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Pursuant to Chapter 14, Section 10.1-1426 Code of Virginia (1950), as amended and
regulations promulgated thereunder by the Department of Environmental Quality, 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, 8 270.41, § 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
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



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

TABLE OF CONTENTS PAGE
MODULE | - STANDARD CONDITIONS........ooiiiiiiiiieiieie e -1
LA, EFFECT OF PERMIT ..o I-1
I.B.  PERMIT ACTIONS ... I-1
1.C.  SEVERABILITY Lo s -2
I.D. DUTY AND REQUIREMENTS ..ot -2
ILE. MONITORING AND RECORDS ........cooiiiii e 1-6
I.LF. COMPLIANCE NOT CONSTITUTING DEFENSE ........cccccooiiiiiiiiiiiieececs I-7
I.G. TRANSFER OF PERMITS ... I-7
I.LH. PERMIT DURATION AND POST-CLOSURE CARE PERIOD .........cccooviiiiiiicnns I-7
I.I. EXTENSION OR REDUCTION OF POST-CLOSURE PERIOD.........cccccceviiiiiiinnns -8
1.J.  COMPLIANCE PERIOD... ...ttt -8
I.K. REPORTS NOTIFICATIONS AND SUBMISSIONS TO THE DEPARTMENT. ........ 1-9
I.L. DOCUMENTS TO BE MAINTAINED AT THE FACILITY ..o [-10
.M. TRADE SECRET PROTECTION ......ccciiiiiiiiiiici I-11
I.LN. APPROVAL/DISAPPROVAL OF SUBMISSIONS........ccoeoiiiiiiiieneeseeeeee e I-11
1.LO. DISPUTE RESOLUTION .....ciiiiiiiii e I-12
MODULE Il - GENERAL FACILITY CONDITIONS ...t -1
I1LA. DESIGN AND OPERATION OF FACILITY ..o -1
11.B. FACILITY DESCRIPTION AND SITE IDENTIFICATION.......ccccovviiiiiiiieiecne, -1
11.C. GENERAL WASTE ANALYSIS ...t 11-4
IED. SECURITY e 11-6
I1.LE. GENERAL INSPECTION REQUIREMENTS ..o, I1-6
II.LF. PERSONNEL TRAINING. ......coiiiiiiiire e 11-6
11.G. RECORDKEEPING AND REPORTING........cccoviiiiiiiiiii -6
II.LH. COST ESTIMATE AND FINANCIAL ASSURANCE FOR FACILITY POST-
CLOSURE ... s 11-8
MODULE 111 - POST-CLOSURE CARE ...t 11-1
1A, UNIT IDENTIFICATION AND CLOSURE CONSTRUCTION........ccccovviiriiiiiinne -1
111.B. POST-CLOSURE PROCEDURES AND USE OF PROPERTY .....cccoviviiiiiiciine -2
HLC. INSPECTIONS ..o e -3
HHED. SECURITY o -3
IH1.E. NOTICES AND CERTIFICATION ....ccooiiiiiiiiiei e -3
HLF. FINANCIAL ASSURANCE..... ..o -4
111.G. POST-CLOSURE PERMIT MODIFICATIONS ......ccooiiiiiiiii e -4
MODULE IV - GROUNDWATER DETECTION MONITORING ........ccccooviiiieiiie, V-1
IV.A HIGHLIGHTS ..o V-1
MODULE V - GROUNDWATER COMPLIANCE MONITORING .......ccccoooiiiiiiiiinn, V-1
VLA, HIGHLIGHTS ..o V-1
V.B. HISTORICAL OVERVIEW ..ot V-1
V.C. SITE HYDROGEOLOGY ....cocoiiiiiiiiiiiiiiiiii s V-2
V.D. COMPLIANCE MONITORING SYSTEM AND SAMPLING SCHEDULE ............ V-7
V.E. WELL CONSTRUCTION AND MAINTENANCE.........ccoooiiiiii V-11
V.F. GROUNDWATER PROTECTION STANDARD ........cccceiiiiiiiieiinieiee e V-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

V.G. SAMPLING AND ANALYSIS PROCEDURES. ..........cccooiiiiiic V-14
V.H. ELEVATION OF THE GROUNDWATER SURFACE ........c.ocoiiiiii, V-15
V.I. STATISTICAL PROCEDURES...........cciiiiiiiii s V-15
V.J. MONITORING PROGRAM AND DATA EVALUATION.........ccoocviiiiiiiiie V-16
V.K. REPORTING AND RECORDKEEPING.........ccccoiiiiiiiiiiiic e V-22
V.L. ASSURANCE OF COMPLIANCE ......cccooiiiiiiiiii s V-22
V.M. SPECIAL REQUIREMENT IF THE GROUNDWATER PROTECTION STANDARD
ISEXCEEDED ..ot V-23
V.N. REQUESTS FOR PERMIT MODIFICATION ......ccciiiiiiiiiiiiciieceeeee s V-24
V.0. EVALUATION OF GROUNDWATER CONTAMINANT PLUME LOCATION..V-24
MODULE VI - GROUNDWATER CORRECTIVE ACTION AND MONITORING
PROGRAM FOR HWMU-5 ... Vi-1
VLA HIGHLIGHTS ..o VI-1
VI1.B. GROUNDWATER CA PROGRAM -- NATURAL ATTENUATION REMEDY ....VI-2
VI.C. GROUNDWATER CA MONITORING PROGRAM........ccccoiiiiiiiiiieiisieseee s VI-8
VI.D. WELL LOCATION, INSTALLATION AND CONSTRUCTION..........ccccovrrnnne VI-10
VI.E. GROUNDWATER PROTECTION STANDARD ........ccoiiiiiiiiiiiiic e VI-10
VI.F. SAMPLING AND ANALYSIS PROCEDURES. ...........cocooiiii VI-12
VI.G. ELEVATION OF THE GROUNDWATER SURFACE .......ccccooiiiiiiiicic VI-12
VI.H. MONITORING PROGRAM AND DATA EVALUATION.........ccooiiiiiiiiiii VI-13
VI.I. COMPARISON TO GROUNDWATER PROTECTION STANDARDS. ................ VI-14
VI1.J. REPORTING AND RECORD KEEPING........c..ccccciiiiiiiiiii VI-15
VI.K. ASSURANCE OF COMPLIANCE ......ccoiiiiiiieiiceee e VI-17
VI.L. SPECIAL REQUIREMENT IF ADDITIONAL CA AT THE REGULATED UNIT IS
REQUIRED ... oo VI-17
VI.M.REQUESTS FOR PERMIT MODIFICATION ......cccoiiiiiiiiiiiiii VI-18
VIEN. CA SCHEDULE ..o VI-19
MODULE VII - SITE-WIDE CORRECTIVE ACTION ..o Vil-1

VII.LA.CORRECTIVE ACTION FOR CONTINUING RELEASE; PROTECTION OF

HUMAN HEALTH AND THE ENVIRONMENT ..o Vil-1

VI1.B.REPORTS, NOTIFICATIONS, AND SUBMISSIONS TO THE DEPARTMENT. VII-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

LIST OF ATTACHMENTS

The following Attachments are incorporated, in their entirety, by reference into this Permit.
These incorporated attachments are enforceable conditions of this Permit. The Department
has, as deemed necessary, modified specific language from the permit application. Additional
modifications are prescribed in the Permit Conditions (Modules I through VI1), and thereby
supersede the language of the Attachments.

ATTACHMENT ILLA - FACILITY MAPS

ATTACHMENT 11.B - CONTINGENCY PLAN

ATTACHMENT I1.C - FACILITY CONTACT REPRESENTATIVES

ATTACHMENT 11.D - DESCRIPTION OF WASTES

ATTACHMENT II.E - SECURITY PROVISIONS AND MAINTENANCE

ATTACHMENT I1.F - INSPECTION AND MAINTENANCE PLAN

ATTACHMENT I1.G - PERSONNEL AND TRAINING

ATTACHMENT I11.A - CLOSURE NOTICES AND POST-CLOSURE PLANS

ATTACHMENT V.A - HYDROLOGICAL AND GEOLOGICAL INFORMATION

ATTACHMENT V.B - GROUNDWATER COMPLIANCE MONITORING PROGRAM

ATTACHMENT V.C - ANNUAL GROUNDWATER SAMPLING CONSTITUENT LIST
(APPENDIX IX, 40 CFR PART 264)

ATTACHMENT V.D - GROUNDWATER COMPLIANCE MONITORING
(SEMIANNUAL) CONSTITUENT LISTS

ATTACHMENT V.E - GROUNDWATER INITIAL BACKGROUND DATA

ATTACHMENT V.F - GROUNDWATER PROTECTION STANDARDS (GPS)

ATTACHMENT V.G - BORING LOGS AND WELL CONSTRUCTION DIAGRAMS

ATTACHMENT V.H - METHODOLOGY FOR GROUNDWATER WELL
ABANDONMENT

ATTACHMENT V.I - STATISTICAL PROCEDURES

ATTACHMENT VI.A - CORRECTIVE ACTION PLAN- TCE HISTORICAL DATA
FOR HWMU-5

ATTACHMENT VI1.B - GROUNDWATER CORRECTIVE ACTION TARGETED
CONTAMINANTS- GPS AND SEMIANNUAL MONITORING
LIST FOR HWMU- 5

ATTACHMENT VI.C - GROUNDWATER CORRECTIVE ACTION ANNUAL
MONITORING LIST
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DEFINITIONS

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 1.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 8 302.2 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 1X (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 I1.A and V.A.

0. 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.

g 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
I.LAand V.A.
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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 (HWMUSs) 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
37°11'12” to 49" North and longitude 80°33’15” 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.

LA. EFFECT OF PERMIT

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 8§ 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.

1.B. PERMIT ACTIONS

1.B.1 This Permit may be modified, revoked and reissued, or terminated for cause as
specified in 40 CFR 88 124.5, 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)).

Module I-1
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1.B.2

1.B.3

I.C.

I.C.1

1.C.2

1.D.1.

1.D.2.

Permit modifications at the request of the Permittee shall be done as specified by
40 CFR § 270.42.

This Permit may be renewed as specified in 9 VAC 20-60-270.B.6. and 40 CFR 8
270.10(h), and Permit Condition 1.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.

SEVERABILITY

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 8 124.16(a)(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)).

DUTY AND REQUIREMENTS

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 8 270.61. 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)).

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.

Module I-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
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 8 270.10(h), the Director shall not grant permission for an
application to be submitted later than the existing Permit’s expiration date.

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

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)).

1.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)).

1.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(g)).

1.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)).

1.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:

Module 1-3
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1.D.8.

1.D.9.

1.D.10.

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)).

Reporting Planned Changes

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(1)(2)).

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 8§ 270.30(1)(2)).

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.

Module I-4
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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 (1)(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(1)(6)(iit)).

1.D.11. Other Noncompliance

The Permittee shall report all other instances of noncompliance not otherwise
required to be reported pursuant to Permit Conditions 1.D.10, 1.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 1.D.10 (40 CFR §
270.30(1)(10)).

1.D.12. Other Information

Whenever the Permittee becomes aware that it failed to submit any relevant

Module 1-5
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LE.1.

l.LE.2.

I.LE.3.

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(1)(11).

MONITORING AND RECORDS

Monitoring Reports

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

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).

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)).

COMPLIANCE NOT CONSTITUTING DEFENSE

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.

TRANSFER OF PERMITS

This Permit is not transferable to any person except after notice to the Director.
(40 CFR § 270.30(1)(3)) The Director may require modification or revocation
and reissuance of the Permit pursuant to 40 CFR 88124.5, 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)).

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 1.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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I.H.1.

I.H.2.

I.1.1.

1.1.2.

1.J.1.

certification for each unit is different; therefore, the final date of post-closure
care is different for each unit.

HWMU-5

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.

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.

EXTENSION OR REDUCTION OF POST-CLOSURE PERIOD

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.

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)).

COMPLIANCE PERIOD

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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1.J.2.

1.J.3.

1.J.4.

.K.1.

original Permit issued.
HWMU-5

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.

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.

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)).

REPORTS NOTIFICATIONS AND SUBMISSIONS TO THE
DEPARTMENT

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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.K.2.

I.L.1.

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 111
1650 Arch Street

Philadelphia, PA 19103-2029

(3LC20)

Signatory Requirements

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

DOCUMENTS TO BE MAINTAINED AT THE FACILITY

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 8 264.15(b)(2) 8§
264.15(d), and this Permit;
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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 8§ 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 8 264.73(b)(6) and this
Permit;

j. All other documents required by Permit Conditions 1.D.8 through 1.D.12 and
lLE.

TRADE SECRET PROTECTION

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.

APPROVAL/DISAPPROVAL OF SUBMISSIONS

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.
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I.N.2.

I.N.3.

I.N.4.

I.N.5.

1.0.

1.0.1.

1.0.2.

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.

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 1.0.

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 1.0.
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.

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 1.0. of this Permit.

DISPUTE RESOLUTION

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.

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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1.0.3.

1.0.4.

shall submit the revised submission and implement the same in accordance with
such agreement.

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.

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).
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MODULE Il - GENERAL FACILITY CONDITIONS
The Permit Sections in this module apply to both units, HWMU-5 and HWMU-16.

1A DESIGN AND OPERATION OF FACILITY

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 I1.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.

11.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 11.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 11.A-2 and 11.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 11.A-4).
This permit includes two (2) Hazardous Wastes Management Units: HWMU-5
and HWMU-16 (Figure 11.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 1l. 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
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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.

11.B.1. HWMU-5

HWMU-5 is a closed lined neutralization pond/ surface impoundment (Figure
I1.A-6). Itis 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 Hypalon™ 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.

11.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 11.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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11.B.3.

1.C.

11.C.1.

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.
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

GENERAL WASTE ANALYSIS

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

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
I1.D. This description is based upon information provided by the Facility.

HWMU-16

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 D0O08; 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 11.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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11.D.

I.E.

I.F.

1.G.

11.G.1

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
11.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.

SECURITY
The Permittees shall comply with the security provisions of 40 CFR § 264.14. The

security measures shall follow the requirements described in Permit Attachments
IL.LE and IILA.

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 8 264.15(d).

PERSONNEL TRAINING

The Permittees shall conduct required personnel training (40 CFR § 264.16). This
training program shall follow Permit Attachment 11.G. The Permittees shall
maintain training documents and records (40 CFR § 264.16(g)).

RECORDKEEPING AND REPORTING

Operating Record

Pursuant to 40 CFR 8 264.73, 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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iv.

V.

Vi.

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;

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

All reports of noncompliance pursuant to Permit Condition 1.D.9 and
1.D.11,;

All submittals prepared pursuant to Permit Condition 1.D.10.;
Records of all monitoring information pursuant to Permit Section I.E.; and

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.

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

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

iii. Training records of former Facility personnel; and

. 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:

Training Plan; and

All closure, post-closure, interim measures, and final corrective action cost
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estimates; financial assurance documents prepared pursuant to this Permit;
and the company names and addresses of Facility insurers.

11.G.2 Required Reports

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

1.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 ILLA - FACILITY MAPS

Figure 11.A-1 — Facility Location Map

Figure 11.A-2 — Geological/ Terrace Map

Figure 11.A-3 — Fracture Trace Map

Figure 11.A-4 — Radford Army Ammunition Plant Installation Restoration Program Sites
Figure 11.A-5 — Topographic Map

Figure 11.A-6 - HWMU-5 Topographic Map

Figure 11.A-7 — HWMU-16 Topographic Map
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Figure 11.A-1 — Facility Location Map
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Figure 11.A-2 — Geological/ Terrace Map
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Figure 11.A-3 — Fracture Trace Map
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Figure 11.A-4 — Radford Army Ammunition Plant Installation Restoration Program Sites
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Figure 11.A-5 — Topographic Map
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Figure 11.A-6 - HWMU-5 Topographic Map
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Figure 11.LA-7 — HWMU-16 Topographic Map

NOTES:
1. Tepographic Contour Intervel 2°.

2. Two—foot contours derived from 2017 LiDAR: U.S.
Geological Survey 20210629, USGS 1 Meter 17
#x53&54y412 VA_FEMA NRCS_SouthCentral_2017_D17.
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ATTACHMENT I1.B - CONTINGENCY PLAN

11.B-A. CONTINGENCY PLAN TABLES AND FIGURES

Figure 11.B-1 — Contingency Plan Implementation Logic Diagram
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Figure 11.B-2 — Emergency Equipment Locations
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Table 11.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
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Table 11.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.

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 I1C; and will be directed and escorted by plant personnel.
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Table 11.B-3 — Evaluation Criteria For Implementation Of Contingency Plan

In accordance with the Contingency Plan Implementation Logic Diagram (Figure 11.B-1),
the following are examples of when the contingency plan would need to be implemented:

For a fire and/or explosion:

» 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:
0 Result in damage from flying fragments or shock waves
0 Ignite other hazardous waste at the facility

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

» Orifafire or explosion endangers human health or the environment for any other
reason.

For spills or material releases:

» Ifaspill could release toxic or explosive liquids, thus causing a fire or explosion
hazard

» If aspill could result in off-site or on-site soil contamination and/or ground or
surface water contamination

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

» Orifaspill endangers human health or the environment for any other reason.
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Table 11.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. Erectadam - 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.
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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.
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Table 11.B-5 — Emergency Equipment Locations At RFAAP

All Equipment listed below is maintained, repaired, or replaced as necessary. Locations
are shown on Figure 11.B-2. The fire trucks, maintained by the onsite Fire Department,

undergo required annual pump testing through an offsite contractor.

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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11.B-B. LETTERS OF AGREEMENT/ MUTUAL AID AGREEMENTS
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Regulations"), and the federal standards for electronic transactions contained in 45 CFR
Parts 160 and 162, all collectively referred to herein as "HIPPA Requirements".

RFAAP agrees not to use or further disclose any Protected Health Information (as defined in
45 CFR Section 164.50I) or Individually Identifiable Health Information (as definedin 42
USC Section 1320d), other than as permitted by HIPPA Requirements and the terms of
this Agreement. RFAAP will make its internal practices, books, and records relating to the
use and disclosure of Protected Health Information available to the Secretary of Health and
Human Services to the extent required for determining compliance with the Federal Privacy
Regulations.

The rendering of assistance under the terms of this Agreement will not be mandatory;
however, the Hospital receiving a request for assistance will endeavor to immediately inform
RFAAP if the requested triage, admission and management of casualties assistance cannot
be provided and, if assistance can be provided, the quantity of such resources as may be used
in management of care in response to such request.

This Agreement will become effective on the date of the last signature to the Agreement
Either Party may unilaterally terminate this Agreement during the Term by sending notification
of its intent to terminate to the other Party at least one hundred and eighty (180) days in
advance of the proposed date of termination. Such notification will be in the form of a written
submission to the other Party.

LewisGale Hospital Pulaski

BY:

Russell A. Jones
LTC,CM
Commanding
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MUTUAL AID AGREEMENT —_—
BETWEEN
CITY OF RADFORD, VIRGINIA
AND

RADFORD ARMY AMMUNITION PLANT

THIS AGREEMENT made effective this 15th day of June, 2021, by and between
the Radford An*n),'l Ammunition Plant ("RFAAP") and the City of Radford, Virginia (the

"City").
WITNESSETH:

WHEREAS, it has been determined by the City and RFAAP that an inter-
jurisdictional arrangement in planning for, preventing, or responding to a disaster within
the two jurisdictions will increase the ability of the parties to preserve the health, safety
and welfare of the citizens of the City and RFAAP; and,

WHEREAS, Virginia Code Sections 44-146.20, 27-1, 27-2.1, and 15.2-1728, and
the authority of Section 1856a, Title 42, United States Code, authorizes political
subdivisions to establish and carry into effect a plan to provide mutual aid; and,

WHEREAS, the City Council of the City of Radford, Virginia and the Installation
Commander of the Radford Army Ammunition Plant have adopted Resolutions agreeing
to this inter-jurisdictional mutual aid arrangement between the City and RFAAP.

NOW, THEREFORE, in consideration of the mutual covenants and conditions
herein contained, the parties hereto agree as follows:

1. That the parties hereto will endeavor to provide emergency services support
to each other's jurisdiction within the capabilities available at the time the
request for such support is made. “Emergency Services” in this Agreement
are defined as, but not limited to, emergency management services, public
works, fire-fighting services, emergency medical services, law enforcement
services, rescue services, and communications.

2. That nothing contained in this Agreement should in any manner be construed
to compel each of the parties hereto to respond to a request for emergency
services support when the apparatus or equipment of the jurisdiction to whom
the request is made is, in the opinion of that jurisdiction, needed or is being
used within the boundaries of that jurisdiction, nor shall any such request
compel the requested jurisdiction to continue to offer emergency services
suppert in another jurisdiction when its apparatus or equipment is, in the
opinion of the requested jurisdiction, needed for any reason within the
boundaries of its jurisdiction.
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3. That no party to this Agreement shall to the extent permitted by law be liable
to any other party hereto for any loss, damage, personal injury, or death to
emergency services support personnel or equipment resulting from the
performance of any services under this Agreement, except those claims
authorized under 15 U.S.C. § 2210, whether such loss, damage, injury or
death shall occur within or without the jurisdictional boundaries of the
respective parties hereto. Neither party shall be deemed to have waived
sovereign immunity or any other immunities or protections from liability
provided by federal, state, or local law. Notwithstanding any other provision
coptained in this Agreement, the City shall be entitled to reimbursement for

“the direct costs, expenses, and losses in furnishing fire protection services to
RFAAP, as provided by 42 U.S.C § 1856a and 15 U.S.C. § 2210.

4. The services performed, and expenditures made, under this Agreement shall
be deemed for public and governmental purposes and all immunities from
liability enjoyed by the political subdivision within its boundaries shall extend
to its participation in rendering emergency assistance outside its boundaries.
It is understood that for the purpose of this Agreement, the responding party
is rendering aid once it has entered the jurisdictional boundaries of the party
receiving assistance. The protections afforded by this provision, and those
provided by federal, state, and local law, extend to the parties, and their
officers, employees, agents, and departments, including, without limitation,
the Radford City Fire Department and the Radford City Police Department,
who are signatories to this Agreement.

5. That there shall be no liability to the extent permitted by law, to any of the
parties hereto for reimbursement for injuries or damage to apparatus,
equipment or personnel associated with a response, or for injuries or damage
to such apparatus, equipment or personnel incurred when going to or
returning from another jurisdiction. The deputies or other agents or
employees of either party, when acting hereunder without their territorial
jurisdiction shall enjoy all exemptions from laws, ordinances and regulations
and shall have from their normal jurisdiction all of the pension, relief,
disability, workers compensation and other benefits enjoyed by them while
performing their respective duties within their normal jurisdiction.

6. That each party requesting assistance under the terms of this Agreement
agrees to pay the actual cost of any expended consumable supplies
borrowed from another jurisdiction, which is used in providing emergency
services within its jurisdiction.

7. That any party hereto desiring to request assistance pursuant to the terms

and conditions of this Agreement shall make such request to the ranking
operational duty officer or to the chief executive officer of each party hereto.
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MUTUAL AID AGREEMENT
BETWEEN
COUNTY OF PULASKI
AND
RADFORD ARMY AMMUNITION PLANT

THIS AGREEMENT made this 15th day of June, 2021 by and between the
County of Pulaski Virginia, and the Radford Army Ammunition Plant.

WITNESSTH:

WHERAS, it has been determined by the County of Pulaski, and the Radford
Army Ammunition Plant that an inter-jurisdictional arrangement in planning for,
preventing, or responding to, a disaster within the two jurisdictions will increase the
ability of the parties to preserve the health, safety and welfare of the citizens of Pulaski
County, and the Radford Army Ammunition Plant.

WHERAS, Section 22-146.20 of the Code of Virginia, 1950, as amended, and the
authority of section 1856a, title 42, United States Code authorizes local governments to
establish and carry into effect a plan to provide mutual aid.

WHERAS, The Board of Supervisors of the County of Pulaski, and the
Installation Commander for the Radford Army Ammunition Plant have adopted
Resolutions agreeing to this inter-jurisdictional mutual aid arrangement between the
County of Pulaski and the Radford Army Ammunition Plant.

NOW, THEREFORE, In consideration of the mutual covenants and conditions
herein contained, the parties hereto agree as follows:

1. That the parties hereto will endeavor to provide emergency services support
to each other’s jurisdiction within the capabilities available at the time the
request for such support is made. “Emergency Services” in this agreement
are defined as, but not limited to, emergency management services, public
works, fire-fighting services, law enforcement services, rescue services and
communications.

2. That nothing contained in this agreement should in any manner be construed
to compel each of the parties hereto to respond to a request for emergency
services support when the apparatus or equipment of the jurisdiction to whom
the request is made is, in the opinion of that jurisdiction, needed or is being
used within the boundaries of that jurisdiction, nor shall any such request
compel the requested jurisdiction to continue to offer emergency services
support in another jurisdiction when its apparatus or equipment is, in the
opinion of the requested jurisdiction, needed for any reason within the
boundaries of its jurisdiction.
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3. That no party to this agreement shall to the extent permitted by law be liable
to any other party hereto for any loss, damage, personal injury, or death to
emergency services support personnel or equipment resulting from the
performance of any services under this agreement except those claims
authorized under 15 U.S.C. 2210, whether such loss, damage, injury or death
shall occur within or without the jurisdictional boundaries of the respective
parties hereto. Neither party shall be deemed to have waived sovereign
immunity.

4. The services performed and expenditures made under this agreement shall
be deemed for public and governmental purposes and all immunities from
liability enjoyed by the local government within its boundaries shall extend to
its participation in rendering emergency assistance outside its boundaries. It
is understood that for the purpose of this agreement, the responding party is
rendering aid once it has entered the jurisdictional boundaries of the party
receiving assistance.

5. That there shall be no liability to the extent permitted by law, to any of the
parties hereto for reimbursement for injuries or damage to apparatus,
equipment or personnel associated with a response, or for injuries or damage
to such apparatus, equipment or personnel incurred when going to or
returning from another jurisdiction. The deputies or other agents or
empleoyees of either party, when acting hereunder without their territorial
jurisdiction shall enjoy all exemptions from laws, ordinances and regulations
and shall have from their normal jurisdiction all of the pension, relief,
disability, workers compensation and other benefits enjoyed by them while
performing their respective duties within their normal jurisdiction.

6. That each party requesting assistance under the terms of this agreement
agrees to pay the actual cost of any expended consumable supplies
borrowed from another jurisdiction, which is used in providing emergency
services within its jurisdiction.

7. That any party hereto desiring to request assistance pursuant to the terms
and conditions of this agreement shall make such request to the ranking
operational duty officer or to the chief executive officer of each party hereto.

8. The personnel of any party rendering assistance to a jurisdiction requesting
assistance under this agreement shall render such assistance under the
direction of the appropriate official designated by the requesting jurisdiction;
provided, however, that the ultimate control of the personnel of any party
rendering assistance shall be by the officers of supervisars of such personnel.

9. The parties agree to utilize each other's FCC licensed radio frequencies for
communications during mutual aid operations in support of each agency and
in the event of loss of communications due to equipment failure.
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10. The effective date of this agreement is June 15, 2021. Its term is ten (10)
years and shall automatically renew for a period of ten (10) years until either
party notifies the other in writing of its intent to allow the agreement to expire.
This agreement may amended or modified by the mutual consent of all the
parties hereto and any party to this agreement may withdrawal from this
agreement at any time by giving thirty (30) days written notice to that effect to
the other parties hereto,

IN WITNESS WHEREOF, the parties hereto have executed this agreement as of the

date first above written.
CO Y of PULA:'SKI 5 RADFORD ARMY AMMUNITION PLANT
BY /> LN BY
g L=
JONATH /D. SWEET RUSSELL A. JONES
ounty Administrator LTC, CM Commanding
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DEPARTMENT OF THE ARMY

RADFORD ARMY AMMUNITION PLANT
.0. BOX 2
RADFORD, VIRGINIA 24143-0002

‘MUTUAL AID AGREEMENT

This mutual aid agreement, entered into the 8th day of June, 2021 between the Secretary of the Army
acting according to the authority of Section 1856a, Title 42 of United States Code (USC), Radford Army
Ammunition Plant (“RFAAP"), a Government Owned Contractor Operated (GOCO) facility agrees to be
bound by this Mutual Aid Agreement by their representatives and Montgomery County, Virginia to secure
for each the benefits of mutual aid in the prevention of loss of life and damage to property from natural
and man-made hazards, through firefighting, and emergency medical services. Itis agreed that:

a. Onrequest to a representative of RFAAP, by a representative of the participating
agency; firefighters, firefighting equipment and personnel of RFAAP Fire Department
and EMS will be dispatched if available, to any point within the area for which the
agency normally provides fire protection as designated by the representative of
participating agency.

b. Onrequestto a representative of the participating agency by a representative of
RFAAP; firefighters, firefighting equipment, emergency medical services personnel of
that agency will be dispatched if available to any point within the jurisdiction of RFAAP.

c. The rendering of assistance under the terms of this agreement shall not be mandatory
but the party receiving the request for assistance should immediately inform the
requesting department if, for any reason, assistance cannot be rendered.

d. Any dispatch of equipment and personnel pursuant to this agreement is subject the
following conditions:

1. Any request for aid under this agreement will specify the location to which the
equipment and personnel are to be dispatched; however, the amount and type of
equipment and number of personnel to be furnished will be determined by the
responding organization.

2. The responding organization will report to the officer in charge of the requesting
organization at the location to which the equipment is dispatched and will be
subject to the orders of the officer in charge.

3. A responding organization will be released by the requesting organization when
the services of the responding organization are no longer required, or when the
responding organization is needed within the area for which it normally provides
fire protection.
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County of Montgomery, Virginia

BY:

Each party hereby waivers all claims against every other party for compensation for any
loss, damage, injury, or death occurring as a consequence of the performance of this
agreement except those claims under 15 U.S.C. 2210.

Fire leadership along with personnel of the fire department of both parties to this
agreement are invited and encouraged on a reciprocal basis, to frequently visit each
other’s activity for guided familiarization tours consistent with local security requirements
and, as feasible, to jointly conduct pre-fire planning inspections and drills.

The technical heads of the fire departments of the parties to this agreement are
authorized and directed to meet and draft any detailed plans and procedures of
operations necessary to effectively implement this agreement. Such plans and
procedures of operations shall become effective by the signatory parties.

All equipment used in carrying out this agreement will be owned by the participating
agency and all personnel supporting this request will be an employee or volunteer
member of the participating agency.

This agreement shall become effective upon the date hereof and remain in full force
until canceled by mutual agreement of the parties hereto, or by written notice by one
party to the other party, giving thirty days notice of said cancellation.

Radford Army Ammunition Plant

BY:
raig Me diws RUSSEL A. JONES
Co drainistrator LTC,CM
Commanding
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ATTACHMENT I1.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, Il

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
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ATTACHMENT I1.D - DESCRIPTION OF WASTES

11.D-A. HWMU-5 WASTES

Revised RCRA Post-Closure Permit Application, HIVMU.S, Radford AP
irst Revision: August, 1993

TABLE B-2
RESULTS OF ANALYSIS OF INFLUENT WASTE SAMPLE
TAKEN DURING LOW FLOW FROM HWML.5

PARAMETER

RESULT
pH 1.5
Arsenic ND
Barium ND
Cadmium 0.029 mg/1
Chromium 0.20 mg/]
chd ND
Mercury 0.020 mg/i
Selenium ND
Silver - ND

ND = Not Detected

Source: USAEHA (December 1981)
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11.D-B. HWMU-16 WASTES
TABLE 4
SUMMARY DESCRIPTION OF WASTES DISPOSED IN HWM 16
Rate of i
Generation® Physical® Hazard EPA Hazard
Waste® (tons/yr) . Form Description Number
Ash from waste unknown solid reactive, 0003
propellant non-EP
incineration toxic
Residue from Lnknoun solid reactivea DOQ3
waste propellant EP toxic paos
burning
Residue from 2 200 solid reactive? D003
explosive
contaminated
waste burning
SAR area fume 0.1 solid . EP toxic? D006,
burner ash 3 Doo7
Sludge from unknown sludge nonhazardous> -
neut. of SAR
process water
Sludge from unknown sludge nonhazardausb -—
neut. of nitro-
cellulose mfg
acid process
water
Sludges from 50 sludge non-= a5 on
Bioplant, hazardous '’
Building 470,
and NG 2
Pretreatment
Building 9410
USAEHA (December 1981)
Ewing (15 January 1982)

Everett {19 March 1982)
Everett (10 November 19B2)
Jenrette (18 November 1983)

® Aan e

"
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ATTACHMENT II.E - SECURITY PROVISIONS AND MAINTENANCE

IL.E-A.

11.E-B.

11.E-C.

11.E-D.

INTRODUCTION

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.

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.

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.

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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11.E-E.

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 HWMUSs by anyone other than environmental
or sampling personnel requires an Area Entry Permit.

WARNING SIGNS

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

CONDITION OF ENTRY
TO
RADFORD ARMY AMMUNITION PLANT

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

The following articles are prohibited on this installation:

Alcohol

Firearms, Ammunition and Weapons
Explosives and Explosives Devices
Cameras (Unless Authorized in Writing)
Camera Cell Phones (Unless Registered)
Intoxicants and Drugs

Gambling Devices

Chemical Emission Devices

Stolen Property and Obscene Literature

By Order of the Commanding Officer

Signs reading “U.S. Government Property-No Trespassing” are located
approximately every 500 feet on the installation boundary, except where
designated Limited Area fences are not located on or reasonably adjacent to the
property boundary.

Every 500 feet on Limited Area fencing and at other highly visible locations, such
as corners and gates, the following sign is located on the fence facing outward:
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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.
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ATTACHMENT II.F - INSPECTION AND MAINTENANCE PLAN

I.F-A.

11.F-B.

11.F-C.

HIGHLIGHTS

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 I1.G (Personnel and Training), at the frequencies
specified in Table I11.F-1.

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.

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 I1I.F-1. The Inspection Items and
their associated Types of Problems listed in Table I1.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 I1.F-1. Inspections will explicitly examine each
item for the presence of the potential problems for each inspection item as
specified in Table 11.F-1. Inspections of each item will be conducted at the

frequency specified.

Table I1.F-1 — Inspection Schedule

INSPECTION ITEM

TYPES OF PROBLEMS

FREQUENCY OF
INSPECTION

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 Semi-annually
Signs, and Access road
Benchmarks Damage to monument Semi-annually

SECURITY CONTROLS

Fencing

Access to Units shall be restricted by the Permittees' Security System, as specified
in Permit Attachment I1.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 I1.F.1) and repaired or replaced as necessary.

Warning Signs
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I1.F-E.

I1.F-E.1.

I1.F-E.2.

"U.S. Government Property-No Trespassing” signs and as specified in Permit
Attachment I1.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.

GROUND WATER MONITORING SYSTEM INSPECTION AND
MAINTENANCE PLAN

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 Il.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.

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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I1.F-E.3.

1.F-F.

1.F-G.

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.

Inspection Record Keeping

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.

BENCHMARKS

The Permittees shall inspect all surveyed benchmarks (see Appendix I1.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.

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 I1.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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I.LF-G.1.

I.F-G.2.

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.

Erosion Controls

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 I11.A).

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~ 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
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I1.F-G.3.

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.

Peripheral Drainage Swales

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 I1.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

Reason for Inspection: Semiannual/ Major rainfall event (2” in 8 hr period)/ catastrophic event

AM/ PM

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:

Company:

Date remedial action completed:

Signature of Inspector:

Remedial action approved by:
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Appendix I1.F.2. - RADFORD ARMY AMMUNITION PLANT BENCHMARK
LOCATIONS MAPS

RADFORD ARMY AMMUNITION PLANT
HERCULES INCORPORATED
RADFORD, VIRGINIA
1991 GEODETIC GROUND CONTROL NETWORK MONUMENT SURVEY

REFERENCE AND RECOVERY DATA SHEET

VIRGINIA CCORDINATE SYSTEM OF 1983 - SOUTH ZONE

VERTICAL DATA
STATION UNITS NORTHING (Y) | EASTING (X) [ ELEVATIONS REFER TO UNITED STATES GEODETIC SURVEY
VERTICAL DATUM (1588)
Flip METERS 1095506.5627 | 3317792.2013 || ELEVATION OF STATION IN FEET = 1934.813
U.S. SURVEY FT. | 3594174.448 | 10885123346 || STATION FIELD BOOK

LATITUDE LONGITUDE Fiip 6452.03R V.C. 10f2 pg. 66

7-10-33,984691 80-33-07.249064 COUNTY/STATE USGS QUADRANGLE
Monigomery County, VA Radford North

LOCATION SKETCH (NOT TO SCALE) LOCATION MAP (SCALE 1°=200)
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RADFORD ARMY AMMUNITION PLANT

1991 GEODETIC GROUND CONTROL NETWORK MONUMENT SURVEY
REFERENCE AND RECOVERY DATA SHEET

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

HERCULES INCORPORATED
RADFORD, VIRGINIA

VIRGINIA COORDINATE SYSTEM OF 1983 - SOUTH ZONE VERTICAL DATA
STATION UNITS NORTHING (Y) EASTING (X) ELEVATIONS REFER TO UNITED STATES GECDETIC SURVEY
VERTICAL DATUM (1988)
Klutz METERS 1086461.7814 3317529.5764 ELEVATION OF STATION IN FEET = 1720.849
U.S. SURVEY FT. | 3597308.361 10884261619 || STATION FIELD BOOK

LATITUDE LONGITUDE Klutz 6452.00RV.C. 1of 2 pg, 75

37-11-04.778915 80-33-18.737486 COUNTY/STATE USGS QUADRANGLE
Montgomery County, VA Radford North

LOCATION SKETCH (NOT TO SCALE)

‘LOCATION MAP (SCALE 1 '=200)
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ATTACHMENT I1.G - PERSONNEL AND TRAINING

11.G-A.

11.G-B.

11.G-C.

11.G-D.

11.G-E.

11.G-F.

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.

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.

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.

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 Il.F, obtaining
samples from groundwater monitoring wells and maintaining documentation in
accordance with the requirement of this permit.

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.

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.
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11.G-G.

11.G-H.

11.G-1.

11.G-J.

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 1V, V, and VI. These
procedures will ensure continued safe operation and maintenance and compliance
with applicable environmental regulations.

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).

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.

Appendices 11.G.1 - 11.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.
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Appendix 11.G.1 - OUTLINE OF TRAINING PROGRAM

1.

Personnel Training

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.

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.

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 I1.G.3. Those job titles and the name of the individual
filling it are maintained and kept on file at the facility.

Training Content, Frequency, and Technigues

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

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

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 11.G.2 - JOB DESCRIPTION SUMMARY

A.

Facility Coordinator:

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 I1.F.

Monitoring Well Samplers:

Follows sampling protocol as described in Permit Attachment VV.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.

Hazardous Waste Management Unit Inspectors:

Follows inspection requirements as outlined in Attachment I1.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 11.G.3 - PERSONNEL TRAINING SUMMARY

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 Conduct general and continuing training program.
Coordinator
Plant Protection Overall monitoring of radio transmissions and HWMU security.
Manager Trained in all aspects of hazardous waste emergency response.
Fire Department Assist in preparation and presentation of training program,
Coordinator 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 Responsible to have trained personnel to properly collect
Groundwater groundwater samples. Trained to collect groundwater samples.
Samplers
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 Functions as alternate to RCRA Coordinator. Responsible for
Manager 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).
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MODULE I11 - 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.

LA, UNIT IDENTIFICATION AND CLOSURE CONSTRUCTION

ILA.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):

Vegetative cover;

Two feet of topsoil,

One foot of drainage layer (no less than 10~ cm/sec permeability);
A 30 mil P\VC membrane liner; and

Two feet of clay (10" cm/sec permeability or less).

P00 o

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 111.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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I.A.2

11.B.

111.B.1.

111.B.2.

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.

UNIT 16

The hazardous waste landfill post-closure details and specifications are included
in Permit Attachment I11.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
107 cm/sec permeability), a 30-mil PVC membrane liner; and a two-foot thick
clay liner (107" cm/sec permeability or less). To the knowledge of current facility
personnel, leachate has not been produced, collected, or sampled at HWMU-16.

POST-CLOSURE PROCEDURES AND USE OF PROPERTY

Post-Closure Care

The Permittees shall conduct post-closure care for the hazardous waste
management units listed in Permit Sections I11.A.1 (HWMU-5) and I11.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 8 264.117(a)(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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111.B.3.

111.B.4.

1.C.

111.D.

I1LE.

ILE.1.

I.E.2.

Post-Closure Use

The Permittees shall not allow any post-closure use in Permit Sections I11.A.1
(HWMU-5) and I11.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).

Post-Closure Plan

The Permittees shall implement the Post-Closure Plan in accordance with the
Permit Modules and Permit Attachment 111.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 I11.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 8 264.118(b).

INSPECTIONS

The Permittees shall inspect the components, structures, and equipment at the site
in accordance with the Inspection Requirements of Permit Attachment I1.F and 40
CFR 8 264.117(a)(1)(ii).

SECURITY

The Permittees shall maintain security at the facility during the post-closure care
period, in accordance with Permit Attachment I11.E, and 40 CFR § 264.117(b).

NOTICES AND CERTIFICATION

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).

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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IHILF.

1.G.

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.

FINANCIAL ASSURANCE

Financial assurance is not required for the federal facility.

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 8 270.42 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.
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ATTACHMENT I1l.A - CLOSURE NOTICES AND POST-CLOSURE PLANS

IH1.A-A. POST-CLOSURE NOTICES

w2 b
a:/‘,‘l/\) 2= M 1
ya

COMMON W’EALTH of VIRGINIA

DEPARTMENT OF WASTE MANAGEMENT
11th Floor, Monroe Building
101 N. 14th Street
Richmond, VA 23219
(804) 225-2667

MAY 47 1988

CERTIFIED-RETURN
RECEIPT REQUESTED

G. J.-:8avitske o
Lieutant’ Colonel, Orddhance Corpa:
. COMMANDING OFFICER"
. ‘RadfordvArmy Ammunition Plant
Radford, Virginia * 24140

RE: Closure Plans
(HWM #5, #7, #16)
EPA ID# VA121002730

Enclosed, pleat‘se’ #find a copy of . the Approved Closure plans
developeéd for Hazardbusf* ‘Waste Managemént. Units #5, #7, and #16.
Ther approved plans #are essentially the same as those plans
‘submitred : to our Hffice dated November 1986 with the agreed to
changes '~ detailed I qmur letter dated May 11, 1988. Please mote
that = the cnmplet:ldn iddaté of closure must be 180 days from the
date of this letter ™"

Stiould - you - havé's#ny questions, please contact Kevin Greene
at (804)7225-2466. :

Sincerely, /

it /f[./ {/Z A/L Lg//

Karol A. Akers
Technical Services Chief
Division of Technical Services

_Enclosure
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[. Consulling Engineers - Environmental Laboratories
INCORPORATED 1116 South Main Street  Blackshurg, Virginia 24060 (703) 552-5548

January 4, 1990

Mr. Kevin L. Greene, Geologist
Division of Technical Services
Department of Waste Management
101 North 14th Street, 11th Floor
Richmond, wa 23219

Re: Radford Army Ammunition Plant,
Closure Certification, HWM 5, 7, and
16, EPA ID No. VA1210020730, Job
Mo. 11074

Dear Kewvin:

This letter is to provide certification to the Department of Waste

Management that the three above-referenced sites were closed in accordance

( with the approved closure plan dated May 27, 1988. Olver Incorporated had a
professiogal engineer, Kevin Hurray, on s4te from September 19, 1988,
through October 14, 1988, which was every day that the contractor worked,
and throughout the entirs length of time that the contractor was on the -
referenced project sites. Additional inspections were accomplished on each
of the hazardous waste management units on the dates indicated in the table
previously sent to you. ALl inspection trips met the requirements of the
closure plan. I have reviewed all of Mr. Murray's notes and memoranda
concerning the above-referenced project and, as he no longer works for Olver
Incorporated, I am certifying that the work was completed in cenformance
with the approved closure plan.

If you should have any questions concerning this matter, please do not
hesitate to contact me. .

Sincerely,

Robert M. Roberts, p.E.
Vice President

RMR/ma

Ge:  Mr. Patrick J. Golden, Radford Army Mhmmmunition Plant

Attachment I11.A-2



irgini [ [ 20730
Virginia Department of Environmental Quality EPAID No. VA12100
Off?ce of Fiﬁancial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

e O

COMMONWEALTH of VIRGINIA

o DEPARTMENT OF ENVIRONMENTAL QUALITY Dennis H. Treacy
James S. Gilmore, H1 . Director
Governor Street address: 629 East Main Street, Richmond, Virginia 23219
Mailing address: P.O. Box 10009, Richmond, Virginia 23240 (804) 6984000
John Paul Woodley, Jr. Fax (804) 698-4500  TDD (804) 698-4021 1-800-592-5482
Secretary of Natural Resources http://www.deq.state.va,us
Certified Mail
Return Receipt Requested
November 4, 1998
C.A. Jake
Environmental Manager
Alliant Techsystems Inc.
Radford Army Ammunition Plant
P.O.Box 1

Radford, VA 24141-0100

RE: Radford Army Ammunition Plant [RAAP]
HWMU 5, 7, and 16 Clesure Verification
EPA ID# VA12100207306

Dear Ms. Jake:

On November 3, 1989, the professional engineer’s closure certifications for RAAP’s :
hazardous waste management units 5, 7, and 16 were submitted. Additionally, it should be noted
that the informationrequired per 9 VAC 20-60-580.G and 580.K was submitted to the local zoning
authorities via a letter dated September 15, 1998. However, review of DEQ’s records indicate that
no closure verification was performed. As these units are currently in the post-closure permitting
process, the closure verification needs to be completed per the requirements of 9 VAC 20-60-1 010.

Based on the information submitted and the closure verification inspection performed on April 22,
1998, closure of HWMUs 5, 7, and 16 as landfills in accordance with the Virginia Hazardous Waste
Management Regulations [VHWMR] and the approved closure plan dated May 27, 1988, is deemed
acceptable and approved. The units closed as hazardous waste landfills in accordance with the
VHWMR and, are therefore, subject to the post-closure requirements of these regulations. These
units are now subject to post-closure care in accordance with the VHWMR Parts IX, X, and XI. The -
Part B permit application for post-closure maintenance of these units was received on November 7,
1985. Currently, post-closure permitting of HWMU 7 is actively being pursued.

An Agency of the Natural Resources Secretariat
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RAAP
Page 2

If there are any additional questions, please contact Debra Miller, Environmental Engi i
y . n
of my staff at (804) 698-4206. Sl Senion,

Sincerely,
A8l ] Fpsamabiids

Dennis H. Treacy
Director
ce: Debra Miller, DEQ

Glenn Von Gonten, DEQ
Claire Ballard, DEQ
‘Melissa Porterfield, DEQ
Aziz Farahmand, DEQ-RRO
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COMMONWEALTH of VIRGINIA

Fames S, Gilmore, Lt DEPARTMENT QOF ENVIRONMENTAL QUALITY Dennis H. Treacy
Governor Sireet address: 629 East Main Street, Richmond, Virginia 23219 Lirecion
Mailing address: P.O. Box 10009, Richmond, Virzinia 23240 (304) 5984000
Tokn Paul Woodley, Ir. Fax {804) 6984500  TDD (804) 593-4021 1.900-507. 2442
Seeretary of Matural Resources hopa/fwww deq.state. va. us

December 8, 1598

C.A. Jake

Alliant Techsystems Inc,

Radford Army Ammunition Plant
P.O. Box 1

Radford, VA 24141-0100

RE: Radford Army Ammunition Plant {(RAAP)
EPA ID# VA12100207306
Equalization Basin Closure
Closure Verification

Dear Ms. Jake:

On August 7, 1998, RAAP submitted the required closure certifications and report for is
Equalization Basin. Additionally, on March 27, 1398, RAAP's Equalization Basin,
SWMU #10, was visited by Mike Scott of the Virginia Department of Environmental
Quality's (DEQ) West Central Regional Office. This information has been reviewed.

Based on this closure inspection and the closure certifications and report, clean closure by
background comparison was achieved for all constituents, except ‘Fluoramhene‘ C‘ft;s;l
closure 0 a residential risk-based determination was achieved for Fluoranthene,
Therefore, the DEQ concurs that clean closure for soils only has been achisved for
RAAP's Equalization Basin. Please note, ! wver, that the U.S. Environmental
Protectien Agency reins the authority to address possible corrective action of condnuing
releases pursuant to the Hazardous and S Waste Amendments of 1984, The
groundwater underneath the Sludge Drying Bud iy stll undergoing closure and muy be
subject 1o the post-closure permit process c.i.vished under Tile 9 of the Virginia

An Agency of the Natwr . CVecrotariat

Attachment I11.A-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

RAAP EQ Basin
Page 2

Administrative Code, Chapter 20-60 (9 VAT 20-60 et seq.), if clean closure cannot be
achieved.

If you have any questions regarding this letter, please contact Debra A. Miller,
Environmental Engineer Senior, of my staff at (304) 698-4206.

Sincerely,

/jf‘/Dennis H. Treacy

o Claire Ballard - DEQ
Melissa Porterfield- DEQ
Glenn VonGonten-DEQ
Aziz Farahmand-DEQ/WCRO
Central Hazardous Waste File
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111.A-B. POST-CLOSURE PLAN

POST CLOSURE CARE AND GROUNDWATER MONITORING

HAZARDOUS WASTE SURFACE IMPOUNDMENTS

In accordance with the Virginia Hazardous Waste Regulations,
this section presents the post-closure plan for ,HWM 5 and 7 based

on the «closure of both sites as hazardous |wunits. Unless
otherwise determined by the State Executive Director post-closure
care is to extend over a 30-year period (10.6.H). The major
components of post-closure care as proposed in this plan are
groundwater monitaoring, inspection and maintenance. Possible
contingency activities are also described in this section. This
plan will extend until such time as a post closure care permit is
issued,

Post Closure Contact

Regginald Tyler
RADFORD ARMY AMMUNITION PLANT
(703) 639-8641

Groundwater Monitoring

Results of the Groundwater Quality Assessment Program
conducted at the sites indicate that groundwater contaminacien
has occurred. In response to these monitoring results a
Compliance Monitoring program will be instituted under 10.5.B and

will continue during the post-closure period.

{ ’
N

This Compliance Monitoring Program will be implemented
using a minimum of four wells (one upgradient and three
downgradient), constructed in accordance with 10.5.H. The wells
to be used will be selected after final review of the Groundwater
Quality Assessment Program.
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Samples will be collected in accordance with 10.5.H.4 and (5) on a
quarterly basis. Background greundwater quality will be determined for
each constituent as specified in 10.5.H.7. The water quality
parameters that will be analyzed as part of this program include:

2 Specific conductance

o Total organic carbon (TOC)

° Total organic halogen (TOX)

o pH

o Any additional parameters as agreed

For quality control purposes, samples will be split into four
portions for analysis. Groundwater elevations will be measured for
each sampling event and the direction and rate of groundwater flow will
be determined on an annual basis. Additionally, all monitoring wells

will be analyzed for Virginia Regulations Appendix 3.6 hazardous
constituents on an annual basis.

It is anticipated that because of the nature of the wastes in the
surface impoundments and the closure activities to be conducted as
described in Section 6.0, the Radford AAP may elect after several years
of groundwater monitoring to discuss with the State the requirement for
monitoring over a 30-year period. It is probable that the groundwater
quality at these sites will improve to ambient levels after several
years. If monitoring confirms this then groundwater monitoring could
be terminated or reduced in scope.

D

Inspection

In accordance with 10.6.1.2.(a) regular post-closure inspections
of the sites will be made to ensure the integrity of the cover system
and all associated structures. Inspections will be conducted by
qualified personnel on amenthly basis, with additional inspections
following inclement weather or catastrophic events (e.g., fire or
explosion elsewhere at the Radford AAP). To ensure that all items of
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|
interest are addressed during the inspection, an 1nspcclion log will be
used during each inspection. Thig inspecticn 1og-will list the
Potential Problems/conditiong that the inspector should note while
conducting the inspection. The inspector will be asked to identify the
existence or abgence of each problem and, if Present, to address its
degree of severity (e.g., low, moderate or high). Table 7.1, discussed
in the following paragraphs, provides a listing of all items to be

inspected.

Because fallure of the soll cover or the underlying PVC liner could
result in increased infiltration ang leachate generation, it is necesg-
sary to inspect the cover for surface erosion, Subsidence, or ponding;
pPlant root Penetration, or éxposure of the liner, The grass cover
should be inspected for general health and the presence of undesirable
competitive species, Particularly deep-rooted Plants or shrubs, Vegeta-
tion should be kept trimmed to Prevent encroachment on 4ccess controlsg,
roads and signs, Stormwater drainage controls (i.e., slopes ang Swales)
should be inspected for erosion, subsidehce, and in the cage of swales,
accumulated sediment that might block the flow of Stormwater. Locks and
caps on groundwater monitoring wells should be inspected for damage.

The need for additional security is expected to be minimal due to
the overall Secure nature of the Radford plant. Therefore, the instal-
lation of warning signs will pe the only additional security measure
taken during the post-closure care beriod, as only authorized personne]
are allowed to enter the restricted pPortion of the Radford AAP.

Maintenance
—_—

The nature and degree of Post-closure maintenance gof the site will
be primarily determined by observations made during the routine inspec-
tions. However, since the Radford AAP wiin remain in operation, pPlant
Personnel will have the opportunity to observe the need for
maintenance on a more frequent basis. 3 description of the expected
maintenance activities that will be performed ip accordance with

10.6.1 ‘s discussed below.

Expiration Date: XXXX xx, 2035
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The <cover, drainage slopes, and vegetation will be
maintained as needed. Damage due to erosion and subsidence will
be corrected by adding soil and regrading the site. It is

expected that mno significant & subsidence will ocecur following
closure, and thus only erosion would be the major ‘long term
concern. Maintenance of vegetation necessary to control erosion
will include removing deep-rooted plants and adding fertilizer to
enhance growth as mnecessary. Overgrowth into drainage swales and
access roads will be controlled. Swales will be cleared of any
accumulated material. These precipitation run-off pathways will
be tested annually for the constituents of which were disposed in
the wunits to determine if precipitation run-off is becoming
contaminated.

Security will be maintained by immediately repairing or
replacing any damaged signs or access roads. Damaged monitoring
wells will be repaired if possible. If it is determined that the
integrity of the well has been destroyed, then the well will be
replaced. Surveyed benchmarks used to indicate the location of
the site will be protected and maintained as necessary. The
general perimter of the surface impoundment will be easily
recognizable due to the presence of riprap for slope protection.

Contingency Activities

? In the event of major damage, céntingency measures will be
promptly taken erosion will be repaired by the most appropriate
of the following measures: replacement of cover or fill soil;
restoration of original grade design or . replacement with new
grade design; and/or installation of riprap. Any other cover
deterioration due to deep-rooted plants, cracking, cold weather,
or slope instability will be promptly corrected by £illing,
regrading and reseeding, as appropriate. Damage ¢to vegetation
will be controlled by the addition of nutrients, manual watering
(in the event of drought), and/or pest control as appropriate,
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HAZARDOUS WASTE LANDFILL TRENCH

Since post-closure care is also required for HWM 16,
groundwater monitoring and inspection programs similar to those
outlined will be implemented. An additional inspection item _for
HWM 16 would be the leachate collection sump. If any leachate is
found to have accumulated in the sump, it will be removed and
managed as a listed hazardous waste and more frequent inspections
will be conducted. If it is deemed necessary, a routine leachate
removal program will be . implemented. As in the case of the
surface Iimpoundments, surface water monitoring will be performed
annually along drainage ditches to determine if surface water
run-off has become contaminated to ensure that there will be no

release to surface water from the site. Post-closure care will
continue for 30 years, wunless otherwise determined by the
Executive Director. This plan will remain in effect until such

time as a Post Glosure Permit is issued.
FUTURE USE RESTRICTIONS

In accordance with 10.6.H.3., there will be no use of the
disposal areas (HWM #3, HWM #7, and HWM #16) which would allow
any disturbance of the integrity of the £inal cover, liner(s) or
any other components of any containment system, or of the
function of the associated monitoring systems. Land use
activities that will be prohibited at each facility include:

J

e On-site construction

e Excavation (except as nmnecessary for major maintenance
activities)

. Well construction on or near the site

2 Agricultural use

‘ e Silvicultural use : |
J ° Water infiltration (run-om, ponding, irrigation) ‘
e Recreational use ’
o Disposal operatioms l
© Vehicular <traffic (except as mnecessary for major !

maintenance activities)
° Housing on or near the site.

NOTICE TO LOCAL LAND AUTHORITY

. As required by 10.6.J, the Radford AAP will submit to the
lecal land authority survey plans prepared and certified by a
professional land surveyor which show the disposal areas (HWM #5,
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#7, and #16) with vrespect to permanently surveyed benchmarks.
These plans shall contain a note stating that there will be no
disturbance of the disposal areas by Radford AAP.

NOTICE IN DEED TO PROPERTY

As required by 10.6.J, a notation (HWM #5, #7, and #16) will
be made on the deed to the facility property that will notify, in
perpetuity, any potential purchaser of the property that:
(1) the land has been used to manage hazardous waste: (2) its
use is restricted to that of open space; and (3) the survey
plan and record of the type, location, and quantity of hazardous
wastes disposed on site has been filed with the Exzecutive
Director and local land authority.

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035
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Inspector Name:
Date:;

Unit #:

Correction Action:
Item

Soil Cover

PVC Liner

Grass Cover

D

Stormwater
Drainage
slopes

drainage
swale

Monitorzing Wells
locks

caps

Security
warning signs

access road

LEACHATE (OLLECTION
SysTRM (B #16)

EPA ID No. VA1210020730

Problem Exists?

Problem (Yes or No)

Degree of Problem?

./i) ’ INSPECTION CHECKLIST FOR CLOSED ON~SITE FACILITIES

(e.a., Low)

erosion
subsidence
ponding

exposed

inadequate growth/health
deep-rooted vegetation
presence of undesirable
species ) FR P
inadequate trimming -

erosion
subsidence
erosion
subsidence
vegetation growth
accumulated sediiment
damage

damage

missing

defaced

obscured

disrepair

BASIN FULL
OPERATING EFFECTIVLY

Expiration Date: XXXX xx, 2035
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MODULE IV - GROUNDWATER DETECTION MONITORING

IV.A.

IV.AL

IV.A.2.

HIGHLIGHTS

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 (GWQAPSs) were established and
implemented for HWMUSs 5 and 16. At the time of Permit issuance, RFAAP
implemented Compliance Monitoring Programs for HWMUSs 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
20009.

[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.]

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.

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).
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MODULE V - GROUNDWATER COMPLIANCE MONITORING

V.A.

V.A.l

V.A.2.

V.B.

V.B.1.

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.

HIGHLIGHTS

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 HWMUSs 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 HWMUSs. 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.

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.

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.

HISTORICAL OVERVIEW

HWMU-5
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V.B.2.

V.C.

V.C.1.

In 1984, a GWQAP for HWMU's 4,5,7 and 16 was submitted. The Permittees'
Phase | - 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.

HWMU-16

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.

SITE HYDROGEOLOGY

Geologic Setting

This part applies the whole facility.
The geological and stratigraphic map is provided in Permit Attachment Il.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.

Karst Trace Analysis

This part applies the whole facility.
A fracture trace map is provided in Permit Attachment I1.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 I1.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 11.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.

Occurrence of Groundwater

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.

HWMU-5
a. Geology/Structure

Geological Cross Sections are presented in Permit Attachment VV.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.C5. UNIT 16
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

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
I1.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, 5SWCA, S5W6, S5W8,
5WC11, and 5SWC12 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 VV.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.

i. 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.

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 VV.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.

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.

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.

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
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 VV.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
I1.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, 16MW?9,
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 VV.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.

ili. 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 VV.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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V.E.

V.E.1.

V.E.2.

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.

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.

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.

WELL CONSTRUCTION AND MAINTENANCE

Well Construction

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 Il.A, Figure

11.A-6.

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

IlLA, Figure 11.A-7.

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.

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.

V.E.4.

V.F.

V.F.1.

Standard

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.

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 .

GROUNDWATER PROTECTION STANDARD

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
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V.F.2.

V.F.3.

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

Background Concentration for Additional Constituents

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(9)(2).

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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V.F.4.

V.G.

V.G.1.

V.G.2.

V.G.3.

V.G.4.

V.G.5.

V.G.6.

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).

Effective Duration

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.

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.:

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

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

Samples shall be analyzed in accordance with the procedures specified in Permit
Attachments VV.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).

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

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.

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.

V.H.1.

V.H.2.

V.1

V.1.1.

V.1.2.

ELEVATION OF THE GROUNDWATER SURFACE

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.

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.

STATISTICAL PROCEDURES

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.l 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.

Simple Empirical Comparison

The Permittees may elect to perform a simple empirical comparison of Point of
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V.1.3.

V.1.4.

V.J.

V.J.1

V.J.2.

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.

Statistical Procedures

The Permittees shall conduct all statistical procedures as specified in Permit
Attachment V.1.

Schedule for Statistical Evaluation

The Permittees shall perform the statistical evaluation required by Permit
Conditions V.1.1, 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.

MONITORING PROGRAM AND DATA EVALUATION

The Permittees shall conduct groundwater quality evaluation as follows:

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..

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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V.J.3.

V.J.4.

V.J.5.

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 VV.D.2.a.(i) at least semiannually in
accordance with 40 CFR 264.99(a).

Analysis Data Presentation

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.

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).

Appendix 1X to 40 CFR Part 264

The Permittees shall analyze samples from all wells listed in Permit Condition
V.D.1l.a.iand 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

If the second analysis (Permit Condition V.J.5.b) confirms the presence of
constituents not included in the Compliance Monitoring program, the Permittees

Module V-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

V.J.7.

V.J.8.

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(9)(2).

GPS for Newly Detected Constituents

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 VV.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).

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.1 or an alternate method approved by the Director prior to use. To
make that determination, the Permittees shall compare the groundwater quality at
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V.J.9.

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.l.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.l 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.

Comparison to Groundwater Protection Standards

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.1 if appropriate.

a. Methods of Comparison
I.  Ifasingle 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. @ 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.
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V.K.

V.K.1.

V.K.2.

V.K.3.

V.L.

d. Specification

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

REPORTING AND RECORDKEEPING

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 1.N.2.

Groundwater Elevation

The Permittees shall submit the groundwater surface elevations and
potentiometric contour maps with flow paths for both HWMUSs, 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).

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).

ASSURANCE OF COMPLIANCE

The Permittees shall demonstrate to the Director that groundwater monitoring
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V.M.

V.M.1.

V.M.2.

V.M.3.

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.

SPECIAL REQUIREMENT IF THE GROUNDWATER PROTECTION
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.

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).

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.

Other Source Demonstration

In accordance with 40 CFR Part 264.99(i)., The Permittees may make a
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V.N.

V.0.

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).

REQUESTS FOR PERMIT MODIFICATION

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.

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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V.0.1

V.0.2.

V.0.3.

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.

Other Source Demonstration

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.)

Additional Wells

If the demonstration in Permit Condition V.0.1. 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.0O.1.a.

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 VV.0O.4. below.
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V.0.4. Modification for New Well

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.0.5. 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

Attachment V.A-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

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’
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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
V.B-A. BAE SYSTEMS ORDNANCE SYSTEMS INC. RADFORD ARMY

AMMUNITION PLANT LOW-FLOW GROUNDWATER SAMPLING
AND ANALYSIS PLAN

BAE SYSTEMS ORDNANCE SYSTEMS INC.
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Low-Flow Groundwater Sampling and Analysis Plan
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1.0

2.0

2.1

2.2

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).

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.

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

YVVVY VVVVVVVVVVVYY

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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2.3

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.

Detection of Immiscible Layers

The detection of immiscible layers (i.e., LNAPLS and DNAPLYS) 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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2.4

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.

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 I/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 I/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:

Viotal = Vtubing +Vdrawdown
Viubing = (htubing)(ﬂ rtubingz)
Vdrawdown = (hwater *n rwellz) - (hpurged *n rwellz)

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 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).

VVOC 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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2.5

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.

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* [(ITry’hs - TIrch) * 0.3 + (ITr hy)]

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

3 * [(ITryhy, - TIr2hy,) * 0.3 + (TIr.2hy)]

Where:  r, = radius of well borehole;
r. = radius of well casing;
hs = height of sand filter pack;
h,, = 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

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

SAMPLING AND PRESERVATION PROCEDURES

CONTAINERY

ANALYTICAL VOLUME MAXIMUM
PARAMETER METHOD PRESERVATIVE HOLDING
REQUIRED
TIME
INORGANICS ANALYSES
Metals (total) 6010/6020 | P - 1L or 500 ml HNO, to pH<2 6 months
except Mercury
Mercury (total) 7470 P -300ml HNO, to pH<2 28 days
Cool to <6°'C, NaOH to
Cyanide 9010/9012 P, G -500ml pH>12, 14 days
0.6 g ascorbic acid.
ORGANICS ANALYSES
. Coolto 0 - 6°C
_ b

Acm'e'!‘ a_md 8260 3-40 m_I VOA®G, HCI to pH less than 2 (Note 14 days
acrylonitrile Teflon-lined septum 1)
Purgeable Volatile 3-40 ml VOAL G, Coolto 0-6°C
Compounds 8260 Teflon-lined septum HCI to pH less than 2 14 days

G, Teflon-lined cap—-1 L Samples extracted
Semivolatile Amber (or other size, as within 7 days and
0 . 8270 appropriate, to allow use Coolto 0 - 6°C extracts analyzed

rganics ) o
of entire sample for within 40 days
analysis) 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.

2 Container Types:
Plastic (polyethylene)

P:
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

VVVVY

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

YVVVVVVVVVVYVYY

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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2.8

2.9

2.10

> laboratory sample number

» date of sample receipt

» analysis to be performed

» internal temperature during shipping

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.

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).

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 Il 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
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GROUNDWATER SAMPLING RECORD WELL NUMBER: Page:____of
Project Name: Project Number
Date: Starting Water Level (ft TOC):
Developed by: Casing Stickup (ft):
Measuring Point of Well: Total Depth (ft TOC):
Screened Interval (ft. TOC) Casing Diameter {inches):
Filter Pack Interval (ft. TOC)
Casing Volume (ft Water) x (Lpfv)igpf) = (L)(gal}
Casing volumes: 2" =0.16 gpf 4" = 0.65 gpf 6" =1.47 gpf Sample Intake Depth (ft TOC):
2"=0.62 Lpf 4" = 2.46 Lpf 6" = 5.56 Lpf
PURGING MEASUREMENTS
Time |Cumul. Vol| Purge Rate Water Temp. Specific Dissolved pH Eh Turbidity Comments
(galorL) | igpmorLpm) | Level (ft) | (CorF) |Conductance| Oxygen ORP (NTU)
(uSiom) | (mgil) mv)
Total Gallons Purged: Total Casing Volumes Removed:
Ending Water Level (it TOC): Ending Total Depth (ft TOCL
|SAMPLE INVENTORY
Time Volume Bottle Type Quantity Filtration |Preservation| Appearance Remarks
Turbidity &
Color Sadiment
|METHODS
Sampling Equipment and 1Ds:
Purging Equipment: Decon Equipment:
Disposal of Discharged Water:
Observations/Ci
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Field Meter Verification/Calibration Form

PROJECT INFORMATION =& pH +0.15U
Job Name: z 2 a Do GR% - 102% (= 2%)
=3
Job No.: Task Na.: g § £ Specific Conductance +3%
Privject Manager: Ficld leam Leader: 1 j & ORP + W my
Turbidity £10 %
Calibration
an Equipment Cal Stundard Meter | Cal Meter C or
Tt Time TeIdfmull ed to: Meter Type Serfal # 1 Reading Read! Verification Comments
" Calibration
Y51 556 H7T H 4
" " Verificarion
’ . §.Cond Calibration
Y51 556 * 240mV N
ORE 240m 1 A413mS/em Verification
N DO Calibration
Y81 556
100 Verification
— Calbraion
WTU NTI Verification
. . Calibration
Rk NTU NTU Verification
N Calibration
Y51 556 HT H 4
P P Verification
o . S.Cond Calibration
Y51 556 * 240mV P
ORI " 1.413mS/cm Verification
- DO Calibration
51556
100 Verification
Turbidi Ll‘n\.lbmu_un
NTL NTU Verification
. Calibration
Turbidimeice w1 T Verification
o Calibration
V51556 H7 H 4
P P Verification
" S.Cond Calibration
Y81 556 * 240my = A
s = L413mScm Verification
” DO Calibration
Y51 556
1008 Verification
Turbidimeter Cﬁ‘-lhm"-l‘ﬂ
NI NTU Verification
) Calibration
Turbidimerer KIU NIU Verification
Calibration
Y135 17 14 - -
Bl 43 s = Verification
8.Coml Calibration
S15: 240 e
YSI556 ORP 240mYy | 413mS/em Verification
Do Calibration
SI & g
YSI336 1008 Verification
Turbidimeter L"“bm",u"
NIU NIU Verification
Calibration
Turbidimercr WIU NIU Verification
Calibration
815 T 4 . o
¥EI356 e Pl Verification
= S.Cond Calibration
SI5: 2 "
81336 ORP 240mV 1. 413mSem Verification
- DO Calibration
SI3: . -
81336 1002 Verification
Turbidimerer u‘.'bra".o"
NTL NTU Verification
. " Calibration
Turbidimercr NIU NTU Venification
= Calibration
> T 4 N
81536 e pH Verification
- S.Cond Calibration
5 2
Ys1336 ORP 240mV 14 13mS om Verification
N Dy Calibration
5
et 100% Verification
Turbidimerer u‘.'bra".o"
NTU NTU Verification
PP Calibration
Turbidimeter NTU NTU -
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APPENDIX B

Unit-Specific Groundwater Monitoring Constituent Lists
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Groundwater Compliance Monitoring (Semiannual) Constituent List

Radford Army Ammunition Plant, Radford, Virginia

Analyte METHOD PQL (ug/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, 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 125
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

Attachment V.B-22




Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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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)
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 125
Dimethyl ether; 8260 125
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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EPA ID No. VA1210020730

N - lit
Virginia Department of Environmental Quality Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs
Radford Army Ammunition Plant

V.B-B. GROUNDWATER MONITORING WELL CONSTRUCTION DIAGRAM
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs
Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

V.B-C. INVESTIGATION DERIVED WASTE POLICY
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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
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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
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Virginia Department of Environmental Quality EPA ID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035
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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

04-199&

ADDENDUM

Department of Environmental Quality
Waste Operations
Policy for the Handling of
Investigation Derived Waste (IDW)

This Addendum is being provided to clarify the distinction
between the disposal requirements for Investigation Derived Waste
{IDW) that is generated from an undefined area, and the requirements for
s0il and sediment IDW when soil and sediment is generated from an area
of known contamination subject to further response measures with
oversight from DEQ and/or EPA.

“DEQ Policy for the Handling of Investigation Derived Waste”
dated July 5, 1985, specifies that IDW contaminated above background
levels is considered a solid waste and must be managed in accordance
with the Virginia Sclid Waste Management Regulations. If the IDW
contains a listed hazardous waste or exhibits the characteristic of a
hazardous waste, it must be managed as a hazardous waste in accordance

with the Virginia Hazardous Waste Management Regulations. Under this
policy, returning the IDW to the locaticon from which it is generated is
prohibited.

However, this peolicy was not intended to address the requirements
associated with soil and sediment IDW generated from an area of known
contamination when this area is subject to future response activities
with oversight from the DEQ or EPA. In such a case, the management and
disposal of the IDW should be in accordance with pertinent EPA guidance
governing the applicability of RCRA 1land disposal restrictions.
{"Management of IDW During SI's”, EPA/540/G-91/009).

Under the EPA guidance, replacement of scil and sediment IDW into
the area of contamination from which it is generated is permissible
provided that the waste is not treated prior to placement, Therefore,
the above-referenced DEQ IDW policy now recognizes that if soil and
sediment IDW is generated from an area of known contamination, and this
area is subject to further response measures with oversight from DEQ
and/or EPA, the IDW may be placed back into the area from which it is
taken provided there is no treatment of this waste prior to placement.

Signed [SIGNED] Date 7/24/96
Hassan Vakili, Director
Division of Waste Operations
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730

Expiration Date: XXXX xx, 2035

ATTACHMENT V.C - ANNUAL GROUNDWATER SAMPLING CONSTITUENT LIST
(APPENDIX IX, 40 CFR PART 264)

Analyte CAS Number Method PQL (ug/l) 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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Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Analyte CAS Number Method PQL (ug/l) MDL (ug/l)
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-Nitroguinoline-1 -oxide 56-57-5 8270 50 &)
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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Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs
Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Analyte CAS Number Method PQL (ug/l) MDL (ug/l)
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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Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs
Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Analyte CAS Number Method PQL (ug/l) MDL (ug/l)
Chloroform 67-66-3 8260 1 0.4
Chloroprene/ (2-chloro-1,3- 126-99-8 8260 10 0.46
butadiene)

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 74-95-3 8260 1 0.4
bromide)

Dichlorodifluoromethane 75-71-8 8260 1 0.4
Diethy| 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- 86-30-6 8270 10 0.58
nitrosodiphenylamine)

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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Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Analyte CAS Number Method PQL (ug/l) | MDL (ug/l)
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
lodomethane/ (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 86-30-6 8270 10 0.58
diphenylamine)

n-Nitrosomethylethylamine 10595-95-6 8270 10 2.0
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Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Analyte CAS Number Method PQL (ug/l) MDL (ug/l)
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
0,0,0-Triethylphosphorothioate 126-68-1 8270 10 2.6
0,0-Diethyl-0-2-pyrazinyl 297-97-2 8270 10 2.4
phosphorothioate/ (Thionazin)

0-Cresol/ (2-methylphenol) 95-48-7 8270 10 0.96
o-Toluidine 95-53-4 8270 10 4.0
0-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- 106-50-3 8270 150 50
phenylenediamine)

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- 99-35-4 8270 10 3.0
trinitrobenzene)

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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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Analyte CAS Number Method PQL (ug/l) | MDL (ug/l)
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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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

ATTACHMENT V.D - GROUNDWATER COMPLIANCE MONITORING
(SEMIANNUAL) CONSTITUENT LISTS

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

(SEMIANNUAL) CONSTITUENT AND REQUIRED ANALYTICAL

METHOD LIST

Analyte Method PQL (ug/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 B
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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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

pg/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 |
(1993), 11 (1995), 1A (1994), 11B (1995), 111 (1997), 1A (1999), I1IB (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 VV.D-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

V.D-B. HWMU-16 GROUNDWATER COMPLIANCE MONITORING
(SEMIANNUAL) CONSTITUENT AND REQUIRED ANALYTICAL
METHOD LIST

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

Beryllium, total 6010/6020 1
Cadmium, total 6010/6020 1
Chromium, total 6010/6020 5
Cobalt, total 6010/6020 5
Copper, total 6010/6020 5
Lead, total 6010/6020 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
Diethy! 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
Trichlorofluoromethane 8260 1
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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

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:
pg/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 |
(1993), 11 (1995), 1A (1994), 11B (1995), I11 (1997), 1A (1999), I1IB (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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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.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 GWQAPSs 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.
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Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

ATTACHMENT 2: UNIT 5

APPENDIX F

Background cencentrations were calculated for each constituent in the groundwater monitoring
program using the analytical data from First Quarter 1996 through First Quarter 1999 for
upgradient well 5W8B. The background concentration calculations were based on site wide 95%
confidence, 95% coverage upper prediction intervals.

The calculated background concentrations for antimony, arsenic, selenium, chloromethane, 1,2-
dichloroethane, trans-1,2-dichloroethene, methylene chloride, tetrachloroethene, toluene, 1,1,2-
trichlorcethane, trichlorofluoromethane, vinyl chloride, xylenes, bis (2-ethylhexyl) phthalate, di-
n-butyl phthalate, diethyl phthalate, diphenylamine, and 2,6-dinitrotoluene are the same as their
respective detection limits.
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Radford Army Ammunition Plant

TABLE 2
HWiMU-5
CALCULATED BACKGROUND VALUES

Background Concentration |

Constituent (e/1 unless otherwise nated)
Antimony | . 3
Arsenic | 1
Barium 172.87
Beryllium 0.7
Cadmium 1.45

_ Cobalt . o7
Copper | 18
Lead | 10

| Mercury : 0.9

| Nickel 106 -
Selenium 1
Silver _ 23
Thallium ’ 2
Vanadium . 17
Zinc 75
Acetone 89
Benzene ) 0.1
Chloroform 0.5
Chioromethane 0.3
1,2-Dichloroethane 0.1
Methylene chlonde , 0.7
Methylethylketone : 213
Tetrachlorocthene - 0.1
Toluene 0.1
trans-1,2-Dichlorosthene . 0.1
1,1,2-Trichloroethans . 0.5
Trichloroethene o 0.8
Trichlorofluoromethane 0.5
Vinyl chloride 0.1
Xylenes (total) 0.1
Bis (2-ethylhexyl) phthalate 10
Di-n-butylphthalate : 5
Diethyl phthalate | 5
Diphenylamine 10
2,4-Dinitrotoluene 0.18
2,6-Dinitrotoluene 0.08
Total Organic Carbon - 253,000
Total Organic Halides 13.4
Specific Conductivity 450 uSfem
pH . 2.79 to 7.47 pH units -
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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 IX Constituents Detected Since Permit Issuance
HWMUSs 5, 7, 10, and 16

Radiord Army Ammunition Plant
Quarter Initially Background— GPS Required?
Unit Detected Constituent Calculated or GL? Background (ug/L) (261 A jix VIII) Proposed GPS (ug/L) Source
Chromium QL 5 yes 100 USEPA MCL
Diethyl Ether QL 12 no NA NA
HMWU-5 Fourth Quarter 2003 2-Nitroaniline aL 20 no NA NA
4-Nitroaniline QL 20 yes 20 Background/QL
Nitrobenzene QL 0 yes 10 Background/QL
Third Quarter 2006 Dichlorodiflusromethane QL 1 yes 125.2 VDEQ ACL
HWMU-7 Third Quarter 2003 Copper Calculated 49 ne NA NA
Second Quarter 2004 Zinc Calculated 217 no NA NA
First Quarter 2003 Coball aL 5 no NA IA
HWMU-10 Second Quarter 2003 V:::S::‘l gt :g :2 :: \:
Second Quarter 2005 2-Propandl ar 50 . NA A
Chloroethane Calculated 20.7 yes 20.7 Background/CL
Second Quarter 2003 Diethyl Ether Calculated 75.5 no A A
HWMU-16 Dimethyl Ether Calculated 17.0 no A A
Third Quarter 2003 Methylene Chloride Galculated 13.95 no* A NA
Second Quarter 2004] 1,1.2-Trichloro-1,2.2-trifluoroethane Calculated .2 no* NA A
HWMU-5: The additional Appendix IX constituents detected in the downgradient point of compliance wells were not detected above their respective Quantitation Limits (QLs) in the upgradient well,
As a result, background concentrations for those constituents were set as equal to their respective QLs. In accordance with the Permit (Condition V.J.1.g.), GPS are proposed for those
additional Appendix IX constituents that are listed in Appendix VIl of 40 CFR Part 261 (chromium, 4-nitroaniline, nitrobenzene, and dichlorodiflucromethane). No GPS are proposed for
the additional Appendix X constituents that are not listed in Appendix VIIl of 40 CFR Part 261 (diethyl ether and 2-nitroaniline).
HWMU-7: Background concentrations for the additional Appendix IX constituents detected in the downgradient point of compliance wells (copper and zinc) were previously calculated and submitted
to the VDEQ in the August 1998 Groundwater Quality Assessment Report for HWMU-7 prepared by ERM, Inc. In accordance with the Permit {Condition V.J.2.g.), no GPS are proposed
for the additional Appendix IX constituents (copper and zinc), as they are not listed in Appendix VIl of 40 CFR Part 261,
HWMU-10: The additional Appendix IX constituents detected in the downgradient point of compliance wells were not detected above their respective Quantitation Limits (QLs) in the upgradient well.
As a result, background concentrations for those constituents were set as equal to their respective QLs. In accordance with the Permit (Condition V.J.3.g.), no GPS are proposed for
the additional Appendix IX constituents (cobalt, vanadium, acetone, and 2-propancl), as they are not listed in Appendix VIIl of 40 GFR Part 261.
HWMU-16: Background concentrations for additional Appendix IX constituents chloroethane, diethyl ether, dimethyl ether, and methylene chicride were calculated using data collected from

upgradient well 16C1 during the period from Third Quarter 2003 through Third Quarter 2004. The background concentration for additional Appendix IX constituent 1,1,2-trichloro-1,2,2-
trifluoroethane was calculated using data collected from upgradient well 16C1 during the period from Second Quarter 2004 through Third Quarter 2006.

In accordance with the Permit (Condition V.J.4.g.), GPS are proposed for additional Appendix IX constituents that are listed in Appendix VIl of 40 CFR Part 261 (chloroethane). No GPS
are proposed for the additional Appendix X constituents that are not listed in Appendix VIll of 40 CFR Part 281 (diethyl ether and dimethyl ether).

*Methylene chloride and 1,1,2-trichloro-1.2,2-trifluoroethane should not be added to the Groundwater Monitoring List for HWMU-16, as these constituents were only detected in

the upgradient well for the Unit, and not in the downgradient point of compliance wells.
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Virginia Department of Environmental Quality EPAID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

TABLE 2
HWMU-16
Calculated Background Values
Constituent Background Concentration
{(ng/l unless otherwise noted)
Antimony 3 '
Arsenic 1
Barium 175.4
Beryllium 0.7
Cadmium - 0.2
Chromium 6.2
Cobalt 5
Copper 13
Lead 10
Mercury 0.2
Nickel 16
Selenium 1
Silver 0.5
Thallium 6
Vanadium 151
Zinc 51
Bromoform 0.3
Carbon Tetrachloride - 0.2
Chlorobenzene 0.1
Chloromethane : . 0.3
1,4-Dichlorobenzene 0.1
Dichlorodifluoromethane 46.5
1,1-Dichloroethane 9.5
1,2-Dichloroethane 0.1
trans-1,2-Dichloroethene 0.1
Ethylbenzene 0.1
Methyl Ethyl Ketone 1.1 -
1,1,2,2-Tetrachloroethane 0.3 ———f
Tetrachloroethene 0.7
“Toluene 0.1
1,1,1-Trichloroethane 9.2
1,1,2-Trichloroethane 0.5
Trichloroethene 0.1
Trichlorofluoromethane 11.3
Viny! Chloride 0.1
Xylenes (total) - - 0.2
Page [ of 2
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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

. TABLE 2
' HWMU-16
Calculated Background Values
Counstituent Background Concentration
(ng/l unless otherwise noted)

Di-n-butylphthalate b
2,4-Dinitrotoluene 0.10
2,6-Dinitrotoluene 0.11
2378-TCDF 0.0485 ppt
12378-PECDF 0.0439 ppt
23478-PECDF 0.0417 ppt
123478-HXCDF 0.0390 ppt
123678-HXCDF 0.0377 ppt
234678-HXCDF ' 0.0428 ppt
123789-HXCDF 0.0415 ppt
1234678-HPCDF 0.0615 ppt
1234789-HPCDF 0.0709 ppt
OCDF 0.1307 ppt
Cyanide 10
Total Organic Carbon (x4) 7000-
Total Organic Halides (x4) 422
Specific Conductivity 672 pSfem
pH 5.7 to 7.9 pH units

Page20f2
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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

Statistical Computations - RAAP HWMU-16 - 1,1,2-Trichlore-1,2,2-
Trifluoroethane

In accordance with the facility permit and VHWMR, statistical background
concentration is being established for 1,1,1-Trichloro-1,2,2-Trifluoroethane. Inter-well
upper prediction limits (UPL) were calculated on the background data for this target
parameter in accordance with the facility permit and VHWMR (40 CFR 264.97(h)).
Background data for this target parameter consisted of all data for the background well
16C1 collected from 2™ quarter 2004 through 3" quarter 2006.

Discussion of Tests for Normality

The power of a statistical tool to account for false positive and false negative
results, while accurately detecting true statistical variations for a facility under scrutiny
depends on numerous factors, one of which is the distribution of the data. A great
number of statistical tools are based on the assumption that data are normally distributed.
Hence the distribution of the sample population for parameters evaluated under this
statistical analysis is first determined. Sample populations are tested for normal
distribution using several normality tests. "Groundwater Information Tracking System
with Statistical Analysis Capability" (GRITS/STAT) v5.0 was the software used to run
these statistical tests. GRITS/STAT is an analytical software package provided by the
USEPA. The distributions of the data sets were verified in the original mode as well as in
log-transformed mode. The normality of the data set was evaluated using the Shapiro-
Wilk test for normality.

Discussion of Prediction Interval Tests

Normality tests are performed prior to running parametric tests (tests that require
that the data be normal). Results of the normality tests show that the background data for
1,1,2-Trichloro-1,2,2-Trifluoroethane is non-normally distributed. Non-parametric UPL
(NUPL) was constructed on the background data for this parameter. The confidence levels
of NUPLs are typically approximate and estimated to be around 91%.

Summary of UPL
Parameter Background Type Multiple UPL (pg/l)
Data Distribution | of UPL | Comparisons/year
1,1,2-Trichloro-1,2,2- | Non-Normal NUPL |N/A 1.2
Trifluoroethane

P:\B03\200\B03204\B03204-0/\REPORTS\UNIT 16 BACKGROUND FOR 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE\RPT
- 050202 - HWMU16ADDPARAMETERSUPL - SN.DOC
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Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

Statistical Computations —- RAAP HWMU-16

In accordance with the facility permit and VHWMR, statistical background
concentrations are being established for the four new target parameters chloroethane, diethyl
ether, dimethyl ether and methylene chloride. These four target parameters were added to
the facility monitoring program during the 3™ quarter 2003 monitoring event. Inter-well
upper prediction limits (UPL) were calculated on the background data for the target
parameters in accordance with the facility permit and VHWMR (40 CFR 264.97(h)).
Background data for these target parameters consisted of all data for the background well
16C1 collected from 3™ quarter 2003 through 3™ quarter 2004.

Discussion of Tests for Normality

The power of a statistical tool to account for false positive and false negative
results, while accurately detecting true statistical variations for a facility under scrutiny
depends on numerous factors, one of which is the distribution of the data. A great
number of statistical tools are based on the assumption that data are normally distributed.
Hence the distribution of the sample population for parameters evaluated under this
statistical amalysis is first determined. Sample populations were tested for normal
distribution using several normality tests. "Groundwater Information Tracking System
with Statistical Analysis Capability" (GRITS/STAT) v5.0 was the software used to run
these statistical tests. GRITS/STAT is an analytical software package provided by the
USEPA. The distributions of the data sets were verified in the original mode as well as in
log-transformed mode. The normality of the data sets was evaluated using the Shapiro-
Wilk test for normality.

Discussion of Prediction Interval Tests

Normality tests are performed prior to running parametric tests (tests that require
that the data be normal). A 99% confidence parametric inter-well UPL was computed for
each of the four target parameters that showed normally distributed background data.
Results of the normality tests show that the background data for chloroethane, diethyl ether
and methylene chloride are normally distributed, and the background data for dimethyl ether
is non-normally distributed. Non-parametric UPL (NUPL) was constructed on the
background data for dimethyl ether, and parametric UPLs (PUPL) were constructed on the
background data for chloroethane, diethyl ether and methylene chloride. No adjustments to
the error rates were made to the NUPLs for multiple comparisons. Adjustment for 10
comparisons per year (considering 10 compliance monitoring wells at the facility and 4
quarters of data for each year, and considering historic detects, 10 is considered a
representative number for multiple comparisons per year) was made to the PUPLs. The
confidence levels of NUPLs are well less than 95%. Any statistically significant increase
(SSI) must be confirmed by verification sampling.

E:\ROSS WORK\RADFORD AAP ARCHIVES\HWMU-16\RPT - 05 0202 - HWMUI6ADDPARAMETERSUPL - SN.DOC
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Virginia Department of Environmental Quality
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs
Radford Army Ammunition Plant

Summary of UPLs
Parameter Background Type Multiple UPL (pg/l)
Data Distribution | of UPL | Comparisons/year
Chloroethane Normal PUPL |10 20.7
Diethyl ether Normal NUPL |10 75.5
Dimethyl ether Non-normal PUPL | N/A 17.0
Methylene Chloride Normal PUPL | 10 13.95

EAROSS WORK\RADFORD AAP ARCHIVES\HWMU-16\RPT - 05 0202 - HWMU16ADDPARAMETERSUPL - SN.DOC
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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

RAAP-HWMU-16 - Statistical Analysis - Notes

1) Y2K Correction dates are as shown in table below.

Actual Event Date Used in Stat Software !
2000-Qir1 12/13/1999 !
2000-Qtr2 12114/199%

2000-Qitr3 12/15/1989

2000-Qtrd 12/16/1998

2001-Citr 12/117/1988

2003-Qr3 12/18/1999

2003-Qtr4 121191999

2004-Qtr1 12/20/1999

2004-Qtr2 12/21/1999

2004-Qir3 12/22/1899

Interwell Tests:

2) Background data for target parameters chloroethane, diethyl ether, dimethyl ether and methylene chloride were evaluated

using Shapiro-Wilk test. Background data showed normal distribution for chloroethane, diethyl ether and methylene chloride.
Parametric interwell 99% confidence upper prediction limits were computed for parameters with normally distributed background data.
Dimethyl ether backaround data was non-normally distributed. Therefore non-paramelric Upper Prediction Limit (UPL)

was computed for dimethyl ether.

3) No adjustments for multiple comparisons could be made for non-parametric UPLs. Adjustments were made lo the parametric UPLs
for 10 future comparisons per year to account for multiple compliance monitoring wells and quarterly event data.
Any Statistically significant increase {SSI) must be confirmed by verification sampling.

E:\Ross Work\Radford AAP Archives\HWMU-16\[HWMU18StatDate correction.xls}Sheet1
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Normality Tests

Report Printed: 02-02-2005 13:49
Facility: RAAPHWMU16 Haz. Waste Unit 16 - RAAP
Address:

City:Radford ST.VA Zip:24141
County: PULASKI

Contact:
Phone:( ) -

Permit Type:Detection

Constituent:ClEthane Chloroethane

CAS Number: 75-00-3
MCL: 0.000 ppb
ACL: 0.000 ppb
Detect Limit: 2.000 ppb

Start Date:Mar 31 1996
End Date:Dec 22 1999

Normality Test on Observations for wells listed below:
Well: 16C1 Position: Upgradient Observations:5
Scale  Minimum  Maximum Mean  Std Dev

Original: 1.000 6.400 4.340 . 2.078
Log: 0.000 1.856 1.303 0.749

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale
Mean: 4.340 1.303
Sid Dev: 2.078 0.749
Skewness: -0.810 -1.296*
Kurtosis: -0.555 -0.011
Minimum: 1.000 0.000
Maximum: 6.400 1.856
CV: 0.479 0.575

Shapiro-Wilk Statistics

Test 5% Critical 1% Critical
Scale Statistic Value Value
Original:  0.9037 0.7620 0.6860
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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

Log: 0.7615*  0.7620 0.6860

* Indicates statistically significant evidence of non-normality.
GRIT/STAT Version 5.0
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Parametric Prediction Interval
Report Printed February 2,2005

Facility:Haz. Waste Unit 16 - RAAP
Parameter: Chloroethane(CAS Number:75-00-3)

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

Observations (n): 5
Shapiro-Wilk (W):  0.9037
Critical W,a=0.01: 0.6860

Mean: 4.340 ppb
Std Dev:  2.078 ppb
DF: 4
Conf. Level (1-a): 9600 Q- T4
Future Samples (k): 10
trl-a+q: 7.1732

L o
Kappa: 7.8579

UL: 20.669 ppb
LL: -co

Report Produced by GRITS/STAT 5.01
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Normality Tests

Report Printed: 02-02-2005 13:49
Facility:RAAPHWMU16 Haz. Waste Unit 16 - RAAP
Address:

City:Radford ST:VA Zip:24141
County:PULASKI

Contact:
Phone:( ) -

Permit Type:Detection

Constituent: DEthEth Diethyl ether

CAS Number: - -
MCL: 0.000 ppb
ACL: 0.000 ppb
Detect Limit: 24.000 ppb

Start Date:Mar 31 1996
End Date:Dec 22 1999

Normality Test on Observations for wells listed below:

Well:16C1  Position:Upgradient Observations:5

Scale Minimum Maximum Mean  Std Dev
Original: 12.000 30.000 21.200 6.907
Log: 2.485 3.401 3.007 0.355

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale
Mean: 21.200 3.007
Std Dev: 6.907 0.355

Skewness: -0.122 -0.491
Kurtosis: -1.140 -1.024
Minimum: 12.000 2.485
Maximum: 30.000 3.401
CV: 0.326 0.118

Shapiro-Wilk Statistics

Test 5% Critical 1% Critical
Scale Statistic Value Value
Original:  0.9768 0.7620 0.6860
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Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

Log: 0.9507 0.7620 0.6860

* Indicates statistically significant evidence of non-normality. 5
GRIT/STAT Version 5.0
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Parametric Prediction Interval
Report Printed February 2,2005

Facility:Haz. Waste Unit 16 - RAAP
Parameter: Dicthyl ether(CAS Number:- -)

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

Observations (n): 5
Shapiro-Wilk (W):  0.9768
Critical W,a=0.01: 0.6860

Mean: 21.200 ppb
Std Dev:  6.907 ppb

DF: 4
Conf. Level (1-a): o2380 O- 19
Future Samples (k): 10
t r 1-o = B 71732
!

Kappa: 7.8579

UL: 75.470 ppb
LL: -oo

Report Produced by GRITS/STAT 5.01
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Normality Tests

Report Printed: 02-02-2005 13:53
Facility: RAAPHWMU16 Haz. Waste Unit 16 - RAAP
Address:

City:Radford ST:VA Zip:24141
County: PULASKI

Contact:
Phone:( ) -

Permit Type:Detection

Constituent: DMethEth Dimethyl ether

CAS Number: - -
MCL: 0.000 ppb
ACL: 0.000 ppb
Detect Limit: ~ 24.000 ppb

Start Date:Mar 31 1996
End Date:Dec 22 1999

Normality Test on Observations for wells listed below:
Well:16C1 Position: Upgradient Observations:5
Scale  Minimum  Maximum Mean  Std Dev

Original: 12.000 17.000 13.000  2.236
Log: 2.485 2.833 2.555 0.156

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale
Mean: 13.000 2.555
Std Dev: 2.236 0.156
Skewness: 1.500* 1.500%
Kurtosis: 0.250 0.250

Minimum: 12.000 2.485
Maximum: 17.000 2.833
CV: 0.172 0.061

Shapiro-Wilk Statistics
Test 5% Critical 1% Critical

Scale Statistic Value Value
Original: 0.5521*%  0.7620 0.6860
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Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

Log: 0.5521*  0.7620 0.6860

* Indicates statistically significant evidence of non-normality.
GRIT/STAT Version 5.0
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Nonparametric Prediction Interval
Report Printed February 2,2005

Facility:Haz. Waste Unit 16 - RAAP
Parameter:Dimethyl ether(CAS Number:- -)

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

Observations (n): 5
Conf. Level (1-): 33.330%
UL: 17.000 ppb
LL: 0.000

Report Produced by GRITS/STAT 5.01
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Normality Tests

Report Printed: 02-02-2005 13:54
Facility: RAAPHWMU16 Haz. Waste Unit 16 - RAAP
Address:

City:Radford ST:VA Zip:24141
County:PULASKI

Contact:
Phone:( ) -

Permit Type:Detection

Constituent:MeCl  Dichloromethane (Methylene chloride)

CAS Number: 75-09-2
MCL: 0.000 ppb
ACL: 0.000 ppb
Detect Limit: 2.000 ppb

Start Date:Mar 31 1996
End Date:Dec 22 1999

Normality Test on Observations for wells listed below:
Well:16C1  Position:Upgradient Observations:5
Scale  Minimum  Maximum Mean  Std Dev

Original: 4.100 6.800 5.800 1.037
Log: 1.411 1.917 1.743 0.197

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale
Mean: 5.800 1.743
Std Dev: 1.037 0.197
Skewness: -0.925 -1.088*
Kurtosis: -0.436 -0.263
Minimum: 4.100 1.411
Maximum: 6.800 1.917
CV: 0.179 0.113
Shapiro-Wilk Statistics

Test 5% Critical 1% Critical
Scale Statistic Value Value
Original: 0.8964 0.7620 0.6860
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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

Log: 0.8519 0.7620 0.6860

* Indicates statistically significant evidence of non-normality.
GRIT/STAT Version 5.0
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Parametric Prediction Interval
Report Printed February 2,2005

Facility:Haz. Waste Unit 16 - RAAP
Parameter: Dichloromethane (Methylene chloride(CAS Number:75-09-2)

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

Observations (n): 5
Shapiro-Wilk (W): 0.8964
Critical W,x=0.01: 0.6860

Mean: 5.800 ppb
Std Dev: 1.037 ppb

DF: 4
Conf. Level (1-): 095050+ 99
Future Samples (k): 10
t-l-o: 7.1732

i

Kappa: 7.8579
UL: 13.947 ppb
LL:

-00

Report Produced by GRITS/STAT 5.01
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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

"
Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 16C1 All Results in ug/L,
 emidnaltye/Quarter Lol BCT LIS | JSMM | JAWCTs  TEWCIR O] GRS | Method
Chloroethane cAse 7300-3
Third Quarter 2003 64 v 48 u v 1 207 82608
Fourth Quarter 2003 57 u 26 11 u 1 207 52600
First Guarter 2004 U u U U u o 1 207 82608
Secend Querter 2004 a4 u 24 083 J v 1 207 82608
Third Quarter 2004 42 u 2 u u 1 207 az608
Fourih Quarier 2004 48 u 25 u u 1 207 B2608
First Quarter 2005 78 J U J 374 u g u J 1 207 B260B
Second Quarter 2005 vy u U v u 1 207 82608
Third Quuarter 2005 479 u g u u o u o 1 207 62608
Fourth Quarter 2006 460 u 26 0 u u 1 207 62608
First Quarter 2008 53 ] u u u 1 207 82608
Second Quarler 2008 5 J u 2 4 u u 1 207 82608
Third Quarter 2006 5 u 07 J [ u 1 20.7 BZE0B
Fourlh Quarier 2006 58 u 1 u u 1 207 8260B
First Quarter 2007 64 u 1 u u 1 207 62608
Second Quarter 2007 52 u 14 u u 1 207 82608
i . .. i i L
“Third Quarler 2003 124 u 12 3 u u 12 - 92608
Fourih Quarter 2003 30 u 14 u u 12 - B2608
First Quarter 2004 24 u u u u 12 - B260B
Second CQuarter 2004 34 U J 13 J u J U J 12 B260B
Third Quarter 2004 17 u u u U 12 . 82608
Fourth Quarter 2004 24 uJ u u uoJ 12 B260B
First Guarter 2005 29 u 14 u U 12 - 82608
Sacond Quarter 2005 20 Uy 92 u U 12 - 82608
Third Quarter 2008 0 u 15 u U 12 = 82808
Fourth Quarler 2005 25 u 18 1] 13 12 - 82608
First Quarier 2006 18 u u u u 12 - 82608
Second Quarter 2008 17 u u u v 125 - 82608
Thirg Quarter 2006 3 159 43y 45 J u 125 - 2608
Fourth Quarer 2006 20 u u u u 125 o £2608
First Quarter 2007 21 u u U u 125 i 82608
Second Quarter 2007 Arans 15 4 57 J 21 4 u J 125 - 82608
Dimethyl ether ' ' Cise 115106 )
Third Quarter 2003 BE J u a8 J v u i2 - 82608 :
Fourih Quarter 2003 u u u u u 12 . 82608 !
First Quarter 2004 v uJ 13 J u J u J 12 - BZE0EB i
Second Quarter 2004 [T ud o 884 (T u oy 12 - 82608 |
Third Quarter 2004 [T Uy Uy Uy u o 12 - 62608 f
Fourth Quarter 2004 16 Uy 124 u u o 12 - 82608
First Quarter 2005 28 u 25 u u 12 - BZE0B
Second Quarter 2005 15 u 14 u u 12 - B2E0B
Third Quarler 2005 i3 u u u u 12 - B260B
Fourlh Quarter 2005 u u u u u 12 - 82608
Firs! Quarler 2008 u u u u u 12 - 82608
Secend Quarer 2006 u u U u u 125 - 82608
Third Quaster 2008 14 U os24 28 3 vy 125 - 82608
Fourth Quarter 2008 u u u u 125 - 82608
First Quaner 2007 u u u u u 125 - 82608
Second Quarter 2007 1M J u J 26 J iz J 128 - 82608
See last page of this report for definitions. % Draper Aden Associates
FPage { of 3 %27 Eraiesing + Suveing + Emimnmen] Sevies
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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

Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1 Al Results in ug/L.

1l Qugricr J6CT | peaws | 1éawy | JéwCia L dsweis O | GRS | Merbod

Methylene chloride cAS s 75-09-2
Third Cuarter 2003 4.1 u u u u 1 13.95 62608
Feourth Quarter 2003 6.6 u u u U 1 13.9% B2608
First Quarier 2004 &4 u u u u 1 1395 82608
Second Quarter 2004 57 u u u u 1 1395 82608
Third Quarter 2004 8 u oA u A U A U A T 1395 82608
Fourth Quarter 2004 64 u u u u 1 1395 82608
First Quarler 2005 68 J u u u 1] 1 1395 82608
Second Quarter 2005 6.3 u u u [} 1 13.85 2608
Third Quarter 2005 6.2 u u u [} 1 13.85 62608
Fourth Quarter 2005 4.7 u u u u 1 13.85 62608
First Quarter 2006 49 u u u u 1 1385 B2608
Second Quarter 2008 u u u u 1 13.95 82608
Third Quarter 2006 u N u M u N U N u N 1 1395 82608
Fourth Quarter 2008 u A u u U A u 1 13.85 82608
First Quarter 2007 8.3 u U u u 1 1395 82608
Second Cuarter 2007 34 u U u u 1 1395 BZ600

1,1,2-Tﬁchlom-1 ,2,2-Trifluoroethane o S U case TETRT o
Third Quarter 2003 u u u u u 1 - 22608
Second Chuarter 2004 12 u o LU u uJ 1 - B2808
Third Quarter 2004 u u u u u 1 82608
Fourlh Quarler 2004 u u u u u 1 - 82608
First Quarter 2005 1 u u u u 1 - 82608
Second Quarter 2005 u u u u u 1 - 82608
Third Quarter 2005 u u U u 1] 1 N B2E0E
Faurth Quarter 2008 u u u u u 1 - B2e08
First Quarter 2008 u u u u u 1 - B260B
Second Quanar 2008 u u u u u 1 - B260B
Third Quarter 2006 u u U u u 1 = 82608
Fourth Quarier 2006 u u u u u 1 - B260B
First Quarter 2007 u u u u u 1 - 82608
Second Quarter 2007 u u u u U 1 - 82608

See last page of this report for definitions. -
ik s ==Draper Aden Associates
Page 3 of 5 Grgreering + Surveying  Ervirrmental Servies
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EPA ID No. VA1210020730

Virginia Department of Environmental Quality
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs
Radford Army Ammunition Plant

Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1
An ez L_gdci | raaws | Jeaimy | J6WCId JJSHCIR O GPS | Malod

All Resulrs in ug/L.

Definitions: QL Denotes permit required quantitation limit. U Denotes analyte not detected at or above QL. UA Denotes

amalyte not detected ator above adjusted sample QL. J Denotes associated result is estimated. When used with "U” (ie., “UJ"),

denotes analyle not detected at or above QL and QL is estimated.  When used with "UA" (i.e., “UAJ"), denotes analyte not detected

atorabove adjusted QL and adjusted QL is estimated. UN Denotes analyte concentration is less than the quantiation limit and five

| times the blank concentration. Not reliably detected due to blank contamination. This qualifier used only for Appendix IX monitoring
event when results are reported to at or above the project detection limit. R Denotes result rejected. © Denotes data validation qualifier.

| CAS# Denotes Chemical Abstract Services registration number. X Denotes mass spectral confirmation not obtained-result suspect.
dix G to Attacl 5 in the Final Hazardous Waste Post-Closure Care

GPS Denotes Ground P ion Standards Tisted in A
Permit for Hazardous Waste Units 5, 7, 10, and 16 (Qetober 4, 2002).
NS denctes not sampled. NA denotes not analyzed.  “—* denotes not detected (pre-2nd Quarter 2003) or not available / not sampled

(beginming 2nd Quarter 2003},

Notes:
-Appendix IX Groundwater Monitoring Events:
Third Quarter 2003, Second Quarter 2004, Second Quarter 2003, Third Quarter 2006, Second Quarter 2007

For Appendix IX monitoring events, all results evaluated to d limit. See data for

=9/30/2003: Verification sampling event for 16C1 (heptachlor) and 16C1B (Endrin). Verification results: all results reported

not detected o detection limit, Original results 0,067 pg/l and 0.39 pg/l, respectively. Confirmation results reported in this table.

-9/30/2003: Verification sampling event for 16C1 (chloroethane, ethyl ether, methy] ether, methylene chloride) and

16M W (chloroethane, ethyl ether, methyl ether). Verification results: all results confirmed original analysis, Origmal results
reported in this table.

=lune 21, 2004: Verification event for 82608 161 (1,1-dichloroethene and 1,1,2-trichlore-1,2, 2-triflucrocthane).

Verification results: all not detected except 1,1,2-trichlore-1,2,2-trifluoroethane added to quarterly analyte list beginning 3Q 2004,
Due to laboratory error, Appendix X results for semivolatiles (Methed 8270C) will be presented in 3Q) 2004. Verification event resulis
for IGWCIB and 16C1 {8081 A) — all verification results were not confirmed.

HOT/27-28/2005, Verification event for I6WC 1B (Mercury Method 7470A.) Not detected in verification sample.

Also, verification event for 16C1, 16WCTB-8081 A and 16C1, 16MWSE, 16WC1A-ethanol. Al verification results not detected.

Verification results used.
6/19/2007. Verification event for 16WCIB and 16MW9 thallium Not detected in verification sample. Verification results used.

Timmit,

Samvios

See last pa this report for definitions. £
EIHISE RS U VA e o Gef e === Draper Aden Associates
= oy e .

e
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Virginia Department of Environmental Quality EPAID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

ATK Armament Systems
Energetic Systems

Radford Army Ammunition Plant
Route 114, P.0. Box 1

Radford, VA 24143-0100

wwwatk.com

August 1, 2011

Jutta Schneider

‘ Program Manager

Office of Remediation Programs

Virginia Depariment of Environmental Quality
629 East Main Street

Richmond, Virginia 23219

Subject: Additional Appendix [X Groundwater Monitoring Results - Final Nolification
Post-Closure Care Permit HWMUs 5, 7, 10, & 16
Radford Army Ammunition Plant, Radford, Virginia
EPA ID#: VA1210020730

Reference: ATK Letter No 11-815-90 Dated June 23, 2011

Dear Ms, Schneider:

During Second Quarter 2011, Alliant Techsystems Inc. completed semiannual groundwater monitoring for
Hazardous Waste Management Units (HWMUs) 5, 7, 10, and 16 located at the Radford Army Ammunition Plant
(Radford AAP) in Radford, Virginia. The Second Quarter 2011 groundwater monitoring event also served as annual

monitoring under 40 CFR 264 Appendix IX for HWMUs 7, 10, and 16.

Verification samples were collected on June 27, 2011 at HWMUSs 7 and 16 to confirm or refute the detection of
additional Appendix IX constituents listed in the table below.

Well Location | Constituent(s) I Result
HWMU-7
TWI11B Benzene Not Verified
TMW6 Benzene; Diethyl ether Not Verified
HWMU-16
16WCI1B 4,4’-DDD Not Verified |
16WCIA Benzene Not Verified |
16MW9 Benzene VERIFIED, Add to List |

The verification sample results confirmed only the presence of the additional Appendix IX constituent, benzene, in
point of compliance well I6MW9. Benzene was detected below the LOO in well I6MW9; therefore, benzene will ;
be added to the compliance monitoring list for HWMU-16. No other additional Appendix 1X constituents were r
detected in the verification samples coliected at HMWUs 7 and 16.

The permit requires collection of four quarters of monitoring data from a Unit’s upgradient well(s) to establish
background values for newly detected Appendix IX constituents. However, Alliant Techsystems Inc. has collected
benzene data from HWMW-16 upgradient monitoring well 16C1 during the previous nine annual Appendix IX
groundwater monitoring events (2003-2011). Benzene has never been detecled at or above the LOQ in upgradient
well 16C1; therefore, in licu of quarterly background monitoring, we propose to use these data to set the background

11-815-106
JFlint
1
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Radford Army Ammunition Plant

Juita Schneider
August 1, 2011
Page 2

value for benzene at the LOQ of 1 ug/l and the groundwater protection standard (GPS) at the USEPA maximum
contaminant level (MCL) of 5 ug/l.

Complete details regarding the Second Quarter 2011 menitoring event (field data, laboratory data, and data
validation reports) will be forwarded to the VDEQ in the forthcoming Semiannual Groundwater Monitoring Report
for Hazardous Waste Management Units 5, 7, 10, and 16, Second Quarter 2011, which is due to the VDEQ by
August 15, 2011. However, Alliant Techsystems Inc. has submitted a request to the VDEQ for a 60-day extension
to the August 15, 2011 reporting deadline; a response to the request is pending.

If you have any questions or concerns, please contact Mr. Jeremy Flint at 540/639-7668
(Jeremy.Flint@ATK.COM).

Sincerely,
alge H"?ﬁﬁinvironmental Manager
Alliant Techsystems Inc.

c Aziz Farahmand, VDEQ-BRRO
Fuxing Zhou, VDEQ-Central

11-815-106 !
IFlint ]
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Jutta Schneider
August 1, 2011
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Coordination: - m{_,&vd‘/“\
DM

JMcKenna

be: P. W. Holt
J. McKenna, ACO Staff
Jeremy Flint
Mike Lawless, Draper Aden Associates
Env. File

11-815-106
JFlint

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

WL WV ome

M. A. Miano
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Virginia Department of Environmental Quality

Radford Army Ammunition Plant

Conceming the following:

CY 2011 Second Quarter Semiannual Monitoring Event

EPAID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Additional Appendix IX Groundwater Monitoring Results - Final Notification

Radford Army Ammunition Plant, Radford, Virginia

11-815-106
JFlint

I certify under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance with
a system designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the
person or persons who manage the system, or those persons directly responsible for gathering the information, the information submitted
is, to the best of my knowledge and belief, Lrue, accurate, and complete. 1 am aware that there are significant penalties for submitting
false information, including the possibility of fines and imprisonment for knowing violations.

EPA ID#: VAI210020730

1 f
SIGNATURE: %
J

PRINTED NAME: ¢~ Wm Byron Penland

TITLE: Lieutenant Colonel, US Army
Commanding

SIGNATURE: 7;’ M

yd ~

PRINTED NAME: Kent D. Holiday —~

TITLE: Vice President and General Manager
ATK Energetics Systems
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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

Land Protection and Remediation Division

September 12, 2014

VIA ELECTRONIC MAIL

Mr. Jay Stewart

Environmental Manager

BAE Systems, Ordnance Systems, Inc.
Radford Army Ammunition Plant
4050 Pepper’s Ferry Road

Radford, Virginia 24141

Re: Radford Army Ammunition Plant, Radford, VA
EPA ID No.VA1210020730, Approval of Class 1 Permit Modifications
Hazardous Waste Management Units S and 16, Post Closure-Care Permit

Dear Mr, Stewart:

Enclosed are the final Class 1 Modifications to the Hazardous Waste Permit for Post Closure-Care
of two hazardous waste management units (HWMUSs) 5 and 16 at the Radford Army
Ammunition Plant (RAAP), Radford, Virginia facility. The final Class 1 Modifications to the
Permit have been approved.

The Virginia Department of Environmental Quality (DEQ) received the Class 1 Permit
groundwater related modification request addressing the HWMU 16 that was communicated to
the DEQ in an e-mail dated August 13, 2014, from the RAAP, Radford, Virginia facility. RAAP
requested that 1,1-dichloroethene (1,1-DCE) be added to the Groundwater Compliance Monitoring
Constituent List for HWMU-16.

1,1-DCE was detected in the most recent annual groundwater sampling event required under the Post-
Closure Permit, and in a letter dated July 21, 2014, the VDEQ supported the RAAP’s July 1, 2014,
proposal that 1,1-DCE be added to the Groundwater Compliance Monitoring Constituent List and
also the setting of the background value for 1,1-DCE at the Limit of Quantitation (LOQ) value of 1
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Radford Army Ammunition Plant

Mr. Jay Stewart
BAE Systems, Ordnance Systems, Inc.
Page 2

ug/l and the Groundwater Protection Standard (GPS) at the USEPA Maximum Contaminant Level
(MCL) of 7 ug/l.

In the e-mail letter dated August 13, 2014, RAAP submitted the following requested changes to
the facility’s hazardous waste Post Closure-Care Permit as marked—up files comprising the Class
1 Permit modification:

+ Permit Attachment 3, Appendix E (HWMU-16 Groundwater Compliance Monitoring
Constituent List) from the Post-Closure Care Permit to add 1,1-DCE to the groundwater
Compliance Monitoring Program for HWMU-16, and

+ Permit Attachment 3, Appendix G (HWMU-16 Groundwater Protection Standards) from the
Post-Closure Care Permit to add 1,1-DCE to the groundwater Compliance Monitoring
Program for HWMU-16.

The requested changes represent a Class 1 permit modification under 40 CFR § 270.42,

Appendix [.C.2 — Changes in groundwater sampling or analysis procedures or monitoring
schedule, with prior approval of the Director.

Based on the above justification, this August 13, 2014, e-mailed letter requesting changes in the
groundwater compliance monitoring program including the addition of 1,1-DCE and its
associated background concentration and GPS; the RAAP has established sufficient
documentation for approval of all requested changes. In accordance with the VHWMR, under 40
CFR § 270.42, Appendix I, Section C.2 and based upon the accuracy of the information
contained in the Permittee's correspondence dated August 13, 2014, the requested Class 1
modifications to the permit are approved.

Enclosed are the final modified pages in electronic format to be inserted into the RAAP’s copy
of the hazardous waste permit.

All conditions and requirements of the facility Permit shall remain in effect for the duration of
the Permit unless the existing Permit is modified, revoked and reissued, or terminated in
accordance with 40 CFR § 124.5, and 40 CFR § 270.41 through 270.42, or continued in
accordance with 9 VAC 20-60-270.B.5.

As provided by Rule 2A:2 of the Supreme Court of Virginia, you have 30 days from the date of
service of this decision to initiate a legal appeal by filing a notice of appeal with:

David K. Paylor, Director
Department of Environmental Quality
629 East Main Street
P.O. Box 1105
Richmond, VA 23218

In the event that this decision is served to you by mail, the date of service will be calculated as
three days after the postmark date. Please refer to Part 2A of the Rules of the Supreme Court of
Virginia, which describes the required content of the Notice of Appeal, including specifications
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Radford Army Ammunition Plant

Mr. Jay Stewart
BAE Systems, Ordnance Systems, Inc.
Page 3

of the Circuit Court to which the appeal is taken, and additional requirements concerning appeals
from decisions of administrative agencies.

ASLLIWA UL VY ad 1 OCLIIILLILLE, GLIU UL L

Enclosures: Facility Mailing List, Modified Permit Pages

cc: Andrea Barbieri — EPA, Region IIT (3LC50) e/enclosures
Jutta Schneider — DEQ, CO
Kurt Kochan — DEQ, CO
Aziz Farahmand — DEQ, BRRO
Elizabeth Lohman — DEQ, BRRO
Julia King—Collins — DEQ, CO
Central Hazardous Waste Files
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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

Mr. Jay Stewart

Environmental Manager

BAE Systems, Ordnance Systems Inc.
4050 Pepper’s Ferry Road

Radford, Virginia 24141

VIA ELECTRONIC MAIL

Re: Annual Corrective Action Groundwater Monitoring Event Notification - HWMU-5
Semiannual Detection Notification - HWMU-16
Notification of Groundwater Verification Sampling Results for Post Closure Care Permit
HWMUs 5 & 16
Radford Army Ammunitions Plant
Route 114, Radford, Virginia 24141
EPA ID#: VA1210020730

Dear Mr. Stewart:

This letter acknowledges the receipt and review of the Annual Corrective Action Groundwater
Monitoring Event - HWMU-5, Semiannual Detection Notification — HWMU-16 dated June 14, 2016,
and Notification of Groundwater Verification Sampling Results for Post Closure Care Permit HWMUSs 5
& 16 dated June 5, 2015, submitted to the Virginia Department of Environmental Quality, Office of
Remediation Programs (Department) by BAE Systems on behalf of the Radford Army Ammunitions
Plant (RFAAP).

Tt appears that no new targeted constituents were detected during the groundwater monitoring
activities conducted during the Second Quarter of 2016 for HWMUs 5. However, total cobalt was
detected in Point of Compliance (POC) monitoring wells 16WCI1B and 16WC9 at concentrations of 35
micrograms per liter (ug/L) and 5.5 ug/L, respectively. These concentrations are greater than the
Groundwater Protection Standard (GPS) of 5 ug/L for total cobalt for this unit. RAAP had previously
submitted an Alternate Source Demonstration (ASD) to the Department indicating that the detections of
cobalt in this well were due to natural variation. As the report points out, the Department requested a
minimum of one year of additional monitoring of this well prior to making a decision on this ASD
request.  Further, tetrahydrofuran and cyanide were detected in POC monitoring well 16WC8 and
tetrahydrofuran, vinyl chloride, and cyanide were detected in POC monitoring well 16WC1A.
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EPA ID#: VA1210020730
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July 19,2016

Tetrahydrofuran was detected in the verification sample from 16WCIA at an estimated
concentration of 2.2 ug/l, which is greater than the detection limit of 2.0 ug/l; thercfore, the original
estimated tetrahydrofuran concentration of 4.6 ug/lwas confirmed. A Class | Permit Modification to add
tetrahyrofuran to the Groundwater Compliance Monitoring List for the Unit is required. The Department
concurs with RFAAP that the background value for tetrahydrofuran is the permit specified QL of 25 ug/l
and that the Groundwater Protection Standard (GPS) be the May 2016 USEPA Regional Screening Level
(RSL) of 3,400 ug/l since there is no USEPA Maximum Contaminant Level (MCL) or VDEQ Alternate
Concentration Limit (ACL) for tetrahydrofuran.

On June 16, 2016, verification samples were collected from HWMU-16 POC monitoring well
16MW9 to confirm or refute the initial sampling results of cobalt at concentrations greater than the unit
specific GPS of 5 ug/L. Total cobalt was detected at concentrations greater than the GPS during the
verification sampling. The Department understands that for confirmation, a split sample and split
sample duplicate were collected and sent to different laboratories to verify the initial detection. The
sample and sample duplicate result concentrations from Test America, the primary laboratory, were
4.7 ug/l and 4.8 ug/l, respectively, which are less than the GPS of 5 ug/1. The split sample and split
sample duplicate result concentrations from Eurofins were 5.6 ug/l and 6.0 ug/l, respectively, which
are greater than the GPS of 5 ug/l. The Department respectfully disagrees with the Facility and
considers this a confirmed detection.

RFAAP should continue to collect data as previously discussed for the Alternate Source
Demonstration (ASD) for the cobalt detected above the applicable Groundwater Protection Standard in
point of compliance well 16WCI1B at HWMU-16 and now 16MW9.

As previously discussed, the Department acknowledges the presence of barium above the site-
specific background concentration. The Department recognizes the variability of the lithology in the area
of HWMU-16 that could potentially account for the natural variation of this trace element. No further
investigation is required at this time; however, the Department may request further investigation if the
barium levels in groundwater increase in the future.
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EPA ID#: VA1210020730
Radford Army Ammunitions Plant
Radford, Virginia

FEILVIRAN RN T VLTI N B B W WL |

Russ McAvoy, VDEQ-CO

Cassie McGoldrick, EPA Region 3
Jim McKenna, ACO Staff

Matt Albers, BAE

Aziz Farahmand, VDEQ-BRRO
Mike Lawless, DAA
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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

May 3, 2021

Mr. Jim McKenna

Radford Army Ammunition Plant
Route 114, P.O. Box 1

Radford, Virginia 24143-0100

VIA ELECTRONIC MAIL

Re: 2020 Annual Groundwater Monitoring Report for
Hazardous Waste Management Units 5 & 16
Radford Army Ammunitions Plant
Route 114, Radford, Virginia 24141
EPA ID#: VA1210020730

Dear Mr. McKenna:

This letter acknowledges the receipt and review of the 2020 Annual Groundwater Monitoring
Report for Hazardous Waste Management Units (HWMU) 5 & 16 dated February 2021, submitted to the
Virginia Department of Environmental Quality (Department or DEQ), Office of Remediation Programs
(ORP) by BAE Systems on behalf of the Radford Army Ammunitions Plant (RFAAP).

There were reportedly no new-targeted constituents detected during the groundwater monitoring
activities conducted during the second or fourth quarters of 2020 for HWMU-5. However, total cobalt, a
potentially newly detected constituent, continues to be detected at concentrations greater than the
groundwater protection standard (GPS) and alternate concentration limit (ACL) in several monitoring wells
at HWMU-16. The Department requested a revised Alternate Source Demonstration (ASD) for cobalt in
December 2020. The revised ASD should be submitted as soon as practicable.

Further, the presence of vinyl chloride was verified in I6WCIA at HWMU-16. The Department
concurs with the recommendations to utilize a background value of 1 ug/L based on permit specified QL
as the constituent has not previously been detected at the unit and a GPS of 2 ug/L based on the USEPA
MCL for vinyl chloride.
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As previously noted, the Department acknowledges the presence of barium above the site-specific
background concentration. The Department recognizes that the variability of the lithology in the area of
HWMU-16 could potentially explain the variation of this element. No further investigation is required at
this time; however, the Department may request further investigation if the barium levels in groundwater
increase in the future.

The Department accepts the report as complete. However, the Department does want to
acknowledge that several constituents were reported above the permit specified detection limits. The

L AL LVEADWILLy MAILIVY IVl ALY

Nikki Herschler, DEQ-BRRO
Melissa Lincoln, Jody Hawks, BAE
Mike Lawless, DAA
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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

Mr. Matt Alberts

Radford Army Ammunition Plant
Route 114, P.O. Box 1

Radford, Virginia 24143-0100

VIA ELECTRONIC MAIL

Re: Annual Groundwater Monitoring Report for
Hazardous Waste Management Units 5 & 16
Radford Army Ammunitions Plant
Route 114, Radford, Virginia 24141
EPA ID#: VA1210020730

Dear Mr. Alberts:

This letter acknowledges the receipt and review of the 2023 Annual Groundwater Monitoring
Report (Report) for Hazardous Waste Management Units (HWMU) 5 & 16 dated December 2023,
submitted to the Virginia Department of Environmental Quality (Department or DEQ), Office of
Remediation Programs (ORP) by BAE Systems on behalf of the Radford Army Ammunitions
Plant (RFAAP).

The Department has no comment and accepts the Report as complete. Further, the
Department concurs with the proposal to establish a background concentration and groundwater
protection standard (GPS) for the newly detected compound silver. RFAAP may utilize historical
data from monitoring well 16C1 to establish a background concentration and use the DEQ alternate
concentration limit for the GPS as proposed.
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UL ¥Y . IvOUOLLIALL
Office of Remediation Programs

cc:  RFAAP Correspondence File
Tara Mason, Ashby Scott, DEQ-CO
Laura Dickerson, RFAAP
Melissa Lincoln, BAE
Mike Lawless, TRC
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Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730

ATTACHMENT V.F - GROUNDWATER PROTECTION STANDARDS (GPS)

Expiration Date: XXXX xx, 2035

V.F-A. GROUNDWATER PROTECTION STANDARDS: HWMU-5
SW-846 PQL Back- USEPA DEQ EPA GPS GPS Basis
Method (ng/l) | ground MCL ACL RSL (nofl)
Constituents (ng/l) (ng/l) (ng/l (ng/l)
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; 8260 10 21.3 5,600 5,600 5,600 ACL

MEK:; 2-butanone
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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) 8270 10 10 6 5.6 5.6 10 BKG
phthalate

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 POQL

NOTES:

Units: pg/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), 11 (1995), 1A (1994), 11B (1995), 11 (1997), 1A (1999), I1IB (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 5WW8B and/or as
approved by DEQ (see Attachment V.E).

DEQ ACL: VA DEQ Alternate Concentration Limit (Default 10) , 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.

Attachment V.F-2


http://water.epa.gov/drink/contaminants/index.cfm#Primary

Virginia Department of Environmental Quality EPA ID No. VA1210020730
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#: The MCL for total Trihalomethanes, including Bromodichloromethane, Bromoform, Dibromochloromethane, and Chloroform, is 80 pg/L.

Note (1):

Note (2):

Note (3):

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.

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

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/I; therefore, the background concentration for p-Nitroaniline was calculated as equal to the
then-current PQL of 20 ug/I.
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

V.F-B. GROUNDWATER PROTECTION STANDARDS: HWMU-16
Constituents SW-846 | PQL | Back- |[EPAMCL, DEQ EPARSL | GPS (ug/l) | GPS Basis
Method | (ug/l) | ground (ug/l) |ACL (ug/l)|  (ugfl)
(ng/l)
Arsenic, total 6010/6020 10 1 10 100 MCL
Barium, total 6010/6020 10 175.4 2,000 2,0000 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 1000 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 6,0000 ACL
Benzene 8260 1 1 5 5. MCL
2-Butanone; Methyl ethyl ketone 8260 10 11 5,600 5,600 5,600 ACL
(MEK)
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 2000 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 125 75.5 3,900 3,900 RSL
Dimethyl ether; 8260 125 17 177 BKG
Ethylbenzene; Phenylethane 8260 1 0.1 700 7000 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 1900 ACL
Toluene 8260 1 0.1 1,000 1,000 MCL
1,1,1-Trichloroethane; 8260 1 9.2 200 200 MCL
Methylchloroform;

Trichloroethene 8260 1 0.1 5 5 MCL
Trichlorofluoromethane 8260 1 11.3 5,200 5,200 5,200 ACL
Trifluorotrichloroethane (1,1,2- 8260 1 1.2 10,000 10,000 RSL
Trichloro-1,2,2-Trifluoroethane)

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 10,0000 MCL
Diethyl phthalate 8270 10 5 15,000 15,000 15,0000 ACL
2,4-Dinitrotoluene 8270 10 10 0.24 0.24 10 PQL
2,6-Dinitrotoluene 8270 10 10 0.049 0.049 10 POL

NOTES:

Units: pg/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), 11 (1995), 1A (1994), 11B (1995), 11 (1997), 1A (1999), I1IB (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) , 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;
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

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.

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.

Attachment V.F-6


https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
ATTACHMENT V.G - BORING LOGS AND WELL CONSTRUCTION DIAGRAMS

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

TABLE1
Monitoring Well Survey Data
Hazardous Waste Management Unit 5
Radford AAP, Radford, Virginia

ELEVATION AT TOP
OF PVC CASING NORTHING EASTING
WELL ID (NAVD 88) (NAD 83) {NAD 83)
5WSB 1788.45 3597013.8437 10889252.8779
SWCl1 1789.14 3597013.7930 10889263.3700
5WCI2 1789.20 3597026.8562 10889253.7204
S5W3 1783.91 3597056.3385 10889309.4175
SWCA 1779.28 3597208.7913 10889384.8283
5W5B 1773.94 3597294.1323 10889379.5167
SW7B 1773.79 3597348.5604 10889315.7553
5WC21 177371 3597353.5337 10889360.7108
5WC22 177372 3597348.9117 10889380.8472
5WC23 1773.10 3597343.9377 108393919367
S5W5 1771.23 35974958112 108892566655
S5W6 1770.69 3597387.7138 10889440.2909
S5W7 1775.59 3597373.2666 108891167232
5WOA 1760.66 3597536.6534 10889800.3133
S5W10A 1769.93 3597864.5629 10839805.3722
SWI11A 1764.95 35980227203 10889592 8933
SWI12A 1772.46 3597548.9323 10889518.8907
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Radford Army Ammunition Plant

£ DRAPER ADEN ASSOCIATES LoG OF:  SW12A
"6 Engineers + Geologists »  Hydrologists (Lofl1)
Project Number B03204-301
i T i % Drifling 5 s
Client Radlord Army Ammunition Plant Company Davidson Drilling
broject:  HHWMU-5 Well Installation Driller: Chase Davidson -
_ Borin - o
Locition RAAP HWMU-§ B Metod.  Geoprobe + 3.25 in HSA
Northing: 3,397,548.93230000 | Fasung: 10,88%,518.89070000 Logged by RGM
(Molal ] o
Depth  32.0" | Blev 08:1770.1 | Reference Ground Surfice .| Completion Dute: February 22, 2010 .
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1D |Comts | Value | Scale QMDL‘BLRJ_'_P}_{QEJ sey Elev  [ippmlf  LOG e HEMIRES
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- 20— Yellow-brown ling 1o coarse sand. trace rounded :
guartz gravel, wel. 1 11 recovery between 20-24 [1,
Screen - 2 n diumeter
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Radford Army Ammunition Plant

Site 5

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Graund Water Moenitoring Well Construction Details

UTM Coardinales

Baring ’ - -
Weit 1D, E?er::t::n Morthing Easting Terf)n*:!a;icn Tog;éefe” '%:;::E” f:;;‘i: Comments
SWag 1787.58] 3.597.030 | 10,895 328 31.54 15.84 21,54 15
SWS3 | 1773.13] 3.557.300 19,899,470 | 19.58] 4.58 19.58 15 45
t SW78 | 17v2.78] 3.547.250 10,895,305 15.88] 4.88 19.88 15
SWC27 | 1768.80] 3,597.353 10,889,410 29.43] 14.43 29.43
l:swc.qz | 1768.80] 2,597.350 ’ 16,899 310 41,23] 28.23 45
L SWC23 | 1768.80) 4597 350 10,899,410 | 49.88]" 34 gg 49,89 15 4.5
[ ssws 1769.81] 3.587.500 | 10895 27g | 18.57] 357 18.57] 13] 4.8
[ S8W7 | 1773.08] 3,597,390 | 10,8%9,115 | 25.59] 125G 25.59] 15} 4.6
tswsm | 1761.10] 3.257 510 [..10,899 800 | 49 26.65] 46,55} 26 3.5
|_8W10A | 1768.40] 3.587.855 | 10,858,800 | 451 23] 28] 20| 3,5 :’
L_SWith | 1764.70] 3.897.010 J 10,899,600 | 48] 28] 48] 29] 3,5

Comments: 1) Well construction details obtained from bering leg.
2) Wel seraen lengih obtained fram baring log.
3} Well screan length obtained from other dala on fila.
4) Well screen length azsumed,
5) Total wall depth obtained from boring log.
6} Total well depth eltained from fiatd sampling log.
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Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

Post-close Permit; Radford AAP, Unit 5
Arachment B: Well Construction & Borine Lags

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

EPA 1D No.:VADIZ 10020730
0702/

Attachment P

BORING LOGS AND WELL CONSTRUCTION DIAGRAMS

Appendix 1.
Appendix 2.
Appendix 3.
Appendix 4.
Appendix 5.
Appendix 6.
Appendix 7.
Appendix 8.
Appendix 9.
Appendix 10.
Appendix 11.
Appendix 12.
Appendix 13.

General Construction and Information
Well SWBB (Background)

Well SW5B (Point of Compliance)
Well 5W7B (Point of Comphlance)

. Weil 5SWC21 (Point of Compliance)

Well SWC22 (Point of Compliance)
Well SWC23 (Point of Compliznce)
Well 85W35 (Compliance Well)
Well S5W7 (Compliance Well)
Well SW9A (Compliance Well)
Well 5W10A (Compliance Well)
Well 5SW11A (Compliance Well)
Other Wells
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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

Post-close Permir; Radford AAP, Unit 5 EPA ID No.:VADI21 0020730

Antachment Pr Well Construction & Boring Logs N7/02/01
Appendix 2.
. Well 5SW8B (Background)
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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

Post-clase Permit; Radford AAP, Unit 5 : " EPA ID NaVADIZ 10020730
Amachment P: Well Construction & Boring Lags azaz0!

Appendix 3.
Well 5W5B (Point of Compliance)
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r 't
HBetzConvarse-Murdoch-inc, E,(:}\/]i

Lrilling Log

Weli Humber |-38

Client

Corpos of fnainears. RAAP, Radford. VA

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Project lo. 00-0008-07

Well LoTETiBn _East ot HaM 5 Lagoon

Cunningham Core DrTiling &nd Greuting Corp, Saizm. VA

Orilier/Company M. Dsan,
Orilling HMethod Eisktai) Hole Qrameter & &7 Datet{sj Criliea 8/17-16783
Sample Type Split Sooon Eamp'le Interval - §7 He. Samples RstaTRed 3
Survace tlavation (/73.13 Casing Top Elevation 1775.C8'* Total Well Qepth — 227
Casing Material zna STZE 2" 1D Seh. 83 Pve ased Intarval{s) BT
Grouting Type _ Partland Cemert with S2ad Grouvted Interval G5
TStresning Materiaj end 31ze 2" I0°0.01 Slotted PYC Screened Interval{s) J0-90°
Packing Material and $izs Fife fo Cearssz Silica Sand Packed Intzrval 8-z3"
Death to S:tatic Water 14,37 {T.0.C.)Naza  ZL]5/8% Approx Well Yield < 1 apm
Development Hethod Air Development Time 4 hoyrs
togged by: g. J. Varner
Carments < u IR T 0 N S p [ A TN
VY B e e SKETCH 'ﬂ“’*ﬁ o | NELL BETAIL pmbrerrivET
prs e s Al S BT T T 117 N O e By - =
ohiairad from RAAP T N U O I Sy i 0 1/f;|‘|fxwox‘
hydrants VA 4:T1 ;Hll;sl! [ A B T i O
2) Renlarps wall Y-8 Pl b TR T - R Tl T N o S A ol o IR
= 7 — [ YRR AN [ = oAl SRS
3) fantoqirs pallaz g=a] O O S 7 .1 T TR R fr::jjuill }l:'}l\lliill
in_the B-0! armglaw i‘:!!;rru = il]\l$f|'?\ L LT A T T AT T hat 2o
: . i1 ] [N PRI A [ o]
~intaryal . T TEGARTT T e -,L/ o e
Domth fo watar fzbia | (77T g L1 [ P I T T TR At
vn;ar‘r-nrir'r'nm‘-harnﬁ{L_l‘:;:!l:é";1;: "'i_s_dU- .lmirdlllf"';."l
N . i [ P T = il Ll
af the ctasl caginn S N I o I llk\{lllj JJALFbi -g;f'l;,/ﬁbf{'.‘—l‘.ﬁh-ﬁr
O N A A O 0 Y O [ T P = A I I
[ ENENFEEEEEEN [ O - M e
2 [ I I T Y O I A S T = T I s
= - L O T O O T O I I A Y i L1 1.1 T 17T 17 1
Xiap of stas) pacier | O S T O O O A A T T B ra bl i 1o
i A O O Y A I I T Y T U S T O O O A M T
Depth Samgle ] Spoon Description of Materials I E
| Scale j Blows |
L SRoon 7-3-4 Somewhat_mottled buff ta orange-hrown fine sandy
and silty clay
10-11.5 ! Spoon  ia-7-g Tan Clav with fine to cgarse sand ;
(J5-31R. 5 | Snoon 4-5-7 Tan clay with scattersd <and '
iL‘?_FL-C” g Spoan 2.2.4 Broum sanrhy-rlay-
722 End of hols
|

R S

T
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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

Past-close Permit; Radford AAP, Unit 5 EPA ID No.:VADI210020730
Angchment P Well Construction & Boring Fovs D702/01

Appendix 4.
Well 5SW7B {Point of Compliance)
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

Wall Humber

wall Locatian

Betz-Canverse-Murdoch-lne, Bw LT 5

e

-y i i

Dritling Leg b -

K-78
Cliemt Corps of Engineers, RAAP, Radfcrd, VA Prajact la. 00-GO08-01
dorth o7 HWM5 Lacoen - ‘
M. Dean, Cunningnam Core Orif ing 2nd Grouling LGrp, Salsd, VA

Oriller/Company

Drilling Method Fishtail/Care

S2mple Type Solit Soocn

Surface Efevaticn 1772.78

Casing Hate

ample Interval 5
Casirg

fata(s) Oritled o/ &/cs
Ho. Samples Retained &
90'* Total Weii Dupth

Hole Oiameter 4.5°
a2 S
1774,

Top tievation

Grouting Type

[
rial and 51Ze 2" ID Sch. B0 FVC Cased Intarval(s) U=y
ortiand Camens with Sand : Crouted Inzarval c-5'
Scresning Matarial and S7ze 2 [0 .03 Slotad Eve Screzned Interval(sy J0-20° .
Packed [ntarval 8-20"

Packing Hatarial and Size

Fine o ceoargesiiica sand

Depth to Static Water 13.88Y/T.0.C,)Date  8/19/83 Approx Well Yield < 1 ccm
Development Hethod . - Afr Developrent Time < Roure
Logged hy: 0.2 Yarnaw= &
Commants [ magn L P YT T 0 T e P TV e e
13 Eri1117g watar obiained | SRLTCH MAD  Pgmrpyyeryry [ MELL CETALL ot
From RAAP hydrants ] Pdfrﬁ)J :'-L% . :: :i * ;' : :: ﬁ‘ L: Pao e
- - = T ! r I Al Iar s
7] Raplag?s well W=/ ; fJg T T T U us S P
3] Sentonite pelist s=al ij ‘ T A N R i SRR T A S N
T Tyt e PR A W o o o T T O W R O A I T T B B 0 1 o I -0
tne 5-8° annular 1nTer- e et fm:FEEnﬂwo! At edr T
val ! ; : ; If i | ! i SR o A Jal } T T 1 4t
£V Faoth to water +able 4 ; ] [ [ N e
; = PEol AL | 1 1 | i T At ift
- _mezsured from the toD [ O IO 0 T T PO T [ ;i N f :quiﬁLll
af the st=a] rasing [ T [ N I
5) Core size: KW : b Silacd L3 Lo 2P TN & o0
- 1 LT, A ~ ST | Dy
] : [ e A A |1 Seass Ar
) 1 I | =1 T
t : t | i I ; ‘\ [N ] [ [
- - { i [ { =R EN R
*Trn of ctas] racing L] 1 ! Ot [ I3 Ao 1 P
TIT My e v s i1 g 5?”5 il f‘; 1

—
Z.poth Sample Spoon o LS Madp
Seala =amp 2laws Description of Materials
i-6.5 | Sogon |5-7-¢ Light reddish-brown very silty fine sand with mica,
i black lignite, and some clav
t0-11.8 Spoon 2-3-4 Light reddish-brown very siity fine sand with
mica. black lignita, znd some clay - = -
15-15 8§ Snoan £-0-19 Orange-red and tan brecciated decomposed shale with a
! ¢lav matrix snd some lienits
20-21.5 Soegn 5-2-4 Orange-red and tan breccizted decpompesad shale with a_
clay matrix and some lignite.
2B, End of hola,
|
4 5
[ |
F__ ] !
F
I
l i
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Virginia Department of Environmental Quality EPAID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

W-3B

Batz-Converse-Murdoch-Ine. BCF\/'[ i

2rilling Log
Wail Hiumber We78

Cifsnt Corss of Enzyinears, RAAP, Radford, VA Project !MNo. Q0-0CC3-0%
#ell Lodation North of HWMS Lagoon
Criller/Comzany M. Cean, Cunmingnam Core Drilling 2fic Groucing LOFD, S3iem, TA

thmc Method Fishtail/Ccre Hole Diametsr 4.5¢ Datal{s] Orilizd B/ia7e3
ample Type Split Scoon E‘faﬁp!e Intarval "5 Ha. Samples Retairéd” &

u.—.—ace Zlevatian }772.78 asing Taop Elevation j774.90'* Total welld nth

Casing Haternl and SI’E 2° ID Sch. 80 ?YC Cased Int,nr-,-a!(g‘? =g T

Gmu":ng Typa Portland Coement with Sand Grouted Intsrval “C-B'

Screening #Matarial and S7ze 3¢ 1p o 0l Siotted PVG Screenad Intervalls, 16-20°

Packing Haterial and 5122 _Fips to roares sflica sand Facked imterval g.zq"

Capth to Sta*fc Water “13.88'(7.0.C. 0tz 8/19/83 Approx Well vield < 1 aom

Development Methed | -~ Ay j Ceveloprent Time € nours

togged bv: 0, J, Yarpar

Corments S¥ 4 A 11 [l [N Y| |
1) Orilling water o:tamed Bty a0 i rir Well UETAIL {a‘lV.'!lj.al —
Trom RAAP Rydrants z}\ :f?!‘lr"i): _! ol Pl J TP TT VT Fyedarl eTear |
Z] Reslaces well -7 [T o e R AR A
- 3) Berntonita pelist saal i: i TR M ] AN ST TR 7R T
T - : 3 : (el [ [ [ O R 2Ty EYETT T
ne 6-8' annular inter iy : : SRR T T e e
- wal i< =t I I A |
4) Depth to watar table NN T L RN T oI E T
measured from the toso T - ; ] ey 1 Ie*:”‘l
of the steel casing . = Tt | .= R A
Y Tore size: HW X i r FINIF A o S o RN rud o TN =R T R
. ! Lt ' DOl = i T 174
L] 1 ] T b S P $CAES pr
[N} ! TN 1 11 1T !
: | : % T [ 1
*Top of séea] ~aging . i T j I : T = :!-:Jﬂ.«'*:.dpll : ; ; :
[ L i i [ t b R N
Lapth : Spoon : WP i
cenle _Sampﬂe e . Dest.j.m..mn of Materials
G-6.5 .+ 1 Sooon g=7-4 ' 1 Lioht reddish-brown very silty fine sand with mica,
‘ i Q. black lignite. and some clay
1g-11.5 Spoon 2-3-4 ‘| tight reddish-5rown very silty fine sand with
. : mica, black lignite, and some clay
5-1A.5 'inn_{;r_u 5-971? Orange-red and %an brecciated decompozed shale with a
: clay matrix-and scme l{gnite :
20-21.9 Sa_ocp 5-2-»4 o Qrange-red-and tan hrecciated deccmuosed shale with a
_d clay matrix and seme 11a_n1te 2
‘ . ; E d of hcﬂe
| ]
|
J
| | §
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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

Past-close Permit; Radford AAP, Unit 5 EPA ID No.:VADIZ2]0020730
Antachment P: Well Construction & Borine Loes 07/214)

Appendix 5.
Well SWC21 (Point of Compliance)
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

P by 08

BORING LOG

Fapod Mo _LICR A

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Hiamu s\ Suez~
FROEHLING & ROBERTSON, InC.

FULL SEAVICE LAl armaics o a,
Ol MuriCEED rhasocgsggvmh‘ss-mc'&h"c
()
tees

D4TE

Mayv 1387

fcl-m. Giarzules ine,

[Fronar ~ Racfard Armv Ammunizien Flant

Radford. Virginia

]
|tacanen Sea Locarion Plan

|r!cn--v M 5-W[7-1 Jlfﬂ'-"oim‘ﬂ' 1.8 fr. fa«um: ........
= ia ol 5 Fe .
f vou of Bang: Holicw Stem Avger {Stamed:  S/5/87 Comoleted:  §/5 g7 lomen ¥, er
L‘-—.«-—- , oo , DEIEAFTION OF maTERIALS : e ey
.; ko] f&m ! Goweren '.:_":J Afans
Biowry 7w
J Redium densa red brown 5ilty fine SAND, ’ cmﬁcu-ucwaren FaTs
& trace mica {sK) 5 8
it
- 1.0
4,5
. =to- .
5.0 -
Very lcose to medium derse yellow broen stlty
medium ta Fine SAND (SH) 2 53
R I 22
3 10.0]
| O =ALLUY [1M~
- 12.5
= 15,8
14,5
. o
\ _] Medii¥ dense ta very Toose yellow brown silty *
’ E :;;;‘M 3 flne SAAD (angular rock Fragrents) | 3.5
- % fubsurface water rz: 227 go.
3 - Kay 5. 1937 at 4:00 o.m,
& 29 ft, May 5, 197 4:13 g.o.
b SO
3 ~RESTOUUR- 1.5
3 “Wefght of ma
z 25.0 ’ -
e ’
- 7 3.5 .
31,6 ]
- gartn |
- g terminatad at 31.8 re. ] l
J ! - j
i ) I
Scae 1T wrima gree a0 e

Mo gl BOwireg g fora 143 rammer Sroomag 3G = learvs3:n 0.0 .1.3

MACTYMERIE The gum of e ladt fwg wEramanty

TS 1O 2ampar 4 100140 8 1 L cacrag w ihree §
¢ penriraton la (srmed ine yivngere BEFEILLAA repiancd, M.
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

Virginia Department of Environmental Quality
Radford Army Ammunition Plant

T
_ H:.Drlu B 7
——— = 1)) 301y je Yuing e L --. T
) ) = ‘A T
R TR v —————— :

u_...:_.:c:a: Hap o fLuQ

3%5%.. ,0#

—_— : g

=191 pyeg o; Qidag T e

LB/S/S doLip Ve oz

A3
L84545 nc?v RO e astem ooefunsng

=("1)) Mpwoiusg o) Yidagq ——meen

: (.‘.‘l-":ﬂ’,a‘f‘ s
[42e £ 0037

1 09 3¢ pasatunooua sajqgen

o — e 4

WS ONvs
B4 01 Winipoiy Angs Umaoug pay o) LA-THET Y

u.au_m_ E.._:O—U

LI.EE

|
|
| /
|
E
Lu?f\\‘

Alewing yuoqipuo
T T () dmtonag raspy | : pues asejinsgng
. = >u“m . et L
I.IJ,JJM 1
T =y dnyaig Jupsery  —— e !

xz Jyou gt mlJaﬂu

Gy 'O-SF 0 =000 unad_aw«.
r,ril.ll..l1,!.l

ON T13A : pa . :B:U
L LRI Progpey Mojtedoy

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

Post-close Permit; Radford AAF, Unit 5 EPA ID No.:VADI210020730
Antachment P: Well Construction & Boring Loes 07:02°01

Appendix 6. _
Well SWC22 (Point of Compliance)
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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

HMUS\ S-lea-2

Farm ms vm

BORING LOG

FROEHLING 2 ROBEATSON
ROEHL ] NG
SR e,

Rapaa Ns ¥ conp s e

chet Hiéreulas (nm BATE Mawv 7487
gp'm“ﬂ: Radford Army Ammusition Flans Radford, Virgini

T i inia
{ Banrg Mo S=WC2-2 #Tam Cwevm  £3 5 7, fe:-m«m: ________ I‘_“"‘m_ < N
'r"“ ot termg HMollgw Stem Aygar iSl!ﬂm: S/6/87 Commeted 5.5 /27 Eff Seetien Plan .
=ls ]
[ I ! Oevia DEICASTION OF maTERALL 7 —— M Simi"—L—«—.______
! 0.0 . sttt [s--... Caas | ¥ !'—v-; —_—
S 1€ et m—y
] ' '

CROUNOWATER camy’
S EATIR CATA

A9 samgling condygted, see 5-¥CZ-1 fgm
fcbsurﬂce condicticns

Cobbles sncounterad 1+ 15 rt.

DEfficult augering gt 35 ft. - 49 2,

it !

Soring termingrag T £1.5 rt

THO afDigws ieg g tar 73 e ", TG ler v gl o et TREILTT L Scaa Lbin i oz st
218 B MMM grapg.

! sl " s ﬂ"‘q:\dﬂloqr *IMQO 135w 1T s e mvaaiof 14 g eathree d % - bt
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

Virginia Department of Environmental Quality
Radford Army Ammunition Plant
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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

Post-close Permit; Radford AAP, Unit 5 EPAID No:VADI210020730
Arachment P: Well Construction & Boring Logs 07/02/0F

Appendix 7.
Well SWC23 (Point of Compliance)
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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

Porm by wW

BORING LOG
FROEHLING & ROBERTSON, e

FLaLg nERWEL ALCHATEA €
£ b cL ey, FRE-LT!
el MUNDRED rEams O sEﬂch;"EERmc’CHE =

OATE Al gy, 1887

Asoon Ha. /M. g INEd

'Clz-m: He;'cuies inec.
! 7
f"fm-‘:‘ Facford Army Ammuynitian Blane Radford, Virgini
- el ginia
Ban . 5+l 9
{ arng Ma S=NC2-7 fremo-m. 5 5 fr. 'El'-uhan- ________ Ilr.a-:uo« Ses L. - = .
e it L o Ses Loear
ot # Bony: Hollow Stem Augar |Siemea: 57897 Campwes: 576 /87 [Oriter ulgﬁ 2
, [T— 1 i J DERCAMTION GF MaTLAALY J Ty Hlomons
3 Fl =PRI Sesiere | Dagin | N o0 %
1 1€ vt {"""”‘ “emades
/ SACUNDWATER gaTa
—“’——_u—.,_

Ko sar=lfng conducted, see §-WLZ-1 for
sudsurfacé canditigns

RS
————

Cobbles encountared g= 15.0 fe,

Gifficult dugering at 52.0 rt. - 55.0 fr.

e

——

mialnniunlnnhminnlml

Baring termingted 4% 55,3 3,
: |

"Na 8 brgws reg g o P z
C A REERLE TP
T NEI i, The tum o 1d et peg o oE K D aiva T OB 13T 1 B sema s rore o T e
i OCIEMENIL of Bererritan @ emed ine HTRALLIE Dutear ¢ o !"l:l.;‘::;.'"‘
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

Virginia Department of Environmental Quality
Radford Army Ammunition Plant
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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

_ Post-close Permit; Radford AAP, Unit 5 EPAID Ne:VADI210020730
Attachment P Well Consrruction & Borine Loss N702:07

Appendix 8.
Well S5W5 (Compliance Well)
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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

S5WS
Mw~5

1 LS ARMY ENVIRONMENTAL HYGIENE AGENCY
Azmy Pollucisa Adatement Program Study, Iascallarion of Yond 7
i = 7 i FrogT v AT o af b toring Wells, Radficd acm
ammunition Plant, Radfiars, ¥4, 1-3 A=zl 193 (USAES Ccr::al N k Ty
» 5 a 5 c. B1-26-8251-81
b EHE™ 4 _

TRILL

FALP im2E= x
PROJECT S DATE Sdastl il
3L =
LOCATION t2 3, narchk of lagoon nexc ERIL{.ERS Saichson, Eoddinmors
s to building SR 1612 7 Cralg, Cazes (logges)
; Acker II, w/ 4 4: ino i
- DRILL RIG ’ e BORE HOLE s
flight auger .
D= 25f%c.,
SAFFLE waALELD L Evea i
, Tvee {nirfal 7' 5"
. TR 24 hr, 8' 10"
CEPTH [PZR &8 IN} - QESCRIPTION REMARKS
Browm sapdy silc with some gravel|-
—— wet, plastic
13 Ik gk
o schedule 40,
.. 10 fr of 2 in ID FVC
L : ’ Perched lsnose of wzter Concrere casicg
[ ETour
2 $ms
3 5.1g] Y#llowlsk brown siley clay w/
oo sonme :u‘.:_:.a“ flakes
hd
pu
10 £q
Rentonite
satie material
MB Clo-19 _ ' : sand pack
- sc:een_
LALS £t

USASHA Forzm 95, L2 Aug 764
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Virginia Department of Environmental Quality EPAID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant

srmy Polliueizn Avacems US ARHY ENV‘IRONHENTAL H\“’GIL‘E;E AGENCY
mman:cion Plame d;M Program Study, Installation of Honizoving Wells, Radforg
Ammunicicn ang, Radford, vy, 3-9 April 1981, (USAZHA Concrol Yo 51-26-'8251:55} ATy

DRILLING LOG

- Rear Y1-26-825]-8].
PROJECT DATE 5 April 51
= 51 ;
LOCATION te 5, nortk of lLagoon next DRILLERS Smickson, Heddinate
= bel i -
%8 Aubieind SR.A60 Craig, Cates {logger)

YR O3

DRILL RIG Acker II, w/ 4 {n :'on::.inulcus BORE HOLE ¥

£light agger

SAMELE
"1 TYPE
BLOWS
CEFTH (FER 6 IN CESCRIPTION REMARKS
‘ _ 10 £z of
e slerrad 2 in
1 % 12, schadule
o ia-20 : 40, pvc
. ° screen
{0.0c8-0,01"
G ! 20 e | water at 20 £t yellow coarse _med-
iy i sand ~ gacyrated
change {n engime pLtch % EL—
- Elbrook M 2 fr of trap
25 fr
D 25 feer . ‘ . ootk af
o . ‘ vell 25 f¢
| #
LSG fr ‘ .
H

USAZHA Farm 35, 12 Aug 74

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

FPosi-close Permit; Radford AAF, Unit5 EPA ID No.:VADIZ]0020730
Attachment P: Well Construction & Borine Logs 0702/0!

Appendix 9.
Well S5W7 (Compliance Well)
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EPA ID No. VA1210020730

Virginia Department of Environmental Quality _
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs
Radford Army Ammunition Plant

Us

Army Follution Abicement Prog-a"- Study,

Amsunition Plancg, Rad ford,

ARMY ENV]

Ins:z
3=g A;‘:." 1951,

DRILLING LoG

¥4,

(USAERA Cantral He.

55137

Mw -7

RDM‘"EN TAL HYSIENE AGENCY

llacion of Menitoring Walls, Rasfard Ar=y

81-26-8751-81)

PAAP Bl=-15-8251-81 =T
PROJECT DATE henab
= Site 5 £ of 1 % 4
. LOCATION » WEET © aénan DRILLERS Smichsgn, Hoddinort
& naxt to buildiag §.R, 1§43 Craig, GCatas (loggar)
2 Ackar IT, w/ 4 13 coptizuscs w7
. DRILL RIG BORE HOLE
. flight Auger To=25 fr
SAMELE waser level 2
TYPE initial=ist oM
. BLOW 24 hr =20'10"
CEPTH |PER 6 IM CESCRIPTION REMARKS
_; Heddish tzown silty clay damp- | “nemece - !
wed plastic Bentonite
12 fr o8
e schedule 40,
26,5 fr of |2 in ID PvC
. sadd pack |casicg
Bfr .
.| ¥B 5=10| eame waterial getting damaer and
— more plagnie
10 #¢
; i ¥ ! sarurazed ziley mediws coarse sand RO £r .ot
Teturn oo Auger- may have hit a ilotted. 2 in
15 e lease of gravel ID schedule
KU PVC screen

USAEIA Farn 95, 12 Aug 76
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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

oy 2o1usin soacemen S AR ENVIRONMENTAL HYGIENE AGENCY -
Amaenicien Plant, 3-8 4pril 1331, (Usiﬁﬂé;:g-;:l:xgg- c;li{ggig‘:;lﬂ-\gl;’ells, Radfard pmmy

DRILLING LoG

RAaAP ¥1-26-8251-8
PROJECT bkl TATE * BBl
51 : > z i
] LDCAT[OH te 3, west af lagoom next DRILLERS Smithaen, Boddinoce
to building 5.R. 1803 Cralg, Gates (logger)
_ Acker II, w/ & 1in comcinu
DRILL RIG LT T BORE HOLE L
£lighe Auger .
SAMFLE §
TYFE
7 } BLOW ' ’ :
DEFTH |PER 6 IN RESCRIPTION REFARKS
= 3 same rial e f
v mae: satuTarad
P i' goreen
; |
PS4 S &
3 fr of sedid
— mant trap
5 fr ] Elhrook F¥ (weathared gzay clay . Y
tesidium} . depth of well
- 25 feer
25 £¢ ID
L 10 £

USAFEA Form 95, 12 Aug 74
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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

Post-close Permit; Radford AAF, Unit § EPA D No..VADIZI0020730
Attachment P: Well Construction & Boring Logs Q70201

Appendix 10.
Well SW9A (Compliance Well)
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

LA A
HlaMu-s

Eqre g KB -wl
JORING LOG
8( FRGEPL’NG & ROEERTSGN Hytol
DL ST e P TP
ONE ~u~‘..F-‘£:| fE.-l PS J#s:ﬂwcf‘
-
Aesort ho  ROK-6Z08S Tk oare  Novambder, 1333 '
{c‘,,m Herculess, Inc.
Dot Honitoring Wells Radford Army A=munition Plant Radferd, Virginia
Baving Na (Y-‘i-i) !Tum Cemine 43,07 FEleuan' —— f:.ocn:-on: See plan )
" [trmecrBanng Hollow stem auger Isunw  11-5-85 Compieiss 17-5-85  (Oewier. W, Siemonsz, Sr. l
o | OESCAIFTON OF MATER xS ] e |
Braer | Brn Chwriusag };:! P L‘.f..’., et ,
~t Asghalt and crust
, F _S aha crushed stone GACUNCWATER QATA
— Loovse to medium dense brown Fime sandy SILT
l 1 1itrie elay
. 4.5
et -ALLUY UM | 5'7
i = [ 9 5.0
§ -]
—
: — 8.5
| = ;
4] 8 e
[ 15,673 Vs %
= 50ft orange-brown cilty CLAY to glayey SILT (2 ’ - }
—1 {ZL/HL} Relict structurs 1
wd 15.0
T -restovuee ﬁ_?-_ Water level g 14,0
| =
o Developmant Jata:
[ ez Sloshad far 2 hrs,
:-: BafTed down to 21°,
] Watar level re-sstablished at
l = 16.0° aftar 1.5 hes,
i ot
i =]
3
J ]
i %
l”‘"’ 19.0 Auger refuse] 2 39.0° '
. 41.0 i I
Beaia 1Tk L Atenl Trecw kA =l

NG OF Do et Lt R Srcay

YR e 2o T 1 AT A [ pamares d 1D St g % R
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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

Cpm SO0 S mEC

TERING Lo F& FROEHLING & ROBERTSON, INC.

Came ek L EAHL mATUREL D BRI L ARG o ih A
GHE ALNORED YEARS OF SSAYICE -

]

Segort Mo ROM-BZ08S e oave Mavember, 1585
 cnent ¥ergyles, Inc, : N
F— Henitaring Wells Racferd Army Ammynition Plant Radford, Virginia

Boring tig.. WeOwA CONT.{tout Seom: 4%,0° | Erereation: --- Lacation: Sz plan
grrm al Bering, Hollow stem auger fsu:—.-«: 11.5-3% Compatas:  171-6-85 anlIcr. W. S{mmoas, Sr.
!  GESCRIPTION OF i TERIALS . e R

Errmiin ‘CE‘E“ I g i :T::" ::::.": Auceenrs | RGO T AREMAAXS

i —] &rown fine to medium grainad SAKDSTONE, so1] or CROUNDWATER DATA
-4 changing to bBlve-gray fracturad saccharsfdal B
—4 LIMESTOHE and DOLOMITE .

l = 44,0

f =

| — 03 | O%

49.0

o
w3
=3

Coring terminated & 49.0'

. Z_Q’ TEFLOM SCRetrs
c .PU(‘.. Flo)

. RoATerk L
gt PyemEl 3 enTed

=

nhn:lnuiunhlllfuulnn!xntllli;innhuflm||1

i

Scare 1704 Lmrers armpsesr nTted

THQ 3 DiowEteg 2 1001 N0 D MR droamng 30 on 10 drme T QI 1 ITTum (3 sampaer s (EHA R T ATty A tfrge §
T imesaman VTR AL R IR AT e ncrr AR 4) me a2l s teises s pipadacd DHAETELBR e AlLACe N
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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

Posi-close Permiz: Radford AAP, Unit 5 EPA ID No..VADI 210020730 A
Anachment Pr Well Construction & Boring Loes 07/02.61

Appendix 11.
Well SW10A (Compliance Well)

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

LILOA
HLMU -5

om0 i d SeMCE
JORING LOG: \
FROEHLING & ROBERTSON, iNC.
Gnee umorER EaRS Ge SeaeE s IR L
-3
Agspn Na ROM-G708% tear parg Movember, 1584

| Gteem Hereules, Inc. l
P Konftoring Wells Ridford Army Armunition Plaat Radford, Yirginia
Banng No'(ﬂ'?ﬂ"*3 I‘l'ﬂ‘lJ Capn.  45,0° iE‘nur-on ] {Locnuon Saa nlan
[ tyou at Banng: Hollow stem auger [stenea:  11-5-85 Camgrated  11.6.85  [crner N, Sirmons, Se.
;
- i i CERTRINTIOM Of WA TEMALS A ) nere
= = e PR
I -~ 3rawn fine sandy SILT: roets, arganies
1.0 ] GACGUNCWATER DATA
; " Loose to medium-dense red brown Fis sandy
I 7] EILT mith occasicnal cabble layers (ML) -
= ) &3
7] -ALLLYIUM. Sio
[ — 5.0
e -]
1 - 3 8.5
— | S
i
-~ 11.%
= 12 : i
{ = Lohe g __E_L_ Water leval @ 14.3'
- b Development Data:
| 17.0 3 o Steshed for 2 hrs.
! = Hedium-s I £F gray-brown i1ty CLAY to clayey 18,8 2aiied dowm far 7/2 he,
- SILT. shale fragments, reliet structurs 31 " Ne charge in water Tgval,
o 3
{ - -restouum- et
= ‘2.5 jza.s
[ - 30,
30.0m ~ 30,9 * saj00s
~{ Gray green breccisted LIMESTONE and .
f Z] OOLCMITE, numercus calcfte~healed fraciures
=] 233 |98
| — 35.90 [R_
J — 123 jot
0.0 0.0 \
Seate 1775 uniga) Fthesmar 1Gied

M3 Ot otEeyr ar gt
qETEE=L ] 3 A I M et 81000.nG M 19 ghee 2AG DL 376 1m FQ parhgHers 810181 G TH iAChgS m in oy §

2 Roremprg T n .
TR TR sum of (he IS fwd inEiemen s ol gane(rion g Twremget [(Re ilandard SeACliahon reigdance M
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Borfag terminated @ 45.9°

‘..:. o SemTl
TQRING LOGH
FRUEHUNG & RDBERTSUN INC,
Sarmoed TRt E IR L L N
% o~£~u~"neo E‘RSUFSEF'WCE
s
segon Me  ROM-52035 THEY patE  Navembar, 1435
| Cusee Hercules, (ne, L - j
Viges  Mogitopieg Wells  Radford Army Ammunition Plant Radford. ¥irginia }
Soring Ma Q TU-)un:lrem oeprm: 45.0° Ismmm- - 'g_,g..m, See plan
{—T_ypc af Banng. Ha”uw Stem auger {srm.c‘ 11-6-8% Comeletst 17-5.35 ioruur W. Simmoas, S-, j
— -
n CESCRIFTION OF WaTIAALS Semes Cora T
fieeanion ! &D'E' 1Cd g mtscnmy = ’:T: ::: R::\o--fv o [WEMAALS :
l | Gray sandy LIHESTOMZ (Calcarenita) GAQUNOWATER OATA ]
| = a2¢ | 182 _ [
45.0. 45.0 .

+ AnapTen
,,rgf PV 4O

;1!;11Ilunlslulnuluuinuh||fl;mEllnlntrlmthnl

- aor TEF A Sineey
PuvcC. 80

|

|

3 Bl3anwt ead fo g SA0N M 0ragoing 0w 10 dnvE2 A O 0§ 7o (O samere £ 1001 3 18 mchen o nepr 6
PE B O NRE IS TwQ nDIEMent) 30 Jengir DR o tesmad (ng |langird DENENA8A Sentangd W

e aegrgmpnpy T

SCare Pd Lmira QU gy moieg
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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

Post-close Permiz: Radford AAP, Unit5 EPA ID No.:VAD 1210020730
Anachmenr P: Well Construction & Borineg Logs i Q70201

Appendix 12.
Well 5W11A (Compliance Well)
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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

WITLA
Huwru-5
FROEHLING & ROBERTSON, INC,

L L T TR T

Fid. e L
d OMNE rUNGASD rE2RS OF SEAVICE"

% wCI

gem mu 10

30RING LOG-

) o B
Aecom ma ROMsBZ08% [EY 3 DATE  Navamber, 335
[ Siewmt Her<ules, Ing, .
[;u.eel Monitoring Wells Radford Army Armunfzlon Plant fadfard, ¥irginia ’
Borrg Mn(: V-II-A) i!“aul Osprh; 48.0° | Ebm atron — !ansn-uﬂ: See plan
j Tyow of Borng Hollow ttem auger [stanme  11-g-33 Comgtates  11-5-85  [Owilee  W. Sifmons, Sr.
Y Emvaon f Ceatn I | OESCRIETION OF Ma TEAIALS . € Somad | 2w )
[ : (Srcavam o g .
] 3rowt flre saady SILT; roots, arganfzs ]
1.0 = - . GRADUNDWATER DaTA
4] Fedium-dense ta dense brown fine sandy S{LT
—| to silty fine SAND (ML/SM)
[ 3 -autuvres- 4.5
, = .”". 6.0
| .
]
- 8.5
f 7 %
— |22 /10.0
- 13.5
= 2,
, = 1hes Water level @ 14.8"
. o._ Development Daty:
s Stashed 2 hours.
~ Very soft yellow-brown cozrse to fine sandy Zafled dewn ta 15.0°
1 CLAY, some 51t (CL) relict struct 18.5 Car
- elict structure 11 Rezavered to 14.8' afcer 1.6 hrs
II = -sestouus- 1.0
23.0 8.4
| = Gray-drown vuggy LIMESTONE, caleits hasled
—4 fractures iat
] i aterdedded with gray-gress 77z § oaox
o -FAULY BRECCTA-
= 130 r
[ —] Iy
= Tyore
' = 3.0
40.0
Scate F'rS Lriesy ginedeiag Aoied

‘Ng 3 miawt £, ] T
i mc'r-v-r-u;qrdn.v, lm‘g‘"’!"'l. fEORNG W 190w TN 0D 335 LD mpara1atat 3 18eres i inras 8
* INE M =D ACIBMEAt Of Dtiratan 1 1erMmed Ihe L1ANGArT GERETOGR TELITIATE N
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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 ] EOR N vl 4

30RING LOG
i F&R FROEHLING & ROBERTSON, INC.
G eGRED rEARS e SEmmgEs LT A

; ]
Rapgrt Ng  ROM-82035 EL gaTg  Hpwambsr, 1445
| cuen. Hercules, Ing, 27 —!
Dogen.  Momizoring Wells Radford Army Asmunition Plsnt Radford, Virginia i
Baring N (_1"‘”-*‘)'60"?‘170'-' Ceoen. 43,0 ! Elevation, e [Logatpn S22 plin
[ roe ot Bonng  Hollow stem suger fstanea:  11.5.85 Gomicied 11-6-85  [Orier ¥, Simmons, Sr,
- . DESCRIFTION OF WATERIALS ; T i
i Eveatutn Caor ICarmncatan ::::c 'Dr-.:: L"‘i:”’ R:,D H © MEuLAKS
I‘ T
3
Dark gray saccharoidal LIMESTONE 11.0 =

53 lo%

&
SRARIINARACIENE S

o=
o
[=1

Coring tarminatad & 25.0°

- 200 PUL Scomesn
cnp Pro Risem

H:lua1!1111hllllu:|u|1|£||:linnlm;!nlmntl||1|iuf

|

MO 3 Wt rt-q: for s "G'Pu CAmMer 2 002ng X0 At dome T I 1 275am 10 Jameiar L1GIa O VEengrat.a n - Biarg * % _Aa1t Mm@t nOwHd
TEIETEATS TUR 3w O IR A5 fwl MDIEMEATS OF DyodiFinn L lerma (RE ARGLIS DETRIC ISR eianGe N
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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

Post-close Permit; Radford AAP, Unit 5 EPA ID Mo ;VADI210020730
Antachment P; Well Construction & Boring Logs Q75201 '
Appendix 13.
Other Wells
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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

HLAMU S\ S We A

BOAING LOG
F&R FROEHLING & ROEERTSON, ING.

FULL SeRacs LABCHATOMES 4 ENGen|
? EER =4 et
TENE MUNGRED P EARS D S'EH\'IC.‘::‘ gy

L]
Reoon va. (5 £ I0RL e
- OATE  pdgn
[Crem  Fiéroules Ina, i o
[-owa. Radford Army Ammunition Plamt Radford, Virginia
| Bonng ba:  5-HCA [fot corm €0 o T feocaon Sea Location Plan
{ Tvoe ot Bares: Hollow Stem Auger  |smrea 577,89 Corwmse 571727 Joriue g, Simmors
: g 0 LGNS
s " CESCMATuom O0F WaTEmia s
!L - | = hwasion e |5 ] e
Yery 1003¢ gray brown medium tg fine tandy ! Y5 J Srevmowaler oAy
i SILT, trace cosrse subrounced sand (M) 322
b 1.0
3 4.5
= Yery loose gray bramen fine sandy SILT (ML}
- £.0 -
] =ALLUY [UM-~
1. ’
= . ' i
o~ Kedfum sUff gray ta tan clayey SILT.
77 ranganese stafns (ML} i
— =
_._' Hedfum SLITY 0 SUIfT mottled ta gray silty
—] fine SAKD (SK) wangesese z+alns . ’
] 2%
— SR - 1
it sgrading to- .
] SSff enttled o gray sifey tUT/cTayey SIUT ' | -
o leeony . Eed )
“ 5
= , .
- =RESIDUUH- ‘
3 ;
= 4 3
3
— J5:
-
= {
]
. q - 2. N
Barin d * o |
‘ 4. 3 tertiinited 4u 45, . ' 1
2.8 ed 4t 45,0 ft, . l . i Helight af Hapmer _[
St 1715 yrumgt Zherwss Ao

"NO gl me i @ T TeD i A B
A Agremants, TAE wum g:’?n.‘.::fc OUPAG DD . (w2 G DL 13T 1 permoar 1 Glalof 18echet v inree 8
VR MCIAMOAIY OF Benair i 1§ termed TRE LAAZESS Bafell £isn resatance, M.
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

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

Radford Army Ammunition Plant

35Uk
M-

Army Pollucion Abatemeas Program S:uds Taei [ :
7 2ol b tudy, Inscallacian of Moritoring Wells, Radf
azmunicion ?lant, Radferd, VA, 3-3 apri) 1981, (USAEHA Caentzal No. 81-‘26:3251:;2:3{ e

US ARMY ENV IRONMENTAL HYGIEME AGENCY
DRILLING LOG

RAAP 81-26-8251-831 ) i
=41 - S April B
PROJECT e DATE et
1te W, novihwes: pf 1 ir 2
LOCATION — B DRILLERS Sithrem, Weddinoc:
. mext to building S.R. 602 Crazig, Gates (logger)

DRILL RIG g oot 2 SR80 o e 7l 3

D= 25.% f¢
??;.ELE o g HWater leval
inicial 9.5 f¢
ELOWS 24 hr, 9' v
DEPTH [PER 6 [N DESCRIPTION REMARKS
i Brown silty clay, damp plastic 7 it of coa-
crets grout
_ 12,5 £t of
séhadule 40,
2 in ID PVC
i casing
& fs
M8 5=lo
] 2 Reddi:h'brcwﬂ siley clayu;alighcly
damp, tighe drilling
: 4.5 fe of
] Benitonite
(may have a
void sbove
— . sand mext to
) i : water zable)
softer drilling, same material,
I gelter vettar
[¥ RERETE N i
11.3 €t of
] sand pack
saturatad .
ES £t 1 ' screen

HSE-ES Form 78, 1 Jun 88
Replaces USAZHA Fomm 9%, 12 Aug 74, which will be used,
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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 US ARNY ENVIROMMENTAL BYSIENE ASENCY
Tmy fail-ucion Abatesent Progran Study, Installation oF Monitsring Wells. 2adfoed :
Armmunition Plant, Radford, va, J-3 April 1981, {(USAEHA Cemzzol N: a?lz‘ef.'a'z?ﬁ?f;“ A

BRILLING LOG.

BAAP 81-26-8251- y
PROJECT 251-81 DATE 5 April 81
Site 5,noz : x
LOEAT[ON 2 J,noTtheast : of lagoon DR“_LERS Smitzson, Hoddinooe
_ next to bulldicog 5.R, 1602 - C-alg, Gates (logzer) ‘
Acker I1, w/ 4 in <auor
- LRILL RIG : e BORE HOoLE S
fiighet Apger
SAHFLE -
TYPE
) BLOWS :
DePTH |PER 4 IN DESCRIPTION REMARKS
" Reddteh brovm ailey coarse to }
— mediim sand, saturated (water is
flowiag) 10 £t of
— ) slotted
chadule 40,
— Sand pask 2 in ID PVC
. screen
'(9.003_"'0.510'
20 fr
L ' Weatherad Elbrook FM (red gzay
clay rasiduvm aver dolomite)
. E 2 £t of gedid
_ enf CTap
25 fe |
I 25.5 fr ™™
: Botzom of
. .| well 23.5 £=
| 3£

USATHA Foos 95, 12 Aug 74
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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

SSWY.
My -8

Ammy Polluzicn Abscement Program Scudy, Instazllacion ef Hanitirin L £
Pol s i , Inst cion af M ring Wells, Radford Ars
smwunizien Plant, Radferd, VA, 3+9 april 1981, (USAZHA Conircl No, 8§1-26-825(=8]) i

US ARMY ENVIRONMENTAL HYGIENE AGENCY
DRILLING LOG
aasp B1-26-8251-a1

FROJECT DATE

- LOCATION 22223, Backgmound well. southjpl{|FRS . .Salthsen Feddinser

3 4pril 81

Craig, Catas (logemr)

. of lagoon
DRILL RIG dcker II, w/ 4 in contizuous BORE HOLE MY B
flighs Avger TD= 34fr i B

SAMELE : ] water lavel

TYPE ; initfal=24 Ex

ELOWS 24 hr.o=l&'1y"

DEFTH 4PER 6 IX DESCRIPTION REMARES
graveal Zill For raad
—_ A ] 29 froof
2 gchadule 40,
] Reddieh brown sandy clay with some § £2 of 2 in ID PYC
szall gravals cencrece casing
‘grous
L
5 £ af 3en-|
. Bane waterial, wet, mad plascie tendre
i0 fz
1 Baze zaterial, getting watrar .
§ scicky i
{ 15 £z . {sand pack

| HSE-ES Ferm 78, 1 Jun g9
Replaces USAEHA Farm 95, 12 Aug 74, which will be used.
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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

"Azwry Polilutien Abatement Prsgram Seude Inscallat] i i ‘
Po e : E ¥ tallatien of Menirgring Well 2adfor
Ammunitisn Planc, Radiord, VA, 3-3 April 1381, (USAEH4 Ccn:rnI No. 81-22:522;’:;? -

US ARMY ENVIRCHMENTAL HYGIENE AGENCY

DRILLING LCG

81-26~3251~
PROJECT Rase S1-81 DATE 5 spril B]
LOCATIUH Sice 5, backzround sourh DRILLERS Seirhsea, Beddipote
of lagoon Crits, Gates (loggzaz)

DRILL RIG Aekes 3%, w/ ¢ 4n cdazinvouspnpr i .8

flighr Auger

SAMFLE
TYPE | 441
BLOWS
DEPTH |PER 5 IN DESCRIPTION ' REMARKS
I — 18 15~
L ; .20 same marerial .
] 21 fr of
sandpaek
. EVC enging
20 F
i
. |
B !
|
w i
el |
—_— aame mwararial i
]
1_kzo 54

HSE-ES Form 73, 1 Jun 8g
Renlaces USAZHA Farm 93, 12 Aug 74, whizh will be used,
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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

Army Pollurion Abatement Program Seudy, 1 g : : '
o e = ! oy, Iastallarion of MOnitoring Wells, Radford
sEEALEIES Plafey Radsontly ol Jo3 aprly L88%, ‘0RAZ . Conbosd No: Si-girszsranty

US ARMY ENVIRGNMENTAL HYGIENE AGENCY
DRILLING LO6

81-26-4251-81 l 5 A;r al

‘ RAAP
PROJECT DATE
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035
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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
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Virginia Department of Environmental Quality EPAID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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BORING LOG

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035
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Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

Virginia Department of Environmental Quality
Radford Army Ammunition Plant
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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

Site 15
Ground Water Monitoring Well Construction Details

UTM Ccordinates
. Saring = il -

Wall 1,D. Ell:a?::?fn Morthing Easting Te;neiglariion ' ogct;;eﬁe'i TCI;‘D":}EH f:n';z Comments
160C-1 1835.78] 3,601,325 10.892.905 70 5 70 15 1
16MW8 1835.82] 3,801,520 | 10.893.440 78 86 78 10 1
16MWG 1808.88| 3,601,480 10,833 420 78 =k] 79 10 1
18WC18 1312.95] 3 801,340 10,853,440 9.3 62 73 11 1
18WC1A 1812.61] 3,601,380 | 10.8583,440 100 82.5 93.8 11 1
16-1 ! 1B13.8B] 2.601,720 | 10,893,340 60! 30 80 30 i
18-2 1808.78| 3,601.560Q 10,893,560 77] 52 77 25 i
15-3 1823.83; 3,601,150 1,883,525 29.5 £3.5 89.5 20 1
18-5% 1733.50] 3.6801.830 10,854 020 50.71 35.71 £0.71 15 4.6
18WC28 1818.711 2.501.87C 10,633,370 104 91 i02.5 it.8 1
SPRBG i

Commaents: 1} Well construction details obtained from baring log.
2} Well screen lenglh cbtained from bering log.
3) Well screan length obtained from other data on file.
4} Wall screen length assumed,
5) Total well depth cbizined from baring log.
6) Total well depth obtained from field sampling log.

jEwe 2
j6C3
HcpH3
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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

Post-close Permit; Radford AAP, Unit 16 ) EPA ID No..VADI21G020730
Altachment P: Well Construction & Boring [oas g7zl

Attachment P

BORING LOGS AND WELL CONSTRUCTION DIAGRAMS

Appendix 1.
Appendix 2.
Appendix 3.
Appendix 4.
Appendix 3.
Appendix 6.
Appendix 7.
Appendix 8.
Appendix 9.

Appendix 10.
Appendix 11.
Appendix 12,
Appendix 13,
Appendix 14,
Appendix 15,
Appendix 16.

General Information

Well 16C1 - Background

Well 16MWE - POC

Well 16MW9 - PCC

Well 16WCIA - POC

Well 16WCIB - POC

Well 16-1 — Compliance Monitcring Well
Well 16-2 — Complance Monitoring Well
Well 16-3 — Compliance Monitering Well
Well 16-5 — Compliance Monitoring Well
Well 16WC2B ~ Compliance Monitoring Well
Well 16SPRING - Additional Sampling Point
Well L6WC2A — Piezometer

Well 16C3 = Piezometer

Well L6CDH3 - Piezometer

Other Wells
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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

Post-close Permit: Radford AAP, Unit 16 EPA ID No.:VADIZ10020730
Attgchment P: Well Construction & Borina Laes 07/31/0!

Appendix 1.

General Information
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

Virginia Department of Environmental Quality
Radford Army Ammunition Plant
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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

Post-close Permit; Radford AAP, Unit I6 EPA ID No./VADI210020730
Attachment P: Well Construction & Baring Logs 07731401

Appendix 2.
Well 16C1 (Background)
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035
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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
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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

Post-close Permit; Radfarﬁ' AAP, Unir 16 EPA [D No.:VADI 20020730
Artachment Pr Well Construction & Boring Logs Q738

Appendix 3. .
Well 16MW3 (Point of Compliance)
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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
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EPA ID No. VA1210020730

Virginia Department of Environmental Quality
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

SCHNABEL ENGINEERING ASSOCIATES }
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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

SCHNAEEL ENGINEFRING ASSOCIATES -
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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

Posr-close Permit; Radford AAP, Unit 16 EPAID No.:VADIZ2I0020730
Artackment Pr Well Canstruction & Borine {oes 073101

Appendix 4.
Well 16MW?9 (Point of Compliance)
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EPA ID No. VA1210020730

Virginia Department of Environmental Quality EP.
Off?ce of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

SCHMASEL ENGINEERING ASSOCIATES
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

!
ABEL ENGINEERING ASSOCLATES i ;
F cgﬁgﬁ%;r;m ENGINEERS ! TEST S8ORING LOG BORING NO S
EIOELT (ORTRG WELL INSTALLATICR - 18, BAAP, RALCFURD, VA HEET NO - 3
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: AFTER CASING PULTED] 9721 12:50 820 | = Twy | (a0 DRUIER. 3, EDWARDS
| HA READIMG | HOHITCRI®G WELL TRSTALLED FPFALL | 34 INSPECTOR, - €. HaLl
i [EIFYERPE=AE |
A B -
wmECE ix820 18 IDENTIFICATION REMARKS
& Ll P E
s a o g
F T ELASTIE STUTTHA) TRACE SAND 40187 = BA0WN
- EER
! B45+7 1S [SILT WITH SAND (ML) CONTAINS POCA FAAGHENTS LIMESTONE
r —{AND LENSES OF SILTY SAND, HOIST = BROWN RESITUUM
o
f
- 4+3+3  §S |do. CONTAINS LENSES GF FAT GLAY
i ¢
- 3},’33* § |do. CONTAINS ROCK FRAGHENTS, WET ~ BROWN
! e 88 T
e 13436+ 1S IDTSINTEGRATED RGGK, WET = GRAY AND BROWN
B - 2575~ |—| WASH BORING
ERCM 63 TO 73"
T -
|[ 73.0
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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

Post-close Permit; Radford AAP, Unit 16 EPA D No.: VADIZ10020730
Attgchunent P: Well Construetion & Boring Loes 073101

Appendix 5.
Well 16WC1A (Point of Compliance)
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs

Virginia Department of Environmental Quality
Radford Army Ammunition Plant
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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
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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
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035
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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

) Post-close Permit; Radford AAP, Unit 16 EPA ID Mo :VADI21RG730
- Attaciment P: Well Construction & Boring foas 0773101

Appendix 6.
Well 16WC1B (Point of Compliance)
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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EPA ID No. VA1210020730

Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant
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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
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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EPA ID No. VA1210020730

Expiration Date: XXXX xx, 2035
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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
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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

Posi-close Permit; Radford AAP, Unit 16 EPAID No.:VADI210020730
Anachment P: Well Construction & Boring Logs 73100

Appendix 7.
Well 16-1 (Compliance Monitoring)
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Radford Army Ammunition Plant

ftr it

BORING LCG

~

an b A0, 52 1R8

EPA ID No. VA1210020730

Expiration Date: XXXX xx, 2035

[EE KR

rear

Gk

FROEHLING & ROBERTSON, (g,

'uL SERACE u&:'«n-t;:wms u-:mer Ror el Gk g

0 réaRs oo f,

Hercules, [nc,

i '“--*«uz;‘\l

]c;..ﬂ:
[ Radfard dewy Lemizicien #lants Manitasing ¥elly, Hargeinge M‘!l Radfard, YA
[iorng Mo 1525 cont, | Fota Goors [ Eseveman: Se4 2030 '
Trea o Bortemy! o] Towe g b p guone fh-n-t 1h.6.34 w-c 'ro.gn:...g( lw W, Sl-pwas, Su
DTS TN OF b T T , Py L
— NI ATAfGk Drown codrie Ea Tine tdndy z
=1 :;u.m, "ty Tt fom) K2 SRaLmoatihCans
= ;
7] Hedfuw danse rad brown caarse o fine sardy
3 st nttle wea (o) ¥
—) ALY U= T 9.4
= 4t '
— atar Teva] owasured § 43,0°
o E=T LR RN
Teilow tan 5115y GAT, Trac 77 ; :
MI0 miter srructars -dmste (o) i RT
= Augmr refuial /
p .
= €y mdfm bedded SHALE & 117tstona with 4T
- green gliucenisic c:m;la-url.c. tain
7 Vimritoss fatarseds L
57,4
=+ (3¢ FRaTION) e
- o
=_, 3 ~ :
. p? 5.5 . c b5 ]
5 —4 Griy and STack Fault Breccls (:ﬂs-tﬂx. /
‘ ] pedble 31zed clasis)
e [T
- o= B e
-
b
5040 5.8
21 Sering tarwinatad ¢ 60.0°
- Coa
- - ' tereed feb from botrow
3 -
Fud
: —
= -~
-
bom
P
- }
Bt T 1 o et S

R L TR ™]
N mEreTaitt The ues

"

Attachment V.G-90

A B Arar deoperng M Mt T G0 13T 1 0 trtodaes & KV 0 1B oy w0 Myt £
«m-umwlumfﬂmquumdwmmn

n ot ona



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

Past-close Permit; Radford AAP, Unit i6 . EPA ID No.:VADIZ210020730
Avachment P: Well Construction & Boring Loes 073101

Appendix 8.
Well 16-2 (Compliance Monitoring)

Attachment V.G-91



Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

S

~

BORING LOG Di7e 16/ ] (p-1-

soort W8 REL.ST10H

EPA ID No. VA1210020730

Expiration Date: XXXX xx, 2035

[OLEY

HEMACE | w A oy
AT P ARy ys‘: o EMGINE s Com mes

F&R fRGEHUNG & ROZERTSOM, ine,
c A

AT Mavewtwr famg
‘—‘—1-—-—..____

Kercules, [me,

Sl
[
[Pt Radford Aemy Asmcaition Flant: Ronltoring #ellt, Aoresroe Ar: Badford, YA
Sareg ho:  Th=2 [toia Cooer: 72.0° ‘ﬂ-wdaﬂ'. | Lararvare fey 211
Frod o Borvd o [ Tovec gty grrmes [sarnar  13-71-84 I e —
. DL T ae o bk T [ R * -
UDT i —s R , : !‘M,
PR £ - T TR VT IR 94 % AT TR T, AT TT T 1
: CACLT Wi TER CaT A
| Medlim denzy red-fun flaa fandy SILT. traca
T sty mmall wfoa Mlaees () &
= ~RLLIVIIM-
o - .5
= a0
3 9.5
= Qreder to S 11,3
] mediem densa 311ty flng SAA, sfigne mick-
1 ereus (1) 4.5
I 3‘1 1
— §.0
i T Greding tg
] Cenee red browa stlty coarse t3 Fing AN, 14.5 .
- fow qravel (A} . g zm
= FAN
I émdiag
En Cence red coarve Lo fime tandy SRAVEL, M.
Y tom 2fte (@) Yy i
3 ] Iotes.g
—
25.0 3
o Peifom demsy rellow tia SILT Craca fine T 2.5
=] s aly 75
3 1 1.0
- . 15,8 + W
M mvfasad 0 23,5%; tn coring 8 13,5
.0 _ P by ™ Lot wetar bt 25.0°
P, 3.
=

Bt in i T T g g Y T ey Y e py

P T s ]

bl | "‘vu.—uduul-t.hnmmuwmguwmwwmmmuﬁtl

[ P ¥ 44

Attachment V.G-92



Virginia Department of Environmental Quality EPAID No. VA1210020730
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant
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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
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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

Post-close Permit; Radford AAP, Unit I6 EPA 1D No. VAR 20020730
Avtgciunent Pr Well Consrrncrion & Bering Loes 073 146!

Appendix 9.
Well 16-3 (Compliance Monitoring)
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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
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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
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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
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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

Post-close Permit; Radford AAP, Unit [6 EFA D No:VADI210020730
Attachment P Well Construction & Boring Logs 0773141

Appendix 10.
Well 16-5 (Compliance Monitoring)
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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

Post-close Permit; Radford AAP, Unit 16 EPA 1D No..VADIZ2 10020730
Artachment P: Well Construction & Borine Loes GFITA

Appendix 11.
Well 16W(C2B (Compliance Monitoring)
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Office of Financial Responsibility and Waste Programs

Virginia Department of Environmental Quality
Radford Army Ammunition Plant
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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
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EPA ID No. VA1210020730

Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant
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Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant
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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

Postclose Permit; Radford AAP, Unit 16 EPA [D No.:VADI2]0020730
Aitachunen: P: Well Construction & Boring lLnoes 07,3101

Appendix 12.
Well 165pring (Additional Sampling Point)
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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

FPost-clase Permit; Radford AAP, Unir I8 EPA [D No..VAD]210020730
Atrachment P Well Consteuction & Borine Logs 0773100

Appendix 13

Well 16 WC2A (Piezometer)
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Virginia Department of Environmental Quality EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Office of Financial Responsibility and Waste Programs
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EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035

Virginia Department of Environmental Quality

Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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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

Post-close Permit; Radford AAP, Unit 16 EPA ID No.:VADIZ10020730
Arrachment P> Well Construcrion & Boring Loes 073101

Appendix 14

Well 16C3 (Piezometer)
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant

EPA ID No. VA1210020730
Expiration Date: XXXX xx, 2035
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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
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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

Posi-close Permit; Radford AAP, Unit 16 . EPA ID No.:VADI2IDGZa730
Anchment P: Well Construction & Boring Lags i G731

Appendix 15

Well 16CDH3 (Piezometer)
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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

Post-close Permir; Radford AAP, Uniz 16 EFPA ID No.VADIZI00ZG730
Atrachment Pr Well Construction & Borine Loes G7A3 AL

Appendix 16.
Other Wells

Well 16-4
Well 16C-2
Well 16C-4
Well 16DH-2
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Office of Financial Responsibility and Waste Programs Expiration Date: XXXX xx, 2035

Radford Army Ammunition Plant
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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
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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

AlanbonEn SiTe {ef C-2 [ra-g 7
T - TR "

RASFORD

chaght}' PRGIECT
& Miller, Ire. . T WELL LOG DV
i Gate Pripemd _IA4A f9A Ay .7 =

. v
[ [Feya | cwNER _ G322 of Tn=isesey }

| WELY Ma, [ ,

~

INTERVAL CEZZAPTIEN |
|‘Loearen ., Site € ~ Solid wasn.

Landfill. in uas
TSRy SATTHG :
GRCLND ELEY, hans 7o
L.

=1

Clay. silty, daze brown

E_t 1

o SLLE, sapdy, Brown

| I
Y-

DRILLING St gTed.L 3/ 30/80

]
ORRLING STAATES 713790 7 If
f:

<L LN ] B A Mooroe
TTPE oF R G240

Sand, Zfine, zllty, brown WELL DaTa ’
At +

MOLE QAL 5% ma i el 1% ao vmoae
ToTAL OffrrR sie i 2
St trAw, L= Toweg son
CATING LEMGTH £f I

SCAEIN CUAML 2 :
SCREEM SETTRG 23-70 ¢z J :

Y

12

Lo

A (.

Sand gmzdes (530 eedium weLL ,-rp,:ﬁgfmifflwc

N

is

GRRUT
TYPE oF amey T NuaZ zesen:
CROUT CEFTH

R hone
SrYrs oF AL

f

VELLIME

METHCD
Size 4m abIve .7 % g.1 s=a
LENGTH 3L ain

TEST DATA

STAC DERTH mw‘rm_rg.gg“__ﬁ__,_
. 2 SATE MEASiPED 8/

Sand grades lato ema-ze PRPHG CEFTH TOWAT R e
- LURATICH oF TEST,
Rives Jack - il
. CATE oF TEST
TYPEL OF TE37,
PP SETTING.
Eogsats o] AT e
FINAL PP CAPATTY
FHAL PP SETTNG e
ATRAGE PAPACE
WETER QUALITT

e
BEFTH, 1 FEET, BELOW LAND SLAFACE
o
bt o by
3

i

[ 3
in

T O B
AN

q

Y

by

13 Same Ax ihave

IR A IR B

Cienged from 37 flabcsll bic ta
‘2 1" ¥X corw bar-el

40

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
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Virginia Department of Environmental Quality
Office of Financial Responsibility and Waste Programs

Radford Army Ammunition Plant
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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.
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ATTACHMENT V.1 - STATISTICAL PROCEDURES

V.I-A.

V.I-B.

V.I-C.

HIGHLIGHTS

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).

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, 86.2) using the method described by Dixon (1953). The

Permittees shall receive approval from the Department before eliminating any
outliers.

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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V.I-D.

V.I-D.1.

V.1-D.2.

V.I-D.3.

V.I-D.4.

V.I-E.

V.I-E.1.

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.

EVALUATION OF MONITORING DATA BELOW DETECTION LIMITS
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.

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).

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.).

If the percentage of non-detects or non-quantified values is greater than 50
percent, then the Permittees may use a non-parametric method.

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).

SELECTION OF STATISTICAL METHODS

Level of Significance (Performance Standards)

The Permittees shall select statistical methods that achieve a level of significance
(Type 1 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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V.I-E.2.

V.I-E.3.

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.1.4. 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.

Selection Criteria

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, 82.2).

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.

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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V.I-F.

V.I-G.

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.1.2.

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.

VERIFICATION SAMPLING (OPTIONAL)

Verification resampling can be an integral part of the statistical methodology
(USEPA, 1992, 85); 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.

COMPARISON OF GROUND WATER MONITORING WELL DATATO
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V.I-G.1.

V.I-G.2.

THE CONCENTRATION LIMITS SPECIFIED IN PERMIT
ATTACHMENTS V.F, VI.B, AND VI.C

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
(ACLSs) 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.

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 (ACLSs) 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).

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.

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.

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

(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.1

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.
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Appendix V.1.1. - COCHRAN'S APPROXIMATION TO THE BEHRENS-FISHER
STUDENT'S T-TEST

Using all the available background data (n» readings), calculate the background mean (Xp) and
background variance (sy2). For the single monitoring well under investigation (nm reading),
calculate the monitoring mean (Xm) and monitoring variance (Sm?).

For any set of data (X1, X2...Xn) the mean is calculated by:

X1t X+ Xs+... X,
n

X =

and the variance is calculated by:
—2 —2 -2
X=X +X—-X) ..+X,—X)
n—1

s? =

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 t, and tn standard (one-
tailored) tables where,

th=t-tables with (ny-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 Wy and W, are defined as:
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and so the comparison t-statistic is:

t :Wbtb+Wmtm
C O WLtWo,

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

one-tail two-tail

Degree of Freedom t-values t-values

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 111 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.1.2. - SUGGESTED MINIMUM SAMPLES

STATISTICAL PARAMETRIC NON- NON-
TEST PARAMETRIC PARAMETRIC
INTERVAL
%CONFIDENCE
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 8 NA NA
Interval
Shewhart CUSUM 8 NA NA
Chart+
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

VIA.

PROGRAM FOR HWMU-5

HIGHLIGHTS

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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VI.B.

VIiB.1

VI.B.2

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 VI1.B. Reporting and recordkeeping requirements are presented
in Permit Section VI1.J. The schedule contained in this module (Module VI) shall
be followed to implement the remedy for HWMU-5.

GROUNDWATER CA PROGRAM -- NATURAL ATTENUATION
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).

Design Conformance

The Permittee installed one (1) monitoring well (5W12A) in February 2010 to
replace the Plume Monitoring Wells SSW5, SS5W7, 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 I1.A,
Figure 11.A-6. Subsequent changes to the Remedy Design are to be addressed in
accordance with Permit Condition VI.B.5.

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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VI.B.3

Vi.B.4

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 VI1.B.7. To accomplish
this principal objective, data from the monitoring and compliance wells will be
collected and evaluated following Permit Condition VI1.B.6.

Operation Specifications to Be Initiated

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 VI1.D.3.b.

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
VI1.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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b.

of hazardous waste constituents that have migrated beyond HWMU-5.

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 V1.J.4.

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 V1.J.4.

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
VI1.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 VI1.B.
Alternate analytical methods may be approved by the Department in
accordance with the procedure established in Permit Condition VI.C.2.

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).

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 I1.F (Inspection Requirements).

Piezometers or monitoring wells designated solely for the purpose of
measuring water levels (and not for water quality sampling), that are part of
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VI.B.6

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 I1.F.

Changes in MNA Program

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.

b.

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:

Description of the change to be made;

Justification/reason for the change;

Revaluation plan for Program performance after the change in design;
Revised maps, drawings, and schematics, if appropriate.

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).

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
VI1.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.

f.

Present sampling and analysis results collected for the Natural Attenuation
Program in field and lab analysis (see Permit Conditions VI.B.3 and V1.B.4);

Evaluation of the changes in concentration trends over the previous twelve
months, natural attenuation rate, and resulting remedial progress;

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.

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.

Modifications to the Remedy proposed to correct deficiencies/malfunctions
or, enhance performance and,;

Provide other recommendations regarding the CA program, as appropriate.

Contingency Measures and Termination of Natural Attenuation

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.

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.

Alternative Groundwater Remediation Methods

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 Il 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.

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 VI1.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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VI.C.1.

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 1.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.

Extension of Compliance Period and CA/Remedy Program

If CA is required beyond the compliance period, as calculated in Permit Condition
1.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).

GROUNDWATER CA MONITORING PROGRAM

A groundwater monitoring program must be implemented to demonstrate the
effectiveness of the CA program (8264.100(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).

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 11.A-6 of Permit Attachment I11.A.
Monitoring well 5W8B is the upgradient well and monitoring wells 5SW7B,
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.

Sampling and Analysis Schedule

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 V1.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 VVI.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 VVI.B may be
used, provided the analyte is quantified using the alternate/updated method.
Proposed alternate/updated methods for the indicators listed in Attachment
VI1.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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VI1.D.

VI.D.1.

VI.D.2.

VI.D.3.

VI.E.

VIE.1.

sampling event.

WELL LOCATION, INSTALLATION AND CONSTRUCTION

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 I1.F.

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.

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.

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.

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.

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.

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.

GROUNDWATER PROTECTION STANDARD

The Permittee shall monitor the groundwater to ensure that the regulated unit is in
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VI.E.2.

VIE.3.

VI.E.4.

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.

Background concentrations established at the time of permit issuance are listed in
Permit Attachment VV.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.

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).

Pursuant Permit Condition 1.J.2 the compliance period during which the GPSs
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VIF.

VIF.1

VI.F.2

VI.F.3

VI.G.

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)

SAMPLING AND ANALYSIS PROCEDURES

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.

Samples shall be collected using the techniques and procedures described in
Permit Attachment VV.B (SAP) and at the frequency specified in Permit Condition
VI.C.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).

Samples shall be tracked and controlled using the chain-of-custody procedures
specified in Permit Attachment V.B.

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.H.

VI.H.1.

VI.H.2.

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.

MONITORING PROGRAM AND DATA EVALUATION

The Permittee shall determine groundwater quality as follows:

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.

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 VVI.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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VI.H.3.

VI.H.4.

VLI

VIIL1.

VI.1.2.

to evaluate accuracy, precision, representativeness, comparability, and
completeness of the groundwater quality data.

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 V1.1 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.

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.

COMPARISON TO GROUNDWATER PROTECTION STANDARDS

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:

Methods of Comparison

a. Ifasingle 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.1 (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.

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 naotification 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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VI.1.3.

VI.1.4.

VI1.J.

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.

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.1.2. 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.

The Permittee shall specify all GPS exceedences in the Annual Monitoring Report
defined under Permit Condition VI1.J.4, whether it is the first exceedence of that
constituent or a repeated exceedence.

REPORTING AND RECORD KEEPING

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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VIJ.1.

VI1.J.2.

VI.J.3.

V1.J.4.

Operating Record. Reports containing the information shall be submitted in
accordance with Permit Condition I.E.3.

Groundwater Elevation/Potentiometric Contour Maps

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.

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.

Annual Appendix IX of 40 CFR 264 Data

The Permittee shall report the data from the specified wells (Permit Conditions
VI.C.1.aand 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.

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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VI.K.

VI.L.

Copies of current potentiometric surface maps and static groundwater level
elevations for each event during the period.

Evaluation of groundwater flow directions and gradients and the calculated or
measured rate of migration of hazardous constituents in the groundwater for
the period.

Data package with the certification from the contract analytical laboratory.

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.

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;

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.

Copies of all notifications and reports required by this Permit, and 9 VAC 20-
60 et seq., for the period, and

Copies of all statistical evaluations of the groundwater data for the period.

ASSURANCE OF COMPLIANCE

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.

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 VI1.1.2., Permit
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VI.L.1.

VI.L.2.

VI.L.3.

VI.M.

VI.M.1.

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)).

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 V1.J.

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.

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.1.3., above.

REQUESTS FOR PERMIT MODIFICATION

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 V1.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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VI.M.2.

VI.N.

VI.N.1.

VI.N.2.

Permit Condition V1.1.2 above).

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.

CA SCHEDULE

Upon addition of Permit Module VI and associated attachments to this permit, the
following actions were taken:

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 V1.J.2., details of the well’s installation were provided in
the subsequent Annual Monitoring Report.

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 VI1.B.9 and/or Permit Condition VI.B.10, has been
met. Additionally, meeting the requirements of Permit Condition 1.1.1 (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

VILA-A. HISTORICAL TCE CONCENTRATIONS IN GROUNDWATER FOR
HWMU-5

Table A-1. Historlcal TGE Datections in Groundwater, Radford Army Ammunltion Plant HWMAU-5 (RAAP-042)
Corrective Aclion Plan, U.S. Army Environmental Command, Radlord, Virginla

Wonitoring Well
Date TWEE | SWEE | SWG21 | BWG2Z | SWCE3 | 5WIE | S5WS | S5id | owoA | BWIDA | SWITA
15t OF 136 - 2.3 - 22 29 - - - 0.6 - ~
2nd Qlir 19% - 57 04J 38 4.5 - - - 074 -
3rd Qi 1996 - 4.3 0.4 4 5 55 - ~ - 0.8 - -
4th Qfr 1805 - 24 0.8J 6.2 53 - - - 0.6 - -
15t QIr 1997 ~ 25 LB 14 65 0.2J -~ 01 | 034 - -
2nd o 1387 | 031 T8 2.7 74 5.8 013 | D4J - 084 | 03d -
3w OF 1657 ~ 8 24 3.4 6.7 - 024 - 0.5 - -
41h Qb 1997 0.8 04 1.2 [ 28 03J | 04J = 034 - -
1st Ot 1288 - 3.2 0.5 45 55 ~ - - 0.2J - -
2nd Qlr 1908 - 12,8 1.3 43 4.7 - 024 -~ 0.2 - -~ |
— 12.6 2 47 5.1 - - ~ 0.5 - -~
- 75 46 54 55 - = - - - -
- o6 57 13 7.5 - - - - 74 -
~ 15.6 58 6.3 5 - - - 0.2J - -
- 20.5 7.B 9.9 78 = - - 054 ~ ~
- 19.5 4.06 8.68 598 - - ~ ~ - -
-~ 16.8 31 6.3 83 - - - - - -
- 3.2 39 5.3 55 < - - - - -
- 163 | 642 DRY | DRY - ~ = - = -
4th Qlr 2000 - 14.8 655 533 5.41 ~ - — ~ ~ <
15t Gifr 2001 - 18.8 742 581 4.8 ~ - -~ ~ - -
Zna Qtr 2001 - 1.57 12.1 233 | o.11 - - = ~ = =
3rd Qb 2001 -~ 6.06 204 3.2 1.8 ~ -~ - ~ - =
4t Gir 2001 ~ .91 18.2 778 783 - ~ - - ~ ~
1st Qir 2002 913 - 18.1 683 | 632 ~ - - - - -
2nd Qi 2002 ~ B84 16.6 708 | 6.2 - - - - - -
3rd Qtr 2002 - 6.38 8.46 1.4 213 - - - = = B
4th Qi 2002 - 5.8¢ 1.3 254 269 - -~ - = - -
7 210 Qir 2003 -~ 42 26 7.4 75 = - B = = .
£ 3rd Gt 2003 - 19 22 ] 74 - = - - - =
4th Qir 2003 -~ B 23 7.1 74 - - - - - ¥
15t Qitr 2004 - 74 23 74 [ - - = - - -
2nd Qu 2004 - 8 22 82 X - - N - = -
3rd Qtr 2004 - 7 17 44 48 - - - = - =
45t Gitr 2004 - a4 20 62 66 - < - = - =
13 Qs 2005 - 1.9 24 53 X - ~ - = o <
20d Olr 2005 -~ 13 18 55 £8 - = = - = -
3ed Oy 2005 -~ 12 10 42 51 - = < = - -
4th QIr 2005 - 12 5.8 44 42 - ~ - - - -
st Qs 2006 -~ 85 a9 37 45 - = A - - -
2rd Qb 2006 ~ 17 4 1 4 - - - = - -
3rd Qlr 2006 - 11 3.7 33 37 - - - - - -
41h Tir 2006 - 94 .5 4.7 35 = - - - - -
151 Qir 2007 - g 5.6 33 36 =
Znd Qie 2007 = 10 55 35 35 -
41 Gt 2007 = 5.9 25 34 35 =
Motes:

=~ TCE nal detcled aboee laboraiony datecion bmi

3 - Trehioraehent was GRIBcian 8l 3 concerizalon arealer than Ihe dececton bmil bul les § than fne quardiaicn amd These cesulls afe esimales only
DAY - Merhoring wols THICI2 wad SWCT3 wees ary duvieg 3rd Gusrier 2000 Ho sempres ware colzced
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Sampling Date
i Results of Mann-Kendall Test for Trend: DECREASING TREND
i p value = Note: p valus < 0,05 indicalas a statistically significant trend (95% confidence level).
| Results of Sen's Estimator of Slope: DECREASING TREND
i Median Slope Esfimale = =4 4E-D3 mg/Liday
! 895% Confidence Interval = [ 9.56-03 | o [_-22E04 | mygiiday
Concentration vs. Time Plot — TCE in Well SWSE :
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Sampling Date
Results of Mann-Kendall Test for Trend: DECREASING TREND

p valua = 0.008 Note: p value < 005 indicates a statistically significant trend (95% confidence jevel),

Rezuliz of Sen's Estimator of Slope; DECREASING TREND
Median Slope Estimate = l -7.0E-03 [ myg/Liday
95% Confidence Interval = |_-18E02 | to [ _-1.9E-03 | mo/Liday

£ ARCADIS

Concentration vs, Time Plot — TCE in Well SWC21
’ RFAAP Unil-5, Radford, VA

Figure A-2
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Sampling Date
; Results of Mann-Kendal! Test for Trend: DECREASING TREND
: pvalue = Mote: p value < (.05 indicates a statistically significant trend (05% canfidanca level),
|
i Results of Sen's Estimator of Slope: DECREASING TREND

Median Slope Estimate = ~1,6E-03 mg/t./day

95% Confidence Interval = -3.5E-03 to | -24E-04 | mglliday

£2 ARCADIS

Concentration vs. Time Plot — TCE in Well SWC22

RFAAP Unit-5, Radford, VA

Figure A-3

GAAPROJECTIRAAP\Execttion\RAAP-04 ACAPIMNAMK-E512-2,xa - 11/10/2008
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Sampling Date
Results of Mann-Kendall Test for Trand: DECREASING TREND

p value = Note: p valus < 0,05 indicates a statistiesily significant trend (86% confldance level).

Results of Sen's Estimator of Slope: DECREASING TREND
Median Slepe Estimate = -2.56-03 | mg/liday
95% Confidence Interval = 37603 | to | -1.3508 | mgiiday

FR ARCADIS

Concentration vs. Time Plot - TCE in Well 5SWC23
RFAAP Unit-5, Radford, VA

Figure A-4

e ——

GAAPROJEGTIRAAP\ExocutionRAAP-04Z/C APMNAMK-S512-3 42 - 1111012008

Attachment VI.A-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

TCE Concentration {ug/L)

I Notes:

18

16 -

14

12

10 -

—4—Most Recent D;ta Set

+ Prior 8 Quarterly Results

————— Linear (Most Recent Data Set} l

-\.‘-___..-——
SW(C2-1 R =0.7179

_

Most recent data reflect 4th quarter 2007 results for monitoring wells SW5B and SWC2-1, Samples SGP-25 and 5GP-28 were collected summer 2008,
Linear trend line is fitted to most recent data,

Priar & quarters of data available for wells anly, spanning period 3rd quarter 2005 to 2nd quarter 2007.
TCE was not detectad at downgradient wells SW10A (815 ft NE) and 5W11A (865 ft NE) or cross-gradient wells SWA (565 ft NE) and SSWS (262 1t N).

100 150 200 250

Distance Downgradient of Unit 5 {ft)

f@ ARCADIS

Concentration vs. Distam.:e Plot - TCE in Groundwater Figure A-5
RFAAP Unit-5, Radford, VA

GWPROJECTIRAAPE xacition\RAAP-042CAP A ppandices\Distance_concsnirztion potxds - 117102008
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Notes: )
Resulls below |aboratory detection limit posted as 0 ug/L.

Historical Trends of TCE in Groundwater
2 ARCADIS

Figure A-6
RFAAP Unit-5, Radford, VA

GAPROJECTIRAAP\EXecUton\RAAP-D42\CAP ppendica<iTCE Histoncal Tabie and Plobds - 111072008
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VI.A-B. EXAMPLE COMPLIANCE TIMEFRAME PREDICTION
CALCULATIONS

Appendi

This appendix discusses the development of the Monitored Natural Attenuation {MNA) remedial
timeframe predictions presented in the Corrective Action Plan (CAP) and the approach and methcdology
for future annual MNA timaframe evaluations.

Development of Remedial Timeframe Predictions

The MNA remedial timsframe for trichicroethene (TCE) to attenuate to less than the Groundwater :
Protection Standard (GPS) was predicted using a conservative pore-volume flushing calculation, which i
assumes that no degradation is occurring, and a series of pore flushes is the primary attenuation process
to attenuate TCE. These calculations were performed based on the following steps. First, a composite
retardation coefficient was calculated using the following equation (Payne st al. 2008):

R =1+(£§.P;m) Eq. 1

wral

Pan = bulk density of the soil. A value of 1.85 gfcm"’ was used assuming the total porosity of 30
percent.

Blua = total porosity. The porosity for aquifer materials found at the site (clay with sand ang fine
gravel} ranges from 25 to 80 percent {Fetter, 2002). A value 30 percent was assumed for the
purpose of estimating the remedial timeframe.

K4 = TCE partition coefficient in soil determined as follows:

K=K, xf, Eq. 2

Where: l

K. = organic-carbon pariition coefficient. The calculated value of 166 Liters per kilogram (L/kg) !
as reported in Table 39 of U.S. States Environmental Protection Agancy (USEPA) (1986) was !
used; and | :
.. = fraction organic carbon in the aqulfer material. A value of 0.001 or 0.1 percent organic
carbon which is the default value recommended by USEPA (1996) for subsuriace aqu ifer
materials was used.

Using Equation 1, the composite retardation coefficient was calcu lated as 2.02. The analytical model
selected to evaluate the pore volume flushing is the mixed linear reservoir model (Zheng and Bennett,
2002). This model determines the number of pore volumes {Npy) required to reduce the starting
dissolved cancentration (Cyen} to @ target concentration (Cyeu) using the following equation:

e === ST
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C
iVFL' = 7Rfmw-osr'|: I‘{CRMJ Eq 3
sigrd

Where:
N - number of pore volume flushes
Roomposte = composite retardation coefficient {calculated as 2.02 for TCE)
Cooar = the MCL for TCL of 5 ug/L.
Catarr = cument maximum TCE concentration {11 ug/L — 5GP-028)

Using Equation 3, the number of pore-volume flushes was 1.80.

Last, the predicted MNA remedial timeframe was calculated by multiplying the required number of pore
volume flushes to adequately attenuate TCE contamination by the travel time across the plume
{groundwater velocity divided by the distance between monitoring wells),

T =N L)Vs Eq. 4

i Where:

T = predicted MNA timeframe

Np.=number of pore valume flushes (1.6)

L = Length along the flow path between monitoring locations {108 ft)
Vs = Groundwalter velocity across the plume (15 ftfysar)

Using Equation 4, the predicted MNA timeframe for TCE 1o attenuate to the GPS based on pore-voluma
flushing [s 11.5 years. An example of this pore-volume flushing calculation is provided as Appendix C-1.
The final remedial timeframe of 12 years (2019) was derived from the upper limit of this range.

The time required for TCE to attenuate based on cne additional pore flush was used to develop the
timeframe for when contingency measures will be Implemented, if requirad. Using Equation 4, the
predicted MNA timeframe for TCE to attenuate to the GPS based on 2.6 pore flushes is 18.7 years.

M for Ann Evaluati

The pore-volume flushing caloulations, which were used to develop the predicted MNA remediaf
timeframe only account for dilution and dispersion as the primary attenuation mechanisms and thus are
very conservative In nature. EPA guidance for MNA studies recommends that MNA predictions be based
on attenuation rates derived from long-term monitoring data (Newell et al., 2002). These data represent
the cumulative effects of all natural attenuation processes at a specific well location and thus are ITkaly to
be more representalive of actual conditions than the conservative pore-volume flushing calculations. For
the annual MNA Evaluation at Unit 5, the technical approach and methodology will be based on point
attenuation rate calculations as described in Newell et al. (2002). This approach involves the calculation
of point attenuvation rates and comparison of updated predicted timeframes to the 2019 MNA remedia!
timeframe. The following steps describe the methodology for this evaluation:
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= Construction of graphs of natural log concentrations versus time for monitoring walls (SWEB, SWC21,
5WC22, BWC23, and 5W12A) exhibiting current detections of TCE and degradation products at
concentrations greater than GPS values, Non-detect values will be plotted at half the detection limit.

«  Calculation of the point altenuation rate constant for each constituent based on a linear regression
analysls whereas the slope of the regression represents the attenuation rate constant The dataset
used to calculate the rate constant will encompass at least eight monitoring events.

*  Updated MNA compliance predictions using the following equation.

-1 E‘“i} : Eq. 5 :
1

Where: ,

t = pradicted GPS remedial timeframe

Coons = GPS (g}

! Ceun = Current constifuent concentration {ug/L} ,
Koot = point attenuation rate

* Comparison of updated MNA predictions to the 2018 MNA remedial timeframe.

An example calculation for TCE at well SWSB is provided as Appendix C-2. Using Equation §, the
predicted remedial timeframe for the current TCE concentration {7.8 ug/L) at SW5B to attenuate fo the
GPS (5 ugfL} is 2.4 years. Since this predicted fmeframe (October 2010) Is less than the 2019 MNA
remedial geal, then the MNA remedy is considered effective. Similar calculations will be performed on an
annual basis for any constituents in the monitoring program that exhibit concentrations above the GPS.

References
Fatter, C. W., Jr. 2001. Applied Hydrogeology 4™ Ed.

Newell, C., H. Rifai, J. Witson, J. Conner, J. Azia, M. Suarez. (Newell et al., 2002). Calculation and Use of
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Appendix C-1

Predicted MNA Remedial Timeframe per CAP

Total Porosity = 30% | % Estimated
log(Kog) = 222 | - LISEPA 1896
foe = 0.001 | — USEPA 1986
Bulk Density = 1.85 | glem® | assumed value based on 30% total porosity
Ky = 0.17 Calculated; Koc'for
Retardation Coefficlent = 202 | - Calculated; T+{(Kd"Bulk Density)/ftotal porosity)
Groundwater Velocity = 15 | fiyr _| Estimated
Spacing Between 5GP-028 and SCW21 = 108 | ft Calculated from Scale on Figure 1 (1"=80")
Travel Time Between Wells = 7.2 |yr Calculated
Retardation Coefficient for TCE = 2.02 Calculated
Current TCE Concentration in 5GP-028 = 11 [ ugll | Given
Current TCE Concentration in 5CW21 = 25 jugl | Given
End Concentration = 5 uglt. | TCE GW standard
Number of Pore Flushes = 1.60 Calculated
Pradicted MNA Remedial Timeframe 1.5 | yr Calculated
PORE FLUSHES + 1
Number of Pore Flushes = 2.60 Calculated
Predicted MNA Remedlal Timefrane 18.7 | yr Calcufated
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Appendix C-2
Point Attenuation Rate Calculation Example

1) 15 the current MNA remedial imeframe prediction less than the 2019 MNA Goal?

2} 15 the current MNA remedial timeframe prediction less than the 2026 MNA
ineffective date?

Sample Date | TCE{ug/l) | InTCE [vg/L) well 5WSB,TCE
4182005 13.00 258
8/15/2005 1200 248 4.00 5 oy
11/18/2005 1200 2.48 L .
211412006 850 214 3.50 - y=-0.015x+ 2158
41182006 17.00 283 fard I
8/18/2006 1100 240 B3.001 o - T4 | cument predicted
11/18/2006 9.40 2.24 - = Timeframe
2/14/2007 3.00 220 '3_25‘3 1 VN P - _
agpmer | om0 |20 N5 o PG | o TCE GPS=5 uglt
10/30/2007 .90 219 52-00 &\_J | e
4/28/2008 7.80 2.05 RN S S A AP 1 —CY. AP A S L s [
yasie0s mume || B 1.50 1 W"\a_ | T
#NUMI % : -
HNUME Z 100 L E
#Numi : I
HNUN! 0.50 - - .
{ UMt [ || I
! #NUM! 0.00 t * t - -
i LMl o & 3 & P R g b S o7 ne » w 5 g
i BN & ‘\‘"& & & F ¢ F ¢ & & ¢ S
H #NUM! _
i Last 8 rounds TCE MCL Estimated Rate and Time Required Current MNA
f T MNA Goal {per CAP) Mﬂmm;mate
! FirstEvent | LastEvent o LS Time Pr e
i ugft {perday) | (peryear} lyears)
H 2/14/2006 | 4/26/2008 | 5000 0.0005 0,183 244 October-2010 October-2019 December-2026
Effectivaness Evaluation for MNA Remedy Status Condition

If ‘yes’, then the remedy is considered effective and no additional action is reguired. If 'no’ for
three consecutive years, then contingency measures will be Implemented as defined in the
CAP.

If "yas', the remedy will be considered effective. if 'no' for three consecutive monltoring years,
then an alternate remedial approach will be implemetned as defined In the CAP.
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ATTACHMENT VI1.B - GROUNDWATER CORRECTIVE ACTION TARGETED CONTAMINANTS- GPS AND
SEMIANNUAL MONITORING LIST FOR HWMU- 5

Targeted CA Contaminants (Concentration Unit: pug/l)

EPA
Ta

CONSTITUENTS Cas RN# SW-846 MDL PQL Back- EPA DEQ Watl?er GPS

Method ground | MCL ACL RSL
Trichloroethene (TCE) 79-01-6 8260 0.4 1 0.8 5 0.49 0.49 5
1,1-Dichloroethene (1,1-DCE; H,C=CCl,) 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; H,C=CHCI) 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), 11
(1995), 1A (1994), 11B (1995), 111 (1997), 1A (1999), I1IB (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%), 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°); as of November 2024
(https://lwww.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.
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ATTACHMENT VI.C - GROUNDWATER CORRECTIVE ACTION ANNUAL MONITORING LIST

Concentration Unit: ug/l

CONSTITUENTS CasRNg | SW-846 | bl | poL | Back- | EPA DEQ ES\gtTe?p GPS GPS
Method ground MCL Basis
ACL RSL

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 2.3 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) BKG

phthalate (DEHP) 117-81-7 8270 2 10 10 6 5.6 5.6 10
2-Butanone (Methyl ethyl ACL

ketone; MEK) 78-93-3 8260 1.7 10 21.3 5600 5600 5600
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
Mgthylene chloride MCL
(Dichloromethane) 75-09-2 8260 0.5 5 0.7 5 11 11 5

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), I
(1995), 1A (1994), 11B (1995), 111 (1997), 1A (1999), I1IB (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°), 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°); 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
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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/I; therefore, the background concentration for p-
Nitroaniline was calculated as equal to the then-current PQL of 20 ug/I.

#: the MCL for total trihalomethanes, including bromodichloromethane, bromoform, dibromochloromethane, and chloroform is 80 pg/l.
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MODULE VII - SITE-WIDE CORRECTIVE ACTION

VILA.

VII.B.

CORRECTIVE ACTION FOR CONTINUING RELEASE; PROTECTION
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 111 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 (CAUEs) 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 I1.A.

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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