 9 feet to 18 feet bgl with the water table generally located at or just 
above alluvium/weathered residuum interface. GW level fluctuation in this 
zone do not appear to exceed 2 to 5 feet annually over most of the site; 
however, GW levels fluctuated by as much as 8 feet in the farthest 
downgradient locations (wells 5W10A and 5W11A) in 1994. These farthest 
downgradient wells are the only monitoring wells that appear to be screened 
across the bedrock/weathered residuum interface. Groundwater movement 
beneath the unit is generally to the north-northeast towards the New river.  
The groundwater contours and the topography in this unit suggest that the unit 
is located on a river terrace that contains several sinkholes and drains north 
toward the New River.

V.C.5. UNIT 16

Module V-6

a. Geology/Structure

Geological Cross Sections are presented in Attachment V.A. Bedrock below 
the unit is generally encountered at a depth ranging from 30 to 70 feet below 
ground level (bgl), although the soil/bedrock interface is gradational. It is 
characterized by “floaters”, depressions and pinnacles resulting from 
differential physical and chemical weathering influenced primarily by the 
depositional and mineralogical nature of the uppermost lithologic unit (i.e. 
predominantly shaley, or crystalline carbonate). The shaley units of the 
Elbrook Formation tend to be more resistant, resulting in pinnacles or bedrock 
highs. In general, the bedrock below the unit slopes to the east and south 
towards the New River. The area around HWMU-16 is characterized by the 
development of sinkholes without any apparent alignment or preferred 
orientation. The fracture lineations identified during the fracture trace 
analysis, however, appear to be oriented radially, trending east-west to north-
south from the crest of the horseshoe towards the New River.  It is probable 
that there are well developed karst conduits which convey aerated surface 
water during precipitation events from the upland sinkholes through these 
solution-enhanced fractures and joints towards the New River at relatively 
rapid velocities.

b. Groundwater Movement

Groundwater elevation (potentiometric surface) and flow direction maps are 
provided in Permit Attachment V.A. GW is encountered at roughly 40 feet bgl 
with the water table generally located at or just above the soil bedrock 
interface. Groundwater fluctuations in this zone do not appear to exceed 2 to 4 
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feet annually, although individual wells tapping karst conduits could show 
dramatic fluctuations following storm events. Groundwater movement 
beneath the unit is generally to the east-northeast towards a spring located 
roughly 500 feet northeast of HWMU-16. The groundwater contours and the 
topography in this unit suggest that the unit is located on top of a structural 
swale which directs water towards the spring.

V.D. COMPLIANCE MONITORING SYSTEM AND SAMPLING SCHEDULE 

Module V-7

V.D.1. HWMU-5 

a. Groundwater Monitoring System 

The Compliance Monitoring Program requires monitoring at the background 
well(s), Point of Compliance Wells and at all wells designated as Plume 
Monitoring Wells semiannually in single samples. Static groundwater 
elevations (as made applicable by Permit Condition V.H.) will be measured at 
all wells specified in V.D.1.a.i, ii, and iii below during each sampling event. 
The groundwater monitoring system follows:

i. The groundwater beneath the closed WMA shall be monitored with one 
upgradient groundwater monitoring well and five (5) downgradient point 
of compliance wells located as specified on the map presented in Figures 
II.A-6 and V.A-1 through V.A-6. Monitoring well 5W8B is the 
background well for the WMA and monitoring wells 5W5B, 5W7B, 
5WC21, 5WC22, and 5WC23 are the point of compliance wells.

ii. In addition to the wells specified in Permit Condition V.D.1.a.i above, 
well 5W12A will serve as plume monitoring wells downgradient of the 
unit to determine whether continued migration of contaminants has 
occurred.

iii. Well(s) S5W5, S5W7, 5W9A, 5W10A, 5W11A, 5WCA, S5W6, S5W8, 
5WC11, and 5WC12 will be used as piezometers to measure static 
groundwater elevations during each sampling event. 

b. Sampling Schedule

The upgradient well, the point of compliance wells, and plume monitoring 
wells will be sampled in accordance with the Compliance Monitoring 
Sampling and Analysis Plan (Permit Attachment V.B) and the following 
schedule:

i. The upgradient well and downgradient point of compliance wells specified 
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in Permit Conditions V.D.1.a.i will be sampled at least semi-annually for 
the constituents listed in Permit Attachment V.D. The Permittees must 
collect, at least, a single independent sample at each monitoring well for 
all required constituents and analyses must be conducted using the EPA 
SW-846 Methods specified in Permit Attachment V.D. 

ii. The Plume Monitoring Wells specified in Permit Condition V.D.1.a.ii 
shall be sampled at least semi-annually for all constituents listed in Permit 
Attachment V.D. The Permittees must collect, at least, a single 
independent sample at each monitoring well for all required constituents 
and analyses must be conducted using the EPA SW-846 Methods 
specified in Permit Attachment V.D. 

iii. Downgradient Point of Compliance Wells listed in Permit Condition 
V.D.1.a.i. will be sampled annually for all constituents in Appendix IX to 
40 CFR Part 264 as listed in Permit Attachment V.C and analyses shall be 
obtained using the EPA SW-846 Methods specified in Permit Attachment 
V.C. 

c. Additional Monitoring Wells

If additional constituents on the Compliance Monitoring list are detected at 
statistically significant levels above background in the Plume Monitoring 
Wells specified in Permit Condition V.D.1.a.ii and if there is evidence that 
changes in the nature or extent of groundwater contamination have occurred 
as required by 40 CFR Part 264.99(j), the Permittees shall install groundwater 
monitoring wells to further define the vertical and horizontal extent of 
contamination in accordance with 40 CFR Section 264.90. 

i. The Permittees shall notify the Director within seven (7) days of 
determining that a constituent was detected at statistically significant 
levels above background in any downgradient plume monitoring well. 

ii. If the Permittees choose to attempt a verification sampling event as 
defined by Permit Conditions V.J.5.a and V.J.8, this intent and a brief 
description of proposed resampling activities shall be included in the 
notification required by Permit Condition V.D.1.c.i. 

iii. If the results of the resampling indicate that the statistical increase was 
valid or no resampling is conducted, the Permittees shall submit to the 
Director a plan to sample existing wells and/or install additional 
monitoring wells to define the vertical and horizontal extent of the 
constituent in the groundwater downgradient of the unit. This plan shall be 
submitted within thirty (30) days of the notification required by Permit 
Condition V.D.1.c.i. 
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iv. Appropriate modifications to the Compliance Monitoring Program shall be 
proposed following the installation of any additional wells, as required to 
meet the performance standards of the monitoring program.

v. The Permittees may choose to demonstrate that the statistical increase was 
a result of a source or sources other than the unit. Notification that this 
demonstration will be attempted should be forwarded to the Director along 
with the notification that a statistically significant increase has been 
detected. Additional plume delineation will not be required if the 
Permittees demonstrate to the satisfaction of the Director that a source or 
sources other than the unit is the source of increased groundwater 
contamination. 

V.D.2. HWMU-16

Module V-9

a. Groundwater Monitoring System 

The Compliance Monitoring Program requires monitoring at the background 
well (s), Point of Compliance Wells and at all wells designated as Plume 
Monitoring Wells semiannually in single samples. Static groundwater 
elevations (as made applicable by Permit Condition V.H) will be measured at 
all wells specified in V.D.2.a.i, ii, and iii below during each sampling event.  
The groundwater compliance monitoring system follows:

i. The groundwater beneath the HWMU shall be monitored with one (1) 
upgradient groundwater monitoring well and four (4) downgradient point 
of compliance wells located as specified on the map presented in Figures 
II.A-7 and V.A-7 through V.A-10. Monitoring well 16C1 is the 
background (upgradient groundwater monitoring) well for the HWMU-16 
and the downgradient groundwater monitoring wells 16MW8, 16MW9, 
16WC1A, and 16WC1B are the point of compliance wells.

ii. In addition to the wells specified above, four (4) wells, 16-2, 16-3, 16-5 
and 16WC2B, will serve as plume monitoring wells downgradient of the 
unit. The Spring (16SPRING) will serve as an additional sampling point. 
These five monitoring points shall be used to determine whether continued 
migration of contaminants is occurring.

iii. Four wells, 16-1, 16WC2A, 16C3, and 16CDH3, will be used as 
piezometers to measure static groundwater elevations during each 
sampling event. 

b. Sampling Schedule
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The upgradient well, the point of compliance wells, and plume monitoring 
wells will be sampled in accordance with the Compliance Monitoring 
Sampling and Analysis Plan (Permit Attachment V.B) and the following 
schedule:

i. The upgradient well and downgradient point of compliance wells specified 
in Permit Conditions V.D.2.a.i will be sampled at least semi-annually for 
the constituents listed in Permit Attachment V.D. The Permittees must 
collect, at least, a single independent sample at each monitoring well for 
all required constituents and analyses must be conducted using the EPA 
SW-846 Methods specified in Permit Attachment V.D. 

ii. The Plume Monitoring Wells specified in Permit Condition V.D.2.a.ii. 
shall be sampled at least semi-annually for all constituents listed in Permit 
Attachment V.D.  The Permittees must collect, at least, a single 
independent sample at each monitoring well for all required constituents 
and analyses must be conducted using the EPA SW-846 Methods 
specified in Permit Attachment V.D. 

iii. Downgradient Point of Compliance Wells listed in Permit Condition 
V.D.2.a.i. will be sampled annually for all constituents in Appendix IX to 
40 CFR Part 264 as listed in Permit Attachment V.C and analyses shall be 
obtained using the EPA SW-846 Methods specified in Permit Attachment 
V.C. 

c. Additional Monitoring Wells

If additional constituents on the Compliance Monitoring list are detected at 
statistically significant levels above background in the Plume Monitoring 
Wells specified in Permit Condition V.D.2.a.ii. and if there is evidence that 
changes in the nature or extent of groundwater contamination have occurred 
as required by 40 CFR Part 264.99(j), the Permittees shall install groundwater 
monitoring wells to further define the vertical and horizontal extent of 
contamination in accordance with 40 CFR Section 264.90. 

i. The Permittees shall notify the Director within seven (7) days of 
determining that a constituent was detected at statistically significant 
levels above background in any downgradient plume monitoring well. 

ii. If the Permittees choose to attempt a verification sampling event as 
defined by Permit Conditions V.J.5.a and V.J.8, this intent and a brief 
description of proposed resampling activities shall be included in the 
notification required by Permit Condition V.D.2.c.i. 

iii. If the results of the resampling indicate that the statistical increase was
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valid or no resampling is conducted, the Permittees shall submit to the 
Director a plan to sample existing wells and/or install additional 
monitoring wells to define the vertical and horizontal extent of the 
constituent in the groundwater downgradient of the unit.  This plan shall 
be submitted within thirty (30) days of the notification required by Permit 
Condition V.D.2.c.i. 

iv. Appropriate modifications to the Compliance Monitoring Program shall be 
proposed following the installation of any additional wells, as required to 
meet the performance standards of the monitoring program.

v. The Permittees may choose to demonstrate that the statistical increase was 
a result of a source or sources other than the unit.  Notification that this 
demonstration will be attempted should be forwarded to the Director along 
with the notification that a statistically significant increase has been 
detected.  Additional plume delineation will not be required if the 
Permittees demonstrate to the satisfaction of the Director that a source or 
sources other than the unit is the source of increased groundwater 
contamination. 

V.E. WELL CONSTRUCTION AND MAINTENANCE

Module V-11

V.E.1. Well Construction  

a. The locations of the monitoring wells for HWMU-5 listed in Permit Condition 
V.D.1.a are specified on the map presented in Permit Attachment II.A, Figure 
II.A-6.

b. The locations of the monitoring wells for HWMU-16 listed in Permit 
Condition V.D.2.a are specified on the map presented in Permit Attachment 
II.A, Figure II.A-7.

c. Boring logs, design and construction details for monitoring wells listed in 
Permit Condition V.D.1.a and V.D.2.a are included as Permit Attachment 
V.G. 

V.E.2. Maintenance

All monitoring wells in the Compliance Monitoring Program, as listed in Permit 
Conditions V.D.1. and V.D.2, shall be maintained and inspected at least 
semiannually to ensure proper operation. Any required repairs shall be made by 
the Permittees as soon as possible and before the next sampling event. If any of 
these wells are damaged beyond reasonable efforts for repair, the Permittees may 
petition the Director for approval to abandon the affected. Appropriate permit 
modification applications shall be submitted. 
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V.E.3. Standard 

Module V-12

All monitoring wells required by this Permit shall be maintained in conformance 
with the following: 

a. The monitoring system must yield samples in upgradient well(s) that represent 
the quality of the background groundwater unaffected by leakage from the 
Regulated Units, and in downgradient wells yield samples that represent the 
quality of groundwater passing the compliance point. 

b. The number and location of wells must be sufficient to identify and define all 
logical release pathways from the unit(s) to the uppermost aquifer based on 
site specific hydrogeologic characterization.

V.E.4. Installation and Abandonment

The Director must approve the addition or removal of all monitoring wells prior 
to installation or abandonment through a permit amendment. 

a. All wells deleted from the monitoring program shall be plugged and 
abandoned in accordance with Permit Attachment V.H. Well plugging 
methods and abandonment certification shall be submitted to the Director 
within thirty (30) days from the date the wells are removed from the 
monitoring program. 

b. All wells added to the existing monitoring system described in Permit 
Condition V.E.1. must be constructed in accordance with the requirements of 
EPA's RCRA Groundwater Monitoring Technical Enforcement Guidance 
Document (TEGD)(September 1986, as updated), and/or as approved by the 
Department .

V.F. GROUNDWATER PROTECTION STANDARD

V.F.1. Groundwater Protection Standard 

The Permittees shall monitor the groundwater to determine whether regulated 
units are in compliance with the groundwater protection standard under 40 CFR 
Part 246.92. The groundwater protection standard is based upon upgradient 
concentrations from the facility's background groundwater monitoring 
(Attachment V.E), EPA Safe Drinking Water Act Maximum Contaminant Levels 
(SDWA MCLs), USEPA Regional Screening Levels for Chemical Contaminants 
at Superfund Sites (RSLs; Summary Table TR=1E-06, HQ=1), or an Alternate 
Concentration Limit (ACL) approved by the Director (DEQ ACLs, Health-based 
Risk Assessment Levels generated by the REAMS model, VURAM, or an



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

equivalent method). The hazardous constituents, and their concentration limits 
listed in Attachment V.F comprise the groundwater protection standard.

V.F.2. Background Concentration for Additional Constituents 
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The Permittees shall monitor all wells as described in Permit Condition V.D.1. 
and V.D.2. for all parameters and constituents specified in Attachment V.D and 
Attachment V.C as appropriate.  For any additional hazardous constituents 
detected during the annual analysis of all monitoring wells at the point of 
compliance, as specified above in Permit Section V.D.1, and V.D.2. for all 
constituents contained in Appendix IX to 40 CFR 264 (see Permit Attachment 
V.C) for which no accurate background values have been established at the time 
the Permit was issued, the Permittees shall establish accurate background values 
in accordance with 40 CFR 264.97(g), and as specified below:

a. Background groundwater quality for a monitoring parameter or constituent 
shall be based on data from quarterly sampling of a properly installed well(s) 
upgradient from the waste management area for one (1) year.

b. The Permittees shall take a sequence of at least four (4) samples from each 
upgradient well, to determine background groundwater quality for each 
parameter and/or constituent each time the system is sampled. 

c. An alternate sampling procedure may be used if proposed by the Permittees 
and approved by the Director in accordance with 40 CFR 264.97(g)(2).

V.F.3. The Permittee shall use the most up-to-date USEPA MCL or DEQ ACL / EPA 
RSL (if no USEPA MCL has been promulgated) as the GPS for any GPS based 
on those regulatory values.  If USEPA/ DEQ implements any changes to MCLs, 
RSLs, or ACLs, the GPS defined by that MCL/RSL/ACL will be updated to 
reflect the most current value established by USEPA/DEQ, and the most current 
updated value will be used for data evaluation. The currently published values at 
the time of the sampling event will be used as the GPS to evaluate all data for that 
sampling event, as well as for any verification sampling associated with that 
sampling event. Additionally, the Permittee shall submit a Class 1 Modification 
request biennially (every two years) to update all MCL, ACL, and RSL values 
listed in the Permit to the most current published values at the time of the 
modification request submission. If no changes have been made to the MCL, 
ACL, or RSL values for the constituents listed in the Permit for the preceding two 
years, then the Permittee can provide a letter to DEQ stating that no permit 
modification is necessary in lieu of a Class 1 modification request for that two 
year time period. 

Any GPS based on a background value or site-specific ACL may be updated if
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new data become available. When available, the Permittee shall provide the 
Department with any new site-specific data for review. If the changes are 
significant enough to warrant a Permit modification, the Permittee shall submit a 
Class 1 Permit modification request to amend the associated GPS value(s).

V.F.4. Effective Duration
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The Compliance Period, during which The Groundwater Protection Standard 
applies, is equal to the period of time from the beginning of the waste 
management area's active life until the end of the closure period and begins when 
the Permittees initiate a Compliance Monitoring Program meeting the 
requirements of 40 CFR 264.99. The Compliance Period for each unit in this 
Permit is specified in Permit Condition I.J.

V.G. SAMPLING AND ANALYSIS PROCEDURES

The Permittees shall use the following techniques and procedures when obtaining 
and analyzing samples from the groundwater monitoring wells described in 
Permit Conditions V.D.1., and V.D.2.:

V.G.1. Samples shall be collected using the techniques described in Permit Attachment 
V.B. 

V.G.2. Samples shall be preserved, packed, and shipped off-site for using the techniques 
described in Permit Attachment V.B. 

V.G.3. Samples shall be analyzed in accordance with the procedures specified in Permit 
Attachments V.C and V.D. Additionally, the laboratory must be accredited for the 
analytical method, matrix, and target analyte (where applicable) by the Virginia 
Environmental Laboratory Accreditation Program (VELAP).  

V.G.4. Samples shall be tracked and controlled following the chain-of-custody 
techniques in Permit Attachment V.B. 

V.G.5. The Permittees must determine the concentration of constituents and parameters 
listed in Permit Attachment V.D in the groundwater at the compliance point at 
least semiannually during the compliance periods specified in Permit Condition 
V.F.4.

V.G.6. The Permittees must analyze samples from all monitoring wells listed in Permit 
Condition V.D.1.a.(i) and V.D.2.a.(i) at the compliance point, for all constituents 
contained in Appendix IX to 40 CFR Part 264 (Permit Attachment V.C) at least 
annually during the compliance period.
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V.H. ELEVATION OF THE GROUNDWATER SURFACE

Module V-15

V.H.1. Groundwater Surface Elevation 

The Permittees shall determine the groundwater surface elevation (and depth to 
bottom of wells not equipped with dedicated pumps) at each monitoring well 
specified in Permit Conditions V.D.1.a., and V.D.2.a., for HWMU-5 and HWMU-
16, respectively, each time groundwater is sampled in accordance with procedures 
contained in Permit Attachment V.B. 

a. Static groundwater elevations (and total depths--for wells that do not contain 
dedicated pumps) will be measured at all wells specified in Permit Condition 
V.E.1. during each sampling event. 

b. The first semiannual monitoring event as described in Permit Module V shall 
be completed no later than 90 days from the date of Permit issuance.

c. If, during the course of purging and sampling, the data from turbidity 
measurements and field parameters indicate that silt has accumulated in any 
well, the pump (if dedicated) shall be pulled and the total well depth and 
sediment thickness shall be calculated.  Corrective measures shall be taken 
prior to the next sampling event, if necessary.

V.H.2. Additional/Replacement Wells 

The Permittees shall report the surveyed elevation of any additional or 
replacement monitoring well(s) when installed with as-built drawings.  The total 
depth of wells and the elevation of the following shall be recorded: top of the 
casing, ground surface and/or apron elevation, and the protective casing. 

V.I. STATISTICAL PROCEDURES

V.I.1. Statistical Evaluation 

When evaluating the monitoring results in accordance with Permit Section V.J., 
the Permittees shall determine whether there is statistically significant evidence of 
increased contamination for any hazardous constituent or parameters specified in 
the Groundwater Protection Standard (Permit Attachment V.F) using the 
statistical procedures specified in Permit Attachment V.I in accordance with 40 
CFR 264.97(h), 264.97(i), 264.99(d), and 264.99(h) or using an alternative 
method approved by the Director.

V.I.2. Simple Empirical Comparison 

The Permittees may elect to perform a simple empirical comparison of Point of
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Compliance data to the Groundwater Protection Standard (Permit Attachment 
V.F) or Compliance Well data to the established background concentration in 
Permit Attachment V.E, instead of the statistical procedures specified in Permit 
Attachment V.I. 

V.I.3. Statistical Procedures

Module V-16

The Permittees shall conduct all statistical procedures as specified in Permit 
Attachment V.I.

V.I.4. Schedule for Statistical Evaluation 

The Permittees shall perform the statistical evaluation required by Permit 
Conditions V.I.1, 2, and 3 above within 30 days from when the results of the 
analyses are available from the laboratory performing the analyses, but not later 
than the following schedule in accordance with 40 CFR 264.99(d)(2).

Samples Collected During  Statistical Results 
      The Months of:         Due by: 

        January- June       August 15 

      July – December       March 1 

The results of the evaluation shall be reported to the Director. 

V.J. MONITORING PROGRAM AND DATA EVALUATION 

The Permittees shall conduct groundwater quality evaluation as follows:

V.J.1. Sampling and Analysis 

The Permittees shall collect, preserve, and analyze groundwater samples taken 
from all monitoring wells specified in this Permit, at least semiannually, pursuant 
to Permit Section V.G and Permit Attachment V.B.. 

V.J.2. Analytical Constituents 

The Permittees shall determine the concentration of compliance monitoring 
constituents and/or parameters, as listed in the Compliance Monitoring 
Constituent List (Permit Attachment V.D), in the groundwater at each monitoring 
well specified in Permit Section V.D.1.a.(i) and (ii) and V.D.2.a.(i) and (ii) at 
least semiannually in accordance with 40 CFR 264.99(a).
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The Permittees shall determine the concentration of hazardous constituents and/or 
parameters, as specified in the Groundwater Protection Standard (Permit Section 
V.F.1 and Permit Attachment V.F), in the groundwater at each monitoring well 
specified in Permit Section V.D.1.a.(i) and V.D.2.a.(i) at least semiannually in 
accordance with 40 CFR 264.99(a).

V.J.3. Analysis Data Presentation 
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The Permittees shall present the groundwater quality at each monitoring well in a 
form appropriate for the determination of statistically significant increases in 
accordance with 40 CFR 264.97(h).

The Permittees' report shall include at least the following information: the 
constituents analyzed; the SW-846 test methods; method detection limits; level of 
quantitation; estimated quantitation limits; the internal laboratory quality 
assurance/quality control (QA/QC); matrix spike duplicates; percent recovery; 
duplicate analyses; dilution factors; any lab specific limit of detection and/or limit 
of quantitation; and, the results of any screening analyses. 

V.J.4. Groundwater Flow Direction and Rate

The Permittees shall determine the groundwater flow rate and direction in the 
uppermost aquifer at least annually to determine compliance with 40 CFR 
264.99(e). The Permittees shall also measure the groundwater surface elevations 
each time groundwater is sampled in accordance with the requirements of 40 CFR 
264.97(f).

V.J.5. Appendix IX to 40 CFR Part 264 

The Permittees shall analyze samples from all wells listed in Permit Condition 
V.D.1.a.i and V.D.2.a.i at the compliance point, for all constituents contained in 
Appendix IX to 40 CFR Part 264 (Permit Attachment V.C) at least annually to 
determine whether additional Appendix IX to 40 CFR Part 264 constituents, 
which are not listed in Permit Attachment V.D, are present in the uppermost 
aquifer.

a. If the Permittees find additional constituents present (i.e. not listed in Permit 
Attachment V.D), the Permittees shall notify the Director within seven (7) 
days of the data being available from the laboratory. The Permittees may 
resample within (60) days from the date of the data validation and repeat the 
analysis for the detected Appendix IX to 40 CFR Part 264 constituent. If 
confirmation sampling is intended, the Permittees shall include the proposed 
sampling date with the notification. 

b. If the second analysis confirms the presence of the additional constituents, the
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Permittees shall report the concentration of these constituents to the Director 
in writing within seven (7) days of the second analysis data being available 
from the laboratory and add them to the Compliance Monitoring list (Permit 
Attachment V.D).  If the constituent is hazardous (listed in Appendix VIII to 
40 CFR Part 261), the Permittees shall add it to the Groundwater Protection 
Standard list (Permit Attachment V.F).

c. If the Permittees choose not to resample, then the Permittees shall report the 
concentrations of these additional constituents to the Director within seven (7) 
days of the initial analysis data being available from the laboratory and add 
them to the Compliance Monitoring list (Permit Attachment V.D).  If the 
constituent is hazardous (listed in Appendix VIII to 40 CFR Part 261), the 
Permittees shall add it to the Groundwater Protection Standard list (Permit 
Attachment V.F).

d. If the constituent has been previously detected in the monitoring well, then the 
Permittees may choose not to resample. The Permittees shall report the 
concentration within seven (7) days of the data being available from the 
laboratory and add them to the Compliance Monitoring list (Permit 
Attachment V.D).  If the constituent is hazardous (listed in Appendix VIII to 
40 CFR Part 261), the Permittees shall add it to the Groundwater Protection 
Standard list (Permit Attachment V.F).

e. The Permittees may attempt to demonstrate that the newly detected additional 
Appendix IX constituent was from a source or sources other than the 
Regulated Unit.  The Director shall be notified of the intent to make the 
demonstration either with the original notification that a new constituent was 
detected or with the results of the resampling.

i. This demonstration shall prove to the satisfaction of the Director that an 
alternate source caused the detection.

ii. The demonstration shall commence within a reasonable time following the 
notification in Permit Condition V.J.5.b. or c. above, and the results shall 
be submitted for review no later than 90 days from the original 
notification. 

iii. The Permittees must continue to monitor in accordance with the 
Compliance Monitoring Program established under 40 CFR Section 
264.99. 

V.J.6. Background Values for Newly Detected Constituents 
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If the second analysis (Permit Condition V.J.5.b) confirms the presence of 
constituents not included in the Compliance Monitoring program, the Permittees 
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choose not to resample (Permit Condition V.J.5.c.), or the Permittees are unable 
to prove to the satisfaction of the Director that a source other than the Regulated 
Unit is responsible, the Permittees shall establish the background values for each 
additional Appendix IX to 40 CFR Part 264 constituent listed in Permit 
Attachment V.C found in the groundwater in accordance with the following 
procedures:

a. Background groundwater quality for a newly listed monitoring parameter or 
constituent shall be based on data (single samples) from at least quarterly 
sampling of an upgradient monitoring well for each unit, as specified by 
Permit Condition V.D.1.a.(i) or V.D.2.a.(i)., for one (1) year.

b. Background groundwater quality for each newly listed parameter and/or 
constituent for each compliance point and plume monitoring wells, as listed in 
Permit Conditions V.D.1.a.(i)/ V.D.2.a.(i) and V.D.1. a.(ii)/ V.D.2.a.(ii), 
respectively, shall be based on data (single samples) from at least quarterly 
sampling for one (1) year.   

c. An alternate sampling procedure may be used if proposed by the Permittees 
and approved by the Director in accordance with 40 CFR 264.97(g)(2).

V.J.7. GPS for Newly Detected Constituents
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For each additional Appendix VIII to 40 CFR Part 261 hazardous constituent 
confirmed in accordance with Permit Condition V.J.5.b or directly added to the 
monitoring list (Permit Attachment V.D) without resampling in accordance with 
Permit Condition V.J.5.c, the Director shall establish a Groundwater Protection 
Standard and amend Permit Attachment V.F.  The groundwater protection 
standard will be based upon the background value determined through Permit 
Condition V.J.6, EPA Safe Drinking Water Act Maximum Contaminant Levels 
(SDWA MCLs), USEPA Regional Screening Levels for Chemical Contaminants 
at Superfund Sites (RSLs; Summary Table TR=1E-06, HQ=1), or an Alternate 
Concentration Limit (ACL) approved by the Director (DEQ ACLs, Health-based 
Risk Assessment Levels generated by the REAMs model, VURAM, or an 
equivalent method). 

V.J.8. Comparison to Background Concentrations 

During the compliance period, for each hazardous constituent identified in Permit 
Condition V.J.5, the Permittees shall determine whether there is statistically 
significant evidence of increased contamination each time when the concentration 
of hazardous constituents is monitored in groundwater at the compliance point; 
pursuant to Permit Section V.I.1 and using the statistical procedures in Permit 
Attachment V.I or an alternate method approved by the Director prior to use.  To 
make that determination, the Permittees shall compare the groundwater quality at



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

each monitoring well specified in Permit Section V.D. to the background 
concentrations for that constituent, in accordance with the procedures specified in 
Permit Section V.I.1.  These determinations shall be made at least semiannually 
and the results reported to the Director.

a. If the appropriate statistical test (specified in Permit Attachment V.I and/or 
approved by the Director) indicates that the difference between the established 
background (or upgradient concentration) and the downgradient well 
concentration is significant, the Permittees shall notify the Director in writing 
within seven (7) days of determining that a constituent was detected at 
statistically significant levels in any downgradient well.  The notice should 
indicate whether the Permittees resample to confirm the exceedance.

b. The Permittees may repeat the same procedure with an independent sample 
from the monitoring well within 30 days of determination that the difference 
was statistically significant.  If the Permittees choose to attempt a resampling 
demonstration as defined by Permit Condition V.J.5.a., this intent and a brief 
description of proposed confirmation sampling activities shall be include in 
the notification required above.

V.J.9. Comparison to Groundwater Protection Standards
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For each hazardous constituent identified in Permit Condition V.J.5 and listed in 
Permit Attachment V.F., the Permittees shall determine whether there is 
statistically significant evidence of increased contamination each time when the 
concentration of hazardous constituents is monitored in groundwater at the 
compliance point.  In determining whether such an increase of contamination has 
occurred, at least semiannually the Permittees shall compare the groundwater 
concentration at each monitoring well specified in Permit Section V.D.1.a (i) and 
V.D.2.a.(i) to the Groundwater Protection Standard for that constituent, in 
accordance with the procedures specified in Permit Attachment V.I if appropriate.

a. Methods of Comparison 

i. If a single independent sample was collected at the monitoring well, the 
Permittees shall conduct a simple empirical comparison of the measured 
value to the GPS (Permit Attachment V.F).

ii. If multiple independent samples were collected from each monitoring 
well, a statistical comparison to the GPS, as approved by the Director, 
shall be conducted.  Guidelines for method selection are contained in 
Permit Attachment V.I.

b. Notification 
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For constituents that have not statistically exceeded the Groundwater 
Protection Standard during previous sampling events, the Permittees shall 
submit written notification to the Director within 7 days of determining that 
the GPS  has been exceeded for the additional constituent.  The notification 
shall include the following:

i. concentration of constituent exceeding the GPS;

ii. identification of the monitoring well where the GPS  was exceeded; and 

iii. a map showing the extent of the groundwater contaminant plume with 
concentrations mapped.

c. Other Source Demonstration 

The Permittees may make a demonstration that the groundwater protection 
standard as indicated in Permit Attachment V.F was exceeded due to sources 
other than the unit; errors in sampling, analysis, and evaluation; or natural 
variation in the groundwater.  The demonstration shall be conducted as 
follows: 

i. The Permittees shall include in the notification to the Director in Permit 
Condition V.J.9.b., that the demonstration will be attempted. 

ii. Resampling must be conducted as described in V.J.5.a.  

iii. Four (4) independent samples shall be collected from the well for each 
constituent the Permittees included in the demonstration.  A statistical 
evaluation of the data shall be conducted using a statistical method 
approved by the Director. 

iv. The Permittees must submit a report to the Director within 90 days of the 
notification that demonstrates a source other than the unit caused the 
groundwater protection standard to be exceeded or that the apparent non-
compliance was a result of an error in sampling, analysis, or evaluation.  
The Permittees must also submit to the Director within 90 days of the 
notification in Permit Condition V.J.9.b an application for a permit 
modification to make any appropriate changes in the Compliance 
Monitoring Program. 

v. If the Director approves the results of the demonstration, the constituent 
shall remain on the Annual 40 CFR 264 Appendix IX Constituent list 
(Permit Attachment V.C) and Compliance Monitoring List (Permit 
Attachment V.D) and samples shall continue to be collected and analyzed 
as specified.

Module V-21
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d. Specification

The Permittees shall specify all Groundwater Protection Standard exceedances 
from the reported sampling event in the Semiannual Monitoring Report. 

V.K. REPORTING AND RECORDKEEPING

Module V-22

V.K.1. Record

The Permittees shall enter all monitoring, testing, and analytical data obtained 
pursuant to Permit Section V.J. in the operating record.  The data packages must 
include all computations, calculated means, variances, t-statistic values, and t-test 
results or the calculations and results of statistical tests that the Director has 
determined to be equivalent as appropriate and shall be submitted to the Director 
at least annually, no later than March 1 of the calendar year, pursuant to 40 CFR 
264.91(b).  Reports containing the information shall be submitted in accordance 
with Permit Condition I.N.2. 

V.K.2. Groundwater Elevation

The Permittees shall submit the groundwater surface elevations and 
potentiometric contour maps with flow paths for both HWMUs, as specified in 
Permit Section V.J.4.,to determine whether the requirements for locating the 
monitoring wells continue to be satisfied, at least annually, no later than March 1 
of the calendar year, pursuant to 40 CFR 264.73(b)(6).  All potentiometric 
contour maps shall be properly annotated with monitoring wells and groundwater 
surface elevations clearly marked.  If the evaluation shows that the performance 
standards specified in Permit Section V.E.3. are no longer satisfied, the Permittees 
shall, within ninety (90) days, submit a permit modification request to the 
Director to modify the number, location, or depth of the monitoring wells to bring 
the groundwater monitoring system into compliance with this requirement, 
pursuant to 40 CFR 264.99(j) and 40 CFR 270.42(c).

V.K.3. Background Values

The established background values and the computations necessary to determine 
background values shall be submitted to the Department whenever requested by 
the Director or at least annually with the annual groundwater monitoring report, 
no later than March 1 of the calendar year pursuant to 40 CFR 264.73(b). 

V.L. ASSURANCE OF COMPLIANCE

The Permittees shall demonstrate to the Director that groundwater monitoring 
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necessary to ensure compliance with the groundwater protection standard under 
40 CFR Part 264.92 is being conducted during the term of the Permit by 
submitting all required reports, documentation, and notifications.

V.M. SPECIAL REQUIREMENT IF THE GROUNDWATER PROTECTION 

Module V-23

STANDARD IS EXCEEDED

In accordance with the requirements of this Permit and the VHMWR, if the 
Director or the Permittees have determined that corrective action at the point of 
compliance of the Waste Management Area is required, the Permit Conditions in 
Permit Section V.M. shall be applicable.  The Permittees are responsible for 
compliance with Permit Section V.M. immediately upon notification by the 
Director that corrective action is required at the point of compliance.

V.M.1. Notice

The Permittees must notify the Director in writing within seven (7) days from the 
date that the analytical data is available from the laboratory that the groundwater 
protection standard Permit Attachment V.F) has been exceeded at any well for 
any constituent contained in Permit Attachment V.D not included in previous 
notifications in accordance with Permit Condition V.J.9.  The notification must 
indicate specifically which concentration limits have been exceeded and be made 
following each semiannual sampling event if appropriate, pursuant to 40 CFR 
264.99(h)(1).

V.M.2. Establishment for Corrective Action 

The Permittees shall submit to the Director a permit modification to establish a 
corrective action program meeting the requirements of 40 CFR Part 270.14(c)(8) 
and 40 CFR Part 264.100 within 180 days, or within 90 days if the Permittees 
have previously submitted an engineering feasibility study, pursuant to 40 CFR 
264.99(h)(2).  The application shall at a minimum include the following 
information:

a. A detailed description of corrective actions that shall achieve compliance with 
the Groundwater Protection Standard specified in Permit Section V.F. and

b. A plan for a groundwater monitoring program that shall demonstrate the 
effectiveness of the corrective action.  Such a groundwater monitoring 
program may be based on a compliance monitoring program developed to 
meet the requirements of 41 CFR 264.99. 

V.M.3. Other Source Demonstration 

In accordance with 40 CFR Part 264.99(i)., The Permittees may make a
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demonstration that the groundwater protection standard as indicated in Permit 
Attachment V.F was exceeded due to sources other than a regulated unit or errors 
in sampling, analysis, evaluation, or natural variation in the groundwater.

a. The Permittees must notify the Director in writing, within seven (7) days from 
the date that the analytical data is available from the laboratory, that a 
demonstration will be made. 

b. The Permittees must submit a report to the Director within 90 days from the 
original notification that demonstrates that a source other than a regulated unit 
caused the groundwater protection standard to be exceeded or that the 
apparent non-compliance was a result of an error in sampling, analysis, or 
evaluation, pursuant to 40 CFR 264.99(i)(2).

c. The Permittees must submit to the Director within 90 days from rejection of 
the demonstration an application for a permit modification to make any 
appropriate changes in the Compliance Monitoring Program at the facility, 
pursuant to 40 CFR 264.99(i)(3); and

d. The Permittees must continue to monitor in accordance with the Compliance 
Monitoring Program established under 40 CFR Part 264.99(i)(4). 

V.N. REQUESTS FOR PERMIT MODIFICATION 

Module V-24

This section, V.N, applies to both units in this permit.

If the Permittees or the Director determines that groundwater corrective action is 
required to protect human health and the environment or if the Director 
determines that the corrective action ongoing at the facility is not adequate, the 
Permittees shall submit to the Director an application for a permit modification to 
establish or modify a Corrective Action Program meeting the requirements of 40 
CFR Section 264.100 within 180 days of receipt of the Director’s determination 
that corrective action is required. 

If the Permittees or the Director determines the Corrective Action Program no 
longer satisfies the requirements of 40 CFR Part 264.100, then, within 90 days, 
the Permittees must submit an application for a permit modification to make any 
appropriate changes to the program.

V.O. EVALUATION OF GROUNDWATER CONTAMINANT PLUME
LOCATION

The results of the statistical comparisons of monitoring data from the plume 
monitoring wells specified in Permit Condition V.I. shall be used to determine if 
the groundwater contaminant plume has migrated vertically or horizontally 
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following the completion of the groundwater quality assessment program.

If constituents on the compliance Monitoring List Permit Attachment V.D are 
detected at statistically significant levels above background in the plume 
monitoring well(s) specified in Permit Condition V.D.1. and V.D.2. for HWMU-5 
and HWMU-16, respectively, the Permittees shall take appropriate measures to 
further define the extent of groundwater contamination. 

V.O.1. Other Source Demonstration 

Module V-25

The Permittees may make a demonstration that the background concentration was 
exceeded due to sources other than a regulated unit, errors in sampling, analysis, 
evaluation, or natural variation in the groundwater. 

a. The Permittees must notify the Director in writing, within seven (7) days from 
the date that the analytical data is available from the laboratory, that a 
demonstration will be made. 

b. The Permittees must submit a report to the Director within 90 days from the 
original notification that demonstrates that a source other than a regulated unit 
caused the background to be exceeded or that the apparent non-compliance 
was a result of an error in sampling, analysis, or evaluation. 

c. The Permittees must submit to the Director within 90 days from rejection of 
the demonstration a request for a modification to this Permit to make any 
appropriate changes in the Compliance Monitoring Program at the Facility 
(Permit Condition V.N.)

V.O.2. Additional Wells 

If the demonstration in Permit Condition V.O.1. above is not attempted or is not 
accepted by the Director, the Permittees shall submit to the Director a plan to 
sample existing wells and/or install additional monitoring wells to define the 
vertical and horizontal extent of the constituent in the groundwater downgradient 
of the unit. This plan shall be submitted within thirty (30) days of the notification 
required by Permit Condition V.O.1.a. 

V.O.3. New Well Sampling 

Unless specific approval is granted in advance by the Director, all monitoring 
wells installed in accordance with Permit Condition V.O.2., above, shall be 
sampled in accordance with Permit Condition V.D.1.b and 2.b for HWMU-5 and 
HWMU-16, respectively, at least semiannually following installation and pending 
any appropriate modification to the Compliance Monitoring Program pursuant to 
Permit Condition V.O.4. below. 
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V.O.4. Modification for New Well

Module V-26

Appropriate modifications to the Compliance Monitoring Program shall be 
proposed following the installation of any additional wells and/or as required to 
meet the performance standards of the monitoring program.

V.O.5. Statistical Evaluation 

The results of the statistical evaluation shall be included in the semiannual 
monitoring report (Permit Condition V.K.1.). 
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ATTACHMENT V.A - HYDROLOGICAL AND GEOLOGICAL INFORMATION

Figure V.A-1 – HWMU-5 Geological Cross Section Location Map 
Figure V.A-2 – HWMU-5 Geological Cross Section A – A’ 
Figure V.A-3 – HWMU-5 Geological Cross Section B – B’ 
Figure V.A-4 – HWMU-5 Geological Cross Section C – C’ 
Figure V.A-5 – HWMU-5 Potentiometric Surface (Groundwater Elevation) Map 
Figure V.A-6 – HWMU-5 Potentiometric Surface (Groundwater Elevation) Map 
Figure V.A-7 – HWMU-16 Geological Cross Section Location Map 
Figure V.A-8 – HWMU-16 Geological Cross Section A – A’ 
Figure V.A-9 – HWMU-16 Potentiometric Surface (Groundwater Elevation) Map 
Figure V.A-10 – HWMU-16 Potentiometric Surface (Groundwater Elevation) Map
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Figure V.A-1 – HWMU-5 Geological Cross Section Location Map
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Figure V.A-2 – HWMU-5 Geological Cross Section A – A’
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Figure V.A-3 – HWMU-5 Geological Cross Section B – B’
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Figure V.A-4 – HWMU-5 Geological Cross Section C – C’
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Figure V.A-5 – HWMU-5 Potentiometric Surface (Groundwater Elevation) Map
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Figure V.A-6 – HWMU-5 Potentiometric Surface (Groundwater Elevation) Map
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Figure V.A-7 – HWMU-16 Geological Cross Section Location Map
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Figure V.A-8 – HWMU-16 Geological Cross Section A – A’

Attachment V.A-9



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Figure V.A-9 – HWMU-16 Potentiometric Surface (Groundwater Elevation) Map
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Figure V.A-10 – HWMU-16 Potentiometric Surface (Groundwater Elevation) Map
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ATTACHMENT V.B - GROUNDWATER COMPLIANCE MONITORING PROGRAM
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1.0 INTRODUCTION 

This Sampling and Analysis Plan (SAP) is for utilization in the groundwater monitoring 
program for the hazardous waste management units (Units) located at the Radford Army 
Ammunition Plant (Radford AAP). This document meets the groundwater sampling and 
analysis plan requirements of 40 CFR 264 Subpart F. This SAP is based on the USEPA SW-
846 and the RCRA Groundwater Monitoring Technical Enforcement Guidance Document 
(TEGD), “Low Stress (low flow) Purging and Sampling Procedure for the Collection of 
Ground Water Samples from Monitoring Wells” (latest version), and “Ground Water Issue, 
Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures” (latest version).  

2.0 PURGING AND SAMPLE COLLECTION PROCEDURES

Purging and sample collection procedures govern all the activities in the field prior to sample 
preservation. This section contains several initial activities that are significant in maintaining 
the integrity of the sample and data. These include maintaining a field log book, measurement 
of static water level, detection of immiscible layers, well evacuation, sample withdrawal, and 
analysis of field parameters. 

2.1 Field Log Sheet/Book

A Field Log Sheet (Appendix A) is utilized to record the field information at each well location. 
The Field Log Sheet in conjunction with a Field Log Book is used to record field activities for 
each well.  The Field Log Sheet includes the following information:

 well identification 
 static water level measurement and equipment used 
 presence of immiscible layers noted 
 reference point for static water level measurements 
 purge volume and pumping rate 
 well yield comments 
 well purging (evacuation) procedure, time, and equipment 
 well sampling date, time, and equipment 
 sample identifications (by constituents) 
 preservatives used 
 constituents to be analyzed 
 field measurements; pH , Temperature, specific conductivity, dissolved oxygen, ORP, 

and turbidity 
 headspace in containers review 
 time and meters used in field analysis 
 sample preparation date, time, and filtering method 
 sampler's and sample preparer's names

2.2 Measurement of Static Water Levels

Prior to all sampling activities, plastic sheeting will be placed around each well to protect the 
sampling equipment from coming in contact with contamination around the well head and to
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facilitate the collection of spilled purge water as recommended by the TEGD.

A static water level measurement should be performed in each well at the Unit prior to each 
sampling event. The total depths of all of the wells at Radford AAP have been established.  
This information is used to assist in determining if the horizontal and vertical flow gradients 
have changed since initial site characterizations and/or prior sampling events.

The field crew utilizes well logs to assist in the water level measurements. The measurements 
are taken with an electronic water level probe. The probe is decontaminated with alconox 
soap followed by isopropanol/ methanol and distilled/ deionized water rinses. The probe is 
then lowered into the well, the water level is measured to the nearest 0.01 foot. The permanent 
reference point is the top of the casing. To determine the desired value of depth to water from 
ground surface, the length of casing is measured and subtracted from the depth to water from 
the top of casing. Any changes in length of casing measurement (i.e., modification of well 
pad or apron) should be noted and corrected. The same value for length of casing above 
ground should be used each time the water level is measured in the well. Any damage to well 
or well casing should be noted at this time.

2.3 Detection of Immiscible Layers 

The detection of immiscible layers (i.e., LNAPLS and DNAPLS) is an important process in 
waste management. These two types of liquids can provide valuable information concerning 
types of existing contamination within the monitored aquifer. This detection requires 
specialized equipment such as a flame ionization detector (FID) or a photoionization detector 
(PID) organic vapor analyzer, interface probe, and a modified bailer as well as sample 
collection prior to well purging.

In the event immiscible layers are suspected the air in the well head should be sampled with 
a FID. A manometer will be used to detect the static liquid level. The interface probe will 
then be lowered into the well to determine the presence of any immiscible layer(s). The probe 
will register the depths of light and/or dense liquid as well as the water level.

The collection of varying layers requires a modified Teflon® bailer. For the light phase 
immiscible, the bailer should be slowly lowered until contact is made with the air and light 
phase liquid interface. The bailer should then be lowered to a depth that is less than the 
immiscible/water interface depth as determined by the preliminary interface probe 
measurements. This collection method works best with immiscible layers of two (2) feet or 
greater thickness. If the layer is less than two (2) feet thick but the depth to the surface of the 
light phase layer is less than 25 feet use a peristaltic pump. In the event that a peristaltic pump 
can not be used, a modified bailer will be used. The bailer should have the bottom check 
valve sealed with plastic sheeting and the top check valve removed to allow the sample to 
enter the top. A bottom check valve bailer without the top check valve can be used if the 
modification is performed on the bottom check valve. To compensate for buoyancy of the 
bailer, a section of one-inch stainless steel pipe can be placed on the retrieval line. The bailer 
should be lowered carefully to the depths indicated from the preliminary measurements. The 
target sampling depth is to lower the bailer to one-half thickness of the immiscible layer and 
collect the sample.
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The dense phase immiscibles are to be collected with a double check valve bailer. The bailer 
should be lowered and raised in a slow controlled method. The decontamination procedures 
specified below shall be performed after collection of the sample.

2.4 Low-Flow Well Purging and Sampling Procedures 

2.4.1 Well Purging

Low-flow refers to the velocity with which water enters the pump intake and that is imparted 
to the formation pore water.  Water level drawdown provides the best indication of the stress 
imparted by a given flow-rate for a given hydrological situation.  The objective is to pump in 
a manner that minimizes stress (drawdown) to the system to the extent practical taking into 
account established Unit sampling objectives. Flow rates on the order of 0.1 – 0.5 l/min are 
used; however, this is dependent on Unit specific hydrogeology. Water quality indicator 
parameters are used to determine purging needs. Once parameters such as pH, specific 
conductance, dissolved oxygen, oxidation-reduction potential, and temperature have 
stabilized purging is considered complete. In-line flow cells will be used to continuously 
measure the above parameters. 

The stagnant water within the casing is not representative of the in-situ groundwater quality.  
The well needs to have this stagnant water removed so that formation water can be sampled.  
To remove the stagnant formation water the pump will be started at the lowest speed setting 
and slowly increased until discharge occurs. The water level will then be checked. The pump 
speed will be adjusted until there is little or no water level drawdown (less than 0.3 feet). If 
the minimal drawdown that can be achieved exceed 0.3 feet but remains stable, continue 
purging until indicator field parameters stabilize.

Water level and pumping rates will be monitored and recorded every five minutes (or as 
appropriate) during purging. Any pumping rate adjustments (both time and flow rate) will be 
recorded in the field logbook. Pumping rates will, as needed, be reduced to the minimum 
capabilities of the pump (for example, 0.1 – 0.4 l/min) to ensure stabilization of indicator 
parameters. Adjustments will be made in the first fifteen minutes of pumping in order to help 
minimize purging time.  During pump start-up, drawdown may exceed the 0.3 feet target and 
then “recover” the stabilized drawdown value will be recorded, not the initial drawdown. The 
water level will not be allowed to fall to the intake level (if the static water level is above the 
well screen, the water level will not lowered to the screen). The final purge volume will be 
greater than the stabilized drawdown volume plus the extracted tubing volume. This volume 
will be calculated by the following equation:

Vtotal = Vtubing +Vdrawdown

Vtubing = (htubing)( rtubing
2) 

Vdrawdown = (hwater *  rwell
2) - (hpurged *  rwell

2) 

Wells with low recharge rates may require the use of special pumps capable of attaining very
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low pumping rates. If the recharge rate of the well is lower than extraction rate capabilities of 
currently manufactured pumps and the well is essentially dewatered during purging, then the 
well will be sampled as soon as the water level has recovered sufficiently to collect the 
appropriate volume needed for all anticipated samples (the intake will not be moved during 
this recovery period). Samples may then be collected even though the indicator field 
parameters have not stabilized.

Water level, extraction rate, and drawdown information will be recorded in a field logbook.  
The extraction rate (final pump dial setting) will be duplicated in future sampling efforts. 

2.4.2 Measurement of Indicator Field Parameters

During well purging, indicator field parameters (temperature, specific conductance, pH, Eh, 
DO) will be monitored every five minutes (or less frequently, if appropriate). Purging will be 
considered complete and sampling may begin when all above indicator field parameters have 
stabilized.  Stabilization is considered to be achieved when three consecutive readings, taken 
at five-minute intervals, are within the following limits:

Constituent 
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Variability 

DO 10%
Specific conductance 3%
Temperature 3%
pH ± 0.1 unit
ORP/Eh ± 10 millivolts

All measurements will be obtained using a flow through-cell. A transparent flow-through-
cell will be used, because they allow field personnel to watch for particulate build-up within 
the cell. This build-up may affect indicator field parameter values measured within the cell.  
If the cell needs to be cleaned during purging operations, the cell will be disconnected while 
the pump remains running. The cell will be cleaned and reconnected and monitoring activities 
will continue.

The flow-through-cell will be designed in a way that prevents air bubble entrapment in the 
cell. When the pump is turned off or cycling on/off, water in the cell must not drain out. 
Monitoring probes will remain submerged in water at all times. If two flow-through-cells are 
used in series, the one containing the dissolved oxygen probe will come first (this parameter 
is most susceptible to error if air leaks into the system).

2.4.3 Sample Withdrawal

Water samples for laboratory analyses must be collected before water has passed through the 
flow-through-cell (the cell will be disconnected prior to obtaining samples).

VOC sample aliquots will be collected first and directly into pre-preserved sample containers.  
Allowing the pump discharge to flow gently down the inside of the container with minimal 
turbulence will fill all sample containers.
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During purging and sampling, the tubing will remain filled with water so as to minimize 
possible changes in water chemistry upon contact with the atmosphere. Quarter inch or three-
eighths inch (inside diameter) tubing will be used to help insure that the sample tubing remains 
water filled. If the pump tubing is not completely filled to the sampling point, one of the 
following procedures will be used to collect samples: (1) a clamp, connector (Teflon® or 
stainless steel) or valve to constrict sampling end of tubing will be added; (2) a small diameter 
Teflon® tubing will be inserted into water filled portion of pump tubing allowing the end to 
protrude beyond the end of the pump tubing, samples will be collected from the small diameter 
tubing; (3) non-VOC samples will be collected first, then the flow rate will be increased 
slightly until water completely fills the tubing, at that time collection of remaining samples 
and the new drawdown, flow rate and new indicator field parameter values are then recorded.

2.5 Alternative Well Purging and Sampling Procedures 

2.5.1 Alternative Well Purging and Sampling Equipment

In the event of malfunctions with any of the dedicated low-flow pumps, well purging will 
be conducted using either decontaminated non-dedicated Teflon® or stainless steel bailers, 
or new disposable polyethylene bailers. In order to reduce the possibility of cross-
contamination during sample collection upon completion of well purging, sampling 
personnel will use either freshly decontaminated non-dedicated Teflon® or stainless steel 
bailers, or use new, disposable polyethylene bailers for collecting samples from each well. 

Any non-dedicated sampling equipment will be decontaminated prior to use at each well.  
In addition, equipment blanks will be collected from non-dedicated sampling equipment.

2.5.2 Purge Volume Calculations

The Field Log Sheet (Appendix A) will be used to document the calculation of the 
minimum purge volume of water from the well prior to sample collection. The form also 
will be used to record the field pH, specific conductivity and temperature measurements 
for each well sampled.

Prior to collecting groundwater samples from each well, a volume of water equal to three 
(3) times the combined volume of the wetted well casing and the sand filter pack shall be 
purged from the well. The goal is to ensure that all of the stagnant water within the well is 
replaced with fresh formation water upon completion of the process.  

The purge volumes will be calculated using the following methods:

• For each well, measure the depth to water (DTW) and total depth of the well (TD) with 
respect to the top of the well casing prior to disturbing the water column.

• Subtract the depth to water from the total well depth (TD-DTW) in order to obtain the 
height of the water column in the well casing in feet (hw).
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• For wells with water levels above the top of the sand filter pack, the equation for 
calculating the purge volume shall be: 

3 * [(rb
2hs - rc

2hs) * 0.3 + (rc
2hw)] 

• For wells with water levels below the top of the sand filter pack, the equation for 
calculating the purge volume shall be: 

3 * [(rb
2hw - rc

2hw) * 0.3 + (rc
2hw)]

Where: rb = radius of well borehole; 
rc = radius of well casing; 

hs = height of sand filter pack; 
hw = height of the water column. 

In the event that a well has a low yield, it shall be purged to dryness if dryness occurs prior 
to purging the required three well casing volumes. A minimum of one well volume will 
be purged in this instance.

2.5.3 Measurement of Indicator Field Parameters

During well purging, indicator field parameters temperature, specific conductance, and pH 
will be measured.  Purging shall continue until temperature, specific conductance, and pH 
readings have stabilized. "Stability" is defined as variation less than 10% of the preceding 
reading for two consecutive readings. Water temperature, specific conductance, and pH 
shall be measured a minimum of two times per well volume or once per 2.5 gallons of 
purge water (whichever is less).  Each measurement of temperature, specific conductance, 
and pH shall be recorded along with the cumulative purge volume and the time-of-day. 

2.5.4 Sample Withdrawal

For each monitoring well, the samples will be collected using either freshly decontaminated 
non-dedicated Teflon® or stainless steel bailers, or new, disposable polyethylene bailers 
upon completion of well purging. Individual sample aliquots will be collected in order of 
decreasing constituent volatility. VOC samples will be collected first and directly into pre-
preserved sample containers. 

Low yield wells must be sampled within 24 hours of purging. If yield is insufficient to obtain 
the required sample volume, the samples should be noted as “not obtainable due to 
insufficient well yield” on the Field Log Sheet for that well and in the Field Log Book.  
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2.5.5 Equipment Decontamination

Any non-dedicated sampling equipment will be decontaminated prior to use at the site, and 
after use at each well. Decontamination will be performed in a manner such that the 
decontamination solutions may be captured. The non-dedicated sampling equipment will 
be decontaminated as follows:

• Wash equipment with phosphate-free detergent. 
• Rinse equipment with distilled/ deionized water. 
• Rinse equipment with isopropanol or methanol. 
• Rinse equipment with distilled/ deionized water.

Following decontamination, the equipment will be allowed to air dry or dried using clean 
disposable wipes. 

2.6 Sample Preservation and Handling

Samples will be preserved with the proper preservatives in accordance with USEPA SW-
846 (Test Methods for Evaluating Solid Waste, latest edition). Prior to sample collection, 
sample bottles will be prepared by the analyzing laboratory. Preservatives (as required by 
analytical methods) will be added to samples immediately after they are collected if the 
sample containers are not pre-preserved by the laboratory. More detailed preservation 
information is provided in Table 1.

The groundwater-monitoring program requires certain special handling considerations. 
Initially, the samples should not be transferred to another container due to loss of analyte and 
volatilization. The VOC containers should be slowly filled to eliminate any headspace within 
the container.  Any headspace remaining in these containers should be noted in the logbook.

All sample containers shall be packed in a cooler with ice as soon as they are collected.  
Upon the completion of activities at the Unit, the coolers will be packed with additional ice 
for transport to the contract laboratory. The samples will be relinquished directly from the 
samplers to representatives from the contract analytical laboratory for transport to the 
laboratory, or the samples will be shipped to the laboratory by common carrier.

In the event that final receipt by the laboratory of any shipping container or sample bottle 
indicates evidence of compromised sample integrity, the laboratory QA/QC officer or 
his/her representative shall notify the operator within 24 hours of receipt. Subsequent to 
notification, sample integrity will be evaluated and appropriate actions will be taken to 
assure representative samples. Sample integrity determinations and needs for additional 
actions will be conducted according to QA/QC guidance from USEPA SW-846 (Test 
Methods for Evaluating Solid Waste, latest edition). Resampling will be conducted if 
determined necessary.
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TABLE 1

SAMPLING AND PRESERVATION PROCEDURES

PARAMETER
ANALYTICAL 

METHOD

CONTAINERa/ 
VOLUME 

REQUIRED
PRESERVATIVE

MAXIMUM 
HOLDING 

TIME

Attachment V.B-10

INORGANICS ANALYSES

Metals (total) 
except Mercury

6010/6020 P - 1L or 500 ml HNO, to pH<2 6 months

Mercury (total) 7470 P - 300 ml HNO, to pH<2 28 days

Cyanide 9010/9012 P, G - 500 ml
Cool to ≤6°'C, NaOH to 
pH>12, 
0.6 g ascorbic acid.

14 days

ORGANICS ANALYSES

Acrolein and 
acrylonitrile

8260
3 - 40 ml VOAb G, 
Teflon-lined septum

Cool to 0 - 6°C 
HCl to pH less than 2 (Note 
1)

14 days

Purgeable Volatile 
Compounds

8260
3 – 40 ml VOAb G, 
Teflon-lined septum

Cool to 0 - 6°C 
HCl to pH less than 2

14 days

Semivolatile 
Organics

8270

G, Teflon-lined cap – 1 L 
Amber (or other size, as 
appropriate, to allow use 
of entire sample for 
analysis)

Cool to 0 - 6°C

Samples extracted 
within 7 days and 
extracts analyzed 
within 40 days 
following extraction.

NOTES: 
1 - The USEPA document SW 846 notes that for acrylonitrile and acrolein the recommended preservation is pH 4-5 
S.U.; however, this is used for guidance purposes and therefore allows for deviations. SW-846 Chapter 4 – Section 
4.1 – Sampling Considerations states “preservation and holding time information does not represent USEPA 
requirements, but rather is intended solely as guidance.” SW-846 Method 8260 does not exclude analysis of 
acrylonitrile (and acrolein) preserved at pH <2 S.U.

a
 Container Types: 

P: Plastic (polyethylene) 
G: Glass

b
 Do not allow any headspace in the container.
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2.7 Chain-of-Custody Documentation

The groundwater-monitoring program incorporates a chain-of-custody program to track the 
route and handlers of the groundwater samples. The monitoring of sample possession from 
field sampling to laboratory analysis is important in the event that unexpected lab results occur 
and the security of transportation is evaluated. This documentation contains several records 
and logs that assist in the quality control of the program.

Sample labels are used to prevent misidentification of samples. The labels are filled and 
affixed to the sample containers prior to field sampling. The labels contain the following 
information:

 Sample identification number 
 Name of sampler (initials) 
 Date and time of sample collection 
 Sampling location 
 Constituents to be analyzed

Sample seals should be used when a common carrier transports the sample shipment to the 
laboratory. These seals are placed on the outside of the shipping container to ensure that the 
samples have not been disturbed during transportation. The sample identification and date will be 
included on the sample seal.

The chain-of-custody record is filled out for each Unit and accompanies the samples to the 
contract laboratory. The completed form is returned to Radford AAP with the analysis for 
each Unit.  This record is shown in Appendix A.  The sample possession is established from 
time of collection to the time of analysis. This record contains the following information:

 sample identification and location 
 signature of sampler 
 date and time of sampling 
 sample type 
 well identification 
 number of containers 
 required analysis 
 signatures of person(s) involved in possession 
 times and dates of possession 
 method of transportation 
 statement for packing on ice 
 internal temperature upon arrival at laboratory

A sample analysis request sheet can further clarify the samples for each requested constituent.  
This additional check sheet will be utilized when necessary (i.e., beginning of a new contract with 
a new laboratory). This sheet sent along with the samples will contain the following information:

 name of person receiving samples
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 laboratory sample number 
 date of sample receipt 
 analysis to be performed 
 internal temperature during shipping

2.8 Sample Transport

The samples will be relinquished directly from the samplers to representatives from the 
contract analytical laboratory for transport to the laboratory. In the event that a laboratory 
courier is unavailable, the samples will be shipped to the laboratory by a certified carrier.

2.9 Analytical Procedures

The analytical methods set forth in USEPA SW-846 (Test Methods for Evaluating Solid 
Waste, latest edition) will be used to analyze all constituents. Suggested analytical methods 
and associated practical quantitation limits (PQLs) for each Unit are listed in Appendix B.

The laboratory shall perform the necessary preparation on all samples, including blanks and 
duplicates.

All records of analysis will be distributed to the appropriate agency as well as maintained on 
site.

Additionally, the laboratory must be accredited for the analytical method, matrix, and target 
analyte (where applicable) by the Virginia Environmental Laboratory Accreditation Program 
(VELAP).

2.10 Quality Assurance/Quality Control

The SAP addresses the Quality Assurance/Quality Control (QA/QC) program to ensure the 
reliability and validity of field and analytical laboratory data gathered as part of the overall 
groundwater monitoring program.

2.10.1 Field QA/QC Program

The field QA/QC program is designed to ensure the reliability and validity of the field data 
gathered as part of the overall groundwater monitoring program. The field QA/QC program 
consists of regular calibration of field analytical instruments, and routine collection and analysis 
of trip blanks, and blind field duplicates. In the event that non-dedicated sampling equipment is 
used, equipment blanks will be collected and analyzed as well.

Field analytical instruments shall be calibrated in the field at each Unit prior to sampling the first 
well using standard solutions prepared by the manufacturer of the instrument or other laboratory. 
Calibration of these instruments shall be checked against standard solutions between each well 
and after sampling the final well at the Unit, or as recommended by the instrument manufacturer. 
All calibration data shall be recorded, indicating time-of-day and value.
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For each sampling event, one trip blank per Unit shall be filled with laboratory-grade reagent 
water in the laboratory that has been selected to conduct the groundwater analyses. The trip blank 
shall be analyzed only for the same Unit-specific volatile organic compounds for which the 
samples will be analyzed. The trip blank shall accompany the sampling kit, in the transport cooler, 
at all times.

One blind field duplicate sample will also be taken for every 20 samples per Unit, whether that 
sampling event occurs on one day or longer. The blind field duplicate will be analyzed for the 
Unit-specific constituents.  The monitoring well from which the blind field duplicate is collected 
should be noted on the Field Log Sheet for that well and in the Field Log Book.

Equipment blanks will be used to monitor the decontamination of non-dedicated equipment used 
in the sampling process. The blank consists of filling sample bottles with Type II reagent grade 
water through the sampling device, transfer to sample bottles, and return to the laboratory for 
analysis. Again, this blank is handled like a groundwater sample. One equipment blank every 20 
samples will be used whether that sampling event occurs over one day or longer. The equipment 
blank will be analyzed for the Unit-specific constituents.

The occurrence of constituents in blank samples may serve to invalidate the analytical results of 
the affected constituents.  Additional blanks or duplicate samples may be prepared and analyzed 
to address specific, unanticipated conditions.

2.10.2 Laboratory QA/QC Program

The contract laboratory is to provide a QA/QC plan for laboratory analysis according to USEPA 
SW-846 (Test Methods for Evaluating Solid Waste, latest edition). This plan utilizes standards, 
laboratory blanks, duplicates, batch spikes, and matrix spikes for calibration and identification of 
potential matrix interferences. This data is on file at the laboratory and is routinely reviewed by 
Radford AAP personnel. This data is a measure of performance as well as an indicator of potential 
sources of cross contamination. This control data is for performance review and not for correction 
of groundwater analysis data.

The contract laboratory will keep a logbook to document the processing steps that are applied to 
the sample. All sample preparation techniques and instrumental methods must be identified in 
this logbook. The results of the analysis of all quality control samples should be identified specific 
to each batch of groundwater samples analyzed.  The logbook should also include the time, date, 
and name of person who performed each processing step.

Dilution during analyses has a major impact on the overall quality and usability of the ground 
water monitoring data. Large dilution factors may mask hazardous constituents that are present 
at low concentrations, which may result in constituent concentrations not being identified 
completely throughout the plume. Therefore, when multiple analyses using sequential dilutions 
are required, the results from these multiple analyses will be reported.
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APPENDIX A 

Field Log Sheet

Attachment V.B-15



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.B-16



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.B-17



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.B-18



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.B-19



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.B-20



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

APPENDIX B

Unit-Specific Groundwater Monitoring Constituent Lists
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Hazardous Waste Management Unit 5 
Groundwater Compliance Monitoring (Semiannual) Constituent List 

Radford Army Ammunition Plant, Radford, Virginia 

Analyte METHOD PQL (ug/l)

Attachment V.B-22

Antimony, total 6010/6020 2
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 3
Mercury, total 7470 2
Nickel, total 6010/6020 10
Selenium, total 6010/6020 10
Silver, total 6010/6020 2
Thallium, total 6010/6020 1
Vanadium, total 6010/6020 10
Zinc, total 6010/6020 30
Acetone 8260 10
Bis (2-ethylhexyl) phthalate (DEHP) 8270 10
2-Butanone (Methyl ethyl ketone; MEK) 8260 10
Chloroform 8260 1
Dichlorodifluoromethane 8260 1
1,2-Dichloroethane 8260 1
Diethyl ether 8260 12.5
Diethyl phthalate 8270 10
2,4-Dinitrotoluene 8270 10
2,6-Dinitrotoluene 8270 10
Methylene chloride (Dichloromethane) 8260 5
o-Nitroaniline; 2- 8270 10
p-Nitroaniline; 4- 8270 10
Nitrobenzene 8270 10
Toluene 8260 1
Trichloroethene 8260 1
Xylenes (total) 8260 3
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Groundwater Compliance Monitoring (Semiannual) Constituent List 
Hazardous Waste Management Unit 16 

Radford Army Ammunition Plant, Radford, Virginia 

Analyte METHOD PQL (ug/l)

Attachment V.B-23

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 3

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

Vanadium, total 6010/6020 10
Zinc, total 6010/6020 30
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 5

Tetrachloroethene; PCE 8260 1
Chloromethane 8260 1

Toluene 8260 1
1,1,1-Trichloroethane 8260 1

Trichloroethene 8260 1
1,1,2-Trichloro-1,2,2-Trifluoroethane 8260 1

Trichlorofluoromethane 8260 1

Tetrahydrofuran 8260 25
Vinyl chloride 8260 1
Xylenes, total 8260 3

Diethyl phthalate 8270 10
2,4-Dinitrotoluene 8270 10

2,6-Dinitrotoluene 8270 10
Notes: ug/l = micrograms per liter,  
PQL = Practical Quantitation Limit
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V.B-B. GROUNDWATER MONITORING WELL CONSTRUCTION DIAGRAM
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V.B-C. INVESTIGATION DERIVED WASTE POLICY
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ATTACHMENT V.C - ANNUAL GROUNDWATER SAMPLING CONSTITUENT LIST 
(APPENDIX IX, 40 CFR PART 264)

Analyte CAS Number Method PQL(ug/l)

Attachment V.C-1

MDL (ug/l)
1,1,1,2-Tetrachloroethane 630-20-6 8260 1 0.3
1,1,1 -Trichloroethane 71-55-6 8260 1 0.3
1,1,2,2-Tetrachloroethane 79-34-5 8260 1 0.3
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 8260 1 0.4
1,1,2-Trichloroethane 79-00-5 8260 1 0.3
1,1 -Dichloroethane 75-34-3 8260 1 0.4
1,1 -Dichloroethene 75-35-4 8260 1 0.3
1,2,3-Trichloropropane 96-18-4 8260 1 0.3
1,2,4,5-Tetrachlorobenzene 95-94-3 8270 10 2
1,2,4-Trichlorobenzene 120-82-1 8260 1 0.6
1,2,4-Trichlorobenzene 120-82-1 8270 10 0.43
1,2-dibromo-3-chloropropane 96-12-8 8260 1 0.4
1,2-dibromoethane 106-93-4 8260 1 0.3
1,2-Dichlorobenzene 95-50-1 8260 1 0.4
1,2-Dichlorobenzene 95-50-1 8270 10 0.48
1,2-Dichloroethane 107-06-2 8260 1 0.3
1,2-Dichloropropane 78-87-5 8260 1 0.4
1,3-Dichlorobenzene 541-73-1 8260 1 0.4
1,3-Dichlorobenzene 541-73-1 8270 10 0.52
1,3-Dichloropropane 142-28-9 8260 1 0.4
1,3-Dinitrobenzene 99-65-0 8270 10 2.3
1,4-Dichlorobenzene 106-46-7 8260 1 0.4
1,4-Dichlorobenzene 106-46-7 8270 10 0.37
1,4-Dioxane 123-91-1 8260 200 45.48
1,4-Napthoquinone 130-15-4 8270 10 3.0
1 -Naphthylamine 134-32-7 8270 10 3.0
2,3,4,6-Tetrachlorophenol 58-90-2 8270 10 1.8
2,4,5-Trichlorophenol 95-95-4 8270 10 2.0
2,4,6-Trichlorophenol 88-06-2 8270 10 1.8
2,4-Dichlorophenol 120-83-2 8270 10 1.59
2,4-Dimethylphenol 105-67-9 8270 10 3.0
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Analyte CAS Number Method PQL (ug/l) MDL (ug/l)

Attachment V.C-2

2,4-Dinitrophenol 51-28-5 8270 10 6.2
2,4-Dinitrotoluene 121-14-2 8270 10 2.1
2,6-Dichlorophenol 87-65-0 8270 10 2.0
2,6-Dinitrotoluene 606-20-2 8270 10 2.1
2-Acetylaminofluorene 53-96-3 8270 10 3.0
2-Butanone (MEK) 78-93-3 8260 10 1.7
2-Chloronaphthalene 91-58-7 8270 10 0.5
2-Chlorophenol 95-57-8 8270 10 1.0
2-Hexanone 591-78-6 8260 10 2.0
2-Methylnaphthalene 91-57-6 8270 10 0.29
2-Naphthylamine 91-59-8 8270 10 7.0
2-Nitroaniline 88-74-4 8270 10 1.0
2-Nitrophenol 88-75-5 8270 10 1.27
2-Picoline 109-06-8 8270 10 2.0
2-Propanol 67-63-0 8260 100 50
3,3 '-Dichlorobenzidine 91-94-1 8270 10 3.0
3,3 '-Dimethylbenzidine 119-93-7 8270 10 3.3
3-Methylcholanthrene 56-49-5 8270 10 2.0
3-Nitroaniline 99-09-2 8270 10 2.0
4,6-Dinitro-2-methylphenol 534-52-1 8270 10 3.0
4-Aminobiphenyl 92-67-1 8270 10 3.0
4-Bromophenyl phenyl ether 101-55-3 8270 10 0.56
4-Chloro-3-methylphenol 59-50-7 8270 10 1.0
4-Chloroaniline 106-47-8 8270 10 3.3
4-Chlorophenyl phenyl ether 7005-72-3 8270 10 0.6
4-Methyl-2-pentanone 108-10-1 8260 10 2.0
4-Nitroaniline 100-01-6 8270 10 1.5
4-Nitrophenol 100-02-7 8270 10 3
4-Nitroquinoline-1 -oxide 56-57-5 8270 50 5
5-Nitro-o-toluidine 99-55-8 8270 10 2.0
7,12-Dimethylbenz(a)anthracene 57-97-6 8270 10 2.0
a,a-Dimethylphenethylamine 122-09-8 8270 50 5
Acenaphthene 83-32-9 8270 10 0.35
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Analyte CAS Number Method PQL(ug/l) MDL(ug/l)

Attachment V.C-3

Acenaphthylene 208-96-8 8270 10 0.48
Acetone 67-64-1 8260 10 2.0
Acetonitrile 75-05-8 8260 100 31.67
Acetophenone 98-86-2 8270 10 1.0
Acrolein 107-02-8 8260 20 2.1
Acrylonitrile 107-13-1 8260 10 1.7
Allyl chloride/ (3-Chloropropene) 107-05-1 8260 10 1.0
Aniline 62-53-3 8270 10 1.1
Anthracene 120-12-7 8270 10 0.52
Antimony 7440-36-0 6020/6010 2 0.6
Aramite 140-57-8 8270 10 3.7
Arsenic 7440-38-2 6020/6010 10 2
Barium 7440-39-3 6020/6010 10 1.3
Benzene 71-43-2 8260 1 0.4
Benzo(a)anthracene 56-55-3 8270 10 0.45
Benzo(a)pyrene 50-32-8 8270 10 1.5
Benzo(b)fluoranthene 205-99-2 8270 10 1.2
Benzo(g,h,i)perylene 191-24-2 8270 10 0.42
Benzo(k)fluoranthene 207-08-9 8270 10 1.6
Benzyl alcohol 100-51-6 8270 10 3.0
Beryllium 7440-41-7 6020/6010 1 0.3
Bis(2-chlorethoxy)methane 111-91-1 8270 2 0.5
Bis(2-chloroethyl)ether 111-44-4 8270 2 0.5
Bis(2-chloroisopropyl)ether 108-60-1 8270 10 1.0
Bis(2-ethylhexyl)phthalate 117-81-7 8270 10 2.0
Bromodichloromethane 75-27-4 8260 1 0.3
Bromoform 75-25-2 8260 1 0.4
Bromomethane 74-83-9 8260 1 0.542
Butyl benzyl phthalate 85-68-7 8270 10 0.7
Cadmium 7440-43-9 6020/6010 1 0.2
Carbon disulfide 75-15-0 8260 10 0.4
Carbon tetrachloride 56-23-5 8260 1 0.3
Chlorobenzilate 510-15-6 8270 10 3.0
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Analyte CAS Number Method PQL(ug/l) MDL(ug/l)

Attachment V.C-4

Chloroform 67-66-3 8260 1 0.4
Chloroprene/ (2-chloro-1,3-
butadiene)

126-99-8 8260 10 0.46

Chromium 7440-47-3 6020/6010 5 1.0
Chrysene 218-01-9 8270 10 1.0
Cobalt 7440-48-4 6020/6010 5 1.0
Copper 7440-50-8 6020/6010 5 1.7
Cyanide 57-12-5 9010 20 5
Diallate 2303-16-4 8270 10 3.0
Dibenzo(a,h)anthracene 53-70-3 8270 10 0.38
Dibenzofuran 132-64-9 8270 10 1.0
Dibromochloromethane 124-48-1 8260 1 0.4
Dibromomethane/ (methylene 
bromide)

74-95-3 8260 1 0.4

Dichlorodifluoromethane 75-71-8 8260 1 0.4
Diethyl ether/ (ethyl ether) 60-29-7 8260 12.5 1.11
Diethyl phthalate 84-66-2 8270 10 2.0
Dimethoate 60-51-5 8270 10 3.0
Dimethyl ether 115-10-6 8260 12.5 1.11
Dimethyl phthalate 131-11-3 8270 10 0.5
Di-n-butyl phthalate 84-74-2 8270 10 1.8
Di-n-octyl phthalate 117-84-0 8270 10 0.8
Diphenylamine (as n-
nitrosodiphenylamine)

86-30-6 8270 10 0.58

Disulfoton 298-04-4 8270 10 3.0
Ethyl methacrylate 97-63-2 8260 10 0.81
Ethyl methacrylate 97-63-2 8270 10 0.2
Ethyl methanesulfonate 62-50-0 8270 10 2.0
Ethylbenzene 100-41-4 8260 1 0.3
Famphur 52-85-7 8270 10 5.0
Fluoranthene 206-44-0 8270 10 0.42
Fluorene 86-73-7 8270 10 0.38
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Analyte CAS Number Method PQL (ug/l) MDL (ug/l)

Attachment V.C-5

Heaxachloroethane 67-72-1 8260/8270 10 0.5
Hexachlorobenzene 118-74-1 8270 10 0.87
Hexachlorobutadiene 87-68-3 8260 1 0.4
Hexachlorocyclopentadiene 77-47-4 8270 10 3.0
Hexachlorophene 70-30-4 8270 500 185
Hexachloropropene 1888-71-7 8270 10 2
Indeno(l ,2,3-cd)pyrene 193-39-5 8270 10 0.15
Iodomethane/ (methyl iodide) 74-88-4 8260 10 0.7
Isobutyl alcohol 78-83-1 8260 200 14.6
Isodrin 465-73-6 8270 10 1.1
Isophorone 78-59-1 8270 10 0.5
Isosafrole 120-58-1 8270 10 2.0
Kepone 143-50-0 8270 50 25
Lead 7439-92-1 6020/6010 3 1.0
m,p-Cresol (3 & 4-Methylphenol) 106-44-5 8270 20 2.47
m,p-Xylene 179601-23-1 8260 2 0.4
Mercury 7439-97-6 7470 2 0.2
Methacrylonitrile 126-98-7 8260 100 9.75
Methapyrilene 91-80-5 8270 10 3
Methyl methacrylate 80-62-6 8260 10 3.58
Methyl methanesulfonate 66-27-3 8270 10 2.0
Methyl parathion 298-00-0 8270 10 3.2
Methylene chloride 75-09-2 8260 5 0.5
Naphthalene 91-20-3 8260 1 0.4
Nickel 7440-02-0 6020/6010 10 2.0
Nitrobenzene 98-95-3 8270 10 1.0
N-Nitrosodiethylamine 55-18-5 8270 10 3.0
N-Nitrosodimethylamine 62-75-9 8270 10 2.0
N-Nitroso-di-n-butylamine 924-16-3 8270 10 3.0
N-Nitrosodi-n-propylamine 621-64-7 8270 10 0.5
N-Nitrosodiphenylamine (as 
diphenylamine)

86-30-6 8270 10 0.58

n-Nitrosomethylethylamine 10595-95-6 8270 10 2.0
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Analyte CAS Number Method PQL(ug/l) MDL (ug/l)

Attachment V.C-6

N-Nitrosomorpholine 59-89-2 8270 10 3.0
N-Nitrosopiperidine 100-75-4 8270 10 2.0
N-Nitrosopyrrolidine 930-55-2 8270 10 2.0
o,o,o-Triethylphosphorothioate 126-68-1 8270 10 2.6
o,o-Diethyl-o-2-pyrazinyl 
phosphorothioate/ (Thionazin)

297-97-2 8270 10 2.4

o-Cresol/ (2-methylphenol) 95-48-7 8270 10 0.96
o-Toluidine 95-53-4 8270 10 4.0
o-Xylene 95-47-6 8260 1 0.4
Parathion/ (Ethyl parathion) 56-38-2 8270 10 3.0
p-Dimethylaminoazobenzene 60-11-7 8270 10 3.0
Pentachlorobenzene 608-93-5 8270 10 2.0
Pentachloroethane 76-01-7 8260 10 1.7
Pentachloroethane 76-01-7 8270 10 2.7
Pentachloronitrobenzene 82-68-8 8270 10 2.0
Pentachlorophenol 87-86-5 8270 10 3
Phenacetin 62-44-2 8270 10 2.0
Phenanthrene 85-01-8 8270 10 0.52
Phenol 108-95-2 8270 10 1.0
Phorate 298-02-2 8270 10 2.5
p-Phenylenediamine/ (1,4-
phenylenediamine)

106-50-3 8270 150 50

Pronamide 23950-58-5 8270 10 1.5
Propionitrile 107-12-0 8260 100 10.22
Pyrene 129-00-0 8270 10 0.41
Pyridine 110-86-1 8270 10 2.0
Safrole 94-59-7 8270 10 2.2
Selenium 7782-49-2 6020/6010 10 3.0
Silver 7440-22-4 6020/6010 2 0.3
Styrene 100-42-5 8260 1 0.3
Sulfotep 3689-24-5 8270 10 2.4
sym-Trinitrobenzene/ (1,3,5-
trinitrobenzene)

99-35-4 8270 10 3.0

Tetrachloroethene 127-18-4 8260 1 0.3
Tetrahydrofuran 109-99-9 8260 25 2
Thallium 7440-28-0 6020/6010 1 0.2
Toluene 108-88-3 8260 1 0.3
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Analyte CAS Number Method PQL (ug/l) MDL (ug/l)

Attachment V.C-7

trans-1,2-Dichloroethene 156-60-5 8260 1 0.4
trans-1,3-Dichloropropene 10061-02-6 8260 1 0.4
trans-1,4-Dichloro-2-butene 110-57-6 8260 10 1.5
Trichloroethene 79-01-6 8260 1 0.4
Trichlorofluoromethane 75-69-4 8260 1 0.4
Vanadium 7440-62-2 6020/6010 10 2.5
Vinyl acetate 108-05-4 8260 10 3.29
Vinyl chloride 75-01-4 8260 1 0.4
Xylenes, Total 1330-20-7 8260 3 0.4
Zinc 7440-66-6 6020/6010 30 7.3

Notes: 

ug/l = micrograms per liter 

PQL = Permit Required Practical Quantitation Limit 

MDL = Permit Required Method Detection Limit 
CAS = Chemical Abstracts Service Registry Number 

Laboratory must be accredited for the analytical method, matrix, and target analyte (where 

applicable) by the Virginia Environmental Laboratory Accreditation Program (VELAP).
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ATTACHMENT V.D - GROUNDWATER COMPLIANCE MONITORING 
(SEMIANNUAL) CONSTITUENT LISTS

V.D-A. HWMU-5 GROUNDWATER COMPLIANCE MONITORING 

Attachment V.D-1

(SEMIANNUAL) CONSTITUENT AND REQUIRED ANALYTICAL 
METHOD LIST

Analyte Method PQL (µg/l)

Antimony, total 6010/6020 2
Arsenic, total 6010/6020 10
Barium, total 6010/6020 10
Beryllium, total 6010/6020 1
Cadmium, total 6010/6020 1
Chromium 6010/6020 5
Cobalt, total 6010/6020 5
Copper, total 6010/6020 5
Lead, total 6010/6020 3
Mercury, total 7470 2
Nickel, total 6010/6020 10
Selenium, total 6010/6020 10
Silver, total 6010/6020 2
Thallium, total 6010/6020 1
Vanadium, total 6010/6020 10
Zinc, total 6010/6020 30
Acetone 8260 10
Chloroform 8260 1
Dichlorodifluoromethane 8260 1
1,2-Dichloroethane 8260 1
Diethyl ether 8260 12.5
Methylene chloride 8260 5
Methyl ethyl ketone (2-Butanone) 8260 10
Toluene 8260 1
Trichloroethene 8260 1
Xylenes (total) 8260 3
Bis (2-ethylhexyl) phthalate 8270 10
Diethyl phthalate 8270 10
2,4-Dinitrotoluene 8270 10
2,6-Dinitrotoluene 8270 10
o-Nitroaniline; 2- 8270 10
p-Nitroaniline; 4- 8270 10
Nitrobenzene 8270 10

Note:
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     µg/l = micrograms per liter 
     PQL = Practical Quantitation Limit

Note (1): All methods are as described in EPA's Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, EPA publication SW‐846, Third Edition, Final Updates I 
(1993), II (1995), IIA (1994), IIB (1995), III (1997), IIIA (1999), IIIB (2005), IV (2008), 
and V (2015, as updated) Web site:  https://www.epa.gov/hw-sw846/sw-846-
compendium

Note (2): The Permittees must collect, at least, a single independent sample at each monitoring 
well for all required constituents during each sampling event. 

Note (3): 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 
alternated methods shall achieve the same practical quantitation limit/estimated 
quantitation limit (or lower) as the specified method. Additionally, the laboratory must 
be accredited for the analytical method, matrix, and target analyte (where applicable) 
by the Virginia Environmental Laboratory Accreditation Program (VELAP). 

Attachment V.D-2
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V.D-B. HWMU-16 GROUNDWATER COMPLIANCE MONITORING 

Attachment V.D-3

(SEMIANNUAL) CONSTITUENT AND REQUIRED ANALYTICAL 
METHOD LIST

Analyte Method PQL (µg/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 3

Mercury, total 7470 2

Nickel, total 6010/6020 10

Silver, total 6010/6020 2

Vanadium, total 6010/6020 10

Zinc, total 6010/6020 30

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 5

Tetrachloroethene; PCE 8260 1

Chloromethane 8260 1

Toluene 8260 1

1,1,1-Trichloroethane 8260 1

Trichloroethene 8260 1
1,1,2-Trichloro-1,2,2-

Trifluoroethane 8260 1

Trichlorofluoromethane 8260 1
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Attachment V.D-4

Tetrahydrofuran 8260 25

Vinyl chloride 8260 1

Xylenes, total 8260 3

Diethyl phthalate 8270 10

2,4-Dinitrotoluene 8270 10

2,6-Dinitrotoluene 8270 10

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

Note (1): All methods are as described in EPA's Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, EPA publication SW‐846, Third Edition, Final Updates I 
(1993), II (1995), IIA (1994), IIB (1995), III (1997), IIIA (1999), IIIB (2005), IV (2008), 
and V (2015, as updated) Web site:  https://www.epa.gov/hw-sw846/sw-846-
compendium

Note (2): The Permittees must collect, at least, a single independent sample at each monitoring 
well for all required constituents during each sampling event. 

Note (3): 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 
alternated methods shall achieve the same practical quantitation limit/estimated 
quantitation limit (or lower) as the specified method. Additionally, the laboratory must 
be accredited for the analytical method, matrix, and target analyte (where applicable) 
by the Virginia Environmental Laboratory Accreditation Program (VELAP). 
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ATTACHMENT V.E -  GROUNDWATER INITIAL BACKGROUND DATA

V.E-A. The initial background values are the calculated background values for the 
constituents monitored at HWMU-5 and HWMU-16 during the GWQAPs from 
First Quarter 1996 through First Quarter 1999 and presented in the Groundwater 
Quality Assessment Report for each respective Unit, dated August 1999. 

This attachment also includes the calculated background values for the 40 CFR 
Part 264 Appendix IX constituents detected at HWMU-5 and HWMU-16 
following issuance of the Permit in 2002. The current Permit Background Values 
for both Units are presented in Attachments V.F, VI.B, and VI.C of this Permit. 

Attachment V.E-1
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ATTACHMENT V.F - GROUNDWATER PROTECTION STANDARDS (GPS)

V.F-A. GROUNDWATER PROTECTION STANDARDS: HWMU-5

Attachment V.F-1

Constituents

SW-846 
Method

PQL 
(g/l)

Back-
ground 
(g/l)

USEPA 
MCL 
(g/l)

DEQ 
ACL 
(g/l)

EPA 
RSL 
(g/l)

GPS 
(g/l)

GPS Basis

Antimony, total 6010, 6020 2 3 6 6 MCL
Arsenic, total 6010, 6020 10 1 10 10 MCL
Barium, total 6010, 6020 10 172.87 2,000 2,000 MCL
Beryllium, total 6010, 6020 1 0.7 4 4 MCL
Cadmium, total 6010, 6020 1 1.45 5 5 MCL
Chromium, total 6010, 6020 5 5 100 100 MCL
Cobalt, total 6010, 6020 5 7 6 6 7 BKG
Copper, total 6010, 6020 5 18 1,300* 1,300* MCL*
Lead, total 6010, 6020 3 10 10* 10* MCL*
Mercury, total 7470 2 0.9 2 2 MCL
Nickel, total 6010, 6020 10 106 390 390 390 ACL
Selenium, total 6010, 6020 10 1 50 50 MCL
Silver, total 6010, 6020 2 2.3 94 94 94 ACL
Thallium, total 6010, 6020 1 2 2 2 MCL
Vanadium, total 6010, 6020 10 17 86 86 86 ACL
Zinc, total 6010, 6020 30 75 6,000 6,000 6,000 ACL
Acetone 8260 10 89 18,000 18,000 18,000 ACL
Chloroform 8260 1 0.5 80# 80# MCL#
Dichlorodifluoromethane 8260 1 1 200 200 200 ACL
1,2-Dichloroethane 8260 1 0.1 5 5 MCL
Diethyl ether 8260 12.5 12 3,900 3,900 RSL
Methylene chloride 8260 5 0.7 5 5 MCL
Methyl ethyl ketone; 
MEK; 2-butanone

8260 10 21.3 5,600 5,600 5,600 ACL
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Attachment V.F-2

Toluene 8260 1 0.1 1,000 1,000 MCL
Trichloroethene 8260 1 0.8 5 5 MCL
Xylenes (total) 8260 3 0.1 10,000 10,000 MCL
Bis (2-ethylhexyl) 
phthalate

8270 10 10 6 5.6 5.6 10 BKG

Diethyl phthalate 8270 10 5 15,000 15,000 15,000 ACL
2,4-Dinitrotoluene 8270 10 0.18 0.24 0.24 10 PQL
2,6-Dinitrotoluene 8270 10 0.08 0.049 0.049 10 PQL
o-Nitroaniline; 2- 8270 10 20 190 190 190 ACL
p-Nitroaniline; 4- 8270 10 20 3.8 3.8

 

10 PQL
Nitrobenzene 8270 10 10 0.14 0.14 10 PQL

NOTES:

Units: µg/l Unless Otherwise Noted

SW-846: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA publication SW‐846, Third Edition, Final Updates I 
(1993), II (1995), IIA (1994), IIB (1995), III (1997), IIIA (1999), IIIB (2005), IV (2008), and V (2015), as updated

EPA MCL:  Maximum Contaminant Level of USEPA National Primary Drinking Water Regulations (web: 
http://water.epa.gov/drink/contaminants/index.cfm#Primary; as of December 12, 2024). Subject to change without notice as directed by 
DEQ. 

* - Action Level.  

Background (BKG):  Calculated using analytical data from First Quarter 1996 through First Quarter 1999 for upgradient well 5W8B and/or as 
approved by DEQ (see Attachment V.E).

DEQ ACL:  VA DEQ Alternate Concentration Limit (Default 10-6) , effective January 2, 2025.  Subject to change without notice as directed by 
DEQ. 

RSL:   Regional Screening Level - United States Environmental Protection Agency Region Regional Screening Level (RSL) (Tap Water; HQ=1; 
Default 10-6); as of November 2024 (https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables).  Subject to change without 
notice as directed by DEQ. 

http://water.epa.gov/drink/contaminants/index.cfm#Primary
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#:  The MCL for total Trihalomethanes, including Bromodichloromethane, Bromoform, Dibromochloromethane, and Chloroform, is 80 µg/L.

Note (1): For all GPS values based on the EPA MCL, DEQ ACL, or EPA RSL, the currently published values at the time of the sampling event 
will be used to evaluate all data for that sampling event, as well as for any verification sampling associated with that sampling event.

Note (2): Laboratory must be accredited for the analytical method, matrix, and target analyte (where applicable) by the Virginia Environmental 
Laboratory Accreditation Program (VELAP). 

Note (3): For any monitoring event, if a GPS for a constituent in the table above is based on a 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 MCL/ACL/RSL for the subject constituent. If the verification 
event confirms a quantifiable detection (i.e. value greater than the PQL) above the applicable MCL/ACL/RSL, 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.

Note (4): The GPS for p-Nitroaniline is based on the current Permit-specified PQL of 10 ug/l (February 2025) instead of the calculated 
background concentration of 20 ug/l.  P-Nitroaniline was initially detected at HWMU-5 during annual monitoring for the constituents 
listed in Attachment V.C during Fourth Quarter 2003 and subsequently added to the Compliance monitoring list for the Unit.  During 
establishment of background for p-Nitroaniline at HWMU-5, the constituent was not detected in the upgradient well at concentrations 
greater than the then-current PQL of 20 ug/l; therefore, the background concentration for p-Nitroaniline was calculated as equal to the 
then-current PQL of 20 ug/l. 

Attachment V.F-3
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V.F-B. GROUNDWATER PROTECTION STANDARDS: HWMU-16

Attachment V.F-4

Constituents SW-846 
Method

PQL 
(g/l)

Back-
ground 
(g/l)

EPA MCL 
(g/l)

DEQ 
ACL (g/l)

EPA RSL 
(g/l)

GPS (g/l) GPS Basis

Arsenic, total 6010/6020 10 1 10 10 MCL
Barium, total 6010/6020 10 175.4 2,000 2,000 MCL
Beryllium, total 6010/6020 1 0.7 4 4 MCL
Cadmium, total 6010/6020 1 0.2 5 5 MCL
Chromium, total 6010/6020 5 6.2 100 100 MCL
Cobalt, total 6010/6020 5 5 6 6 6 ACL
Copper, total 6010/6020 5 13 1,300* 1,300* MCL
Lead, total 6010/6020 3 10 10* 10* MCL*
Mercury, total 7470 2 0.2 2 2 MCL
Nickel, total 6010/6020 10 16 390 390 390 ACL
Silver 6010/6020 2 2 94 94 94 ACL
Vanadium, total 6010/6020 10 151 86 86 151 BKG
Zinc, total 6010/6020 30 51 6,000 6,000 6,000 ACL
Benzene 8260 1 1 5 5 MCL
2-Butanone; Methyl ethyl ketone 
(MEK)

8260 10 1.1 5,600 5,600 5,600 ACL

Carbon tetrachloride 8260 1 0.2 5 5 MCL
Chloroethane 8260 1 20.7 8,300 8,300 8,300 ACL
Dichlorodifluoromethane 8260 1 46.5 200 200 200 ACL
1,1-Dichloroethane; 8260 1 9.5 2.8 2.8 9.5 BKG

1,1-Dichloroethene 8260 1 1 7 8.2 8.2 7 MCL

Diethyl ether 8260 12.5 75.5 3,900 3,900 RSL

Dimethyl ether; 8260 12.5 17 17 BKG
Ethylbenzene; Phenylethane 8260 1 0.1 700 700 MCL
Methylene chloride 8260 5 13.95 5 13.95 BKG
Tetrachloroethene (PCE) 8260 1 0.7 5 5 MCL
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Chloromethane 8260 1 0.3 190 190 190 ACL
Toluene 8260 1 0.1 1,000 1,000 MCL
1,1,1-Trichloroethane; 
Methylchloroform;

8260 1 9.2 200 200 MCL

Trichloroethene 8260 1 0.1 5 5 MCL
Trichlorofluoromethane 8260 1 11.3 5,200 5,200 5,200 ACL
Trifluorotrichloroethane (1,1,2-
Trichloro-1,2,2-Trifluoroethane)

8260 1 1.2 10,000 10,000 RSL

Tetrahydrofuran 8260 25 25 3,400 3,400 RSL
Vinyl chloride 8260 1 1 2 2 MCL
Xylenes (total) 8260 3 0.2 10,000 10,000 MCL
Diethyl phthalate 8270 10 5 15,000 15,000 15,000 ACL

 

2,4-Dinitrotoluene 8270 10 10 0.24 0.24 10 PQL
2,6-Dinitrotoluene 8270 10 10 0.049 0.049 10 PQL

NOTES:

Units: µg/l Unless Otherwise Noted

SW-846: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA publication SW‐846, Third Edition, Final Updates I 
(1993), II (1995), IIA (1994), IIB (1995), III (1997), IIIA (1999), IIIB (2005), IV (2008), and V (2015), as updated

EPA MCL:  Maximum Contaminant Level of USEPA National Primary Drinking Water Regulations (web: 
http://water.epa.gov/drink/contaminants/index.cfm#Primary; as of December 12, 2024). Subject to change without notice as directed by 
DEQ. 

* - Action Level.  

Background (BKG):  Calculated using analytical data from 1996 through 1998 for upgradient well 16C1 and/or as approved by DEQ (see 
Attachment V.E).

DEQ ACL:  VA DEQ Alternate Concentration Limit (Default 10-6) , effective January 2, 2025.  Subject to change without notice as directed by 
DEQ. 

RSL: Regional Screening Level - United States Environmental Protection Agency Region Regional Screening Level (RSL) (Tap Water; HQ=1;



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Default 10-6); as of November 2024 (https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables).  Subject to change without 

Attachment V.F-6

notice as directed by DEQ. 

Note (1): For all GPS values based on the EPA MCL, DEQ ACL, or EPA RSL, the currently published values at the time of the sampling event 
will be used to evaluate all data for that sampling event, as well as for any verification sampling associated with that sampling event.

Note (2): Laboratory must be accredited for the analytical method, matrix, and target analyte (where applicable) by the Virginia Environmental 
Laboratory Accreditation Program (VELAP). 

Note (3): 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 MCL/ACL/RSL for the subject constituent.  If the verification 
event confirms a quantifiable detection (i.e. value greater than the PQL) above the applicable MCL/ACL/RSL, 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.

https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
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ATTACHMENT V.G - BORING LOGS AND WELL CONSTRUCTION DIAGRAMS

V.G-A. HWMU-5 BORING LOGS AND WELL CONSTRUCTION DIAGRAMS

Attachment V.G-1



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-2



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-3



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-4



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-5



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-6



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-7



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-8



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-9



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-10



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-11



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-12



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-13



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-14



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-15



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-16



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-17



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-18



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-19



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-20



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-21



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-22



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-23



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-24



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-25



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-26



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-27



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-28



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-29



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-30



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-31



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-32



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-33



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-34



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-35



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-36



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-37



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-38



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-39



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-40



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-41



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-42



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-43



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-44



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-45



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-46



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-47



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-48



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-49



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-50



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-51



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-52



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-53



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-54



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-55



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-56



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-57



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-58



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-59



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-60



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-61



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

V.G-B. HWMU-16 BORING LOGS AND WELL CONSTRUCTION DIAGRAMS

Attachment V.G-62



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-63



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-64



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-65



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-66



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-67



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-68



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-69



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-70



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-71



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-72



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-73



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-74



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-75



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

HWMU-16 Boring Log and Well Construction Diagrams

Attachment V.G-76



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-77



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-78



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-79



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-80



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-81



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-82



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-83



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-84



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-85



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-86



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-87



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-88



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-89



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-90



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-91



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-92



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-93



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-94



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-95



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-96



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-97



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-98



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-99



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-100



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-101



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-102



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-103



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-104



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-105



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-106



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-107



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-108



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-109



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-110



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-111



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-112



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-113



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-114



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-115



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-116



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-117



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-118



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-119



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-120



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-121



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-122



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-123



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-124



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-125



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-126



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

Attachment V.G-127



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

ATTACHMENT V.H - METHODOLOGY FOR GROUNDWATER WELL 
ABANDONMENT

The Permittees shall receive prior approval from the Department to abandon any 
monitoring wells and/or piezometers.  Well abandonment activities must be 
completed in accordance with the Department’s well abandonment policy 
(Recommended Well Abandonment Policy, VDEQ, July 10, 2015, or most recent 
policy). The following procedures shall be used:

V.H-A. Monitoring wells and/or piezometers will be abandoned by pressure grouting 
methods.  Surface installations (protective covers or manholes) will be removed 
and an attempt to pull the casing string with the rig will be made.  Once this has 
either been accomplished or has failed, grouting operations will commence as 
described below.

a. Monitoring well abandonment will be accomplished by lowering a tremie pipe 
to the bottom of the borehole.   

b. Portland cement/bentonite grout will then be pumped down the tremie pipe 
until an even flow of consistent grout returns at the surface. 

c. The tremie pipe will be removed from the borehole on completion of grouting 
operations and a minimum four inch thick and six foot diameter concrete cap 
will be constructed over the grouted borehole.

V.H-B. Removed casings will be steam cleaned, cut up into manageable sections, and 
disposed of as refuse.

V.H-C. All tremie rods and other downhole equipment will be steam cleaned prior to 
introduction into the hole or well.   

V.H-D. All decontamination fluid will be containerized and handled pursuant to 
decontamination fluid handling procedures contained in Attachment V.B.

Attachment V.H-1
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ATTACHMENT V.I - STATISTICAL PROCEDURES

V.I-A. HIGHLIGHTS

Attachment V.I-1

In accordance with 40 CFR 264.97(g), the Permittees shall collect an appropriate 
number of samples from the monitoring wells specified in Permit Section V.D or 
Permit Section VI.C.  The Permittees shall ensure that an appropriate number of 
background samples for the preferred method of statistical analysis shall have 
been collected prior to the scheduled date of the statistical analysis. 

Statistical analysis of the ground water data shall include the following: 

• Outliers 

• Testing of normality 

• Evaluation of data below detection limits or quantitation limits 

• Selection of statistical method 

• Verification sampling strategy (optional) 

• Comparison of point of compliance monitoring well data to the Concentration 
Limit specified in Permit Attachments V.F, VI.B, and VI.C (GPS) (Ground 
Water Protection Standards - Concentration Limit of Constituents for Ground 
Water Protection).

V.I-B. OUTLIERS

All data shall be investigated to verify outliers.  An outlier refers to a data point 
that is an inconsistently large or small value.  Outliers may be due to sampling, 
laboratory, transportation, or transcription errors.  To remove the possibility of 
including data with this type of error, the Permittees should screen the historical 
data for each monitoring well and constituent for the existence of outliers 
(USEPA 1992, §6.2) using the method described by Dixon (1953).  The 
Permittees shall receive approval from the Department before eliminating any 
outliers.

V.I-C. TESTING NORMALITY OF DATA DISTRIBUTION

The Permittees shall verify that the distribution of the monitoring data for the 
Hazardous Constituents is consistent with the assumptions of the selected 
statistical test method(s).  The Permittees shall determine whether the distribution 
of the monitoring data is normal or lognormal using a multiple group version of 
the Shapiro-Wilk test.  The monitoring data is log-normally distributed if, when 
the original monitoring data is transformed by taking the natural logarithms, the 
distribution of the transformed monitoring data is normally distributed. 

The Permittees may use any other appropriate method for testing the 
distributional assumptions (see Gibbons 1994a for a review, also see USEPA
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1992).  However, the Permittees must demonstrate to the satisfaction of the 
Department that the alternative method can detect deviations from normality with 
similar power as the Shapiro-Wilk and Shapiro-Francia methods.  

The Permittees is not required to test for normality when the percentage of non-
detects or non-quantified values is greater than 50 percent.

V.I-D. EVALUATION OF MONITORING DATA BELOW DETECTION LIMITS

Attachment V.I-2

OR QUANTITATION LIMITS

The Permittees shall evaluate the ground water monitoring data that is less than 
the laboratory detection limit or quantitation limit as specified below.

V.I-D.1. If the percentage of non-detects or non-quantified values is less than 25 percent, 
then the Permittees shall replace the non-detects or non-quantified values with 
one-half the laboratory limit of detection or quantitation in accordance with 40 
CFR 264.97(h) and 264.97(i)(5).

V.I-D.2. If the percentage of non-detects or non-quantified values is between 25 percent 
and 50 percent, then the Permittees may adjust the mean and standard deviation 
using Atchison’s method (USEPA 1992, §2.2.2 and Aitchison, 1955).  An 
acceptable alternative to Aitchison’s method is Cohen's maximum likelihood 
estimator (Cohen, 1961).  Extensive tables and computational details are also 
provided in Gibbons, 1994a.  The approach for selection between the two 
methods is described in USEPA (1992, §2.2.1.). 

V.I-D.3. If the percentage of non-detects or non-quantified values is greater than 50 
percent, then the Permittees may use a non-parametric method.

V.I-D.4. If 80 percent or greater of the data are non-detects, or if the data follow a Poisson 
distribution, then the Permittees may use an interval method which is based on the 
Poisson distribution (USEPA 1992, §2.2.4 and 2.2.5). 

V.I-E. SELECTION OF STATISTICAL METHODS

V.I-E.1. Level of Significance (Performance Standards)

The Permittees shall select statistical methods that achieve a level of significance 
(Type I error) of no less than 0.01 for individual monitoring well comparisons, 
and no less than 0.05 for multiple comparisons, in accordance with 40 CFR 
264.97(i)(2).  However, these performance standards do not apply for prediction 
intervals, tolerance intervals, and control charts.  The false positive rate for these 
interval methods or control charts may depend on the number of data points 
available from the background monitoring well(s) at the time of statistical 
comparison.  A larger number of background data points can decrease the false 
positive rate for these tests.
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If the Permittees uses an interval or other statistical method, and if the selected 
method requires additional samples, then the Permittees shall collect the 
additional samples prior to the date specified in Permit Section V.I.4.  The 
statistical comparison shall not be delayed due to collection of an inadequate 
number of samples.  

The false positive rate for a single constituent/well comparison shall not be lower 
than 0.01 unless the Permittees can demonstrate that an alternative false positive 
rate will provide at least 50 percent power to detect a 3 standard deviation 
increase above background levels and 80 percent power to detect a 4 standard 
deviation increase above background levels.

V.I-E.2. Selection Criteria

Attachment V.I-3

After determining the distribution of the data, the Permittees shall select 
appropriate statistical methods based on the following:  

a. If the detection frequency is less than 20 percent (i.e. non-detects greater than 
80 percent) and/or data are shown to fit a Poisson distribution, then the 
Permittees may use a Poisson prediction or tolerance limit. 

b. If the detection frequency is less than 50 percent (i.e. non-detects greater than 
50 percent) or transformation fails to bring about normality, then the 
Permittees may use a non-parametric method.

c. If the detection frequency is between 50 percent and 75 percent (i.e. non-
detects between 25 percent and 50 percent), then the Permittees may use a 
parametric test performed with an adjustment for non-detects; Aitcheson’s or 
Cohen’s adjustments are recommended.  Determination of the appropriate 
adjustment to be applied shall be based on the properties of the data set 
(USEPA, 1992, §2.2). 

d. If the detection frequency is 75 percent or greater, then the Permittees may use 
an appropriate parametric test without adjusting for non-detects.  Non-detects 
should be analyzed using one-half the limit of detection or quantitation. 

V.I-E.3. Statistical Methods

a. Interval Methods

If the Permittees uses an interval method and the percentage of detects is 
greater than 50 percent, then the Permittees shall test the monitoring data from 
the background monitoring well(s) for normality.  If the monitoring data from 
the background monitoring well(s) are normally or log-normally distributed, 
then the Permittees may use a parametric interval method.  Appendix 2 (see 
below) provides the suggested minimum number of samples for calculation of 
parametric interval methods that are acceptable to the Department.  

If the background monitoring well(s) monitoring data are neither normally nor 
log-normally distributed, then the Permittees may use either a non-parametric 
interval method or an interval method based on the Poisson distribution (if 
appropriate).  Appendix 2 provides suggested test methods and recommended 
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minimum sample size requirements. 

The Permittees may conduct a statistical analysis with a smaller data set than 
the suggested size at any time.  However, these methods can lead to higher 
false positive or false negative rates with smaller samples sizes.  For each 
sampling event, the Permittees shall calculate the appropriate interval for the 
background monitoring well(s) based on the method selected, and compare 
the monitoring data from each point of compliance monitoring well to the 
calculated upper limit.  If the point of compliance monitoring well data 
exceeds the upper limit for any constituent, then the Permittees shall report 
that there has been a statistical increase of contaminants in the ground water, 
in accordance with Permit Section V.J or Permit Section VI.I.2. 

b. Alternative Statistical Methods 

The Permittees may use alternative statistical methods that meet the 
performance standards specified in 40 CFR 264.97(i).  The Permittees shall 
obtain approval from the Department prior to using alternative statistical 
methods.  If the Permittees selects any other statistical method not listed in 40 
CFR 264.97(h), then the Permittees shall collect an appropriate number of 
samples and shall maintain the appropriate level of significance and power, as 
specified above. 

V.I-F. VERIFICATION SAMPLING (OPTIONAL)

Attachment V.I-4

Verification resampling can be an integral part of the statistical methodology 
(USEPA, 1992, §5); however, it should be considered as a part of the statistical 
test and based on the site specific condition.  Because the probability of an initial 
exceedance is very high for the site as a whole (considering only test wise false 
positive rates), the verification sample is considered as a part of the evaluation to 
conclude a statistically significant exceedance.  

A pre-planned verification sample can be incorporated into the calculation of the 
statistical limits to calculate an upper limit using a smaller false positive rate.  
Without verification resampling, an attempt to minimize the false positive rates 
will lead to unacceptably large prediction limits.  This will increase the false 
negative rates and decrease the power of the test to detect a release from the 
facility.  All verification samples must be collected at the earliest time possible 
(prior to next scheduled sampling event) or as approved by the Department or as 
specified in this permit.  The Department shall be informed of any planned 
verification resampling in advance. 

Verification resampling can involve one or two samples.  The Department's 
preferred strategy includes passing one verification resample or passing one of 
two verification resamples.  Statistical analyses that incorporate verification 
samples must provide at least 50 percent power to detect a 3 standard deviation 
increase above background levels and 80 percent power to detect a 4 standard 
deviation increase above background levels.

V.I-G. COMPARISON OF GROUND WATER MONITORING WELL DATA TO
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THE CONCENTRATION LIMITS SPECIFIED IN PERMIT

Attachment V.I-5

ATTACHMENTS V.F, VI.B, AND VI.C 

V.I-G.1. Comparison of Ground Water Monitoring Well Data to Background 

In accordance with 40 CFR 264.92, the Permittees shall ensure that the Hazardous 
Constituents specified in Permit Attachments V.F, VI.B, and VI.C  do not exceed 
the Concentration Limits (GPS) beyond the point of compliance.  The Permittees 
shall compare the point of compliance monitoring data for each Hazardous 
Constituent to the Concentration Limit specified in Permit Attachments V.F, 
VI.B, and VI.C. If a 95% confidence upper limit calculated from the background 
ground water monitoring data exceeds the maximum contaminant levels (MCLs) 
taken from EPA's Drinking Water Regulations and Health Advisories, USEPA 
Regional Screening Levels for Chemical Contaminants at Superfund Sites 
(RSLs); Summary Table TR=1E-06, HQ=1), or alternate concentration limits 
(ACLs) approved by the Director, then Permit Attachments V.F, VI.B, and VI.C 
will specify the background a 95% confidence upper limit as the Concentration 
Limit.

If the Concentration Limit specified in Permit Attachments V.F, VI.B, and VI.C is 
based on background monitoring data, (i.e. tolerance or prediction limit), then the 
ground water monitoring data shall be compared to the Concentration Limit 
specified in Permit Attachments V.F, VI.B, and VI.C using a point comparison.  
If the ground water monitoring data exceeds the background based Concentration 
Limit specified in Permit Attachments V.F, VI.B, and VI.C, then the Permittees 
shall notify the Director of this finding in writing within seven days, in 
accordance with Permit Section V.I. 

V.I-G.2. Comparison of Ground Water Monitoring Data to a Fixed- Standard

In accordance with 40 CFR 264.92, the Permittees shall ensure that the Hazardous 
Constituents specified in Permit Attachments V.F, VI.B, and VI.C  do not exceed 
the specified Concentration Limit beyond the point of compliance.  The 
Permittees shall compare the point of compliance monitoring data to the 
Concentration Limit specified in Permit Attachments V.F, VI.B, and VI.C . 

If the Concentration Limit specified in Permit Attachments V.F, VI.B, and VI.C  
is based on a fixed-standard rather than background monitoring data, then the 
Permittees shall compare the ground water monitoring data to the Concentration 
Limit specified in Permit Attachments V.F, VI.B, and VI.C  using the 95 percent 
lower confidence limit (LCL), computed from the last four sampling values 
(collected during the last 12 months).  

Fixed-standards are based on the following: 

• the maximum contaminant levels (MCLs) taken from EPA's Drinking Water 
Regulations and Health Advisories in effect at the time of the permit issuance;

• USEPA Regional Screening Levels for Chemical Contaminants at Superfund 
Sites (RSLs; Summary Table TR=1E-06, HQ=1)
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• alternate concentration limits (ACLs) approved by the Director (DEQ ACLs, 
Health-based Risk Assessment Levels generated by the REAMs model, 
VURAM, or an equivalent method); 

• Table 1 to 40 CFR 264 or,  

• the Department accepted Quantitation Limit (QL) listed in SW-846, if the 
MCL, RSL, and/or ACL is less than the Department accepted Quantitation 
Limit (QL). 

a. Parametric Confidence Interval

If the data are either normally or log-normally distributed, then the Permittees 
may use a parametric confidence interval to compare the ground water 
monitoring data at the point of compliance to the fixed- standard 
Concentration Limit specified in Permit Attachments V.F, VI.B, and VI.C.  
The Permittees shall calculate the 95 percent lower confidence limit (LCL) on 
the last four samples (collected during the last 12 months) and shall compare 
the calculated LCL to a fixed-standard Concentration Limit specified in 
Permit Attachments V.F, VI.B, and VI.C.  If the calculated LCL of the ground 
water monitoring data exceeds the fixed-standard Concentration Limit 
specified in Permit Attachments V.F, VI.B, and VI.C, then the Permittees 
shall notify the Director of this finding in writing within seven days, in 
accordance with Permit Section V.I.

b. Non-parametric Confidence Interval 

If the data are neither normally nor log-normally distributed, then the 
Permittees may use the minimum concentration from the last four samples 
(collected during the last 12 months) to compare the ground water monitoring 
data at the point of compliance to the fixed- standard Concentration Limit 
specified in Permit Attachments V.F, VI.B, and VI.C.  If the minimum 
concentration of the ground water data exceeds the fixed-standard 
Concentration Limit specified in Permit Attachments V.F, VI.B, and VI.C, 
then the Permittees shall notify the Director of this finding in writing within 
seven days, in accordance with Permit Section V.I. 

c. Alternative Statistical Methods 

Alternative statistical methods for comparing the lower limits of ground water 
monitoring data at or beyond the point of compliance to the Concentration 
Limit specified in Permit Attachments V.F, VI.B, and VI.C based on a fixed-
standard shall be approved by the Department prior to implementation.  If the 
lower confidence limit or minimum concentration exceeds the fixed-standard 
Concentration Limit specified in Permit Attachments V.F, VI.B, and VI.C, 
then the Permittees shall notify the Director of this finding in writing within 
seven days, in accordance with Permit Section V.I. 

V.I-G.3. Comparison of Ground Water Monitoring Well Data Using a Point Comparison 

Attachment V.I-6

(Non-statistical)
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a. The Permittees may choose to use a point comparison (non-statistical 
approach), rather than one of the statistical methods specified above, to 
compare the point of compliance monitoring data with the Concentration 
Limit specified in Permit Attachments V.F, VI.B, and VI.C.  If the point of 
compliance monitoring data exceeds the Concentration Limit specified in 
Permit Attachments V.F, VI.B, and VI.C, then the Permittees shall notify the 
Director of this finding in writing within seven days, in accordance with 
Permit Section V.I.

b. If fewer than the minimum of four concentration values have been collected 
during the last 12 months, then the Permittees may also use a point 
comparison (non-statistical approach) to compare the point of compliance 
monitoring data to the fixed-standard Concentration Limit as specified in 
Permit Attachments V.F, VI.B, and VI.C.  If the ground water monitoring data 
exceeds the fixed-standard Concentration Limit specified in Permit 
Attachments V.F, VI.B, and VI.C, then the Permittees shall notify the Director 
of this finding in writing within seven days, in accordance with Permit Section 
V.I.

c. If a point comparison indicates that the point of compliance monitoring data 
exceeds the fixed-standard Concentration Limit specified in Permit 
Attachments V.F, VI.B, and VI.C, and the facility chooses not to use data 
from the previous three sampling events, then the Permittees shall collect 
additional samples (at least three additional samples are necessary to calculate 
a confidence interval) within the next 3 months and shall perform a statistical 
comparison to the fixed-standard Concentration Limit specified in Permit 
Attachments V.F, VI.B, and VI.C.

Attachment V.I-7
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Appendix V.I.1. – COCHRAN'S APPROXIMATION TO THE BEHRENS-FISHER 
STUDENT'S T-TEST

Using all the available background data (nb readings), calculate the background mean (Xb) and 
background variance (sb

2).  For the single monitoring well under investigation (nm reading), 
calculate the monitoring mean (Xm) and monitoring variance (sm

2). 

For any set of data (X1, X2...Xn) the mean is calculated by:

Attachment V.I-8

n
=X 1 X...+X+X+X n32

and the variance is calculated by:

𝑠2 =
(𝑋1 − 𝑋)

2
+ (𝑋2 − 𝑋)

2
… +(𝑋𝑛 − 𝑋

𝑛− 1

)
2

where "n" denotes the number of observations in the set of data.

The t-test uses these data summary measures to calculate a t-statistic (t*) and a comparison t-
statistic (tc).  The t* value is compared to the tc value and a conclusion reached as to whether 
there has been a statistically significant change in any indicator parameter.

The t-statistic for all parameters except pH and similar monitoring parameters is:

If the value of this t-statistic is negative then there is no significant difference between the 
monitoring data and background data.  It should be noted that significantly small negative values 
may be indicative of a failure of the assumption made for test validity or errors have been made 
in collecting background data.

The t-statistic (tc), against which t* will be compared, necessitates finding tb and tm standard (one-
tailored) tables where,

tb=t-tables with (nb-1) degrees of freedom, at the 0.05 level of significance. 

tm=t-tables with (nm-1) degrees of freedom, at the 0.05 level of significance. 

Finally, the special weightings Wb and Wm are defined as:

t * 
bm XX 

ss 22
m

mn
 b

bn
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Attachment V.I-9

=bW
2
bs

bn

and so the comparison t-statistic is:

=W m

sm
2

nm

=tc
tW+tW mmbb

W+W mb

The t-statistic (t*) is now compared with the comparison t-statistical (tc) using the following 
decision rule:

If t* is equal to or larger than tc then conclude that there most likely has been a significant 
increase in this specific parameter. 

If t* is less than tc then conclude that most likely there has not been a change in this 
specific parameter.

The t-statistic for testing pH and similar monitoring parameters is constructed in the same 
manner as previously described except the negative sign (if any) is discarded and the caveat 
concerning the negative value is ignored. The standard (two-tailed) tables are used in the 
construction tc for pH and similar monitoring parameters.

If t* equal to or larger than tc, then conclude that there most likely has been a significant increase 
(if the initial t* had been negative, this would imply a significant decrease). If t* is less than tc, 
then conclude that there most likely has been no change.

A further discussion of the test may be found in Statistical methods (6th Edition, Section 4.14) 
by G.W. Snedecor and W.G. Cochran, or Principles and Procedures of Statistics (1st Edition, 
Section 5.8) by R.G.D. Steel and J.H.Torrie.
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Table V.I-1 – Standard T-Tables for 0.05 Level of Significance

         Degree of Freedom
           one-tail 

                   t-values
           two-tail 

                       t-values

Attachment V.I-10

1 6.314 12.706
2 2.920 4.303
3 2.353 3.182
4 2.132 2.776
5 2.015 2.571
6 1.943 2.447
7 1.895 2.365
8 1.860 2.306
9 1.833 2.262
10 1.812 2.228
11 1.796 2.201
12 1.782 2.179
13 1.771 2.160
14 1.761 2.145
15 1.753 2.131
16 1.746 2.120
17 1.740 2.110
18 1.734 2.101
19 1.729 2.093
20 1.725 2.086
21 1.721 2.080
22 1.717 2.074
23 1.714 2.069
24 1.711 2.064
25 1.708 2.060
30 1.697 2.042
40 1.684 2.021

Adapted from Table III of "Statistical Tables for Biological Agricultural and Medical Research" 
(1947, R.A. Fisher and F.Yates) [47 F R 32367, July 26, 1982]
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Appendix V.I.2. – SUGGESTED MINIMUM SAMPLES

STATISTICAL 
TEST

PARAMETRIC NON-
PARAMETRIC

NON-
PARAMETRIC 

INTERVAL 
%CONFIDENCE

Attachment V.I-11

CABF T-test 4 NA NA

Wilcoxon Rank Sum NA 5 NA

Confidence Interval 4 NA NA

Tolerance Interval 8 19 95%

Prediction Interval 8 13 99% # 

Poisson Prediction 
Interval

8 NA NA

Shewhart CUSUM 
Chart+

8 NA NA

NOTES:

* The above tests can be used with fewer samples, however it will increase the false 
positive rate.

# Includes one verification re-sample, use 19 samples for a 95% Prediction Interval 
with no verification re-samples.

+ For Intra-well testing only. 
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MODULE VI - GROUNDWATER CORRECTIVE ACTION AND MONITORING 
PROGRAM FOR HWMU-5

VI.A. HIGHLIGHTS

Module VI-1

The concentration of trichloroethene (TCE) in groundwater had historically 
exceeded the GPS in the POC Wells 5W5B, 5WC21, 5WC22 and 5WC23 since 
the issuance of the original permit for HWMU-5 on September 28, 2001. During 
2008, TCE concentrations were less than historic levels in wells 5WC21, 5WC22 
and 5WC23. Attachment VI.A provides the historical TCE concentrations in 
groundwater as provided in the Corrective Action Plan (CAP) published in April 
2009. The Final CAP is maintained by the Permittee in the facility operating 
record.

In response to exceedences of the Groundwater Protection Standards (GPSs) at 
point of compliance (POC) wells for HWMU-5, surface impoundment (former 
lined neutralization pond), Radford Army Ammunition Plant (The Permittee) is 
implementing a Groundwater Corrective Action (CA) Monitoring Program at the 
regulated HWMU-5. The CA is currently being implemented as follows:

The Permittee is implementing a groundwater CA and monitoring program 
focused on evaluating the natural attenuation of TCE and its daughter products 
[1,1-Dichloroethene (1,1-DCE), cis-1,2-Dichloroethane (cDCE), trans-1,2-
Dichloroethene (tDCE), and Vinyl Chloride (VC)] in the subsurface at HWMU-5. 
Based on the characteristics of the plume that has been currently delineated, and 
the low concentrations of the constituents of concern (COC) currently present in 
the plume with decreasing TCE trends exhibited by the existing data, a monitored 
natural attenuation (MNA) CA program is being implemented. The MNA CA 
program will be conducted as specified in Permit Module VI (Groundwater CA 
and Monitoring Program) and implemented according to the schedule provided in 
Permit Section VI.N. 

On November 5, 2009, the Virginia Department of Environmental Quality (DEQ) 
approved the Final Class 3 Hazardous Waste Permit Modification for HWMU-5, 
which established this CA Monitoring Program to address TCE in groundwater.  
The approved Final Class 3 Hazardous Waste Permit Modification also revised 
the GPSs for HWMU-5 to incorporate the January 2009 DEQ Alternate 
Concentration Limits (ACLs). As a result, the GPS for total cobalt was reduced 
from the previous DEQ ACL of 313 ug/l used in the original permit to the 
HWMU-5 site-specific background concentration of 7 ug/l; this revision was 
made due to the reduction of the then-DEQ-calculated ACL for total cobalt to 
4.695 ug/l. Total cobalt was never detected at concentrations greater than the 
previous GPS of 313 ug/l in any of the monitoring wells at HWMU-5. During the 
Second Quarter 2010 CA groundwater monitoring event, total cobalt was detected 
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in POC well 5WC21 at a concentration greater than the GPS of 7 ug/l. During a 
meeting between DEQ and RFAAP on May 4, 2011, it was determined that total 
cobalt would be added to the list of CA Targeted Constituents for HWMU-5. 
Semiannual monitoring for total cobalt as a CA Targeted Constituent began with 
the Fourth Quarter 2011 semiannual CA groundwater monitoring event; however, 
the addition was formally finalized in the Permit reissuance effective August 16, 
2014.   

A groundwater monitoring program designed to evaluate the effectiveness of the 
CA program including compliance with the CA Specific GPSs is detailed in 
Permit Attachment VI.B. Reporting and recordkeeping requirements are presented 
in Permit Section VI.J. The schedule contained in this module (Module VI) shall 
be followed to implement the remedy for HWMU-5.   

VI.B. GROUNDWATER CA PROGRAM -- NATURAL ATTENUATION

Module VI-2

REMEDY

The goal of this CA measure, through performance monitoring, is to measure and 
track the reduction of chlorinated Volatile Organic Compounds (VOCs) to levels 
below the GPSs as defined in Attachment VI.B  for the respective COCs, within a 
reasonable period of time. Compliance will be achieved, at the POC Wells and 
throughout the plume in the aquifer downgradient of HWMU-5 (40 CFR 
264.100(b) and 264.100(e)). During natural attenuation, multiple processes such 
as dispersion, diffusion, dilution, sorption, volatilization, biological degradation 
and chemical decomposition of COCs result in an effective reduction of 
contaminant concentration, toxicity, mobility, or volume to levels that are 
protective of human health and the ecosystem. The daughter products of TCE will 
be monitored and evaluated to determine the progress (effectiveness and 
timeliness) of the degradation process in accordance with the CAP).    

VI.B.1 Design Conformance

The Permittee installed one (1) monitoring well (5W12A) in February 2010 to 
replace the Plume Monitoring Wells S5W5, S5W7, 5W9A, 5W10A and 5W11A. 
This monitoring network is specific to the monitoring of the Natural Attenuation 
Remedy. The location of the new well is specified in Permit Attachment II.A, 
Figure II.A-6. Subsequent changes to the Remedy Design are to be addressed in 
accordance with Permit Condition VI.B.5. 

VI.B.2 Remedial Objectives

The MNA CA Program shall be initiated, operated and maintained in accordance 
with the CAP  and the monitoring requirements set forth in Permit Condition 
VI.C. 
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The principal remedial objective is to reduce or eliminate the chlorinated VOCs of 
concern to levels below the GPSs as defined in Permit Attachment VI.B, within a 
reasonable period of time, defined as in Permit Condition VI.B.7. To accomplish 
this principal objective, data from the monitoring and compliance wells will be 
collected and evaluated following Permit Condition VI.B.6. 

VI.B.3 Operation Specifications to Be Initiated

Module VI-3

As a passive remedy, Natural Attenuation requires no active operation except for 
groundwater monitoring.  The following design system shall be implemented and 
maintained:

a. The Permittee shall implement the CA monitoring program specified under 
Permit Section VI.C for Natural Attenuation of VOCs in groundwater at 
HWMU-5 generally as described in the CAP  but subject to modifications in 
analytes and reporting as permitted by Permit Condition VI.B.5.

b. Additional monitoring wells, if needed, will be installed in accordance with 
Permit Condition VI.D.3.b. 

VI.B.4 Measurement and Maintenance of Natural Attenuation Remedy 

Natural Attenuation is the reduction of COC concentrations in the environment 
through destructive biological processes (including, but not limited to; aerobic 
and anaerobic biodegradation, plant and animal uptake), non-destructive physical 
mechanisms (advection, dispersion, diffusion, dilution, volatilization, 
sorption/desorption), and chemical reactions (ion exchange, complexation, 
decomposition, and abiotic transformation).  Biodegradation of chlorinated 
solvents (e.g., TCE) most commonly occurs via reductive dechlorination, a 
process that requires both electron acceptors (chlorinated aliphatic hydrocarbons) 
and an adequate supply of electron donors (natural organic carbon, fuel 
hydrocarbons, landfill leachate) in order to proceed to complete destruction. It is, 
therefore, a passive remedial approach reliant upon natural transport and 
degradation processes.

Beyond the monitoring wells, covered under Permit Condition VI.C.1., there is no 
capital equipment requiring regular maintenance or upkeep other than as 
described below.  The operation system for the continued maintenance of the 
Natural Attenuation Remedy shall, as similarly stated in Permit Condition 
VI.B.3., above, comply with the approved CAP. The following design system 
shall be maintained on a regular basis, as specified:

a. Groundwater monitoring well(s).  In compliance with 40 CFR 264.97(a)(3), a 
performance well is designated as an effective well when the Department 
recognizes that the well is necessary for the practical and effective detection 
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of hazardous waste constituents that have migrated beyond HWMU-5.  

b. In accordance with Permit Condition VI.C.2, the Permittee shall conduct 
groundwater samplings semi-annually, or annually depending on the well 
designation and locations.  The monitoring results will be reported in an 
annual report defined under Permit Condition VI.J.4.

c. If the GPS continue to be exceeded for any contaminant listed in Attachment 
VI.B at any of the POC Wells or the Plume Monitoring Well, the Permittee 
shall be required to continue to monitor the well(s) according to Permit 
Condition VI.C. , and all decisions and outcomes shall be reported in 
accordance with Permit Condition VI.J.4.

d. Water Quality Sampling Events—The Permittee shall conduct groundwater 
sampling and analysis required by issuance of the Permit in accordance with 
the sampling and analysis procedures in Permit Section VI.F.  In addition to 
the water level in the well, the following field parameters shall be measured 
from each well during each sampling event: pH, temperature, oxidation-
reduction potential (ORP), specific conductivity and dissolved oxygen.  The 
samples must be collected from the upgradient well, the POC wells and the 
plume monitoring well, and must be analyzed for all CA specific VOCs [TCE, 
1,1-Dichloroethene (1,1-DCE), cis-1,2-Dichloroethene (cDCE), trans-1,2-
Dichloroethene (tDCE), Vinyl Chloride (VC), and total cobalt] (Attachment 
VI.B), on a semiannual basis.  In addition, groundwater samples collected 
during the first year of monitoring were analyzed for MNA indicators (ethane, 
ethene, methane, sulfate/sulfide, nitrate/nitrite, and total organic carbon) for 
the purpose of establishing a baseline concentration of these analytes.  The 
facility’s analytical laboratory shall analyze these samples in accordance with 
the sampling and analytical methods listed in Permit Attachment VI.B.  
Alternate analytical methods may be approved by the Department in 
accordance with the procedure established in Permit Condition VI.C.2. 

e. If at any point during the CA Program any monitoring well, established in or 
incorporated into the Natural Attenuation Remedy, can no longer yield 
groundwater samples representative of the area’s groundwater quality based 
upon low water levels the Permittee must apply for a Permit modification to 
deepen or replace the affected monitoring well(s).

f. Sampling points and monitoring wells in the Natural Attenuation Remedy 
(both temporary and permanent in status) are subject to the inspection 
requirements for groundwater monitoring wells as set forth in Permit 
Attachment II.F (Inspection Requirements).

g. Piezometers or monitoring wells designated solely for the purpose of 
measuring water levels (and not for water quality sampling), that are part of

Module VI-4
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the Natural Attenuation Remedy, may be installed (with or without prior 
Department approval) or abandoned (with abandonment subject to prior 
Department approval).  Such piezometers or water-level monitoring wells 
normally will not require a formal modification of the Permit under 40 CFR 
270.41 or 270.42—unless an accompanying change in the text or maps of the 
Permit is required.  Also, piezometers and water-level monitoring wells 
remain subject to the inspection requirements for groundwater monitoring 
wells as set forth in Permit Attachment II.F.

VI.B.5 Changes in MNA Program

Module VI-5

If changes are required, during implementation of the Natural Attenuation 
Program, to either correct deficiencies or enhance resolution/performance, the 
Permittee shall submit a written request to the Department to change the approved 
design. 

a. The Department shall be notified by letter of any proposed changes to the 
Program, at least thirty (30) days prior to the proposed date of the change.  
The Department shall approve the proposed changes prior to implementation.  
The following information shall be included in the notification:

i. Description of the change to be made; 

ii. Justification/reason for the change; 

iii. Revaluation plan for Program performance after the change in design; 

iv. Revised maps, drawings, and schematics, if appropriate.

b. Design or Program changes which are required for the continued operation of 
the Remedy or are required for protection of human health and the 
environment shall be implemented as soon as practicable following approval.  
In the event of an emergency, the facility must act while assuming the risk of 
immediate action, subject to the subsequent administrative approval of the 
design or Program changes.  Therefore, the Permittee is encouraged to contact 
the Department as soon as the consequences are known.   The Department 
shall be notified in writing of the actions taken, within 14 calendar days of the 
emergency event.  This notification will contain a schedule for the submission 
of the corresponding request for the design or systems change.  The 
Department will decide on a case by case basis whether such a design or 
systems change requires a permit modification (see Permit Section VI.M).  

VI.B.6 Evaluation of MNA Program

The effectiveness of the Natural Attenuation Program shall be evaluated on an 
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annual basis (40 CFR 264.100(g)).  This evaluation shall be submitted to the 
Department as part of the Annual Monitoring Report (see Permit Condition 
VI.J.4).  The evaluation shall contain information to demonstrate that natural 
attenuation is still functioning as designed. Continued decrease in concentrations 
will be considered progress toward the remedial objectives.  The following shall 
be contained in the evaluation, if available:

a. Present sampling and analysis results collected for the Natural Attenuation 
Program in field and lab analysis (see Permit Conditions VI.B.3 and VI.B.4);

b. Evaluation of the changes in concentration trends over the previous twelve 
months, natural attenuation rate, and resulting remedial progress;

c. Review of constituent concentrations and evaluation of natural attenuation 
processes/progress possibly occurring.  For example, potential for 
biodegradation occurrence, detection of daughter products, and general water 
quality conditions.

d. Updated compliance timeframe predictions based on revised point attenuation 
rates determined from concentration vs. time graphs using the principles and 
methods outlined in the CAP. An example calculation is provided in Permit 
Attachment VI.A.

e. Modifications to the Remedy proposed to correct deficiencies/malfunctions 
or, enhance performance and; 

f. Provide other recommendations regarding the CA program, as appropriate. 

VI.B.7 Contingency Measures and Termination of Natural Attenuation 

Module VI-6

a. If the dissolved phase constituent concentrations in groundwater outside the 
containment area do not naturally attenuate within a reasonable time frame 
contingency, measures shall be considered and implemented per the approved 
CAP. For the purpose of this evaluation, a reasonable timeframe is defined as 
the MNA-based projected remedial timeframe determined in the CAP (i.e., 12 
years from the date of the evaluation in 2007, or 2019 for TCE). The projected 
remedial timeframe was calculated based on pore-volume flushing 
calculations.  Updated compliance timeframe predictions will be based on 
annually revised point attenuation rates derived from concentration v. time 
graphs.  If the estimated remedial timeframe determined on an annual basis 
exceeds the projected remedial timeframe for three consecutive years, then 
contingency measures as defined in the CAP will be implemented.

b. The Department shall terminate this Natural Attenuation Program subject to 
the Director’s approval of a Permit Modification for an alternative
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remediation system designed to achieve the same or equivalent objectives for 
remediation of chlorinated VOCs in compliance with 40 CFR 264.100, if the 
natural attenuation is ineffective.  For the purpose of this evaluation, MNA 
would be considered to be ineffective if for three consecutive years, the 
estimated remedial timeframe determined from annually revised point 
attenuation rates is greater than 19 years [2026] for TCE, which is the time for 
one additional pore flush, or an additional 7 years.

VI.B.8 Alternative Groundwater Remediation Methods 

Module VI-7

If the Department or the Permittee determines that MNA is ineffective as a CA 
program, the Permittee shall evaluate and pursue other means of groundwater 
remediation.  The Permittee shall submit to the Department an application for a 
Class II permit modification to modify the CAP within 180 days of the 
determination that MNA is no longer effective and that a modification to the CA 
process is required. The alternative groundwater remediation method would be 
enhanced in situ anaerobic bioremediation or a similar in-situ technology which 
can effectively meet the remediation objectives.

VI.B.9 Termination of CA/Remedy Program

The CA/Remedy (40 CFR 264.100) for HWMU-5 must continue until TCE and 
its daughter products’ concentrations in groundwater have decreased below the 
GPSs specified in Attachment VI.B (40 CFR 264.100(f)) in the downgradient 
POC Wells and through the plume(s).  The termination of CA must be approved 
by the Director.  The following steps are to be taken by the Permittee in 
establishing that the GPSs are no longer exceeded and before the Permittee can 
return to the Groundwater Compliance Monitoring Program (Permit Module V) 
under 40 CFR 264.99:

a. Interpretation and Evaluation of Data Supporting Completion of 40 CFR 
264.100 

Termination of the use of MNA as a remedy (change from 40 CFR 264.100 to 40 
CFR 264.99) shall be based on the interpretation and evaluation of the data 
(concentrations, parameters and indicators).  In addition, 40 CFR 264.100(e) 
specifically requires compliance with the GPSs throughout the groundwater 
plume.  The data from all POC Monitoring Wells associated with the release of 
COC from HWMU-5 must be at or below the GPSs to demonstrate that the 40 
CFR 264.100 objectives have been met.  The procedure for completing the data 
evaluation is as follows:

i. This groundwater CA and monitoring program was triggered by the 
exceedence of the GPS for TCE.  The GPS for a contaminant was 
developed from the background value, MCL, ACL, or RSL.  The GPSs for
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TCE and its daughter products are listed in the Attachment VI.B.  The 
exceedence of the GPS for TCE was indicated by the simple comparison 
of the concentrations for TCE in downgradient wells to the GPS. If GPSs 
have not been exceeded as determined by simple comparisons of the 
concentrations for TCE and its daughter products in downgradient wells to 
the GPSs, the Permittee can petition the Director to terminate this 
groundwater CA and monitoring program. The concentrations for TCE 
and its daughter products in downgradient wells will be obtained through 
Permit Section VI.C (groundwater monitoring).

ii. Pursuant Permit Condition I.J.2. the compliance period during which the 
GPSs applies for HWMU-5 will continue until October 28, 2030, or until 
the Director approves clean closure of the unit. If the compliance period 
has not ended at the time of the Director’s approval to terminate the CA 
program, groundwater monitoring shall then be conducted in accordance 
with Permit Module V – Compliance Monitoring Program. The Permittee 
shall continue CA measures during the compliance period to the extent 
necessary to ensure that the GPS is not exceeded, pursuant to 40 CFR 
264.100(f). 

iii. Any future detections at concentrations greater than the CA specific GPSs 
that may result from rebound effects will result in a return to the 
requirements of Permit Module VI (and 40 CFR 264.100).  Thus, to avoid 
a premature outcome, and the resulting requirement for an immediate 
return to 40 CFR 264.100 groundwater monitoring and corrective 
measures, the Permittee must demonstrate the long-term effectiveness of 
the remedy prior to initiating the steps in Permit Condition VI.B.9.  

VI.B.10 Extension of Compliance Period and CA/Remedy Program

Module VI-8

If CA is required beyond the compliance period, as calculated in Permit Condition 
I.J.2, it shall continue until the GPS for any constituent in any well has not been 
exceeded for three consecutive years, pursuant to 40 CFR 264.100(f).

VI.C. GROUNDWATER CA MONITORING PROGRAM

A groundwater monitoring program must be implemented to demonstrate the 
effectiveness of the CA program (§264.100(d)).  This program is based upon a 
Modification of the preexisting Groundwater Compliance Monitoring Program 
(Permit Module V), modified as necessary to meet the performance standards for 
a CA Program (40 CFR 264.100).  

VI.C.1. Groundwater Monitoring System 

a. The groundwater beneath the closed HWMU-5 shall be monitored with one
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(1) upgradient groundwater monitoring well and five (5) downgradient POC 
Wells located as specified on Figure II.A-6 of Permit Attachment II.A.  
Monitoring well 5W8B is the upgradient well and monitoring wells 5W7B, 
5W5B, 5WC21, 5WC22, 5WC23 are the POC Wells for the unit.   

b. In addition to the wells specified in Permit Condition VI.C.1.a, one Plume 
Monitoring Well, 5W12A will be monitored to ensure that contaminants, TCE 
and its daughter products are not moving downgradient away from HWMU-5 
and the downgradient POC wells.  

VI.C.2. Sampling and Analysis Schedule

Module VI-9

All the wells from Permit Condition VI.C.1 will be sampled in accordance with 
the methods and procedures specified in the Compliance Monitoring Sampling 
and Analysis Plan (Permit Attachment V.B, Sampling and Analysis Plan, “SAP”) 
and the following schedule:

a. All the wells specified in Permit Condition VI.C.1. will be sampled at least 
semi-annually for the analysis of the current CA-targeted constituents listed in 
Attachment VI.B. In addition, groundwater samples collected during the first 
year of monitoring will also be analyzed for MNA indicators (ethane, ethene, 
methane, sulfate/sulfide, nitrate/nitrite, and total organic carbon) for the 
purpose of establishing a baseline concentration of these analytes.  Analyses 
shall be obtained using the EPA SW-846 Methods specified in Permit 
Attachment VI.B. Alternate/updated SW-846 methods for the contaminants 
listed in Permit Attachment VI.B may be approved by the Department, 
provided the request is in writing and submitted 30 days prior to the sampling 
event and the proposed alternate/updated methods for the contaminants listed 
in Permit Attachment VI.B must achieve the same Practical Quantification 
Limit (PQL) (or lower) as the specified method.  Also, with pre-approval, 
alternate/updated methods for the indicators listed in Attachment VI.B may be 
used, provided the analyte is quantified using the alternate/updated method.  
Proposed alternate/updated methods for the indicators listed in  Attachment 
VI.B may obtain a higher PQL than the method specified.

b. The POC Wells specified in Permit Condition VI.C.1.a shall be sampled on at 
least an annual basis for the analyses of all CA Annual Monitoring 
Constituents (Attachment VI.C) using the EPA SW-846 Methods specified in 
Permit Attachment VI.C. The CA Annual Monitoring Constituents 
(Attachment VI.C) are based on the Compliance Monitoring List (Attachment 
V.D and V.F), plus those constituents historically detected.

c. Static groundwater elevations and total depths as well as the hydrogeologic 
and physical parameters pH, temperature, specific conductivity, DO, and ORP 
will be measured at all wells specified in Permit Condition VI.C.1 during each 
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sampling event.   

VI.D. WELL LOCATION, INSTALLATION AND CONSTRUCTION

Module VI-10

VI.D.1. The Permittee shall maintain the monitoring wells located at the facility as 
specified below:

a. All monitoring wells listed in Permit Condition VI.C.1 shall be maintained in 
accordance with Attachment II.F. 

b. The wells shall be inspected at least semi-annually to ensure proper operation.  
Any required repairs shall be made by the Permittee as soon as reasonably 
possible. 

VI.D.2. All groundwater monitoring wells required by this Permit in the CA Program 
shall be maintained in conformity with the following: 

a. The groundwater monitoring system must yield samples in upgradient well(s) 
that represent the quality of the background groundwater unaffected by 
leakage from any regulated unit, and in downgradient wells must yield 
samples that represent the quality of groundwater passing the POC. 

b. The number and location of monitoring wells must be sufficient to identify 
and define all potential release pathways from the unit to the uppermost 
aquifer, based on site specific hydrogeologic characterization.

VI.D.3. The Department must approve the addition or removal of all Permanent 
monitoring wells that are part of the sampling network, prior to inclusion into the 
network or abandonment.  

a. All wells removed from the monitoring program shall be plugged and 
abandoned in accordance with Permit Attachment V.H.  Well 
decommissioning methods and abandonment certification shall be submitted 
to the Department within thirty (30) days from the date the wells are removed 
from the monitoring program. 

b. All monitoring wells added to the existing groundwater monitoring system 
described in Permit Section VI.C. must be constructed in accordance with the 
requirements of EPA's RCRA Groundwater Monitoring Technical 
Enforcement Guidance Document (TEGD) and subsequent guidance, and 
must be approved by the Department.  

VI.E. GROUNDWATER PROTECTION STANDARD

VI.E.1. The Permittee shall monitor the groundwater to ensure that the regulated unit is in 



Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

compliance with the GPSs under 40 CFR 264.92, or that the groundwater is being 
remediated to attain the GPS.

The GPSs are established based upon background values statistically calculated 
from background groundwater monitoring at the HWMU-5 (Permit Attachment 
V.E), MCL, ACL established by the Department, or RSL.  The GPSs of the 
constituents annually to be analyzed are provided in Attachment VI.C. 

The GPSs for TCE and its daughter products, together with their detection limits, 
background values, and applicable MCL/ACL/RSLs, are listed in Permit 
Attachment VI.B.

VI.E.2. Background concentrations established at the time of permit issuance are listed in 
Permit Attachment V.E.  For any newly detected hazardous constituents, 
background values shall be established in accordance with 40 CFR 264.97(g) and 
as specified in Permit Attachment V.I. Background groundwater quality for a 
constituent or monitoring parameter shall be based on at least four (4) data points 
collected at the HWMU-5 Groundwater CA background monitoring well(s) 
during a period not exceeding one (1) year. An alternate sampling procedure may 
be used if approved by the Department. 

VI.E.3. The Permittee shall use the most up-to-date USEPA MCL or DEQ ACL / EPA 
RSL (if no USEPA MCL has been promulgated) as the GPS for any GPS based 
on those regulatory values. If USEPA/ DEQ implements any changes to MCLs, 
RSLs, or ACLs, the GPS defined by that MCL/RSL/ACL will be updated to 
reflect the most current value established by USEPA/DEQ, and the most current 
updated value will be used for data evaluation. The currently published values at 
the time of the sampling event will be used as the GPS to evaluate all data for that 
sampling event, as well as for any verification sampling associated with that 
sampling event. Additionally, the Permittee shall submit a Class 1 Modification 
request biennially (every two years) to update all MCL, ACL, and RSL values 
listed in the Permit to the most current published values at the time of the 
modification request submission. If no changes have been made to the MCL, 
ACL, or RSL values for the constituents listed in the Permit for the preceding two 
years, then the Permittee can provide a letter to DEQ stating that no permit 
modification is necessary in lieu of a Class 1 modification request for that two 
year time period. 

Any GPS based on a background value or site-specific ACL may be updated if 
new data become available. When available, the Permittee shall provide the 
Department with any new site-specific data for review. If the changes are 
significant enough to warrant a Permit modification, the Permittee shall submit a 
Class 1 Permit modification request to amend the associated GPS value(s).

VI.E.4. Pursuant Permit Condition I.J.2 the compliance period during which the GPSs 

Module VI-11
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apply for HWMU-5 will continue until October 28, 2030, or until the Director 
approves clean closure of the unit.  If the Permittee is conducting CA at the end of 
the compliance period specified, then the compliance period shall be extended 
automatically until the Permittee demonstrates that the COC concentrations are 
less than the GPS in all downgradient wells for three (3) consecutive years as 
defined under 40 CFR 64.100 (f)

VI.F. SAMPLING AND ANALYSIS PROCEDURES

Module VI-12

Pursuant to 40 CFR 264.97(e), the groundwater monitoring program must include 
sampling and analytical methods that are appropriate for groundwater sampling 
and that accurately measure hazardous constituents in groundwater samples.  The 
groundwater monitoring program must include consistent sampling and analysis 
procedures that are designed to ensure monitoring results that provide a reliable 
indication of groundwater quality below the waste management area.  To make 
changes to the groundwater sampling and analysis procedures specified in this 
section, the Permittee will submit for Director approval an application for a Class 
1 permit modification in accordance with 40 CFR 270.42, Appendix I.  The 
Permittee shall use the following techniques and procedures when obtaining and 
analyzing samples from the groundwater monitoring wells described in Permit 
Condition VI.C.1. 

VI.F.1 Samples shall be collected using the techniques and procedures described in 
Permit Attachment V.B (SAP) and at the frequency specified in Permit Condition 
VI.C.2. 

VI.F.2 Samples shall be preserved, packed, and shipped or hand-delivered off-site for 
analysis in accordance with the procedures specified in Permit Attachment V.B. 
Additionally, the laboratory must be accredited for the analytical method, matrix, 
and target analyte (where applicable) by the Virginia Environmental Laboratory 
Accreditation Program (VELAP).

VI.F.3 Samples shall be tracked and controlled using the chain-of-custody procedures 
specified in Permit Attachment V.B. 

VI.G. ELEVATION OF THE GROUNDWATER SURFACE

The Permittee shall determine the groundwater potentiometric surface elevation 
(and depth to bottom of wells not equipped with dedicated pumps) at each 
monitoring well specified in Permit Sections VI.C to 0.01 foot each time 
groundwater is sampled in accordance with procedures contained in Permit 
Attachment V.B.   

a. Static groundwater elevations (and total depths for wells that do not contain 
dedicated pumps) will be measured at all wells specified in Permit Section 
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VI.C. during each sampling event.  

b. If, during the course of purging and sampling the data from field parameters 
and visual observation indicate that silt has accumulated in any well, the pump 
(if dedicated) shall be pulled and the total well depth and sediment thickness 
shall be calculated.  Corrective measures shall be taken prior to the next 
sampling event, if necessary.  

VI.H. MONITORING PROGRAM AND DATA EVALUATION

Module VI-13

The Permittee shall determine groundwater quality as follows: 

VI.H.1. The Permittee will determine the groundwater flow rate and direction in the 
uppermost aquifer at least semiannually in accordance with Permit Condition 
VI.C.2.  Constituent migration rate will be calculated, if necessary to demonstrate 
the effectiveness of the CA and the CA monitoring program.  Potentiometric 
maps showing groundwater elevation contours and flow direction during each 
sampling event shall be prepared at least annually.

VI.H.2. The Permittee shall present the analytical data obtained from the contract 
analytical laboratory as follows:

a. The Permittee shall determine semiannually the concentrations/values of 
hazardous constituents listed in Attachment VI.B and annually the 
concentrations/values of hazardous constituents listed in Permit Attachment 
VI.C in accordance with Permit Sections VI.C and VI.F.  The Permittee shall 
independently complete the validation of the data within two (2) weeks of the 
data being available from the laboratory performing the analyses.

Estimated values between the MDL and QL will be validated and qualified 
with the “J” flag to indicate the result that a constituent is present and detected 
at or above the MDL, but below the QL. The “U” flag will be used to indicate 
that the constituent is not detected at or above the MDL.  

b. The Permittee will present the groundwater quality at each monitoring well in 
a form appropriate for the determination of statistically significant increases, 
in accordance with 40 CFR 264.97(h).

c. The Permittee's report will include at least the following information: the 
constituents analyzed and concentrations with qualifiers, the background 
values, the GPSs, the SW 846 test methods, method detection limits (MDL), 
quantitation limits (QL), the internal laboratory quality assurance/quality 
control (QA/QC), matrix spike duplicates, percent recovery, duplicate 
analyses, dilution factors, any lab specific detection limit and/or quantitation 
limit, the results of any screening analyses, and any other information needed 
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to evaluate accuracy, precision, representativeness, comparability, and 
completeness of the groundwater quality data.

VI.H.3. At least semiannually, the Permittee shall determine if constituents contained in 
Attachment VI.B are present at concentrations greater than the GPS (Permit 
Attachment VI.B) in any POC well in accordance with 40 CFR 264.99(h) and 
Permit Section VI.I to evaluate the effectiveness of natural attenuation in this 
groundwater CA program.  The Permittee shall use suitable methods to evaluate 
effectiveness and progress of the groundwater CA and monitoring program, for 
example, long-term time concentration plots of constituents of concern exceeding 
GPS for each well and graphic representation of groundwater impact plumes for 
constituents exceeding GPS, when appropriate.

VI.H.4. At least semiannually, the Permittee shall review the data and monitoring results 
to evaluate the concentration trends, the fate and transport for the 
constituents/indicators listed in Attachment VI.B and to evaluate the process and 
progress of natural attenuation. 

VI.I. COMPARISON TO GROUNDWATER PROTECTION STANDARDS

Module VI-14

At least annually, the Permittee shall analyze samples from the POC Wells 
specified in Permit Condition VI.C.1. for all constituents contained in Permit 
Attachment VI.C (Annual Monitoring List for CAP) to determine whether 
additional hazardous constituents, which are not the targets for the current CA 
(e.g. TCE and its daughter products), are present in the uppermost aquifer at 
levels exceeding the established GPSs specified in Permit Attachment VI.C.  The 
following procedures shall be used:

VI.I.1. Methods of Comparison 

a. If a single independent sample was collected at the monitoring well, the 
Permittee shall conduct a simple empirical comparison of the measured value 
to the GPS in accordance with Permit Attachment V.I (Statistical Procedures). 

b. If multiple independent samples were collected from each monitoring well, a 
statistical comparison to the GPS, as approved by the Director, shall be 
conducted.  Guidelines for method selection are contained in Permit 
Attachment V.I.

VI.I.2. The Permittee shall submit written notification to the Department within 7 days of 
the Permittee’s identification of the exceedence, for constituents that have not 
previously exceeded the GPS (40 CFR 264.99(h)).  The notification shall include 
the concentration of each constituent exceeding the GPS and shall identify the 
monitoring well(s) where the GPS was exceeded. 
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The Permittee may resample within 60 days from receipt of the laboratory data 
and repeat the analysis for the constituent exceeding the GPS.  If the second 
analysis confirms the presence of constituents at levels exceeding an established 
GPS or if the Permittee does not resample, the Permittee shall then report the 
constituents to the Director in writing within seven (7) days of the data being 
available from the laboratory and the Permittee must propose CA for that 
contaminant as required by Permit Section VI.L.

VI.I.3. In accordance with 40 CFR 264.99(i), the Permittee may make a demonstration 
that the GPS was exceeded due to sources other than the regulated unit, was due 
to an error in sampling, analysis or statistical evaluation, or was due to natural 
variability in the groundwater.  The demonstration shall be conducted as follows:

a. Within 7 days of the identification of the exceedence (see Permit Condition 
VI.I.2. above) the Permittee shall notify the Department that the Permittee will 
attempt an alternate source demonstration, and in 90 days from the 
identification of the exceedence, the Permittee shall submit a report 
demonstrating this alternate contamination source to the Department for its 
approval.

b. Any resampling, if a part of the demonstration, must be conducted within 
sixty (60) days of receipt of original laboratory data. 

c. Throughout the alternate source demonstration the Permittee must continue to 
monitor in accordance with the CA Monitoring Program established under 40 
CFR 264.100 and to fulfill all its Permit obligations 

d. Concurrent with the submission of an alternate source demonstration, the 
Permittee is obligated to provide the Department with a plan for the facility’s 
proposed CA (see procedure at 40 CFR 264(h) and Permit Section VI.L.) 
chosen from all the technologically feasible CA alternatives investigated by 
the facility and documented in the plan. 

VI.I.4. The Permittee shall specify all GPS exceedences in the Annual Monitoring Report 
defined under Permit Condition VI.J.4, whether it is the first exceedence of that 
constituent or a repeated exceedence.

VI.J. REPORTING AND RECORD KEEPING

Module VI-15

The Permittee shall enter all monitoring, testing, and analytical data obtained 
pursuant to Permit Section VI.J. in the operating record.  The data packages must 
include all computations, calculated means, variances, t-statistic values, and t-test 
results or the calculations and results of statistical tests that the Department has 
determined to be equivalent as appropriate.  Information concerning the 
maintenance of the monitoring network wells shall also be entered into the
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Operating Record.  Reports containing the information shall be submitted in 
accordance with Permit Condition I.E.3.

VI.J.1. Groundwater Elevation/Potentiometric Contour Maps 

Module VI-16

As a component of the annual report containing all information gathered under the 
CA Monitoring Program, the Permittee will submit groundwater elevations and 
potentiometric contour maps depicting groundwater flow paths and supporting 
groundwater elevation data for each sampling event to determine that the existing 
monitoring network continues to be adequate.

VI.J.2. Maintenance and Operation of the Remedial System

a. If the evaluation determines that the existing monitoring well network no 
longer satisfies the requirements of 40 CFR 264.97(a), the Permittee will 
submit an application for a permit modification to make appropriate changes 
to bring the monitoring system into compliance.  Actions taken for 
maintenance and repair of the monitoring system shall be recorded in the 
Facility Operating Record and included in the Annual Monitoring Report. 

b. The Department shall be notified in writing when the monitoring portion of 
the natural attenuation remedy is taken off-line or is being repaired, equipment 
replaced, or upgraded and the anticipated or actual duration is greater than 30 
days.  Periods less than 30 days shall be noted in the Operating Record and 
included in the Annual Monitoring Report.  Note that such notification is 
required only for action or inaction other than the regular routine operation of 
the remedy set forth in this Permit Module or in the CAP.  

VI.J.3. Annual Appendix IX of 40 CFR 264 Data

The Permittee shall report the data from the specified wells (Permit Conditions 
VI.C.1.a and VI.C.1.b) for all constituents contained in (Reduced) Annual 
Appendix IX of 40 CFR 264 as specified in Attachment VI.C in the appropriate 
Annual Monitoring Report. 

VI.J.4. Contents of an Annual Report

The annual report, submitted on March 1, of each year shall for monitoring 
performed in the previous calendar year meet all the requirements of an Annual 
Groundwater Monitoring Report and shall include an evaluation of the CA 
program as required by Permit Section VI.B.6.  The following items shall be 
included, at a minimum:

a. The operator/owner certification signed and dated by an authorized 
representative of the Facility;
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b. Copies of current potentiometric surface maps and static groundwater level 
elevations for each event during the period.

c. Evaluation of groundwater flow directions and gradients and the calculated or 
measured rate of migration of hazardous constituents in the groundwater for 
the period.

d. Data package with the certification from the contract analytical laboratory.

e. Analytical Result/Data Summary containing the following columns: well 
name, sampling/analytical dates, constituents analyzed, analytical methods, 
MDL, PQL, resulting data (concentrations) with qualifiers, and GPSs.

f. Long-term time concentration plots of constituents of concern exceeding GPS 
for each well.  When appropriate, graphic representation of groundwater 
impact plumes for constituents exceeding GPS;

g. An evaluation of the effectiveness of the remedial measures per 40 CFR 
264.100(g) and meeting the requirements of Permit Condition VI.B.6.  The 
evaluation shall contain adequate information to demonstrate that the remedial 
measures are addressing the groundwater contamination at and downgradient 
of HWMU-5 and progress is being made toward the remediation objectives.  
The evaluation shall also contain updated compliance timeframe predictions 
using the principles and methods as outlined in the CAP. An example 
calculation is provided in Permit Attachment VI.A. 

h. Copies of all notifications and reports required by this Permit, and 9 VAC 20-
60 et seq., for the period, and 

i. Copies of all statistical evaluations of the groundwater data for the period. 

VI.K. ASSURANCE OF COMPLIANCE

Module VI-17

The Permittee shall demonstrate through the implementation of the groundwater 
monitoring and CA measures in this Permit, that compliance with the GPS of 40 
CFR 264.92 will be achieved.

VI.L. SPECIAL REQUIREMENT IF ADDITIONAL CA AT THE REGULATED 
UNIT IS REQUIRED

In accordance with the requirements of this permit and the Virginia Hazardous 
Waste Management Regulations (VHWMR), if the Department or the Permittee 
has determined that additional CA at or downgradient of the POC of the Waste 
Management Area is required in pursuant to Permit Condition VI.I.2., Permit
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Section VI.L applies.  The Permittee is responsible for compliance with Permit 
Section VI.L. immediately upon notification by the Department that additional 
CA is required at or downgradient of the POC (40 CFR 264.99(h)(1)).

VI.L.1. The Permittee must notify the Department in writing within seven (7) days from 
the date that the analytical data is available from the laboratory that the GPS has 
been exceeded for any constituent listed in Permit Attachment VI.C at any well in 
which the GPS has not been exceeded previously and the Department has not 
been previously notified, in accordance with Permit Section VI.J.

VI.L.2. Within 180 days from the date when the new GPS exceedence was first identified 
by the Permittee, the Permittee must submit a Plan to the Department for the 
proposed CA to address the exceedence (40 CFR 264.99(h)(2)).  The Permittee is 
to choose this proposed CA(s) from all the technologically feasible CA 
alternatives evaluated, and documented in the Plan.  The Plan shall address and 
conform to requirements set forth at 40 CFR 264.99(h)(2) and shall constitute the 
Permittee’s application for a permit modification to initiate the additional CA.

VI.L.3. To demonstrate an alternative contamination source for the GPS exceedence, 
other than the regulated unit, the Permittee should follow the procedures set forth 
at 40 CFR 264.99(i) and in Permit Condition VI.I.3., above. 

VI.M. REQUESTS FOR PERMIT MODIFICATION

Module VI-18

VI.M.1. If the Permittee or the Department determines in writing that the Groundwater 
Corrective Action ongoing at the facility is not adequate, the Permittee shall 
submit to the Department an application for a permit modification proposing a CA 
Program meeting the requirements of 40 CFR 264.100 within 180 days of receipt 
of the Department’s determination that CA is required to be modified. 
Specifically, permit modification during implementation of corrective measures at 
the POC for the regulated HWMU-5 shall be required if the Permittee or the 
Department has made any of the following determination:

a. Significant changes must be made to the remedial measures contained in this 
Permit to protect human health and the environment (Permit Condition 
VI.B.5);

b. The corrective measure contained in this permit, e.g., MNA, is no longer 
effective in remediating groundwater at the POC and the GPSs are still being 
exceeded.  A modification incorporating a different alternate remedial 
measure is required (Permit Condition VI.B.8) to meet the requirements of 40 
CFR 264.100; or

c. A GPS has been exceeded for a constituent for which the current corrective 
measure contained in the Permit will not achieve the remediation goals (see
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Permit Condition VI.I.2 above). 

VI.M.2. If the Permittee or the Department determines the CA Monitoring Program no 
longer satisfies the requirements of 40 CFR 264.99 and 264.100, then within 90 
days, the Permittee must submit an application for a permit modification to make 
any major changes.

VI.N. CA SCHEDULE

Module VI-19

Upon addition of Permit Module VI and associated attachments to this permit, the 
following actions were taken:

VI.N.1. Within 120 days from the effective date of the permit modification (November 5, 
2009), monitoring well 5W12A specified under Permit Conditions VI.B.1 and 
VI.C.1.b was installed, on February 22, 2010.  In accordance with Permit 
Conditions VI.D.3 and VI.J.2., details of the well’s installation were provided in 
the subsequent Annual Monitoring Report.  

VI.N.2. Upon completion of the installation of well 5W12A, the first CA Monitoring 
event, defined under Permit Section VI.C., was conducted in place of the 
compliance monitoring event scheduled for second quarter 2010.  Thereafter, the 
CA Monitoring Program will replace the Compliance Monitoring Program until 
such time as Permit Condition VI.B.9 and/or Permit Condition VI.B.10, has been 
met.  Additionally, meeting the requirements of Permit Condition I.I.1 (Post-
Closure Period Reduction) will allow the cessation of the MNA remedy.  
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ATTACHMENT VI.A - CORRECTIVE ACTION PLAN- TCE HISTORICAL DATA 
FOR HWMU-5

VI.A-A. HISTORICAL TCE CONCENTRATIONS IN GROUNDWATER FOR

Attachment VI.A-1

HWMU-5
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Attachment VI.A-2
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Attachment VI.A-3
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Attachment VI.A-4
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Attachment VI.A-5
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Attachment VI.A-6
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Attachment VI.A-7
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VI.A-B. EXAMPLE COMPLIANCE TIMEFRAME PREDICTION

Attachment VI.A-8

CALCULATIONS
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Attachment VI.A-9
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Attachment VI.A-10
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Attachment VI.A-11
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Attachment VI.A-12
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ATTACHMENT VI.B - GROUNDWATER CORRECTIVE ACTION TARGETED CONTAMINANTS- GPS AND 
SEMIANNUAL MONITORING LIST FOR HWMU- 5

Targeted CA Contaminants (Concentration Unit: g/l)

Attachment VI.B-1

CONSTITUENTS Cas RN#
SW-846 
Method

MDL PQL
Back- 

ground
EPA 
MCL

DEQ 
ACL

EPA 
Tap 

Water 
RSL

GPS

Trichloroethene (TCE) 79-01-6 8260 0.4 1 0.8 5 0.49 0.49 5

1,1-Dichloroethene (1,1-DCE; H2C=CCl2) 75-35-4 8260 0.3 1 7 8.2 8.2 7

cis-1,2-Dichloroethene (cDCE) 156-59-2 8260 0.1 1 70 25 25 70

trans-1,2-Dichloroethene (tDCE) 156-60-5 8260 0.8 1 100 68 68 100

Vinyl chloride (Chloroethene, VC; H2C=CHCl) 75-01-4 8260 0.4 1 2 0.019 0.019 2

Cobalt, total 7440-48-4 6010/6020 1.0 5 7 6 6 7

MNA Indicators (First year of 
monitoring only)

Indicator Analytic Method

Methane, Ethane & Ethene RSK 175M Anaerobic dechlorination

Nitrate/nitrite 9056 Nitrate: Electron acceptor by denitrifying bacteria

Sulfate 9056 Sulfate/Sulfide: Electron acceptor/Sulfate reduction

Sulfide 9034

Total Organic Carbon (TOC) 9060B

Field Parameters

pH

Temperature

Dissolved Oxygen (DO) DO: aerobic environments; electron acceptor

Oxidation-Reduction Potential (ORP) Redox Potential: +500mV aerobic to -500mV anaerobic environments

Specific Conductivity
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NOTE: 
CAS RN: Chemical Abstracts Service registry number. 
SW-846: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA publication SW‐846, Third Edition, Final Updates I (1993), II 

(1995), IIA (1994), IIB (1995), III (1997), IIIA (1999), IIIB (2005), IV (2008), and V (2015) (as updated). 
MDL: Method Detection Limit; 
PQL: Practical Quantitation Limit; 
Background Values: calculated upgradient background concentrations (Permit Attachment V.E). 
MCL: Maximum Contaminant Level (MCL) of USEPA National Primary Drinking Water Regulations (as of December 12, 2024) - The highest level of a 

contaminant that is allowed in drinking water. EPA,. Subject to change when it is updated. 
DEQ ACL: Virginia DEQ’s Alternate Concentration Limit (Default 10-6), effective January 2, 2025 ; subject to change when it is updated. 
RSL: USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites (HQ=1; Default 10-6); as of November 2024 

(https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables).Subject to change when it is updated. 
GPS: Groundwater Protection Standard

Note (1): For all GPS values based on the EPA MCL, DEQ ACL, or EPA RSL, the currently published values at the time of the sampling event will be used to 
evaluate all data for that sampling event, as well as for any verification sampling associated with that sampling event.

Note (2): Laboratory must be accredited for the analytical method, matrix, and target analyte (where applicable) by the Virginia Environmental Laboratory 
Accreditation Program (VELAP).

Note (3): For any monitoring event, if a GPS for a constituent in the table above is based on a background concentration derived from a 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 MCL/ACL/RSL for the subject constituent. If the verification event confirms a quantifiable detection (i.e. 
value greater than the PQL) above the applicable MCL/ACL/RSL, 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.

Attachment VI.B-2
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ATTACHMENT VI.C - GROUNDWATER CORRECTIVE ACTION ANNUAL MONITORING LIST 

Attachment VI.C-1

Concentration Unit: g/l

CONSTITUENTS Cas RN#
SW-846 
Method

MDL PQL
Back- 

ground
EPA 
MCL DEQ 

ACL

EPA Tap 
Water 
RSL

GPS
GPS 
Basis

Antimony, total 7440-36-0 6010/6020 0.6 2 3 6 7.8 7.8 6 MCL

Arsenic, total 7440-38-2 6010/6020 2 10 1 10 0.052 0.052 10 MCL

Barium, total 7440-39-3 6010/6020 1.3 10 172.87 2000 3800 3800 2000 MCL

Beryllium, total 7440-41-7 6010/6020 0.3 1 0.7 4 25 25 4 MCL

Cadmium, total 7440-43-9 6010/6020 0.2 1 1.45 5 1.8 1.8 5 MCL

Chromium, total 7440-47-3 6010/6020 1 5 5 100 -- -- 100 MCL

Cobalt, total 7440-48-4 6010/6020 1 5 7 6 6 7 BKG

Copper, total 7440-50-8 6010/6020 1.7 5 18 1300* 800 800 1300* MCL

Lead, total 7439-92-1 6010/6020 1 3 10 10* 10* 10* 10* MCL

Mercury, total 7439-97-6 7470 0.2 2 0.9 2 0.63 0.63 2 MCL

Nickel, total 7440-02-0 6010/6020 2 10 106 390 390 390 ACL

Selenium, total 7782-49-2 6010/6020 3 10 1 50 100 100 50 MCL

Silver, total 7440-22-4 6010/6020 0.3 2 2.3 94 94 94 ACL

Thallium, total 7440-28-0 6010/6020 0.2 1 2 2 0.2 0.2 2 MCL

Vanadium, total 7440-62-2 6010/6020 2.5 10 17 86 86 86 ACL

Zinc, total 7440-66-6 6010/6020 7.3 30 75 6000 6000 6000 ACL

Acetone 67-64-1 8260 2 10 89 18,000 18,000 18,000 ACL

Bis (2-ethylhexyl) 
phthalate (DEHP) 117-81-7 8270 2 10 10 6 5.6 5.6 10

BKG

2-Butanone (Methyl ethyl 
ketone; MEK) 78-93-3 8260 1.7 10 21.3 5600 5600 5600

ACL

Chloroform 67-66-3 8260 0.4 1 0.5 80# 0.22 0.22 80# MCL

Dichlorodifluoromethane 75-71-8 8260 0.4 1 1 200 200 200 ACL

1,2-Dichloroethane 107-06-2 8260 0.3 1 0.1 5 0.17 0.17 5 MCL

Diethyl ether 60-29-7 8260 1.1 12.5 12 -- 3900 3900 RSL

Diethyl phthalate 84-66-2 8270 2.0 10 5 15,000 15,000 15,000 ACL
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2,4-Dinitrotoluene 121-14-2 8270 2.1 10 0.18 0.24 0.24 10
PQL

2,6-Dinitrotoluene 606-20-2 8270 2.1 10 0.08 0.049 0.049 10 PQL

Methylene chloride 
(Dichloromethane) 75-09-2 8260 0.5 5 0.7 5 11 11 5

MCL

o-Nitroaniline; 2- 88-74-4 8270 1.0 10 20 190 190 190 ACL

p-Nitroaniline; 4- 100-01-6 8270 1.5 10 20 3.8 3.8 10 PQL

Nitrobenzene 98-95-3 8270 1.0 10 10 0.14 0.14 10 PQL

      

Toluene 108-88-3 8260 0.3 1 0.1 1000 1100 1100 1000 MCL

Xylenes (total) 1330-20-7 8260 0.4 3 0.1 10,000 190 190 10,000 MCL

NOTE: 
CAS RN: Chemical Abstracts Service registry number. 
SW-846: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA publication SW‐846, Third Edition, Final Updates I (1993), II 

(1995), IIA (1994), IIB (1995), III (1997), IIIA (1999), IIIB (2005), IV (2008), and V (2015) (as updated). 
MDL: Method Detection Limit; 
PQL: Practical Quantitation Limit; 
Background Values (BKG): calculated upgradient background concentrations (Permit Attachment V.E). 
MCL: Maximum Contaminant Level (MCL) of USEPA National Primary Drinking Water Regulations (as of December 12, 2024) - The highest level of a 

contaminant that is allowed in drinking water. EPA,. * - action level. Subject to change when it is updated. 
DEQ ACL: Virginia DEQ’s Alternate Concentration Limit(Default 10-6), effective January 2, 2025; subject to change when it is updated. 
RSL: USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites (HQ=1; Default 10-6); as of November 2024 

(https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables). Subject to change when it is updated. 
GPS: Groundwater Protection Standard

Note (1): For all GPS values based on the EPA MCL, DEQ ACL, or EPA RSL, the currently published values at the time of the sampling event will be used to 
evaluate all data for that sampling event, as well as for any verification sampling associated with that sampling event.

Note (2): Laboratory must be accredited for the analytical method, matrix, and target analyte (where applicable) by the Virginia Environmental Laboratory 
Accreditation Program (VELAP).

Note (3): For any monitoring event, if a GPS for a constituent in the table above is based on a background concentration derived from a 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 MCL/ACL/RSL for the subject constituent. If the verification event confirms a quantifiable detection (i.e. 
value greater than the PQL) above the applicable MCL/ACL/RSL, a revised background concentration will be established using low-level analytical methods, if

https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables


Virginia Department of Environmental Quality EPA ID No. VA1210020730 
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035 
Radford Army Ammunition Plant 

appropriate, and the GPS will be updated based on the new background concentration if warranted.

Note (4): The GPS for p-Nitroaniline is based on the current Permit-specified PQL of 10 ug/l (February 2025) instead of the calculated background concentration 
of 20 ug/l. P-Nitroaniline was initially detected at HWMU-5 during annual monitoring for the constituents listed in Permit Attachment V.C during Fourth 
Quarter 2003 and subsequently added to the Compliance monitoring list for the Unit. During establishment of background for p-Nitroaniline at HWMU-5, the 
constituent was not detected in the upgradient well at concentrations greater than the then-current PQL of 20 ug/l; therefore, the background concentration for p-
Nitroaniline was calculated as equal to the then-current PQL of 20 ug/l.

#: the MCL for total trihalomethanes, including bromodichloromethane, bromoform, dibromochloromethane, and chloroform is 80 µg/l.

Attachment VI.C-3
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MODULE VII - SITE-WIDE CORRECTIVE ACTION

VII.A. CORRECTIVE ACTION FOR CONTINUING RELEASE; PROTECTION 

Module VII-1

OF HUMAN HEALTH AND THE ENVIRONMENT

The requirements of 40 CFR 264.101 were addressed by the Corrective Action 
Permit issued to the Permittees by EPA Region III which became effective on 
October 31, 2000.  Since the issuance of the 2000 Corrective Action Permit, the 
EPA transferred the responsibility for renewal of the Permit to the DEQ Office of 
Financial Responsibility and Waste Programs. DEQ issued RFAAP the Facility’s 
Hazardous Waste Management Permit for Corrective Action effective May 1, 
2016.  The Hazardous Waste Management Permit for Corrective Action issued by 
DEQ addresses implementation of the selected Remedy for Corrective Action 
Units (CAUs) at the RFAAP as well as ongoing obligations for future 
environmental compliance and cleanup. The terms and conditions of the 
Hazardous Waste Management Permit for Corrective Action  issued by DEQ are 
adequate to fulfill the Department's requirements for facility-wide corrective 
action as specified in 40 CFR 264.101 as made applicable by 9 VAC 20-60-264. 

A list of CAUs addressed by the Hazardous Waste Management Permit for 
Corrective Action  and a map depicting the locations of the CAUs are contained 
within the Part A Permit Application and Attachment II.A.

VII.B. REPORTS, NOTIFICATIONS, AND SUBMISSIONS TO THE 
DEPARTMENT

Copies of all notifications, cover letters for reports, and submissions made in 
compliance with the Hazardous Waste Management Permit for Corrective Action  
shall be provided to DEQ Office of Financial Responsibility and Waste Programs 
and shall be part of the facility’s operating record..
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