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COMMONWEALTH of VIRGINIA

DEPARTMENT OF ENVIRONMENTAL QUALITY
Street address: 629 East Main Street, Richmond, Virginia 23219

L. Preston Bryant, Jr. Maifing address: P.O. Box L1035, Richmond, Virginia 23218 David K. Paylor
Secretary of Natural Resources TDD (804) 693-4021 Direcior
www.deg.virginia.gov _ (§04) 698-9000

1-800-592-5482
November 5, 2009

Ms. Paige Holt

Environmental Manager

Alliant Ammunition and Powder Company, LLC
Radford Army Ammunition Plant

Route 114, P.O. Box 1

Radford, Virginia 24143-0100

Re:  Final Class 3 Hazardous Waste Permit Modification — Approval
Final Hazardous Waste Management Post-Closure Care Permit
Radford Army Ammunition Planf, Radford, VA
EPA ID No. VA1210020730

Dear Ms. Hoit:

The Virginia Department of Environmental Quality, Office of Waste Permitting and
Compliance {the Department} has completed its review of the Class 3 Hazardous Waste Permit
Modification (Class 3 HW Permit Mod) request submitted with correspondence dated December
17, 2008 for the Radford Army Ammunition Plant {RAAP) located in Radford, Virginia.

Ne comments were received during the public comment period that began on September 8,
2009 and ended on October 23, 2009. In addition, the Department did not receive any comments
during the public hearing that was held on October 8, 2009.

Based upon the information submitted, the Department concurs that the requested
changes constitute a Class 3 permit modification pursuant to 40 CFR 270.42. The requested
modification is hereby approved, and the Department has modified its copies of the Final
Hazardous Waste Management Post-Closure Care Permit with the replacement pages provided
in Enclosure (1). Please ensure that RAAP’s copies of the permits are also updated accordingly.

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 an appeal by filing a notice of appeal with:




Final ClaSs ¥ EW; Permit Mod — Approval
RAAP, Redford, Virginid

- Ms. Paige Holt—!

MNovember §, 2009
Fage 2 of 2

David K. Paylor

Director, Virginia Department of Environmental Quality
P.O.Box 1105

Richmond, Virginia 23218

In the event that this decision is served to you by mail, three days are added to this
period. Please refer to Part 2A of the rules of the Supreme Court of Virginia, which describes
the required contents of the Notice of Appeal, including specification of the Circuit Court to
which the appeal is taken, and additional requirements govemning appeals from decisions of
administrative agencies.

The Department appreciates the courtesy and professionalism shown during the
modification process. If you have questions concerning any of the above, pleasc contact Matthew
M. Stepien at (804) 698-4026 or by ¢-mail at matthew.stepient@deq.virginia.gov.

Sincerely,
pttee & Yornaned d.
Leslie A. Romanchik

Hazardous Waste Program Manager
Office of Waste Permitting and Compliance

Attachments:
Enclosure 1 — Final Class 3 HW Permit Mod to the Final Hazardous Waste Management

Post-Closure Care Permit — Replacement Pages

cc: Robert N. Davie, 111
Radford Army Ammunition Plant
SMARF-OP,P. O.Box 2
Radford, Virginia 24141-0099

Lillie Ellerbe — EPA, Region III (3LC50)

Aziz Farahmand — DE(}, BRRC-Roanoke
Matthew M. Stepien — DEQ, CO (w/o attachments)
Jutta Schneider — DEQ, CO (w/o attachments)
Fuxing Zhou — DEQ, CO (w/o attachments}

Julia King-Collins — DEQ, CC (w/fo attachments)
Cynthia Houchens — DEQ, CO (w/o attachments)
Central Hazardous Waste File




ENCLOSURE 1
FINAL CLASS 3 HW PERMIT MODIFICATION TO THE FINAL

HAZARDOUS WASTE MANAGEMENT POST-CLOSURE CARE PERMIT
REPLACEMENT PAGES

RADFORD ARMY AMMUNITION PLANT
RADFORD, VIRGINIA

NOVEMBER 5, 2009







COMMONWEALTH of VIRGINIA

DEPARTMENT OF ENVIRONMENTAL QUALITY
Sireet address: 629 East Main Street, Richmond, ¥irginia 23219

L. Preston Bryant, Jr. Mailing address: P.O. Box 1103, Richmond, Virginia 23218 Dravid K. Paylor
Secretary of Matural Resources TDD (804} 698-4021 Director
www.deq.virginia.goy (804) 6984000

1-300-5%2-5482

HAZARDOUS WASTE MANAGEMENT POST-CLOSURE CARE PERMIT

PERMITTEES: Radford Army Ammunition Plant
' Alliant Ammunition and Powder Company, L.L.C.
Route 114, P.O. Box 1
Radford Army Ammunition Plant
: Radford, VA 24141-0100

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

Radford Army Ammunition Plant

Radford, VA 24141

EPA 1D.#: VA1210020730

Pursuant to Chapter 14, Section 10.1-1426, Code of Virginia (1950), as amended and regulations
promulgated thereunder by the Department of Environmental Quality (hereinafter referred to as
the Department), a Post-closure Permit is issued fo the United States Army and Alliant
Techsystems Inc. (hereinafter referred to as the Permit and the Permittees), for the post-closure
care of four closed hazardous waste management units (HWMU) of one hazardous waste
disposal facility: Unit 5, Unit 7, Unit 10, and Unit 16. The facility is located in Montgomery and
Pulaski Counties at Route 114, PO. Box 1, Radford, Virginia, 24141-0100.

HWMU-5 is a former lined surface impoundment (Neutralization Pond) located at latitude
37°11'12" North and longitude 80°32'15" West. HWMU-7 is a former closed surface
impoundment (Unlined Holding and Neutralization Basin) located at 37°11'12" N longitude and
20°33'15" W latitude. HWMU-10 is a Closed Equalization Basin for the Biological Treaiment
System located at latitude 37°11'31" North and longitude 20°31'51" West. HWMU-16 is a closed
hazardous waste landfill located at latitude 37°11'49" North and longitude 80°31'26" West.

These four HWMUs, 5, 7, 10, and 16, at the above facility are currently limited to the following
activities: maintenance and monitoring of three closed hazardous waste surface impoundments

(5, 7 and 10) and one hazardous waste landfill (16}.

1 t Class 3 HW Permit Modification
Revised: Wovembers, 2009




The Permittees shall comply with all terms and conditions set forth in this Permit including all
attachments. If the Permit and the attachments conflict, the wording of the Permit shall prevail.
The Permittees 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 in 40 CFR 124, 260, 261, 262,
264, 265, 268, and 270 as adopted by reference in these regulations (for convenience, wherever
regulations adopted by reference are cited in this Permit and the attachments, citations will be
only those from 40 CFR). The Commonwealth of Virginia has received authorization for these
programs under Section 3006(b) of the Resource Conservation and Recovery Act (RCRA), 42
U.S.C. § 6926(b), to administer and enforce in lieu of the federal hazardous waste management
program under RCRA, Applicable regulations are those which are in effect on the date of final
administrative action on this Permit {9 VAC 20-60; Virginia Hazardous Waste Management
Regulations, Amendment 15A, effective March 13, 2002) as well as any self implementing
statutory provisions and related regulations which are automatically applicable to the Permittees’
hazardous waste management activities, notwithstanding the conditions of this Permit.

This Permit is based on the administrative record and the assumption that the information
submitted by the Permittees and contained in the administrative record is complete and accurate.
The Permittees’ failure in the application or during the Permit issuance process to fully disclose
all relevant facts, or the Permittees’ misrepresentation of any relevant facts at any time, shall be
grounds for the termination or modification of this Permit pursuant to 40 CFR 124.5, 270.41, and
270.43 and shall also be grounds for initiation of an enforcement action. The Permitiees’ shall
inform the Department of any deviations from permit conditions or changes from information
provided in the application. In particular, the Permittees’ shall inform the Department of any
proposed changes that might affect the ability of the Permittees to comply with applicable
regulations and/or permit conditions, or which alter any of the conditions of the Permit in any
way.

This Permit is effective as of November 4, 2002 and shall remain in effect until November 4,
2012 uniess revoked and reissued in accordance with 40 CFR 124.5 and 270.41, terminated in
accordance with 40 CFR 270.43, or continuved in accordance with VHWMR 9 VAC 20-60-
270.B.5.

Hoppesntend 5 2007 _ﬁﬂ&yﬂ Yorviasch s
Date Modified Leslie A. Romanchik
Hazardous Waste Program Manager
Office of Waste Permitting and Compliance
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The Permittees shall comply with all terms and conditions set forth in this Permit including all
attachments. If the Permit and the attachments conflict, the wording of the Permit shall prevail.
The Permittees 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 in 40 CFR 124, 260, 261, 262,
264, 265, 268, and 270 as adopted by reference in these regulations {for convenience, wherever
regulations adopted by reference are cited in this Permit and the attachments, citations will be
only these from 40 CFR). The Commonwealth of Virginia has received authorization for these
programs under Section 3006(b) of the Resource Conservation and Recovery Act (RCRA), 42
U.8.C. § 6926(b), to administer and enforce in lieu of the federal hazardous waste management
program under RCRA, Applicable regulations are those which are in effect on the date of final
administrative action on this Permit (9 VAC 20-60; Virginia Hazardous Waste Management
Regulations, Amendment 15A, effective March 13, 2062} as well as any self implementing
statutory provisions and related regulations which are automatically applicable to the Permittees’
hazardous waste management activities, notwithstanding the conditions of this Permit.

This Permit is based on the administrative record and the assumption that the information
submitted by the Permittees and contained in the administrative record is complete and accurate.
The Permittees’ failure in the application or during the Permit issuance process to fully disclose
all relevant facts, or the Permittees’ misrepresentation of any relevant facts at any time, shall be
grounds for the termination or modification of this Permit pursvant to 40 CFR 124.5, 270.41, and
270.43 and shall also be grounds for initiation of an enforcement action. The Permittees’ shall
inform the Department of any deviations from permit conditions or changes from information
provided in the application. In particular, the Permittees’ shall inform the Department of any
proposed changes that might affect the ability of the Permittees to comply with applicable
regulations and/or permit conditions, or which alter any of the conditions of the Permit in any
way.

This Permit is effective as of November 4, 2002 and shall remain in effect until November 4.
2012 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 VHWMR 9 VAC 20-60-

210.B.5.

5 200 _ Mt L ormiancd s
Date Modified Leslie A. Romanchik
Hazardous Waste Program Manager
Office of Waste Permitting and Compliance
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PERMIT ATTACHMENT 2

Unit 5 Information

Appendix A- -UNIT HYDROLOGICAL AND GEOLOGICAL INFORMATION
Appendix A.1- Unit Topographic Map and Well Location Map
Appendix A.2- Geologic Cross Sections
Appendix A.3- Potenticmetric Surface Maps
Appendix B- PLUME AND CONSTITUENT CONCENTRATION MAPS
Appendix C- DESCRIPTION OF WASTES
Appendix D- CONTINGENCY PLAN |
{(Refer to Permit Attachment I Appendix B)
Appendix E- COMPLIANCE GROUNDWATER MONITORING CONSTITUENT LIST i
Appendix F- INITIAL GROUNDWATER BACKGROUND DATA
Appendix G- GROUNDWATER PROTECTION STANDARDS
Appendix H- BORING LOGS AND WELL CONSTRUCTION DIAGRAMS: Unit §
Appendix [- CORRECTIVE ACTION PLAN FOR HAZARDOUS WASTE MANAGEMENT
UNIT 5
Appendix LA Supporting Information from Investigational Activities (Partially
Included)
Appendix LB Analytical Laboratory Data and Data Validation Reports {Not Included)
Appendix I.C Development of Remedial Timeframe Predictions
Appendix J- CA TARGETED CONTAMINANTS - GPS AND SEMI-ANNUAL MONITORING
LIST FOR UNIT 5
Appendix K- {REDUCED) ANNUAL MONITORING CONSTITUENTS IN APPENDIX IX TO
40 CFR 264 ;

Revised November 5, 2009
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MODULE V1

GROUNDWATER CORRECTIVE ACTION AND
MONITORING PROGRAM FOR UNIT 5
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Module VI - GW Corrective Action & Monitoring Program for Unit 5

YLA.

VILB.

VI.C.

VLD

VIE.

YLF.

¥Y1.G.

VI.H.

VLI

TABLE OF CONTENTS
HIGHTIGHTS
GROUNDWATER CA PROGRAM — NATURAL ATTENUATION REMEDY
VILB.1. Design Conformance
VIB.2. Remedial Objectives
VLB.3. Operation Specifications to Be Initiated
Y184 Measurement and Maintenance of Natural Attenuation Remedy
YLB.5. Changes in MNA Program
VILB.6. Evzaluation of MNA Program
VIB.7 Contingency Measures and Termination of Matural Attenuation
V1B.3 Alternative Groundwater Remediation Methods
- VIB.Y. Termination of CA/Remedy Program
VI1B.10. Extension of Compliance Pericd and CA/Remedy Program
GROUNDWATER CA MONITORING PROGRAM
VIC.1. Groundwater Monitering System
VI.C.2. Sampling and Analysis Schedule
WELL LOCATION, INSTALLATION AND CONSTRUCTION
GROUNDWATER PROTECTION STANDARD
SAMPLING AND ANALYSIS PROCEDURES
ELEVATION OF THE GROUNDWATER SURFACE
MONITORING PROGRAM AND DATA EVALUATION
COMPARISON TO GROUNDWATER PROTECTION STANDARDS
VLLL. Methods of Comparison
REPORTING AND RECORD KEEPING
VLI.1. Groundwater Elevation/Potentiometric Contour Maps
V1J.2, Maintenance and Operation of the Remedial System
VII3. Annual Appendix IX of 40 CFR 264 Data {Appendix K}
V9114, Contents of an Annual Report

VLK.

VILL.

VIM.

VLN.

ASSURANCE OF COMPLIANCE

SPECIAL REQUIREMENT IF ADDITIONAL CA AT THE REGULATED UNIT
IS REQUIRED

REQUESTS FOR PERMIT MODIFICATION

CA SCHEDULE
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MODULE VI
GROUNDWATER CORRECTIVE ACTION AND
MONITORING PROGRAM FOR UNIT 5

HIGHLIGHTS

The concentration of TCE in groundwater has exceeded the GPS in the POC Wells
SW3B, 5WC21, 5SWC22 and 5WC23 since the issuance of the criginal permit for Unit 5
on Septeinber 28, 2001. During 2008, TCE concentrations were less than historic levels
in wells SWC21, 5WC22 and 5WC23. Appendix A of the Corrective Action Plan
(CAP), Attachment 2, Appendix I provides the historical TCE concentrations in
groundwater. )

In response to exceedences of the Groundwater Protection Standards (GPSs) at point of
compliance (POC} wells for Unit 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 Unit 5. The CA will be
implemented as follows:

The Permittee will implement a groundwater CA and monitoring program focused on
evaluating the natural attenvation of trichloroethene (TCE) and its daughter products
[1,1-Dichloreethene (1,1-DCE), cis-1,2-Dichloroethane (cDCE), trans-1,2-
Dichloroethene (fDCE), and Vinyl Chloride (VC)] in the subsurface at Unit 5. Based on
the characteristics of the plume that has been currently delineated, and the low
concentrations of the constituents of concern (CGC) currently present in the plume with
decreasing TCE trends exhibited by the existing data, a monitored natural attenuation
(MNA}) CA program will be 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 VLN.

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 2, Appendix J. Reporting and recordkeeping requirements are presented in
Permit Section YL.J. The schedule contained in this module (Module VI) shall be
followed to implement the remedy for Unit 5.

GROUNDWATER CA PROGRAM -- NATURAL ATTENUATION REMEDY

The goal of this CA measure, through performance monitoring, is fo measure and track
the reduction of chlorinated Volatile Organic Compounds (VOCs) to levels below the
GPSs as defined in Attachment 2, Appendix J for the respective COCs, within a
reasonable period of time. Compliance will be achieved, at the POC Wells and
throughont the plume in the aguifer downgradient of Unit 5 (40 CFR 264.100(b) and
264.100{e)). Puring natural attenuation, multiple processes such as dispersion, diffusion,
dilution, sorption, voiatilization, biological degradation and chemical decomposition of
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VIB.L.

VI.B.2.

VI.B.3.

VI.B.4.

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 (see Permit Attachment 2, Appendix I).

Design Conformance

The Permittee shall install one (1) monitoring well (5W12A) to replace the Plume
Monitoring Wells S5W5, S5W7, 5W9A, 5W10A and 5W 11A. This monitoring network
will be specific fo the monitoring of the Natura! Attenuation Remedy. The location of the
new well is specified in Permit Attachment 2, Appendix I, Figure 2. Subsequent
changes to the Remedy Design are to be addressed in accordance with Permit Cordition
YLB.5.

Remedial Objectives

The MNA CA Program shall be initiated, operated and maintained in accordance with
the CAP {see Permit Attachment 2, Appendix I) and the monitoring requirements set
forth in Permit Condition VEC. .

The principal remedial objective is to reduce or eliminate the chlerinated YVOCs of
concern to levels below the GPSs as defined in Permit Attachment 2, Appendix J,
within a reasonable period of time, defined as in Permit Condition VL.B.7.a. To
accomplish this principal objective, data from the monitering and compliance wells will
be collected and evaluated following Permit Condition VI.B.6.

Operation Specificaticns 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 Unit-5 generally as
described in the CAP (Permit Attachment 2, Apperdix I) but subject to
modifications in analytes and reporting as permitted by Permit Condition VL.B.5.

b. Additional monitoring wells, if needed, will be installed in accordance with Permit
Condition Y1.D.3.b.

Measurement and Maintenance of Natral Aftenuation Remedy

Natural Attenunation is the reduction of COC concentrations in the environment through
destructive biclogical processes {including, but not limited to; aerobic and anaerobic
biodegradation, plant and animal uptake}, non-destructive physical mechanisms
{advection, dispersion, diffusion, dilution, volatilization, scrption/desorpticn), and
chemical reactions (ion exchange, complexation, decomposition, and abiotic
transformation). Biodegradation of chlorinated solvents (e.g., TCE} most commorily
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occurs via reductive dechlorination, a process that requires both electron acceptors
{(chlorinated aliphatic hydrocarbons) and an adequate supply of electron doners (natvral
organic carbon, fuel hydrocarbons, landfill leachate) in order to proceed to complete
destruction. It is, therefore, a passive remedial approach reliant upon natural transport and
degradation processes.

Beyond the monitoring wells, covered under Permit Condition VI.C.1., there is no
capital equipment requiring regular maintenance or upkeep other than as described
below. The operation system for the continued maintenance of the Natural Attenuation ,
Remedy shall, as similarly stated in Permit Condition VI.B.3., above, comply with the '|
approved CAP (Permit Attachment 2, Appendix I). 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(aX3), a
performance well is designated as an effective well when the Department recognizes
that the well is necessary for the practical and effective detection of hazardous waste
constituents that have migrated beyond Unit 5.

b. Inaccordance 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 VL.J.4.

¢. Ifthe GPS continue to be exceeded for any contaminant listed in Appendix J to
Attachment 2 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
Coadition VLJ.4.

d. Water Quality S8ampling Events—The Permitiee shall conduct groundwater sampling
and analysis following installation of Plume Monitoring Well 5W12A required by
issuance of the Permit in accordance with the sampling and analysis procedures in
Permit Section VLF. 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-Dichioroethene (¢cDCE), trans-1,2-

Dichloroethene (fDCE}, and Vinyl Chioride (VC)] {Appendix J to Attachment 2),
on a semiannual basis. In addition, groundwater samples collected during the first
year of monitoring will also be analyzed for MINA indicators {(ethane, ethene,
methane, sulfate/suifide, 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 2, Appendix J. Alternate analytical methods
may be approved by the Depariment in accordance with the procedure established in
Permit Condition VI.C.2.
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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
maonitoring 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 1, Appendix 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 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 1, Appendix 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,

&,

The Department shall be notified by letter of any preposed changes to the Program, at
least thirty (30) days prior to the preposed date of the change. The Department shall
approve the proposed changes prior to implementation. The following information
shall be included in the notification:

i. Description of the change to be made;

ii. Justification/reason for the change;

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

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 encovraged 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
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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).

VIB.6. Evaluation of MNA Program

The effectiveness of the Natural Attenuation Program shall be evalvated on an annual
basis (40 CFR 264.100{g}). This evaluation shall be submitted to the Depariment as part
of the Annual Menitoring Report (see Permit Condition VLJ.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 evalvation, if available:

a. Present sampling and analysis results collected for the Natural Attenuation Program
in field and [ab analysis (sece Permit Conditions VLB.3 and V1L.B.4);

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

¢. Review of constituent concentrations and evaluation of natural attenuation
processesfprogress possibly occurring. For example, potential for biodegradation
occurrence, detection of daughter products, and general water quality conditions.

d. Updated compliance timeframe predictions based on revised point attenuation rates
determined frem concentration vs. time graphs using the principles and methods
presented in Section 7.4 of Permit Attachment 2, Appendix 1.

¢. Modifications to the Remedy proposed to correct deficiencies/malfunctions or,
erthance performance and;

f.  Provide other recommendations regarding the CA program, as appropriate.

YILB.7 Contingency Measures and Termination of Matural Attenvation

a. If the dissolved phase constituent concentrations in groundwater outside the
containment area do not nafurally attenuate within a reasonable time frame
contingency, measures shall be considered and implemented as presented in Permit
Attachment 2, Appendix I (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). The
projected remedial timeframe was calculated based on pore-volume flushing
calculations. Updated compliance timeframe predictions will be based on annually
revised point attenvation rates derived from concentration v, time graphs. If the
estimated remedial timeframe determined on an annual basis exceeds the projected
remedial timeframe of 12 years [2019] for three consecutive years, then contingency
measures as defined in Permit Attachment 2, Appendix [ {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 remediation system
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V1.B.8

VIB.9.

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], which is the time for one
additional pore flush, or an additional ¥ vears.

Alternative Groundwater Remediation Methods

If the Department or the Permittee determines that MNA is ineffective as a CA program,
the Permittee shall evalvate and pursue other means of groundwater remediation. The
Permittee shall submit to the Department an application for a Class I 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 weuld 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 CAfRemedy (40 CFR 264.100) for Unit-5 must continue until TCE and its daughter
products’ concentrations in groundwater have decreased below the GPSs specified in
Appendix J to Attachment 2 (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 Grouvndwater 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
Unit 5 must be at or below the GPSs to demonstrate that the 40 CFR 264.100
ohjectives have been met. The procedure for completing the data evaluvation is as
follows:

i. This groundwater CA and monitoring program was iriggered by the exceedence
of the GPS for TCE. The GPS for a contaminant was developed from the
background value, MCL, ACL, or RBC. The GPSs for TCE and its daughter
products are listed in the Appendix J to Attachment 2. The exceedence of the
GPS for TCE was indicated by the simple comparison of the concentrations for
TCE in downgradient welis 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 Permiitee can petition
the Department to terminate this groundwater CA and monitering program, The
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concentrations for TCE and its daughter products in downgradient wells will be
obtained through Permit Section VI.C {groundwater monitoring).

ii. Pursuant Permit Condition I.K.1 the compliance period during which the GPSs
applies for Unit 5 will continne until October 28, 2020. If the compliance period
has not ended at the time of the Director’s approval to terminate the CA program,
groundwater monitoring shali then be conducted in accordance with Permit
Module V — Compliance Monitoring Program. The Permiitee shall! continue
CA measures during the compliance period to the extent necessary to ensure that
the GPS is not exceeded, pursvant 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 Moduole VI (and 40 CFR 264.100). Thus, to avoid a premature
outcome, and the resulting requirement for an immediate return fo 40 CFR
264.100 gronndwater monitoring and corrective measures, the Permittee must
demonstrate the long-term effectiveness of the remedy prior to initiating the steps
in Permit Condition VLB.9.

Extension of Compliance Period and CA/Remedy Program

If CA is required beyond the compliance period, as calculated in Permit Condition
1.K.1, 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 (§264.100{d}). This program is based upon a
Modification of the preexisting Groundwater Compliance Monitoring Program (Permit
Module V), modified as necessary to meet the performance standards for a CA Program
{40 CFR 264.100).

Groundwater Monitoring System

a. The gronndwater beneath the closed Unit 5 shall be monitored with one (1}
upgradient groundwater monitoring well and five (5) downgradient POC Wells
located as specified on Figure 2 of Permit Attachment 2, Appendix 1. Monitoring
well 5WEB is the upgradient well and monitoring wells 5W7B, 5W5B, SWC21,
SWC22, 5WC23 are the POC Wells for the unit.

b.  In addition fo the wells specified in Permit Condition VI.C.1.a, one Plume
Monitoring Well, 5W12A will be installed and monitored to ensure that
contaminants, TCE and its daughter products are not moving downgradient away
from Unit 5 and the downgradient POC wells.

Sampling and Analysis Schedule
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All the wells from Permit Condition VLC.1 will be sampled in accordance with the
methods and procedures specified in the Compliance Monitoring Sampling and Analysis
Plan (Permit Attachment 1, Appendix H, Sampling and Analysis Plan, “SAP™) and
the following schedule;

a.  Allthe wells specified in Permit Condifion ¥1.C.1. will be sampled at least semi-
annually for the analysis of the current CA-targeted constituents listed in Appendix
J to Attachment 2. In addition, groundwater samples collected during the first year
of monitoring will also be analvzed for MNA indicafors (ethane, ethene, methane,
sulfate/sulfide, nitratefnitrite, 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 Aitachment 2, Appendix J.
Alternate/updated SW-846 methods for the contaminants listed in Appendix J 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 Appendix J 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 Appeadix J fo Attachment 2
may be used, provided the analyte is quantified using the alternatefupdated method.
Proposed alternatefupdated methods for the indicators listed in Appeadix J to
Attachment 2 may obtain a higher PQL than the method specified.

b. The POC Wells specified in Permit Coadition VI.C.1.a shall be sampled on at least
an annual basis for the analyses of all CA Annual Monitoring Constituents
{Appendix K) using the EPA SW-846 Methods specified in Permit Appendix K to
Attachment 2. The CA Annual Monitoring Constituents (Appendix K} are
based on the Compliance Monitoring List {Appendix E/G), plus those constituents
historically detected.

¢. 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 sampling
event.

WELL LOCATION, INSTALLATION AND CONSTRUCTION
The Permittee shall maintain the monitoring wells located at the facility as specified

below:

a. All menitoring wells listed in Permit Condition VI.C.1 shall be maintained in
" accordance with the maps and boring logs in Permit Attachment 2, Appendix 1.

b. The wells shall be inspected at least semi-annually to ensure proper operation. Any
required repairs shall be made by the Permittee as soon as reasonably possible.

All groundwater monitoring wells required by this Permit in the CA Program shall be
maintained in conformity with the following;
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a. The groundwater monitoring system must vield samples in upgradient well(s) that
represent the quality of the background groundwater unaffected by leakage from any
regulated vnit, and in downgradient wells must yield samples that represent the
quality of groundwater passing the POC,

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

The Department must approve the addition or removal of all Permaneat monitoring wells
that are part of the sampling network, prior to inclusion into the network or abandonment.

a. All wells removed from the monitoring program shall be plugged and abandoned in
accordance with Permit Attachment 1, Appendix K. Well decommissioning
methods and abandonment certification shall be submitted to the Department within
thirty (30) days from the date the wells are removed from the monitoring program.

b.  All monitoring wells added to the existing groundwater monitoring system described
in Permit Section VI.C. must be constructed in accordance with the requirements of
EPA's RCRA Groundwater Monitoring Technical Enforcement Guidance Document
(TEGD) and subsequent guidance, and must be approved by the Department.

GROUNDWATER PROTECTION STANDARD

The Permittee shall monitor the groundwater to ensure that the regulated unit is in
compliance with the GPSs under 40 CFR 264.92, or that the groundwater {s being
remediated to attain the GPS.

The GPSs are established based upon background values statistically calculated from
background groundwater monitoring at the Unit 5 (Permit Attachment 2, Appendix F),
USEPFPA Safe Drinking Water Act Maximum Contaminant Levels {MCL), Alternate
Concentration Limits (ACL) established by the Department, or USEPA Region IIT Risk
Based Concentrations (RBCs). The GPSs of the constituents annually to be analyzed are
provided in Appendix K, Attachment 2

The GPSs for TCE and its daughter products, together with their detection limits,
background values, and applicable MCL/ACL/RBECs, are listed in Permit Attachment 2,
Appendix J.

Background concentrations established at the time of permit issuance are listed in
Appendix F to Permit Attachment 2. For any newly detected hazardous constituents,
background values shall be established in accordance with 40 CFR 264.97(g) angd as
specified in Appendix J to Permit Attachment 1 Background groundwater quality for a
constitvent or menitoring parameter shall be based on at least four (4) data points
collected at background monitoring well{s} during a period not exceeding one (1) vear.

The Permittee shall use the most up-to-date USEPA MCL, the Department ACL, or EPA
Region 111 RBC as the GPS. If USEPA implements any changes to MCLs or RBCs, the
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GPS defined by that MCL or RBC will be updated to reflect the most current value
established by USEPA.

Any concentration limit based on a background value or ACL may be updated if new
data become available. The Department will review the ACL changes annually and
decide if the changes were significant enough to warrant the Department pursuing a
permit amendment. The Department will notify the Permittee of any such change and
will provide an amended Appendix K to Permit Attachment 2 to the Permittee. Within
ninety (90) days of receiving the amended Appendix K to Permit Attachment 2 to the
Permittee, the Permittee shall provide notice of the modification(s) to all persons on the
facility mailing list.

Pursuant Permit Condition L.K.1 the compliance period during which the GPSs apply
for Unit 5 will continue until October 28, 2020. 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 {)

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 1, Appendix H (SAP) and at the frequency specified in Permit Condition
VLC.2.

Samples shall be preserved, packed, and shipped or hand-delivered off-site for analysis in
accordance with the procedures specified in Permit Attachment I, Appendix H.4.

Samples shall be tracked and controlled using the chain-cf-custody procedures specified
in Permit Attachment 1, Appendix H.3.

ELEVATION OF THE GROUNDWATER SURFACE

The Permittee shall determine the groundwater potentiometric surface elevation (and
depth to bottom of wells not equipped with dedicated pnnps) at each monitoring well
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specified in Permit Sections VI.C to 0.01 foot each time groundwater is sampled in
accordance with procedures contained in Permit Attachment 1, Appendix H.

{1) Static groundwater elevations (and total depths for wells that do not contain dedicated

pumps} will be measured at all weils specified in Permit Section VI.C. during each
sampling event. )

(2) I, during the course of purging and sampling the data from field parameters and

visnal 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 shali 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 caleulated, 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 Appendix J to Attachment 2 and annually the
concentrations/values of hazardous constituents listed in Appendix K to Permit
Attachment 2 in accordance with Permit Sections ¥L.C and VL.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.

The Permittee will present the groundwater quality at each monitoring well in a form
appropriate for the determination of statistically significani increases, in accordance
with 40 CFR 264.97(h).

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 {QASQC), 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
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any other information needed to evaluate accuracy, precision, representativeness,
comparability, and completeness of the groundwater quality data.

At least semiannually, the Permittee shall determine if constituents contained in
Appendix J to Attachment 2 are present at concentrations greater than the GPS (Permit
Attachment 2, Appendix J) in any POC well in accordance with 40 CFR 264.99(h) and
Permit Section VLI to evaluate the effectiveness of natural attenuation in this
groundwater CA program. The Permiftee shall use suitable methods to evaluate
effectiveness and progress of the groundwater CA and menitering program, for example,
long-term time concentration plots of constituents of concein 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 Appendix J to Attachment 2 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 ali constituents contained in Appendix K to Permit
Attachment 2 (Annual Monitoring List for CAP) to defermine 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 Appendix K to Permit Attachment 2. The following
procedures shall be nsed:

Methods of Comparison

a. If a single independent sample was collected at the monitoring well, the Permittee
shall conduct an empirical comparison in accordance with Permit Attachment 1,
Appendix J (Statistical Procedure).

b. If multiple independent samples were collected from each monitoring well, a
statistical comparison to the GPS which is approved by the Department shall be
conducted. Guidelines for method selection are contained in Permit Attachment 1,
Appendix J.

The Permitfee shall submit writfen notification o the Department within 7 days of the
Permittee’s identification of the exceedence, for constituents that have not previously
exceeded the GPS (40 CFR 264.99¢(h}). The notification shall include the concentration
of each constituent exceeding the GPS and shall identify the monitoring well(s) where the
GPS was exceeded.

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
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within seven {7) days and the Permiitee must propose CA for that contaminant as
required by Permit Section VLL.

In accordance with 40 CFR. 264.9%(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 demonstiraticn shall be conducted as follows:

a. Within 7 days of the identification of the exceedence {see Permit Condition VI.L2.
above} the Permittee shali notify the Department that the Permittee wil! 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.

¢.  Throughout the alternate source demonstration the Permittee must continue to
monitor in accordance with the CA Monitoring Program established under 46 CER
264.100 and to fuifill 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 vnder Permit Condition VI.J.4, whether it is the first exceedence of that
constitnent or a repeated exceedence.

REPORTING AND RECORD KEEPING

The Permittee shall enter all monitoring, testing, and analytical data obtained pursuant to
Permit Section VL. 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 Operating Record. Reports containing the
information shall be submitted in accordance with Permit Condition LE.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 grovndwater flow paths and supporting
groundwater elevation data for each sampling event to determine that the existing
monitoring network continues to be adequate.
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a. Ifthe 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 info compliance. Actions taken for maintenance and repair of the
monitoring system shall be recorded in the Facility Operating Record and included
in the Annunal 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 Annuai
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 in Permit Attachment 2, Appendix L.

V113, Annual Appendix IX of 40 CFR 264 Data {(Appendix K

The Permittee shall report the data from the specified wells (Permit Conditions VI.C.1.a
and YL.C.1.b) for all constituents contained in (Reduced) Annual Appendix IX of 40
CFR 264 as specified in Appendix K to Attachment 2 in the appropriate Annual
Monitoring Report.

VI.J.4, Contents of an Annual Report

The annual report, submitted on March 1, of each year shall for monitoring performed in
the previous calendar year meet all the requirements of an Annval Groundwater
Monitoring Report and shall include an evalvation of the CA program as required by
Permit Section VLB.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;

b. 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.

d. Data package with the certification from the contract analytical laboratory.
e. Analytical Result/Data Summary containing the following columns: well name,

sampling/analytical dates, constifuents analyzed, analytical methods, MDL, PQL,
resulting data {concentrations) with qualifiers, and GPSs.
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f.  Leng-term time concentration plots of constituents of concern exceeding GPS for
each well. When appropriate, graphic representation of groundwater impact plumes
for constituents exceeding GPS;

g. Anevaluation of the effectiveness of the remedial measures per 40 CFR 264.100(g)
and meeting the requirements of Permit Condition V1.B.6.. The evaluation shall
contain adequate information to demonstrate that the remedial measures are
addressing the gronndwater contamination at and downgradient of Unit 5 and
progress is being made toward the remediation objectives. The evaluation shall also
contain updated compliance timeframe predictions using the principles and methods
presented in the Section 7.4 of Permit Attachment 2, Appendix 1.

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

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

ASSURANCE OF COMPLIANCE

The Permittee shall demonstrate through the implementation of the groundwater
monitoring and CA measuresin 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 (Y HWMR), if the Department or the Permittes has determined
that additional CA at or downgradient of the POC of the Waste Management Area is
required in pursuant to Permit Condition VL.L2., Permit Section VLL applics. 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. 264.9%(h){1)).

The Permittes 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 2, Appendix K 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 VL.,

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 Departinent for the proposed CA to
address the exceedence (40 CFR 264.9%(h){2)). The Permittes 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 .
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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 VLL3., above.

REQUESTS FOR PERMIT MODIFICATION

If the Permittee or the Department determines in writing that the Groundwater Corrective
Action cngoing at the facility is not adequate, the Permittee shall submit to the
Department an application for a permit medification proposing a CA Program meeting
the requiremnents of 40 CFR 264.100 within 180 days of receipt of the Depariment’s
determination that CA is required to be modified. Specificaily, permit modification
during implementation of corrective measures at the POC for the regulated Unit 5 shall
be required if the Permittee or the Departmient 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 YL.B.5);

b. The corrective measure contained in this permit, e.g., MINA, 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 VL.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 Permit
Condition YLL2 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 will be taken:

Within 120 days from the effective date of the permit modification, monitoring well
5W12A specified under Permit Conditions ¥I.B.1 and VL.C.1.b will be installed. In
accordance with Permit Conditions VLD.3 and VLJ.2., details of the wells installation
shall be provided in the subsequent Annual Monitering Report.

Upon completion of the installation of well 5W12A, the first CA Monitoring event,
defined under Permit Section VI.C., will be conducted in place of the compliance
monitoring event scheduled for second quarter 201{). Thereafter, the CA Monitoring
Program will replace the Compliance Monitoring Program until such time as Permit
Condition VIL.B.9 and/for Permit Condition VLB.1{, has been met. Additionally,
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meeting the requirements of Permit Condition L.J.1 (Post-Closure Period Reduction)
will allow the cessation of the MINA remedy.
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MODULE VII
SITE-WIDE CORRECTIVE ACTION

VILA. CORRECTIVE ACTION FOR CONTINUING RELEASES; PROTECTION OF
HUMAN HEALTH AND THE ENVIRONMENT

The requirements of 40 CFR 264.101 are addressed by the Corrective Action
Permit issued to the Permittees by EPA Region III which became effective on
October 31, 2000 and shall remain in effect until October 31, 2010. The terms
and conditions of the Corrective Action Permit issued by EPA are adequate to
fulfill the Department’s requirements for facility-wide corrective action as
specified in 40 CFR 264.101 as made applicable by & VAC 20-60-264,

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

Copies of all notifications, cover letters for reports, and submissions made in
compliance with the EPA permit shall be provided to the Director of Waste
Permits in accordance with the EPA permit Part I.B.8.

Revised November 5, 2009
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MODULE VIIIL.
SCHEDULE OF COMPLIANCE

(RESERVED)

Revised Wovember 5, 2009
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1. Intreduction

This Corrective Action Plan {CAP) for RAAP-042, Hazardous Waste Management Unit
§ {Unit 5), has been complsted in support of the Hazardous Waste Management Post
Closure Care Pemmit for the Radford Army Ammunition Plant {RFAAP), located in
Radford, Virginia. This CAP addresses concentrations of trichloroethene (TCE)
detected in shallow overburden groundwater adjacent to Unit 5.

1.1  Setting

RFAAP s located along the New River, at the Montgomery-Dublin County line near
Radford, Virginia. The location is shown on Figure 1. The Main Manufacturing Area
{MMA) is composed of two sections; 1) The Horseshoe Area, contained within a loop
of tha Mew River and 2} the South Bank &rea (SBA). Unit 5 is located in the SBA. The
Unit, Compfiance Monitoring Wells and Piezometers are shown cn Figure 2.

1.2 Objective

This CAP presents data to support monitored natural attenuation {MNA) as a protective
and technically appropriate remedial approach to address a small dilute TCE plume
that has been delineated in Unit 5 groundwater. . The CAP also summarizes a two-
phase subsurface investigation conducted In the vicinity of Unit 5 in 2008. The history
of Unit 5 is discussed within the Resource Conservation and Recovery Act (RCRA)
Hazardous Waste Management Post Closure Care Permit {the Pemmnit), to which this
document is included as Attachment 2, Appendix |. The data and analysis provided in
this document provide supporting detail for information already presented in the Pemit.

2. Background
24 History

Unit 5 is a former lined acid neutralization surface impoundment located in an open
area of the SBA immediately downbhill from an area of manufacturing facilities. The
Unit was operated as an unlined impoundment from 1970 to 1981, when it was
refrofitted with a Hypalon™ liner. The unit was taken out of operation in 1988 and was
closed in 1989. Closure included stabilization of the waste material and capping with
an impervious PVC liner.
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TCE has been historically detected at concentrations greater than the Groundwater
Protection Standard {GPS) at four network monitoring wells located within 150 ft
downgradient of Unit 5: 5WC21, 8WC22, SWC23 and 5W5B. Detections of TCE have
occurred consistently in the wells since 1886; however, the conceniration in only cne
well (5W5B) was greater than the GPS in the most recent round of sampling (8.9
micragrams per Liter [ugfL] in December 2007).

2.2 Previous Investigations

Two previous subsurface investigations were conducted at Unit & in October 2002
{Alliant Ammunition and Powder Co., 2003) and February 2004 (Draper Aden, 2007).
These investigations included soil and groungwater sampling beneath and in the
vicinity of Unit 5. Results were generally consistent with the findings of the current
investigation. Results of the previous investigations are provided, as appropriate, in
this document.

2.3 Conceptual Site Model

The Conceptual Site Mcdel (CSM) developed for Unit 5 and presented herein is based
on stratrographic data gathered during the fwo previous investigations and the recent
investigation conducted to characterize the contents of Unit 5 and to evaluate possible
sources of the TCE in groundwater, The TCE data were used in conjunction with
other installation wide data to compile the CSM as it is presented in the permit. The
vicinity of Unit 5 is underiain by unconsolidated materials that range in depth from 40 to
&0 feet below ground surface (bgs). The geclogic setting is illustrated conceptually in
Figure 3. These materials consist of aliuvial terrace deposits and overlying residuum,
The alluvial terrace deposits consist predominantly of clay and silt, with sporadic basal
deposits of river jack (rounded cobbles embedded in a fine-grained matrix). The
residuum consists of the insoluble weathering products of the undertying dolomite,
predominantly interbedded fine sand, siit and ¢lay. Beneath the unconsclidated
materials lies competent dolomite of the Elbrock Formation,

A, profile of Unit 5 is shown on Cross Section A-A' (Figure 4). The Hypalon™
underliner at the bottom of the former impoundment is estimated to be at or near the
predevelopment grade. The total thickness of the Unit, including the PVC liner and clay
cap is approximately 10 fest.

Groundwater flow in the unconsolidated materials is from southwest fo northeast,
ultimately discharging to the New River approximately 3,000 feet downgradient. The




overpurden groundwater system forms a discrete aquifer, and is inferred not to be
significantly influenced by the bedrock aquifer. Concentrations decline with depth and
as such there is no evidence suggesting that TCE has migrated into bedrock.

Quarterly monitoring data from 1986 to 2007 (Appendix A, Table A-1} consistently
show that groundwater upgradient of Unit 5 does not contain detectable concentrations
of TCE or its daughter products. However, TCE, but not its daughter products, has
been detected in shallow groundwater downgradient of Unit 5 at concentrations up to
28 pgiL, the historical maximum concentration {chserved in 2003 at well SWC21).

In the more than 12 years of quartery groundwater monitoring, repeated TCE
concentrations greater than the 5 pg/L GPS are fimited to four wells: 5WsSB,
approximately 80 ft downgradient of Unit 5, and 5WC21, SWC22 and SWC23, a well
cluster located approximately 140 feet downgradient of Unit 5. Concentration trends
show that an iregular pulse of TCE moved past well 5W5B betwesn 1998 and 2001.
The pulse appeared at well SWC21 approximately 4 years later {from 2001 to 2005).

An average solute transport velocity of approximately 15 feet per year was estimated
by evaluating the elapsed time between breakthrough peaks observed at wells 5W5B
and 5WC21. The timing of the origin of the pulse coincides with closure of the Unit in
1889 (based on an origin in the southeast interior of the Unit). The pulse arivals refiect
a travel time of approximately 10 years to SW5B and 15 years to the 5WC21.

TCE concentrations documented in groundwater during the 2007 fieldwork reported
herein at the four monitoring wells immediately downgradient of Unit 5 are between 2.5
Hg/L to 8.5 pg/L {Figure 6). Based on these data, the current area of TCE levels
greater than the 5 pg/L GPS is approximately 160 feet long and 40 feet wide.

3. Scope of Recent Investigations

ARCADIS completed a thorough subsurface investigation in two phases: the first,
completed May 5 through 10, 2008 and the secend June 18 through July 1, 2008. As
described in Work Plan Addendum 25 {dated May 2008}, the Investigation was
modeled on the United States Envircnmental Protection Agency's (USEPA’S)
interactive triad approach (USEPA, 2004), and therefore utilized adaptive field
techniques each building upen the others to comprehensively define site conditions for
the investigated area. In keeping with the Triad approach, the scope of work for
Phase 2 was finalized following completion of Phase 1, with regulatory concurrence
provided by the appropriate VADEQ and USEPA personne! (Decision Point 1 Mesting
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June 17, 2008). The scope of both phases of investigations are described in the
following sections.

3.1 Phase 1 —Direct Push Scil and Groundwater Sampling

Direct push soil berings were completed at seven locations east of Unit 5. Four
locations, 5DitchGPO1 through 5DitchGPO4, were completed as a transect along the
axis of a northwest trending ditch running from the vicinity of Building 1549 towards
Unit 5, with borings spaced approximately 80 feet apart. An additional three borings
were completed east of Unit 5: borings 5GP-12A, 5GP-25, and 5GP-26. Boring
locations are shown on Figure 5. At each location, the following activities were
performed.

«  Continuous soil samples were collected and logged by a geologist. Sample/boring
logs are provided in Appendix A.

s  Groundwater samples were collected from just beneath the water table, and
analyzed for volatile organic compounds (VOCs).

+  Soil samples were collected at each boring and held pending groundwater
analytical results. Five of seven soil samples were analyzed for VOCs to confim
VOO results in groundwater samples.

Table 1 summarizes the depth and sample intervals of the borings completed near Unit
5 during Phase [ :

3.2 Phase 2 - Vertical Aquifer Profiling

The second phase of field investigations consisted of additional direct-push soil and
groundwater sampling. Where possible, borings were advanced to the top of rock (15
to 45 ft bgs), and multiple groundwater samples were collected across the saturated
overourden to vertically profile groundwater quality. This second phase included three
borings advanced directly adjacent to Unit 5 (5GP27, 5GP28 and 5GP34) and five
borings completed on a transect in the road immediately south of Unit 5 {borings
5GP29 through 5GP33). Boring locations are shown on Figure 6.

The following activities were performed at each location.
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*  Confinucus scil samples were collected and logged by a geologist. Samplefboring
logs are provided in Appendix A.

*  Groundwater samples were collected from just beneath the water table and, where
feasible, approximately every 10 feet verticaliy to refusal. At three of the eight
locations, only ong vertical interval was sampled due to shallow refusal. Samples
were analyzed for VOCs.

At a subset of boring locations (5}, the shallowest groundwater sample intervals were
collected by setfing temporary 1-inch PVYC monitoring wells. At these locations,
groundwater levels were allowed to equilibrate so that an approximate water-table
depth could be determined.

Table 2 summarizes the depth and sample intervals of the borings comptlated near Unit
Sduring Phase 2.

4. Fleld Methods

Field tasks were completed in accordance with the RFAAP Master Work Plan (URS,
2003}, and Work Plan Addendum 25 (ARCAD!S, 2008). The tasks are described in
more detail below.

41 Udlity Clearance

Pricr to each boring pregram, a utility mark out was completed by Mid Atlantic Utility
Locators using industry standard equipment and a facility utility map. An ARCADIS
representative escorted the subcontractor to the proposed work areas and provided
oversight during their activities.

4.2 Direct Push Borings

In both phases of work, direct-push drilling was completed by Columbia Technologies.
During Phase 1, continuous soil samples were collected using a Macrocore™ sampler,
hammered by a track-rig Geoprobe™. Tha second phase of work completed soil
sampling using a combination of Geoprobe sample tools, including Macrocores, dual-
tube samplers, and stop-pin discrete interval samplers. By all methods, undisturbed
soil samples for lithclogic characterization and laboratory analyses were obtained in
dedicated, disposzble Lexan™ liners. Scil samplas were field screened for the
presence of YOCs using a photo-ionization detector (P1D}). In the second phase of
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work, the screening with the PID was supplemented with a flame-ionization detector
{FID), because of its higher sensitivity to chlorinated VOCs,

All borings were abandonad using bentonite chips. Investigation derived material
{IDM} wastes including soil cuttings, decontamination water, sample liners, and other
disposable sampling equipment were contained in drums that were stored in a 80 day
{maximum) storage area pending transport to an approved offsite treatment and
disposal facifity.

4.3 Grab Groundwater Sampling and Vertical Agulfer Profiling

Grab groundwater samplas were obtained from the direct push borings by two
methods:

*  Hydropunch™ sampling devices. By this method, a sealed sampler is advanced
by the Geoprobe rig across the target interval through undisturbed soil. By pulling
back the teols, the sampling device opens exposing a 3 or 4 foot stainless steel
well screen. After allowing time for groundwater to enter the well and equilibrate,
sampling may ke conducted using a peristaltic or inertial pump.

*  Temporary weli points. For sampling locations at the top of the water table (e.g.,
where vertical isolaticn of the sample interval is not required), samples could be
collected by removing the Geoprobe tools and installing a temporary, dedicated 1-
fnch diameter PYC well, with a 5-foot screened section. Temporary well points
were used particulanly at locations where aquifer yield was low, and significant time
was required for water to enter the well and equilibrate. Samples wera collected
via a peristaltic or inertizl pump.

Selection of groundwater sample intervals was made by the field geclogist, biased to
intercept zones of higher permeability. For verlical aquifer profile borings, interval
selection was also biased 10 collact representative samples of alf discrete
hydrostratigraphic intervals encountered.

Temporary well points and hydropunch samplers were purged prior to sampling.
Where feasible, the groundwater quality parameters pH, temperature, conductivity and
turbidity were evaluated using a field meter prior to sampling. Al purge water
generated via sampling was contained in drums that were stored in a 80 day
{maximum} storage area pending transport to an approved offsite treatment and

disposal facility.
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44 QAQC

Cality assurancefquality contre! (QAQC) samples were collected at the frequency
prescribed by the Quality Assurance Plan Addendum {QAPA). All samples were
analyzed by Empirical Laboratory, Knoxville, TN. QA€ samples included field
duplicates, field blanks, and trip blanks. Data was validated and found to be usable in
all cases. The laberatory analytical reports and associated data validation reports are -
provided as Appendix B.

5. Resulis

A total of 6 scil and 18 groundwater samples were collected during the two phases of
field investigation in 2008 for analysis of VOCs. Summaries of detected constituents
in soil and groundwater are provided in Tables 2 and 3, respectively. Figure 5 depicts
TCE concentrations datected in soil and includes the results of previocus investigations
(Alliant, 2003). Figure & depicts TCE concentrations detected in groundwater and also
integrates results from previous investigations {Craper-Aden, 2007, and 2008}.

51 Soll

Neither TCE nor any other analytes were detected in soil in excess of their industrial
Regional Screening Level {RSL) (USEPA, 2008}, However, TCE was detected in
saturated soll samples from two borings located on the northeast perimeter of Unit 5
{5GP-12A and 5GP-28). Both samples were collected beneath the water table at a
depth of 23 to 24 ft and 27 to 28 ft, respectively. TCE concentrations in the 23 to 24
foot sample were 0.0019 milligrams per Kilogram {mg/kg) and were 0.0057 ma/kg in
the 27 to 28 ft sample relative to a residential soil RSL of 2.8 mg/kg. The soil analytical
results for the samples collected show decreasing TCE concentrations with depth.
Previous investigations {Draper-Aden, 2007} also reported TCE detections in saturated
soil along the eastem edge of Unit 5 at a depth of 14 feet bgs and a concentration
ranga of 0.011 to 0.120 mg/kg. The presence of TCE in saturated soils is consistent
with the presence of TCE in groundwater in the same vicinity.

5.2 Groundwater
Groundwater monitoring has been ongoing since 1996 at Unit 5 and these data have

been previously reported to the USEPA and VADEQ. Long term data trends are
provided as Figures A-~1 through A-4 of Appendix A. The results of the work reported
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herein are generally consistent with the long-term groundwater monitoring, and have
also been used to determine the extent of the TCE plume in the vicinity of Unit 5.

TCE was detected in groundwater samples at 6 of the 18 boring locations ail of which
were located east and northeast of the Unit 5. Concentrations of TCE were greater
than the GPS (5 pg/L) at Just one location, 5GP-28. TGE concentrations in
groundwater samples collected from two intervals at 5GP-28 (27 to 30 ft, and 36.5 to
39.5 fi) were both greater than the GPS, at 11 and 5.7 pg/L, respectively. TCE
concentrations in the remaining five direct push borings ranged from non-detect to
11pgil. and defined the vertical and horizonta! extent of the TCE in groundwater
northeast of the Unit

TCE was also detected in one of the permanent monitoring wells (SW5B) above the
GPS at a concentration of 8.9 pg/L in December 2007. Concentrations in the
remaining wells ranged between 2.3 ugil. to 3.4 pg/L. There was no evidence of TCE
in any of tha vertical aquifer profile samples collected upgradient of Unit 5 {Figure 6).
Mo reductive dechlorination daughter preducts of TCE {cis-1,2 dichloroethene and vinyl
chloride) were delected.

6. MNature and Extent of Plume

Recent and historical analytical results indicate that TCE is present within saturated
soils just bengath Unit 5 at one location, and at two locations under the access road
located to the northeast of Unit 5 {Figure 5). The highest concentration of TCE
detected in soil was 120 pakg, collected beneath Unit 5 at a depth of 14 ft bgs at
boring 5GP-21.

The cumrent horizontal extent of the TGE plume in groundwater above the GPS of &
pgiL is approximately 160 feet long and 40 feet wide (Figure 6). The maximum
detection of TCE in 2008 was 11 ugfL. TCE has not been detected in the Plume
Monitoring Wells located 500 ft to 700 fi downgradient of the Unit since 1999, and prier
1899 only very low level and sporadic detects were noted in these wells. Though
historically TCE concentrations at wells SWC21, SWC22, and 5WC23 were slightly
greater than the GPS, however the 2007 data suggests that the downgradient extent of
the plume has dissipated.

Vertically oriented samples have been coflected in the vicinity of Unit 5 and TCE
concentrations have been documented to decrease with depth in the surficlal aquifer,
which extends to an approximate depth of 50 feet below ground surface. The TCE




plume is limited in vertical extent to shallow groundwater in the interbedded zone.
Concentrations of TCE in groundwater were ohserved to decrease with depth at each
Yertical Aquifer Profile sample location where TCE was detected (Table 3 & Appendix
A). This decreasing trend trends is alsc apparent at the 5WC2 well cluster, where the
shallowest well, SWC21, has historically had higher concentrations than the adjacent
deeper wells. These data illustrate the limited verfical extent of the plume,

Figure A-5 [Appendix A) depicts the relationship between aqueous TCE concentrations
and dewngradient (northeast) distance from Unit & for both the most recent
groundwater data set and the previous eight quarters. These data clearly indicate a
stable relationship and decreasing concentration trend with distance from Unit 5. TCE
concentrations are less than the GPS approximately 180 feet from the location of the
initial detection {GP-021) below Unit 5. The relationship between distance and
concentration, as shown by the trend line on Figure A-5, suggests that the
concentrafions in the range of the TCE GPS could be expected at a distance of 175 to
225 feet from Unit 5. Because of the distance between the current extent of the TCE
plume and the location of the existing downgradient Piume Monitoring Wells (S5W5,
SEWT, SWaA, SWH0A and SWT1A), a more proximal downgradlent Plume Monitoring
Well would enhance the level of confidence in the continued definition of the plume
extent . As discussed in Module VI of the Class 3 Permit Modification, and in Section’
7, below, a replacement Plume Monitoring Well is proposed approximately 200 fi
downgradient (northeast) of Point of Compliance Well SWC21 {Figure 2). This well will
enhance the level of confidence in the limits of the plume extent and is recommendad
within Madule ¥ of the Class 3 Permnit Modification.

7. Recommended Corrective Action

At Unit 5, 2 well definad stable or decreasing plume has bean identified. The current
maximum TCE conceniration in groundwater is 11 ugiL, and extends downgradlent
less than 200 feet from the Unit. As stated in Section 2.3, the average solute transport
velocity has been estimated at less than 15 feet per year, The TCE source has been
remediated {threugh capping) and no receptors are being affected. As such, MNA is
recommended as the remedy for Unit 5 groundwater. Natural attenuation is defined
as “naturally ccourmring processes in the environment that act without human
intervention to reduce the mass, toxicity, mobility, volume, or concentration of
contaminants in soil or groundwater” {USEPA, 2000). These natural processeas include
dispersion and diffusion, which may be the primary mechanisms at this site. The site
conditions at Unit 5 are conducive to and align closely with the goveming principles of
selecting MNA as a remedial strategy.
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7.1 Basis for MHA recommendation
The principal data objectives for selecting MNA are reviewed below.
1. Affected mediafphases of constituents are known

TCE at Unit § is present in the dissolved-phase in groundwater and ikely sorbed to
scils. The presence of separate phase product is not supported directly or implicitly
by |he data and the plume area is well defined.

2. Concentration levels are not significantly greater than the GPS

The currant maximum TCE concentration observed in groundwater near Unit 5 is 11
pgil refative to a GPS of 5 pg/L. The maximum TCE concentration currently
cbserved in the permanent groundwater monitoring network is 8.9 ugiL, at well
SWSEB. Currently, concentrations at no other permanent meonitoring locations are
greater than the GPS. Groundwater concentrations at two of the four affected wells
(SWC22 and 5WC23) have been less than the GPS for least eight quarters and
concentrations at &l four affected wells have exhibited decreasing trends over the
past 10 quarterly events. The historical maximum concenfration is 26 ugfL.

3. Delineation of plume extent

As indicated in Section 6 of this report, the extent of the TCE plume Is fully
delineated. The plume {Figure 6} is approximately 40 feet wide and extends from
the east side of Unit § approximately 160 feet foward the northeast. TCE has not
been detected above the faboratory detection limit in any downgradient Plume
Monitoring Well since 1989, The vertical extent of the plume is delingated. The
presence of TCE in groundwater at concentrations greater than the GFPS is [imited
to the interbedded scil zone, at depths ranging from approximately 15 to 50 fest
bgs. TCE concentrations in groundwater at depths greater than 40 feet bgs are
less than the GPS. In addition, concentrations of TCE in groundwalter decrease

with depth.
4. Groundwater data show natural attenuation is occurring
Concentrations of TCE at all locations are below their historical maximums, and

show clear downward frends (Figures A1-Ad). The TCE concentration at well
BWS5B is currently 8.9 ug/L, down from a maximum concentration of 20.5 pgiL in

10
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1898, Farther downgradient, TCE concentrations at the wells of the SWC21,
SWC22, and SWC23 cluster are each now between 2.5 and 3.5 pgiL, down from
thair historical maximurn of 26 pg/L (at SWC21) In 2003,

Tha Mann-Kendall and Senn-slope statistical tests were performed on the historical
data sets for each of the affected wells, Thase analyses indicate statistically
significant decreasing trends over the last 10 quarters at each of the four Point of
Compliance Wells exhibiting detections (Appendix A, Figures A-1 through A-4),
The confidence levels in thase trends are greater than 95% for all four data sets.
This is of particular significance because while the individual wells have each
historically demonstrated decreasing trends from time to time, in no other period
"have all affected wells demaonstrated a contemporaneous decreasing trend.

Additionally a spatial analysis was conducted for the most recent data set to verify
the plume stability and attenuation of dissolved phase concentrations with distance
from Unit 5. Figure A-5 {Appendix A) provides this summary plot clearly
demonstrating the decreasing TCE concentrations with distance from Unit 5.
Additionally, for reference, the prior eight quarters of data are shown for wells 5W5B
and SWC21. These data indicate that a stable relationship exists between these
wells and that concentrations have been declining with both tima and distance.

Because detectabls concentrations of TCE daughter products are not present
{Draper Aden, 2008), reductive dechlorination is not held to be the dominant
attenuation process. Observed decreasing groundwater trends are inferred to
raflect diminishing source concentrations, dispersion and diffusion.

. Temparal varlabllity is understocd

Groundwater flow direction does not change significantly throughout the period of
record. A consistent northeastward flow direction from: Unit 5 is consistent the
namow dimension of the plume. A review of histerical data indicates that seasonal
varniafions in precipitation and recharge may cause minor TCE concentration
fluctuations.

6. No potential receptors

The TCE is contained within the area of the Unit and is not affecting either surface
water receptors or drinking water sources.

11
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Source remediation

The Unit has been closed under RCRA in 1989 and is lined, stabilized, and has an
impermeable cover sysiem.

7.2 CAP Implementation

implementation of MMA for TCE in groundwater at Unit 5 would include several
components detailed in Permit Module VI. The components are as follows:

VADEQ approval of this CAP and the Permit Amendment.

Installation of a Plume Monitoring Well (5\W12A) fo replace the existing
downgradient Plume Monitoring Wells S5W5, S5W7, SWJA, 5W10A and 5\W11A
as shown on Figure 2. This new well will be located approximately 200 feet
downgradient of Point of Compliance Well 5WC21 and screened at approximately
the same interval targeted by well SWC21 and hydropunch location GP025 {20 to
30 bgs, contingent upon field conditions). The proposed iocation of the new Plume
Manitoring Well will monitor the plume extent and stability more effectively than the
current, more distal Gompliance Monitoring Program Plume Monitoring Wells. The
existing Plume Monitoring Wells, S5W35, S5W7, SWOA 5W10A and 5W11A, have
not exhibited detections since 1999 and are located either side gradient or are too
distant {500-700 feet downgradient) to effectively monitor the present extent of the
plume. Because of the nature and extent of the plume are clearly defined, a
single, more proximal Piume Monitering Well will provide better surety of plume
control than a disperse and distal monitoring network. The existing wells will be
retained as plezometers to monitor the slope and direction of the hydraulic gradient
downgradient of the Unit.

A schedule for groundwater monitoring to verify MNA effectiveness and plume
stability. The site is presently menitored under the RCRA Post Closure Care
Permit. Appendix J summarizes the proposed Corrective Action Monitoring
Program, incorporating proposed Plume Monitoring Well 5W124 {Figure 2). The
present monitoring program is defined in Module V of the permit. The permit will
be amended with Module V1 (Groundwater Cormrective Action} to include MNA as
the remedy. A schedule for the shift from the present compliance monitoring
program to the MNA remedy monitoring is provided in Permit Condition Vi.N of the
amended permit. Approval of the permit will effectively be the required impetus for
installation of the new well and the subsequent shift to the Comrective Action
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Monitering Program. This CAP document will be attached to the permit as
Aftachment 2, Appendix |. A proposed fime table for system installafion, including
the potential addition of cne additional monitoring well is provided in the Permit.

* A description and schedule for the Corrective Action operation and maintenance.
The conly capital eguipment associated with the MNA Remedy monitoring network
is the wells for which the Operation and Maintenance {O8M) is addressed under
Module VI of the parmit.

* A contingency for the provision of an altemate water supply. This is addressed in
the Fermit, but Is not applicable. The plume extent is entirely contained within the
RFAAP, approximately ¥2 mile frem the nearest surface water discharge, with no
current or potential groundwater use downgradient.

* A schedule for the submission of status reports. Reporting of the resulis of the
MNA Remedy data will continua the present Annual reporting frequency presently
used for the Compliance Maonitering Pragram. Details are contained in Module Wi
of the Permit.

*  Arecomnmended public notice procedure, The public is routinely updated as to the
status of the various investigations and remediations being conducied at the site
through the restoration advisory board (RAB). This procedure will continue
through the MNA remedy. In addition the required public notifications and
comment periods for a comective action will be provided.

7.3 Development of MNA Remedial Timeframe

Based on the MMNA remedy selected for Unit 5, the predicted timeframe to achieve
GPSsis 12 yvears (l.e., Ostober 2019). Hereafler this date is referred to as the MNA
projected remedial timeframe. During this period, semi-annual groundwater monitoring
and annual data reporting will be performed, as required, to ensure compliance with
the MNA reamedy.

Far clarity, it is noted that the predicted 2019 MNA remedial fimeframe coinclides with
the end date of the Post-Closure Care Period (Qctober 28, 2019) as specified in the
Post-Closure Care Permit. This parmit, issued on September 28, 2001, requires
compliance monitoring ontil October 28, 2020. The current MNA remedial timeframe
predicts that concentrations will be less than the GPSs within the compliance period.

Corrective Actlon Plan

Hazardous Waste
Management Unit §

Radford Amy Ammunition

Plant, ¥irginia
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The 2018 MNA remedial timeframe was calculated based on pore-volume flushing
calculations. These calculations are summarized below. Additional supporting
information is provided fn Appendix C. First, a composite retardation coefficient was
calculated based on the sorption coefficient, sail bulk density and aquifer porosity.
Second, the number of pore-volume flushes was calculated to aitenuate TCE
concentrations to the GPS by multiplying the composite retardation coefficient by the
natural log of TCE concantrations (current detectionfdivided by TCE GPS). Third, the
solufe travel time across the plume was calculated by dividing the average solute
transport velocity by the distance between sample location of the current maximum
detection and first downgradient location with concentrations less than the GPS.
Finally, the remedial timeframe was calculated by multiplying the number of pore-
volume flushes by the solute trave! time. These calculations predicted a range of MNA
remedial trneframes with 2 maximum at 11.5 years. The final remedial imeframe,
clerived from the upper limit of this range, is considered o be conservative. These
calculations assume the average TCE transport velocity at Unit 5 is approximately 15 fi
per year. One envirenmental condition not directly factored into these calculations is
the potential for seasonal varations in precipitation and recharge to cause
concentration fluctuations.

7.4 Annual Evaluation Methodolegy (Calculation of MNA Timeframe)

The technical approach and methodology used for the data evaluation will be based on
LISEFA guldznce for MNA studies {Newell et al., 2002). This approach involves the
calculation of point attenuation rates and comparison of updated predicted timeframes
to the 2019 MNA remedial timeframe. Tha point attenuation rate represents the
cumulative effects of all natural attenuation processes at a specific well location and
thus is likely to be more representative of actual conditicns than the conservative pore-
voluma flushing calculations.  The following steps describe the methodology for this
evaluation;

* Construction of graphs of natural log concentrations versus time for monitcring
wells {SW5B, SWC21, SWC22, 5WC23, and 5W12A) exhibiting current detections
of TCE and degradation products at concentrations greater than GFPS values.
Non-detect values will be plotted at half the detection limit.

* Calculaticn of the point attenuation rate constant for each constituent based on a
linear regression whereas the slope of the regrassion represents the attenuation
rate constant. The dataset used to calculate the rate constant will encompass at
least eight monitoring events. :

14




* Updated MNA compliance predictions using the following equation.

c
—Ln[—""‘"}
t= Csl‘ﬂ‘i‘
k ot

o

Whereas: ,
t = predicted GPS remedial timeframe
Cgoa= GPS concentration

Caar = cument constituent concentration
K o = point attenuation rate

*  Provide an updated MNA remedia! timeframe prediction with the additional data in
each annual report using the methods described above.  An example calculation
is provided in Appendix C.

7.5 Contingency Maasures

Recent field investigations and data analysis indicate that the residual TCE source
area is defined, the TCE plume is stable or shrinking, and only one monitoring well
{5WS5B) and hydro-punch sample location exhibit TCE delactions at concentrations
greater than the GPS. While existing monitoring data indicate that TCE wil! attenuate
within a reasonable timeframe, it should be noted that short-term concentration
increases due to seasonal or other factors {such as variations with sampling technigue
or laboratory analysis) are pessible. I the predicted MNA timeframe based on future
monitoring data exceeds 12 years (2018) for three successive monitoring years , then
contingency activities will be implemented. Three successive monitoring years was
selected as a trigger for contingency measures to account for scatter associated with
long-term monitoring data related to seasonal or other factors. If concenfrations
decrease to less than the GPS, contingency measures will be discontinued.
Contingency activities may include the following:

» Increased sampling frequency to quarterly and/or additionat monitoring
parametersfanalysis to evaluate seasonal effects or other factors that may be
affecting the data trends.

Corrective Action Plan
Hazardous Waste
Management Unit 5

Radford Army Ammunilion
Plant, Virginia

15




B K

Cormrective Actlon Plan
Hazardous Waste
Management Unit §

Radford Amy Ammunition
Plant, Virginia

= Ewvazluation of concentration changes along the plume transect andfer changes in
plume geometry and contaminant mass estimates based on isocontour maps.

+ Provide an updated MNA remedial timeframe prediction upon completion of 7
gquarterly events using the methods described in Section 7.4,

s Additional data collection and technical evaluation performed for these
conlingency activities will be documented in the Annual Menitoring reports, as
appropriate.

= Design and implementation of an alternate remedial approach using enhanced in-
situ anaercbic degradation or similar in-situ technology, if the predicted MNA
timeframe exceeds 19 years (20286) for three consecutive years, which is the time
predicted for one additional pore fiush, or an additional 7 years.

8. <Conclusions

MNA s recommended as a remedial approach for TCE in groundwater at Unit 5. The
basis for selecting MMNA is:

*  The recantly observed concentrations of TCE in monitoring welis are not
significantly above GPS and have shown a declining trend in the past 10 quarters.

*  The TCE groundwater plume is contained within the facility site.

* Mo surfece water bodies have been, or will be, affected by the pluma.
*  There is no current or planned future use of the groundwater at the facility.

*  The plume of TCE in groundwater is smaill, stable, declining, and clearly defined,

*  The potential source of TCE {Unit 5) has been stabilized and capped.

* Historical data collected in the past 10 quarterly monitoring events show that the
plume is currently stable and concenfrations of TCE in groundwater attenuate
below the GPS as groundwater moves away from the Unit. There is no known
existing source of TCE. Unit 5 has been lined and capped.”

i8 1
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' Statistical analyses show decreasing trends for TCE concentrations at all affected
manitoring wells over the previous 10 quarterly sampling events.
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Appendix A

Appendix A - Supporting Information From Investigationat Activitas {Hisforic and Present} i

. Historca! Potentiometric Surface Maps [Not included in Permit Attachmeni]
. Historical investigation Data {Not ncluded in Permit Attachmeni]

. Historical TCE Concentrations in Groundwatar

. Boring Logs (2008)

. Fate and Transport Flots

. Historical Investigation Boring Logs Mot inciuded in Permit Attachment]

[= TS B RS B ]







Historical TCE Concantrations in
Groundwater







Tebie A1, Histerlcal TGE Detections in Growndwater, Radford Anmy Arnmunltion Plant HEMU-& (RAAP 42}
Corrective Aclien Plan, U.S. Army Environmental Command, Radlord, Winginla

Wonitoring Well
Date TAE | SY/SH | SWLZS | AWG22 | SWCE3 | BWTH | SoWS | 55w | SWiDA | Swinh | SWT1A

15t QF 1996 - 23 ~ 2.2 ‘20 - - - 0.5 J - -
2nd Qir 1996 - 5.7 0.4 18 45 - - ~ 0.7 - -
ard Qir 1995 - 41 044 5 5.8 - -~ - 0.8 ~ -
4th Qr 1556 - 2.4 0.5J 6.2 5.3 ~ - - 0.5 - ~
15t Qfr 1997 - 2.5 1.8 7.4 6.8 024 - 0.1 0.3 - -
2nd CAr 1987 0.3J 7.8 27 7.4 £.B R 0.4 . - 0.8 0.3 -~
3 CHr 1957 ~ B 2.4 3.4 6.7 - 0.2J - 0.5 - ~
4ih Cibr 1597 0.4.J B.4 1.2 E9 2.8 0.3/ 0.3J - 0.3 - -
1gt Qir 1688 -~ 3.2 0.5 45 5.6 - - ~ 0.2J - -~
2nd Citr 1968 - 12.8 1.2 a7 4.7 - 0.J - 0.2.J - -
ard Cilr 1958 - 12.8 2 47 5.1 - - - 0.5J - ~
4k Cr 1998 - 7.5 46 5.4 5.6 - - - - - -
1stCtr5o0 [~ 0.5 5.7 1.5 7.5 - - - ~ 7.4 -~
2nd Cir 1999 - 15.9 5.5 6.7 B - - ~ 0.2.J - -
3rd Chir 1399 ~ 205 7.B 5.4 7.8 ~ - - 05 ~ -
41h Qtr 1058 - 19.5 406 g.58 .98 ~ - ~ - - -~
18k CHy 2800 ~ 15.8 31 6.3 5.3 - - - - - -
Znd (Hr 2000 - 13.2 3 5.7 5.5 - - —~ - - -
ard CHr 2000 = 163 | 642 DRY DRY ~ - - - - -
4th Citr 2000 - 14.0 6.55 5.33 541 - - - - ~ -
st Ciir 2004 - 18.8 7.32 5.81 4.98 ~ -~ - - -~ -
2nd Ofr 2001 - 1.87 121 233 5.1 - -~ ~ - - -
and CQikr 2001 - 5.06 20.4 3.2 11.B - ~ - ~ ~ -
Ah Gt 2001 - .91 18.2 T.78 7.8 - - - -~ -~ -
1st Qir 2002 £.13 -~ 19.1 683 8.33 - - -~ ~ - -
2nd Qi 2002 ~ .84 6.5 7.03 5.25 - - - - - -
arnd Citr 2002 - 6.26 &.46 1.94 2.13 - - - - ~ -
4th Qir 2002 - 5.84 11.3 2.54 2.69 - - - - - -
7 2nd QI 2003 ~ 4.2 25 7.4 7.5 - - ~ ~ - -
£ 3rd Qlr 2003 - 18 22 ] 7.9 - -~ - - - -
) 4th Qir 2003 - & 23 7.1 7.1 - - - - - -
15t QEr 2004 ~ 74 23 1.4 B.A - -~ - - - -
Znd Qi 2004 - 8 27 6.2 5.5 - - - —~ - -
rd Citr 2004 ~ T 17 44 4.0 ~ -~ ~ - N
4t QLr 2004 ~ 5.4 20 £.2 B.5 - ~ - - - -
$31 Qtr 2005 - 7.9 24 5.4 5.5 - - - - ~ -
2nd Qb 2005 - 13 16 E.5 5.8 - - - - - -
Bl OfF 2005 ~ 12 il 4.2 5.1 - - - - - -
4ih ClIr 2005 ~ 12 6.8 4.4 4. ~ - - - -~ -
18k Qir 2005 =~ B.5 19 37 4.5 - - - - - -
Brvd Otr 2006 ~ 17 4 4 4 - ~ - - - -
3rd Qir 2006 - 11 3.7 13 3.7 ~ - - ~ - -
Al ity 2006 - 04 15 4.7 35 -~ ~ - - ~ -

15l Qir 2007 -~ g 55 33 36 -

Znd QiF 2007 - 10 55 3.5 a5 -~

4th Qfr 2007 - 5.9 2.5 34 35 -

Hotes:

= - TCE ncl detecisd abows laboraloey datacion §mil

1 - Trthkezerhene was delecien al aconetriealan grealer than Lhe dacecion bmil bul lass tnze Ine quardaticn &mk Thede tesulls are gs-males only
DAY - Morbering wals SWC2D wd SWC2E wera dry duicg r Quanor 2000 Mo sempres were colacled

HA - Krlarakzed The mondtewg welle al HWMLU-S were nol analized for Inchioreehane durng lhe | Qusrher

111452608
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Boging Logs







#> ARCADIS
Sample/Core Log

Boringfvvel SDITCH- ProjectiMe. Radford Army Ammunition Plant + GPOERAAP 0047 0F00J Page 1 of 1
Site Crriliing Drilking
Locaticn Radfoed, WA Started . SIB2008 Compleled SE2008
Total Depth Drilled 12 Faet Hofe Dizmeter 1.5 inches Collection imes of samples 14750
Length end Diameter
of Coring Device 4 feet s 1.5 inches Soll Sermnple Interval 11 -12 Tesl
Land-Surface Elev, Mid feel DSuweyed DEsl‘rnatEd Drakuam hia
Orilling Fruld Used M Qrlting Methed geoprehe
Dillling
Contracter  Columbia Technalogles Criller Rokert Stewar Helper -
Prepared Hamrmer Hammer
By Sandra Grabowshki Weight - Drop -- ns.
SemplefCore Dapth
{fent balow ksnd sutface) Cane PIC

Racovery  Reading
Fram To finches)  (pph) SumplaiCore Desciipllon
I; 4' 36 0 0-4" top soil (Pt)

.0 4 - 36" orangse brown CLAY, stifi, dry (CL}

4 g 448 00,00 | 0-48" orange brown CLAY, stiff, dry (CL}
3 12 48 0,0 0 - 30" arange brown expanding CLAY, stiff, dry [CL)

15, 7 30 - 4B" orangish brown expanding CLAY with kitle sana, stiff, slghfly moist (CL]-

*water ~12 fi bgs

Hydropunch screen interval sat at 17 - 21 #ft bgs. Due to hard soil and slowly Nowing

aroundyater rods were left in ground for 30 minutes before sample was coltected

EMD BORING

Boring logs_Phase 1.4z
SOITCH-1







ARCADIS

Sample/Core Log
Boringhavel: EDITCH-2 Project®lo.  Radtord Amny Ammunition Piani 7 GPOSRAAP 0047 DIFOO) - Page i ol 1
Site Crilling Diillireg
Location Rediord, WA Sltarted 5IB2008 Completed SIB 2008
1€ Feet Hele Dameter 15 inches Cahection times of samples 12:2%

Total Depth Driled

Length and Diameter
af Coring Device

Lard-Surface Eiev.
Drilknp Flusd Used

Drilling

Contractor

4 teed £ 1.5 inches

Soil Sample Infervat 13- 14 fest

HiA

His

Teel

DSur\'eyreﬁ DEstimated Datum hifd

Drrillievg Method geaprabe

Columbia Technologles

Dilller Robeit Stevart Helper -

Frepared

By

Sandra Grabowskl

Hammer Hammer
Weight - Brop -~ ims,

Sample/Core Daplh
{leat below lend suace) Core
Recavery  Rasding

PID»

Fram To finchas)  (pph] SargleiCore Dascr|pfion
] q' 4B 0.0041 | 0-4" top soil {P)
4 - 48" reddish brown CLAY, medivm stiff, dry {CL)
4 g 48 0,000 (- 36" reddish brown CLAY, medium siiff, dry (CL)
36 - 46" reddish brown CLAY with some sand and gravel, dry (CL}
46 - 48" quarz cobbles
& 12 35 0,024 0- 24" reddish brown CLAY with some sand and gravel, medium stiff, doy (CLI
24 - 36" reddish brawm CLAY, medivm stifi, dry (CL}
12 15 48 0,000 0-12" reddish brown CLAY, rned'tufn skiff, dry {CL)

12 - 18" raddish brown CLAY, medium stifl, moist (CL)

186 - 48" grange brown, sandy CLAY, loose, wet{CL)

*water ~14 ft bgs

Hydrepunch sereen interval set at 16 - 20 f bgs. Good flow of waler.

END BORING

Beoring logs _Phass 1 «ls
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ARCADIS

Sample/Core Log

Berngiel SDITCH-3 Projeckitio.  Radiord Anmy Ammurifien Plant £ GPOSRAAP.DDET DF DO Page 1 of
5ile Drilling Drilling

Localion Radford, VA Started SI5/2008 Completed Si62008
Telal Oeplh Drilked 12 Feet Haole Dhameter 1.5 inches Collection tmes of samples 1250

Lengly and Diamnetar

of Coring Device

4 feet s 1.5 inches

Soit Sample nterval 11 -12 feel

Land-Surface Elev. i feel [ ]survered [ Jestimated Datum K

Drrilting Fluid Used HiA Oilling Method genprobs

Dnliing

Condractor  Columbia Technologies Driller Rober Stewart Helper -
1 Prepared Harnmer Hammer

By Sandra Grabowski Weight — Drap - IS,

Sampla/Cora Deapth

iteet below land surfzcs)  Cora P

Recovery Readng

From To {mshes)  {ppl SarnpleiCore Descripton

1] 4 48 0.0,0,41 0-2" topsoil [P
| 2 - 48" orange brown CLAY. stiff, diy (CL}

4 a8 48 0,000 0 - 48" orange brown CLAY  wery stiff, dry {CL)

d 17 4B 0,0,0,0 0 - 48" orange brawn CLAY, very stiff, dry {CL]

12 16" 48 0,000 0- 24" orange brown CLAY with littie sand, medium soft, wet (CL}

24 -48" arange brown CLAY with little sand, slIff, wet {CL)

12 feet to 20 feel soft pushed with no hammering, reds came back wet

deployed hydropunch, water did not flow in. Re-deployed at 18 - 22 ft bgs;

led sit for 1 hour and returned to collected sample

END BORING

Boring fogs_Phase 1 s
SOITCH-3







ARCADIS
Sample/Core Log

Borirg el STCH4 Frojecttlo  Radicrd Army Ammunltion Plant ¢ GPO5RAAP 0047, DFIGD Fage i o 1
Site Drilfing Drilking

Locadion Radford, WA Slafed SIBr200E Completed EE2008
Tetal Depth Crilled 44  Feet Hofe Diameter 5 Eches Cellection fimes of samples 17:10
Length and Diamster .

of Coring Device 4 feet ! 1.5 mohes Soil Sample Interval 11 - 12 feel
Land-Surface Elev. NiA_feel [[Jsurveyed [ Estimated Datum hA

Orilling Fluid Wsed A Dvilling Method geaprobe

Drilting

Contraclor  Columbia Technologies Drlller Robart Stewart Helper -
Prepared Hammet Hammer

By Sandra Grabowskl Weight - Drop - s

Sample/Care Depth
{leal balow kand surface) Cora 3] &
Racwery  Reading
From Ta finches)  {ppb} SamplaiCore Dascrlplian

1] 4 48 0,0,0,0 0 - 4" top sail (P

4 - 24" brown silty CLAY, medium soft, dry (CL)

24 - 4B" arange brawn CLAY, sfiff, dry (CL}

4 g 48 0,000 0 - 18" orange brown CLAY, stiff, dry (CL)
18 - 48" yellowish orange CLAY with litle sand and fine grave], slightty moist {CL
B 12 48 0,000 0 - 48" yellowish orange CLAY, very stiff, dry [CL)
2 16" 48 0000 | O- 12" orange brown sandy CLAY, medium soff, wet (SP)

12 - 48" orange hrown clayey SAND, fine grained, madivm dense, wet (5P)

*water abundant from 12 - 16 ft bgs

* hydropunch screen interval set 54 - 18 it bgs; sample collected

16 20 48 0,0,0,0 0 12" orange brown claysy SAND, wet (5P}

12 - 28" SAA increasing sand

28 - 30" SAA dacreasing sand

30 - 36" wet expanding clay (CH)

35 - 48" orange brown clayey SAMD, wet

20 24 48 0,000 0 - 30" clayey SAMD and slourgh, wet

30 -48" crange sandy CLAY, stiff

24 28" 4B 0,0,0,0 0 - 36" wet clayey SANE loose, with cohesive clayey Zone

36 - 48" wet stifl clayey SAND

28 32' 48 0,0,00 0 -24" wel erange clayey SAND with increasing gravel [~dmm}

24 - 4B" clayey 3AMD, tan with grey and some dark brown Zones

* gue to timme constraints biind push ko refusal at 44 fl bgs

Ty
L ENI BORING

Boring logs_Phase 1.x15
SDITCH-4







£2 ARCADIS
Sample/Core Log

Boringhel BEP-024 Erojectiblo,  Radford Army Rmimunition Plant 7 GPOBRAAP 0047 DFOGD Page i of ¥
Sile Drilling Dring
Location Radford, WA Started 5032008 Completed 5482004

Total Degth Crilles 28  Feel
Length and Diameter

Hofe DXamete” 135 irches Collection times of samples 16:30

Soil Sample mterval 23- 24 leek

af Coring Device 4 feet /1.5 inches
Land-Suriace Elev, Mra,  feet I:ISun'ey'ad DEsﬁmated Catum HIA
Drilling Fluid Lsed Mra Drilling Metinod geaprobe
Drilling
Contracter  Columbla Technolegies Orfier Robert Slewart Helpss -
Prepared Hamener Hammes
By Sendra Graboesi Weight - Dirop - ins.
Samgle/Core Baplh
{feal balavr land surface] Core PID
Recovery  Heading
From To {Inshest  (pph) SamplaiCore Desgriplian
0 4' 24 0.0 0 - " asphalt and graval
6 - 24° brown o orange brown CLAY with some gravel, stiff, dry [CL}
4 8' 36 0,00 0 - 24" orange brown CLAY very stifi, dry {CL}
24 - 36" orange brown CLAY, medium lcose, dry {CL)
) 12 46 0,000 0 -12" orange brown CLAY, silff, dry Ly

12 - 48" grange brown CLAY, very siuff, dry {CL)

16" 48 0,0,0,8 0 - 48" orange brown CLAY, very stiff, dry {CL}
16 20 48 0,0,0,0 0 - 48" orange brown CLAY, very stiff, dry {CL)
20 24' 48 0.60,0 | 0-24" orange brown CLAY, very stiff, dry {CL)
- 24 . 48" orange brown CLAY, stifi, moist {CL)
24 28 48 0,000 0 - 48" orange brown CLAY, medium |cose, wat {CL}

Hydropunch sereen interval set at 28 - 32 it bgs. Good flow of water.

EMD BORING

Honng fogs_FPhase 1 «ls
BGF-021
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22 ARCADIS
Sample/Core Log

Boringinel §GP-026 Proectila. Radford Army Amemunition Plant 7 GPOSRAA P.0047, BF 000 Fage 1 of 1§
Sife . Dridling Dirilling

Lacaban Radford, VA Siarled Sr92008 Compieted 502008
Tatal Cepth Drilled 24 Feel Huole Diameser 1.5 Inches Gollecticn times of samples 15:30

Length and Diarneter
Soil Sample Interval 15 - 20" feed

af Caring Device 4 feet 7 1.5 inches
land-Susiace Elev. MNed feet I ] surveyed [Jestimates Datum 7
Drilling Fluid Used MR ) Dirilling Methed pecprobe
Crilling
Contractor  Columbia Technologies Dhriller Robert Stewart Helper -
Prepared Hammer Haramer
By Sandra Grabovsh Weight - Dirap - ins
SampatSae Dapth
{Taet batow land surface}  Care PIE
Recovery Rending
Frarn To {inches  fpphy SempleiCore Daserplicn
0 4' 46 0,000 0 -6" top soit (Pt}
6-12 Iight.hrnwn CLAY with Ittle grawvel, stifi, dry [CL}
. 18 - 48" orange brown CLAY, very stiff, dry {CL)
q g 4B 0000 0 - 48" orange brown CLAY, very stiff, dry {CL)
f 12 48 0,000 0 - 12" prange brown CLAY, stiff, dry {CL)
12 - 48" orange brown CLAY, very stiff, dry {CL
& 12 i6 AB 00,00 0 - 48" orange brown CLAY, very siiff, dry {CL)
16 20 4B 0,000 0 -42" orange brown CLAY, stiff, dry (CL)
12 - 48" arange brown CLAY, stiff, moist {CL}
20 24 48 0,000 0 - 48" orange brewn CLAY, medium soft, wet (CL)
Hydropunéh sereen intetval set al 24 -28 ft bgs. Good fow of water.
END BORING
i w:‘

Borng fogs_Phase 1.xls
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{7 ARCADIS
Sample/Core Log

Baringffell 66026 Project/Me.  Radiord Army Ammuniion Prant / GPOGRAAP 047 DFI0 Page 1 of 1
STe Dorilirgy Duilling
Location Radiard, WA Slarted Srsr2008 Completed 508
Total Depth Drilled 24  Feel Hule Diarneter 15 inches. Cedlection times ol samples 1450
Length and DRmeter
af Caring Device 4 feat ¢ 1.5 inches Soil Sample Interval 19- 20 feet
Land-Surface Elev. Mis _ feel [Jsurveyed [ Jestimated Datum NiA
Drilfing Fivid Used iR Dilling Method geaprabe
Briffing ’
Contracter  Columbia Technologies [iller Robert Slewart Helper Co-
Prepared Harmmer Hammer
By Sandra Grabowrskl Welghl - Drop - s
SarnplefiCore Depth
[leet balow land surace)] Core ()
Recowery  Readmg
From To {inches)  (prh) ‘Sample/Core Desctlpbon
I 4' a5 000 0 - 6" fop seil {Pt)
& - 18" light brown CLAY, very stiff dry (CL)
16 - 48" orange brown CLAY, very stiff, dry {CL)
§ a' 48 0000 0 - 48" orange brown CLAY, very stiff, dry [CL}
B 12' 48 0,000 0 - 48" crange brown CLAY, very stiff, dry {CL}
18' 48 00,00 0 - 48" prange brown CLAY, wery shiff, dry {CL)
20 48 04,00 0 - 24" orange brown CLAY, very shiff, dry (L)
24 - 42" grange ko orange brown CLAY, stiff, diy to slightly moist {CL}
42 - 48" oprange brown CLAY, medium loose, moist [CL)
20 24" ag 0,0,00 0-12" orange brown CLAY, siiff, wet {CE}

12 - 36" orange brown CLAY, medium loose, wet {CL}

Hydropunch screan inlerval set st 24 - 26 ft bps. Good flow of walar,

END BORING

Baring logs_Phase 1.X1s
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#% ARCADIS
| @ Sample/Core Log

Bodlngftvell SGP-27 PFigjestiNo,  GPOSRAAP.DD4Y.DFOO0 Page i oof 2
Site Erilling Crifling
Lacalion Radlard, WA Slarted Bf24/2006 1445 Completed Bi24¢2008
. Type of Samplel
Total Depth Drilled 40 Fest Hole Diameter 3 erhes Coring Crevice
Length and Diametar -
af Coring Device & feet ! 1.75 inches Sampling Intarval fee!
Land-Surface Elev. HA ] leet DSuwe-_.lad DEsi.imaied Cratum MA
Crlfling Fluid Used Crlliing Method geopfope
1 Drifling
Contractor  Columbia Technologhes Diridler Josh K Helper NA
Prepared Hammer Hammer
: By Sandra Grabowskl Michad Cobb Weight HA Draop MA  ins.
| SamplefCere Deplh
{[et blows land swrface] Core FIVFID
Rucovary  Reading .
Fram To {Fesl) ippemy SampleXCors Deseriplion
0 5 4.4 0.0/00 (0-4SILT and CLAY, some fine to coarse sand and
' gravel, dry {o moist, hard, red brown {FILL).
Do/Bn {4-4.4 SILT, trace fine lo medium sand, dry io meist, brown.
i0 . 2.5 0.0/0.0 [0-1.6 CLAY and SILT, moist, medium stiff, red-brown.
0.0/00 |1.8-2.15ILT, lIttle clay, trace fine to coarse sand, soft to medium sHiff,
trace mica fiakes, red-browen wilh Back mottling,
00/00 |21-2.5 SHT, medlum shlf, trace arganics, ofive gray with black matlling.
10 15 4 0.0/00 |0-2 Same as ahove, grades 1o light brown
00/00 [2-4 CLAY, highly plastic, little silt, trace medivm lo coarse sand,
sofl to medium stiff, moist, vellow-brown.
15 20 39 oof00 |o- 3.8 CLAY, highly plastic, fitile sill, trace medium o coarse SAND,
maist, meadium stiff, shghtly moiiled, cocasional angular gravel (black),
no apparen! hedding or sorling, coarse grains "ficating” in matriz.
20 25 36 0000 |0-3 CLAY, medium to highly plastic, seme silt, race medium bo coarse sang
"floating” in matrix, meist, medium stiff, mottled black.
00700 |3-2.6 SILT with fitle clay, medium to highly plastic, trace medium to coarse sand
] muorsi, red brown with black colored sands.
[

Boring lops_Phase 2.«
SGP-27
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{75 ARCADIS
Sample/Core Log (Cont.d)

Pags 2 of

BoringAtvell 5GP-27
Prepared by SGMC
Sample/Core Cepih

feet! below land sudace} Core FiDr

Fram

To

Recrrery  Reading
{inches]  {pprm)

Sampla/Care Desarlplion

30

2 0.0f0.0

0 -2 SILT and CLAY, highly plastic, frace medium.to. cuarse sand,

25

trace black angular gravel, yellowish brown, litile gray and reddish brown

mottling (increasing with depth), irace rmica flakes.

Note: Sample is medium stiff, however, rods push without hammering.

KL

MO RECOVERY

30

*SOFT. Reds push across interval without harmmering*

40

1.8 0.0/ 0.0

O- 4.2 CLAY, little silt, trace madium te coarse sand {"floating"},

medium stiff, medium brown with [iile brack raotiling.

c0/00

1.2 - 1.B {39-40 bgs) WEATHERED ROCK, occurs as SIL.T, seme fine to coarse.

sand and fine gravel {angufar], denss, matrix supported, light blueigray.

Mote: rods push to 3% fset, hammer hard |ast foot.

EMD BORING

Hydrepunch sampies collected 25-28 and 35-37 ft

Boriry kops_Phase Z.xls

SER-27
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£#% ARCADIS
Sample/Core Log

BoringAvell SGF-28 ProjectiMo.  GPOSRAAP.0047 DFGOD Page o _2
Site Drifarg Drifiing
Lecation Radford, VA Starled  6/23°2008 Completed B 24/ 2008
’ 7 Type of Szmplef
Total Depth Orilled 43  Feel Hole Diametar 3 rches Caoring Device
Length and Oiameler
of Corlng Device 5 fesk ! t.75 inches Sampling Inferval fesd
Land-Surlace Elev. NA_feet [ surveyed [ Jestimated Datum NA
Drilling Fled Used WA Dirillireg Method geaprobe
Drlfing .
Contractor  Colurhia Technofogies Dirifler Josh K. Helper Ha
Prepared Hammer Hammer
By Sandra Grabowskl / Mickael Cobb Weight MA Drop HA  ins.
SampbesCaore Bepth
{faet betow Eand Brrace) Cora PIDIFID
Recovery  Reading
From To {Feal) ippml SamplaiCare Descripfion
] 5 4 0-0.9 GRAVEL {FILL}
0.9 -4 SILT, some clay and gravek {1-5 mmy,_harg, dry, brown [FILL].
5 10 3 {1-3 Same as abave [probable fili.
15 5 - 2.6 Same as above [probable fil). Rounded gravel and cinders at 12 ft bgs.
2.5 -5 SILT, low to madium plasticity, no dilatancy, Title clay, trace sand,
gray siti, moist, stiff, red-brown with little pale gray mokting.
15 20 5 b -3 Same 25 above
7 3- 5 CLAY, liitle slit, moisl, stiff, red-brown with Httle pale gray moitling.
20 25 5 0- i Same as above
1-3 CLAY, high plasticity. litite silt, maist to wet, red brown,
streaks of black, mica flakes.
25 a0 0-5 fine SAMD, little silt, well sorted, wat, red brown mica flakes.
27 - 27.5' with little medium sand
30 a5 2 o -1 fine SAND, iittle medium to coarse sand, Iathe silt. fracs
angular gravel, cohesive, soft, wet, req browm.
1.2 CLAY, highly ptastic, trace angular grave!, mediurn sUff, red brown

Boring logs_Phase 2 x5
SGP-Z8







ARCADIS
Sample/Core Log

Borirg/tell 5GP-29 ProjectiNo.  GPOBRAAP.0047. DFODG Page 1 af

Site Drilling Dwillng

Lacaton Radlord, WA Started 6202008 B0 Completed 6/28/2008 9:15

Type of Sample’

Totak Depth Driled 22 Feet Hole Diamater 3 inches Coring Device

Length and Diameter

¢f Caring Device 5 feet 1,75 inches Sampkng interval MA  Mest

Land-Swrface Elev. MNA teet DSm}'ed DEslimaml:l Dratum

- Dyilling Flukd Lrsed NA DOrllirge Method geaprobe

Lrilfing .

Contraclod  Columbla Technologies Dhiiller Josh K- Helper WA

Prepared Hammex Hammar

By Sandra Grabowakil Mickeel Cobb Welght Mh Drep NA  ins.

Sample/Core Daplh

{faal below kand suface) Core FIOFID

Recovery Hesding

Fram To {Feed) {opem) Sample/Ceve Descriplion

1] ] 2.5 0.040.0 |0-2 Top soil and read bed.

0.0/00 |2-25 CLAY, [ftle slit, some gravel, medium soft, meist, medium brown [FILL).

i 10 26 00/00 |0-1 Flneto medium GRAVEL, some maedium o goerse SAND, maist, dark gray.
0.0/0.0 |1-1.8 fineta medium SAND, well sorted, clean, moist, dense, light gray (FILL}
0.0/0.0 [1.8-26 CLAY, highly plasiic, maist, very stiff, reddish brawn

L4 15 5 p0/00 |0-5 SILT, little slay, moderate to highiy plastic, irace fine to medium coarse sand,

maist, medium sofl, reddish brown, no distinct structure or bedding.

15 20 5 ¢cO0/00 |0-05 Sameas above
0.0/0.0 |0.5- 1 fine SAMD, little silt, moist to wet, soft, reddish brown, micaceous.
porog [1-2.5 SILT, lithe clay, litlle floating fins sand, trace medium sand,

medium sofl, reddish brown
00/00 [25-5 fine ko coarse SAMD and fine to coarse SRAVEL, subrounded to rounded,
apoarent cabble fragments, silt/clay matrix, poorly serted, moist to wet, cohesive,
ll' ‘Jg dense reddish Brown, mix rock types (RIVER JACK).

Boring logs_FPhase 2 xls
SGP-29







£73 ARCADIS
Sampie/Core Log

-5 garBaringAtell SGP-30 ProjeciMe.  GPOBRAAP.0047.DFOI] Page 1 of 2
She Drilling Drilking
Lecation Ratfford, WA Sharted EZ/2008 515 Completed E/28/2005 505
Type of Sample!
Tolal Degth Drilled 235 Feel Hole Diameter 3 inches Coring Device
Length and Diameler
of Caring Device 5 feel £ 1.75 mches Sampling inferval WA feet
Land-Surface Elev. Ha et I:ISuan',-ed DEslimalenf Datum
Brillirg Fluid Used MA Crilllng N.eihod geoprobe
Crilting
Confractor  Columbia Technologies Drriller Josh K. Helpee WA
Prapared Hammaer Hammer
By Sandia Grabowskl Kichaef Cobb Weipht HA Drop HA™ s,

SamgpleCore Deplh
(feet below land surface} Core

' PODIFID

Recovery Raading

Fram Ta (Fesl) iy SampleiCore Doascriplion
0 5 2.6 0.0¢0.0 10-1.9 Top soll and gravel road bed, dry.
1.0 - 2.4 CLAY, with litHe silt, trace fine micacsous sand, little fine grawvel,
stifl, dry to moist, reddish brawn (FILL).
0.0f00 |2.4 - 2.6 broken COBBLE/gravel, gray maist (FILL]
0 35 0.0/00 |0-04fine to medium GRAVEL, litlle coarse sand, trace il and clay
malrix, moist.
0o0ro0 |od-1.9 medium SAND, medium dense, rnnist; waell sorted, light gray (FILL).
a.0!0.0 {1.8-2.5 CLAY, little silt, race fine micaceous sand, hard, moist,
reddish brown wilh deep red motlling, no obvieus bedding. '
10 15 38 0.0/00 |0-09 Same as above with increased sand content, medium soff fo sliff, moist
0.0f00 |0.9-295 SILT/CLAY matrix, with some fine to coarse gravel with broken cobbles,
trace medium to coarse sand, sub-rounded, mois!, dense, red-crangs,
different rock types (RIVER JACK).
15 20 4 0000 |01 Same as above (welat 15.5 1t
Do/ 08 |1-2.6 CLAY, lithe fine gravel, trace medium to coarse sand,
soff, wet, orangefbrowm, motiled
0000 |2.6-4 SLAYSSILT, medium plastic, race medium to coarse sand,
muoisl to wet, medivm stiff, some bedding apparent.
i A 235 35 000D |0-33 CLAYISILT, trace medium ko coarse sand, fme gravel {floating),
1*-;’”’_ soft, wet, yaliowish brown to bght brawn.

Beoring logs_ Phass 2xis
55F-3G







% ARCADIS
Sample/Core Log

F Borirgiell SGP-3 ProjectiMa.  GPDERAAP.GO4T.OFGID Page 1 of 2
Site Drilling Drilling
Location Radford, VA Starled Gr28r2005 1010 Compleled 64282008 10:55
Typ= of Sampled
Teta! Depth Drilled 36.5 Feet Hole Dizmeter 3 inches Cuaring Device
Langth and Diarmeter
of Coring Device S feed /1,75 inshes Sampling Interval feet
Land-Surface Etev. MA__fest [Jsurveyed [ Jestimated Datum N
Drllling Fluid Used MNA Diiing Method geoprobe
Diilting
Gonyacir  Columbia Technologles Driller Josh K. Hefper A
Prepared Hammer Hamrrer
By Sandra Grabewsk Michael Cobi Welght MA Drop MA s,
SempletSare Depth .
[feet below land sudace) Cofe FIDFID
Racavery FReading
From Ta (Feal) {ppm) Sample/Cere Dascripllon
0 ] 2.7 0.0/0.0 |§-2.2 Top soll, gravel, some fine to coarse sand, little silf, dry {FILL}
G.0/0.0 |2.2-27 CLAY, Iitle slit, Iitle faafing sand and gravel, medium soft,
’ reddish brown [FILL}
5 10 3.3 8.0/ 0.0 |0-06 fine to medium GRAVEL, liffle siit, little fine sand, medivm dense, molsi{FILL}.
§.0/0.0 |0.6- 4.8 fineto medivm SAND, welf sorted, moisf, medium loose, ltighf gray (FILL).
0.0/00 |1.B-2.1 SILT/CLAY/GRAVEL, moist, medium soft, reddish brown {FiLL}.
0.070.0 |24 -3.3 CLAY, highly plastic, little silt, mediumn stiff, moist, reddish brown with
little mottling, no apparent bedding.
10 15 3 0.0/00 [0-1.6 Same as above, but very stiff, trace floating micaceous sand.
0.0/0.0 |1.6-3sLff SILT, litle clay, moderately plastic, traze floating sand, mica,
rmuoist, reddish brown, no apparent bedding, grades downward,
0.0/0.0 |2-5fne SAND, some siit, micaceaus, meist, reddish brown, no apparent beddmg.
15 20 4.5 0.0/00 [0-35Same as above, no dilatancy, trace floating medium sand, unilorm colar,
maisk to wet.
0.0/08 |35-45 fneto medium SAMD, same gravel, sub-rounded, little sili,

mix rock types, appears to coarsen downward [RIVER JACK)

trace floafing gravel starling at ~18 ft bgs_grading to 18.5 ft bgs

Refusal at 195 ft bas wath dual-tube gecprobe sampler

PYC temporary well set scresned 14.5-12.5 1t bgs,

Bering iogs_Phese 2.xls
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2 ARCADIS
Sampie/Core Log

Baring/iell 5PG-32 ProjectMae.  GPOGRAAPOM? DFOHD Page 1 of
Site Drilling Drrilling
Localian Radfard, VA Started SANZO08 620 Completed 530120068
. Type of Sample!
Tofal Deplh Drilled 18.5 Feel Hale Diameter 3 inches Coring Device NA
i Lenglh and Diameter
of Coring Device 5teets 1. F5inches Sampling Inlerval Mh feal
Land-Surface Elev. MA  feet D Surveyed DEs!in-.ated Dratum HA
Dirilfing Fluid Used HA Crilllng Method geopeobe
Cirlling
| Contractor  Columbia Technelogies Drlller Josh KL Helper MA
Prepared Hammet Hammer
By Sandra Grabwosklf Michael Cobb Weight MA Drep HA s,

Sample/Core Dapth
{Test belows kand surface) Core
Recawvery Reseding

FIDVFID

From To {Foel} (ppm) SampleCora Descriphon
o 5 26 0.070.0 |0-1.6 Tap scil, erganics, fine to medium GRAVEL with [#le fine to
_ medium sand, slit, and clay {FILL.}
0.0/00 |1.8-26 SILT with l#tle clay, little fine to medium gravel, frace medium sand,
sfiff, moist, orange brown (FILLL
@ 10 2.6 0.6/0.0 [0-0.2 Same as above
0.2 - 2.2 fine o madium SAND, clean, well sorfed, medium dense,
dry to moist, ight gray [FILL).
0.0/00 12.2-26 CLAY, highly plastic, trace medium to coarse sand, moist,
soft, medium browm [pessible FILL).
14 14 ) 00700 13-1.4 CLAY, iftle 5, lrace floating coarse sand, moist,
mediumn stiff, yellowish brown,
0.050.0 |1.4-5CLAY, highly plastic, Irace floating line to medium sand, very stifi,
maist, light irown, moftted reddishf ight gray.
15 1B.5 as 00/00 |0-23 Same as above, vary stifi
G.0f00 }23-35 Same as above grading to fine sand and clay, high
plasticity, meist, medium dense.
Refusal at 18.5 fi on cobble {infefred),
ENMD SORING
V PV ternporary well set screered 12 5-18 5 ft bas.

Baring bgs_Fhase 2.xls

5GP.32







(7% ARCADIS
Sample/Core Log

Boringaftell 5GP-33 ProjectMo.  GFOSRAAP.O04F. DFOD] Page 1 aof
Site Drillireg Derilling
Location Radford, PA Started 6/2R2008 1650  Compleled B 2802008 17:40
Tyoe of Samplef
Totat Depth Drilted 2  Fest Hofe Diameter 3 mches Caoring Device
Length and Dlameter
of Coring Device 5 feet/ 1.75 inches Sampling Interval feed
Land-Surface Efev, HA  fest DSuweyed DEsﬁma.ted Dratum MNA
Dritng Fluld Used A Crrilling Method geoprobe
[ling
Contraclor  Columbia Technologles Dirikter Josh K. Helper NA
FPrepared Hammer Hammer
By Sandra Grabowskl Michasl Cobb Welght A Drep He ins
SampleCore Dapih
(el below land sidace] Core PIDFID
Recovery Reeding
Fram To {Feed} {ppm) Sample/Core Descripion
0 5 1”5 0.0/00 I0-15 Top sall, gravel, dry (FILL).
1.5 - 2.2 SILT, some fine lo coarse sand and gravel, dry,
medium brown, orange/black mattiad {FILL).
00700 (2.2-24fineto medium SAND, dry, medium soft, light gray.
00700 {24 - 2.7 fine to medium GRAVEL, dry {FILL).
10 = — WO RECOVERY
10 15 1 00402 J0-32 'CE_AY, plastic, trace micaceous fine sand, very shiff, moist,
light brown with red mottling, no apparant bedding.
0002 |3.3-5 Same as above but reddish brown with dark brawn/light gray mottling.
15 20 5 0oOFf00 (0-08 SILTAZLAY, micaceous, medium soft, moist, reddish brown, close bedded.
00700 [G.B-1.1 Same as above with black arganic material and tiace angular gravel.
00400 [1.1-5 Coarsening dewnward from SILT and fine micaceous SAMD with trace
organic matter to micaceous kne SAMD, lile silt, meist to wet, faint
bedding, medium dense.
20 24 4 00400 |0-0.2 Same as above
Q0600 102 -3.2 fine to medivm SAND, little silt, trace flaating rounded fine grawvel,
wat, medium dense to lnose. Cobbte fragment al 21.9°
Q0f00 [3.2-4 fineto coarse SRAVEL with cobble fragments, rounded to sub-
rounded, littl2 fine to madiurr sand and silt matrix, sliif, cohesive, moist to wet.
. Refusal al 24 B bgs  END OF BORING
: PYC temporary well sel scraened 19-24 & bys.

Bonng logs__Prase 2.x0s
55P-23







Fate and Transport Plois
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Appendix B

Appendix B - Analytical Laboratery Data and Data Validation Reports [Not included in Permil Attachment]







Appendix C

Appendix C - Davelopment of Remedial Timeframe Predictions







Appendix C

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 methodology

for future annual MNA timeframe evaluations.

Development of Remedial Timefrarme Predictions

The MNA remedial imeframe for trichloroethene (TCE) to attenuate to less than the Groundwater |
Protection Standard (GPS) was predicted using a conservative pore-volume flushing calculation, which |
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 et al. 2008):

R L— =1+{%‘_ﬂg} Eqg. 1
ocal

pas = bulk density of the soil. A value of 1.85 gfem® was used assuming the total porosity of 30
percent.

Oy = total porosity. The porosity for aquifer materials found at the site (clay with sand and fine
gravel} ranges from 26 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:

K = organic-carbon partition coefficient. The calculated value of 466 Liters per kilogram (L/ka}
as reported in Table 39 of U.S. States Environmental Protection Agency (USEPA) (1986) was |
used; and | '
f.. = fraction organic carbon in the aquifer material. A value of 0.001 or 0.1 percent crganic
carbon which is the default value recommended by USEPA {1996) for subsurface aquifer g

materials was used.

Using Equation 1, the composite retardation coefficient was calculated 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 concentration (Cuan} to a target concentration (Cyoa) using the following equation:




Z
NPY =_Rmmmh{F:£] Eq 3
grr]

Where:
New = number of pore volume flushes
Reomposte = COMposite retardation coefficient {calculated as 2.02 for TCE)
Coos = the MCL for TCL of 5 ugfL
Ctart = cUrrant maximum TCE concentration (11 ug/L — 5GP-028)

Using Equation 3, the number of pore-volume flushes was 1.60.

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 "LV Eq. 4

Where:
T.predicted MNA timeframe
Moy = number of pore volume flushes (1.6)
L = Length along the flow path between monitering locations (108 ft)
Vs = Groundwater velocity across the plume (15 ft'year)

Using Equaticn 4, the predicted MNA timeframe for TCE to 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 one additional pore flush was used to develop the
timeframe for when contingency measures will be implemented, if required. Uising Equation 4, the
predicted MNA timeframe for TCE to attenuate to the GPS based on 2.6 pore flushes is 18.7 years.

Methodology for Annual MNA Evaluation

The pore-volume flushing calculations, which were used to develop the predicted MNA remedial
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 derfved from long-term monitoring data {Newell et al., 2602). These data represent
the cumulative effects of all natural attenuation processes at a specific well location and thus are lkely to
be more representative 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 paint
attenuation rate calculations as described in Newell et al. (2002). This approach involves the calculation
of point attenuation rates and comparison of updated predicted timeframes to the 2019 MNA remedial
timeframe. The following steps describe the methodology for this evaluation:




« Construction of graphs of natural log concentrations versus time for monitoring wells (5W5B, SWC21,
SWC22, BW(23, and 5W12A) exhibiting current detections of TCE and degradation products at
concentrations greater than GPS values. Non-detect values will be plotted at haif the detection limit.

¢ Calculation of the point attenuation rate constant for each constituent based on a linear regrassion
analysis 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.
C
Caire
f=— 74
L

Where:
t = predictsd GPS remedial timeframe
Coew = GPS (ug/L)
Ceant = current constifuent concentration {ug/L}
Koot = point affenuation rate

+ Compariscn of updated MNA predictions to the 2018 MMNA remedial timeframe.

An example calculation for TCE at well SWW5B is provided as Appendix C-2. Using Equation 5, the
predicted remedial timeframe for the current TCE concentration {7.8 ug/L} at SWEB to attenuate to the
GPS (5 ugfL) Is 2.4 years. Since this predicted fimeframe {October 2010} is less than the 2019 MNA
remedial goal, 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.
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