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1.0 INTRODUCTION

This document presents the Annual Groundwater Monitoring Report for calendar year
2008 for Hazardous Waste Management Units (HWMUs) 5, 7, 10, and 16 located at the Radford
Army Ammunition Plant (Radford AAP) in Radford, Virginia. The Annual Groundwater
Monitoring Report was compiled in accordance with the requirements specified in the Final
Hazardous Waste Post-Closure Care Permit dated October 4, 2002, for HWMUs 5, 7, 10, and 16.

The Annual Groundwater Monitoring Report presents the following set of information
for each Unit: basic information and unit identification, a description of the groundwater
monitoring plan, a discussion of groundwater movement, potentiometric surface maps, a table of
groundwater elevations, and detailed statistical evaluations of the analytical data.

Please note that the sampling frequency for HWMUs 5, 7, 10, and 16 was changed from
quarterly to semiannual in the VDEQ-approved Class 1 Permit Modification dated June 14,
2007. Therefore, this Annual Groundwater Monitoring Report evaluates the analytical data from
Second Quarter 2008 and Fourth Quarter 2008 for each Unit.

1.1 HWMU-5

HWMU-5 is a closed lined neutralization pond. The Unit received certification for
closure in 1989. As stated in Permit Condition I.K.1 of the Final Post-Closure Care Permit, the
Compliance Period during which the Groundwater Protection Standard applies to HWMU-5 is
19 years, beginning on the effective date of the original Post-Closure Care Permit for HWMU-5
(October 28, 2001) and continuing until October 28, 2020. This report is the seventh complete
Annual Groundwater Monitoring Report submitted to the Virginia Department of Environmental
Quality (VDEQ) for this Unit during the Compliance Period.

1.2 HWMU-7

HWMU-7 is a closed unlined holding and neutralization basin. The Unit received
certification for closure in 1990. As stated in Permit Condition 1.K.2, the Compliance Period
during which the Groundwater Protection Standard applies to HWMU-7 is 18 years, beginning
on the effective date of the original Post-Closure Care Permit for HWMU-7 (October 30, 1999)
and continuing until October 30, 2017. This report is the ninth complete Annual Groundwater
Monitoring Report submitted to the VDEQ for this Unit during the Compliance Period.

1.3 HWMU-10

HWMU-10 is a closed equalization basin for the biological treatment system. The Unit
received certification for closure in 1998. As stated in Permit Condition [.K.3, the Compliance
Period during which the Groundwater Protection Standard applies to HWMU-10 is 18 years,
beginning on the effective date of the Final Hazardous Waste Post-Closure Care Permit for
Hazardous Waste Management Units 5, 7, 10, and 16 (October 4, 2002) and continuing until
October 4, 2020. This report is the seventh Annual Groundwater Monitoring Report submitted
to the VDEQ for this Unit during the Compliance Period.
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1.4 HWMU-16

HWMU-16 is a closed hazardous waste landfill. The Unit received certification for
closure in 1993. As stated in Permit Condition 1.K.4, the Compliance Period during which the
Groundwater Protection Standard applies to HWMU-16 is 13 years, beginning on the effective
date of the Final Hazardous Waste Post-Closure Care Permit for Hazardous Waste Management
Units 5, 7, 10, and 16 (October 4, 2002) and continuing until October 4, 2015. This report is the
seventh Annual Groundwater Monitoring Report submitted to the VDEQ for this Unit during the
Compliance Period.
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2.0 HWMU-5 ANNUAL GROUNDWATER MONITORING REPORT
2.1 Waste Management Unit Information

Unit Name: Hazardous Waste Management Unit 5 (HWMU-5)
Owner/Operator: United States Army/Alliant Techsystems Inc.

Unit Location: Radford AAP Main Plant Area, Radford, Virginia

Class: Hazardous Waste Management Unit
Type: Closed Lined Neutralization Pond

2.2 Groundwater Monitoring Plan

Monitoring Network:

Upgradient Well: SW8B

Point of Compliance Wells: 5SWS5B, SW7B, SWC21, SWC22, 5SW(C23
Plume Monitoring Wells: S5W5, S5W7, 5W9A, 5W10A, 5W11A
Observation Wells: S5WCA, S5W6, S5W8, SWCl11, 5SWC22

Monitoring Status: Compliance Monitoring Program

CY 2008 Monitoring Events:
Second Quarter 2008: April 28-30, 2008
Fourth Quarter 2008: October 27-29, 2008

2.3 Groundwater Movement

The monitoring wells at HWMU-5 are screened entirely within either weathered
carbonate bedrock residuum or alluvium or across the weathered residuum/carbonate bedrock
interface. The static water level measurements gathered during the 2008 semiannual monitoring
events are summarized in Table 1. Groundwater fluctuations ranged from 1.95 to 5.5 feet during
the 2008 groundwater monitoring events. As shown on the HWMU-5 Potentiometric Surface
Maps (Appendix A-1), groundwater movement beneath the site is generally to the northeast.

Darcian flow conditions were assumed for the alluvium, residuum, and carbonate
bedrock beneath HWMU-5. As a result, the groundwater velocities were calculated by
multiplying the hydraulic conductivity (determined from previously conducted slug tests) by the
average hydraulic gradient across the site and dividing by an assumed effective porosity for the
aquifer. The average hydraulic gradient was determined by superimposing three evenly spaced
flow line vectors over the potentiometric surface map, measuring their lengths, calculating the
head differential over the distances measured, and dividing the head differential by the length of
the flow line vectors. The three calculated gradients were then averaged to a single value. Using
this method, the average groundwater hydraulic gradient across the site based on Fourth Quarter
2008 groundwater elevations was calculated to be 0.031 ft/ft. Historical slug test data for the site
yielded an average hydraulic conductivity of 5.25 x 107 ft/second. This value is consistent with
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literature values for carbonate rock and for clayey, silty sand and gravel alluvium and residuum
(Domenico and Schwartz, 1990).

The estimated groundwater velocity across the site was calculated to be approximately
0.35 ft/day or 128 ft/year based on the following:

e Average hydraulic conductivity of 5.25 x 10” ft/second.
¢ Average hydraulic gradient of 0.031 ft/ft.

e Assumed effective porosity of 0.40, based on a representative range of
porosities for carbonate rock, weathered residuum, and clayey, silty sand and
gravel alluvium (Domenico and Schwartz, 1990).

The actual groundwater flow velocities in the carbonate bedrock may vary as much as
one to two orders of magnitude from the velocity presented above depending on water level
conditions and the distribution of solution features.

24 Groundwater Analytical Data Evaluation

The groundwater samples collected from the compliance monitoring network during the
2008 semiannual monitoring events were analyzed for the constituents listed in Appendix E to
Attachment 2 of the Final Post-Closure Care Permit, plus chromium, diethyl ether, 2-nitroaniline,
4-nitroaniline, and nitrobenzene (which were added to the constituent list for HWMU-5
following Fourth Quarter 2003) and dichlorodifluoromethane (which was added to the
constituent list following Third Quarter 2006). In addition, groundwater samples were collected
from the upgradient well and the point of compliance wells for the annual monitoring for the
constituents listed in Appendix IX of 40 CFR Part 264. The laboratory analytical results for the
2008 monitoring events are included in Appendix A-2 (point of compliance wells) and in
Appendix A-3 (plume monitoring wells). The laboratory analytical results for the 2008
monitoring events are included on CD-ROM in Appendix E. The analytical data were validated
in accordance with SW-846, USEPA Contract Laboratory Program National Functional
Guidelines for Organic Data Review, and USEPA Contract Laboratory Program National
Functional Guidelines for Inorganic Data Review. Data validation reports are included in
Appendix E. Copies of field notes recorded during sample collection are included in Appendix F.

24.1 Comparison to Groundwater Protection Standards

As specified in Permit Condition V.J.1.i, the 2008 groundwater analytical data for the
upgradient well and the point of compliance wells were compared to the Groundwater Protection
Standards (GPSs) for HWMU-5 listed in Appendix G of Permit Attachment 2. In accordance
with Permit Condition V.1.2, Radford AAP performed a simple empirical comparison of the
upgradient well and the point of compliance well data to GPSs (Appendix A-2).

As shown in Appendix A-2, no inorganic constituents were detected at concentrations
greater than their respective GPSs.
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As also shown in Appendix A-2, concentrations of trichloroethene (TCE) greater than
the GPS of 5 ug/l were detected in point of compliance well SW5B during each semiannual
monitoring event in 2008. These data are consistent with previous monitoring events for
HWMU-5. No other organic constituents were detected at concentrations greater than their
GPSs during the 2008 semiannual monitoring events.

Radford AAP has concluded investigations for TCE in and around HWMU-5 and a
corrective action program has been developed to address TCE at HWMU-5. A permit
modification request for corrective action that includes the proposed corrective action plan was
submitted by letter dated December 17, 2008. The permit modification fee was submitted by
letter dated December 8, 2008.

2.4.2 Comparison to Background Concentrations

As specified in Permit Condition V.O, the 2008 groundwater analytical data for the
plume monitoring wells were compared to the background concentrations for HWMU-5 listed in
Appendix F of Permit Attachment 2. In accordance with Permit Condition V.I.2, Radford AAP
performed a simple empirical comparison of the plume monitoring well data to the background
concentrations (Appendix A-3).

During Second Quarter 2008, dichlorodifluoromethane initially was detected in plume
monitoring well SSW7 at a concentration of 1.2 pg/l, which was greater than the site-specific
background concentration of 1 pug/l. On July 17, 2008, Radford AAP collected a verification
sample from well SSW7 in order to confirm or refute the detected dichlorodifluoromethane
concentration. Dichlorodifluoromethane was not detected in the verification sample at a
concentration greater than the site-specific background concentration.

No other constituent concentrations detected in the plume monitoring wells were greater
than their respective background concentrations. In accordance with the requirements of Permit
Condition V.K.3, the established background values and the computations used to determine the
background values are included in Appendix A-4. The background values and associated
computations are taken from the Groundwater Quality Assessment Report for HWMU-5 dated
August 1999.

2.4.3 Annual Monitoring for Constituents Listed in Appendix IX of 40 CFR Part 264

During Second Quarter 2008, the groundwater samples collected from the upgradient
well and the point of compliance wells were analyzed for the constituents listed in Appendix IX
to 40 CFR Part 264 in accordance with Permit Condition V.J.1.e. No additional Appendix IX
constituents, which are not listed in Appendix E of Permit Attachment 2 (Unit 5 — Groundwater
Compliance Monitoring Constituent List), were detected during the Second Quarter 2008
groundwater monitoring event. Therefore, no changes to the Groundwater Monitoring List for
the Unit are required.
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2.5 Recommendations

Based on an evaluation of the groundwater analytical data and additional information for
HWMU-5, no inorganic constituents and no organic constituents other than TCE were detected
at concentrations greater than their respective GPSs during calendar year 2008. TCE was
detected in point of compliance well SW5B during each semiannual monitoring event in 2008 at
concentrations greater than the established GPS for TCE of 5 ug/l but within the range of
historical detections. Radford AAP has concluded investigations for TCE in and around
HWMU-5 and a corrective action program has been developed to address TCE at HWMU-5. A
permit modification request for corrective action that includes the proposed corrective action
plan was submitted in December 2008. The permit modification fee was submitted by letter
dated December 8, 2008.
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3.0 HWMU-7 ANNUAL GROUNDWATER MONITORING REPORT
3.1 Waste Management Unit Information

Unit Name: Hazardous Waste Management Unit 7 (HWMU-7)
Owner/Operator: United States Army/Alliant Techsystems Inc.

Unit Location: Radford AAP Main Plant Area, Radford, Virginia

Class: Hazardous Waste Management Unit
Type: Closed Unlined Holding and Neutralization Basin

3.2  Groundwater Monitoring Plan

Monitoring Network:

Upgradient Well: TW12B

Point of Compliance Wells: 7WCA, TMW6, TW11B

Plume Monitoring Wells: TWOC, 7TW10B, 7TW10C, 7TW13
Observation Wells: TMWS5, 7TWOB, 7W11

Monitoring Status: Compliance Monitoring Program

CY 2008 Monitoring Events:
Second Quarter 2008: April 22-23, 2008
Fourth Quarter 2008: October 22-23, 2008

3.3 Groundwater Movement

The monitoring wells at HWMU-7 are screened entirely within alluvium, weathered
carbonate bedrock residuum, or carbonate bedrock or across the interfaces between two of the
listed strata. The static water level measurements gathered during the 2008 semiannual
monitoring events are summarized in Table 2. Groundwater fluctuations ranged from 0 to 2.3
feet annually. As shown on the HWMU-7 Potentiometric Surface Maps (Appendix B-1),
groundwater movement beneath the site is generally to the west towards the New River and to
the northeast and southwest toward the unnamed intermittent drainages that flow into the New
River north and south of the site.

Darcian flow conditions were assumed for the alluvium, residuum, and carbonate
bedrock beneath HWMU-7. As a result, the groundwater velocities were calculated by
multiplying the hydraulic conductivity (determined from previously conducted slug tests) by the
average hydraulic gradient across the site, and dividing by an assumed effective porosity for the
aquifer materials. The average hydraulic gradient was determined by superimposing three
evenly spaced flow line vectors over the potentiometric surface map, measuring their lengths,
calculating the head differential over the distances measured, and dividing the head differential
by the length of the flow line vectors. The three calculated gradients were then averaged to a
single value. Using this method, the average groundwater hydraulic gradient across the site
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based on the Fourth Quarter 2008 groundwater elevations was calculated to be 0.009 ft/ft.
Historical slug test data for the site yielded an average hydraulic conductivity of 5.1 x 10°
ft/second. This value is consistent with literature values for carbonate rock and for clayey, silty
sand and gravel alluvium and residuum (Domenico and Schwartz, 1990).

The estimated groundwater velocity across the site was calculated to be approximately
991 x 107 ft/day or 3.6 ft/year, based on the following:

e Average hydraulic conductivity of 5.1 x 10 ft/second.
e Average hydraulic gradient of 0.009 ft/ft.

e Assumed effective porosity of 0.40, based on a representative range of
porosities for carbonate rock, weathered residuum, and clayey, silty sand and
gravel alluvium (Domenico and Schwartz, 1990).

The actual groundwater flow velocities in the carbonate bedrock may vary as much as
one to two orders of magnitude from the velocity presented above depending on water level
conditions and the distribution of solution features.

34 Groundwater Analytical Data Evaluation

The groundwater samples collected from the compliance monitoring network during the
2008 semiannual monitoring events were analyzed for the constituents listed in Appendix E to
Attachment 3 of the Final Post-Closure Care Permit, plus copper (which was added to the
constituent list for HWMU-7 following Third Quarter 2003) and zinc (which was added to the
constituent list for HWMU-7 following Second Quarter 2004). In addition, groundwater samples
were collected from the upgradient well and the point of compliance wells for the annual
monitoring for the constituents listed in Appendix IX of 40 CFR Part 264. The laboratory
analytical results for the 2008 monitoring events are included in Appendix B-2 (point of
compliance wells) and in Appendix B-3 (plume monitoring wells). The laboratory analytical
results for the 2008 monitoring events also are included in electronic format in Appendix E.
The analytical data were validated in accordance with SW-846, USEPA Contract Laboratory
Program National Functional Guidelines for Organic Data Review, and USEPA Contract
Laboratory Program National Functional Guidelines for Inorganic Data Review. Data validation
reports are included in Appendix E. Copies of field notes recorded during sample collection are
included in Appendix F.

3.4.1 Comparison to Groundwater Protection Standards

As specified in Permit Condition V.J.2.i, the 2008 groundwater analytical data for the
upgradient well and the point of compliance wells were compared to the GPSs for HWMU-7
listed in Appendix G of Permit Attachment 3. In accordance with Permit Condition V.12,
Radford AAP performed a simple empirical comparison of the upgradient well and the point of
compliance well data to the GPSs (Appendix B-2).

As shown in Appendix B-2, no constituents were detected at concentrations greater than
their respective GPSs.
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3.4.2 Comparison to Background Concentrations

As specified in Permit Condition V.O, the 2008 groundwater analytical data for the
plume monitoring wells were compared to the background concentrations for HWMU-7. The
original background concentrations as presented in the Groundwater Quality Assessment Report
for HWMU-7 dated August 1998 are listed in Appendix F of Permit Attachment 3. However, in
correspondence dated October 31, 2007, the VDEQ indicated that Radford AAP should
statistically recalculate the background concentration values for HWMU-7 as part of the clean
closure evaluation for the Unit. In December 2007, Draper Aden Associates recalculated
background values for all plume monitoring well constituents at HWMU-7. For the calendar
year 2008 semiannual monitoring events, Radford AAP performed a simple empirical
comparison of the plume monitoring well data to the recalculated background concentrations
(Appendix B-3). The recalculated background values and the computations used to determine
the background values are included in Appendix B-4.

During Second Quarter 2008, total arsenic initially was detected in plume monitoring
well 7W13 at a concentration of 10.5 pg/l, which was greater than the site-specific background
concentration of 10 pg/l. On July 17, 2008, Radford AAP collected verification samples from
well 7W13 in order to confirm or refute the detected arsenic concentration. Total arsenic was
not detected in the verification samples at concentrations greater than the site-specific
background concentration.

As shown in Appendix B-3, total barium concentrations detected in plume monitoring
wells 7W10B and 7W10C during each 2008 semiannual monitoring event were greater than the
background concentration of 41 pg/l. However, all of the total barium concentrations detected in
wells 7W10B and 7W10C were more than an order of magnitude below the USEPA MCL for
barium of 2,000 ug/l. Higher total barium concentrations in downgradient plume monitoring
wells relative to background at HWMU-7 may be the result of natural variations in trace element
distribution in groundwater. In addition, these concentrations are consistent with previous
barium concentrations detected these wells.

During Second Quarter 2008, total cobalt was detected in plume monitoring wells 7TW9IC
and 7W13 at concentrations greater than the site-specific background concentration of 5 ug/l.
On July 17, 2008, Radford AAP collected verification samples from wells 7W9C and 7W13 in
order to confirm or refute the detected cobalt concentrations. Total cobalt was not detected in
the verification sample collected from well 7W9C. The July 2008 verification sample for well
7W 13 confirmed the Second Quarter 2008 total cobalt concentration of 5.8 pg/l. Similarly, total
cobalt was detected in plume monitoring well 7W13 during Fourth Quarter 2008 at a
concentration greater than the site-specific background concentration. On December 17, 2008,
Radford AAP collected a verification sample from well 7W13, which confirmed the Fourth
Quarter 2008 total cobalt concentration of 12 pg/l. However, the total cobalt concentrations
detected in well 7W13 are more than an order of magnitude below the permit-specified GPS for
cobalt of 313 ug/l. A higher total cobalt concentration in downgradient plume monitoring well
TW13 relative to background at HWMU-7 may be the result of natural variations in trace
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element distribution in groundwater. In addition, the total cobalt concentrations detected in well
7W 13 are consistent with previous cobalt concentrations detected in this well.

No other constituent concentrations detected in the plume monitoring wells were greater
than their respective background concentrations.

3.4.3 Annual Monitoring for Constituents Listed in Appendix IX of 40 CFR Part 264

During Second Quarter 2008, the groundwater samples collected from the upgradient
well and the point of compliance wells were analyzed for the constituents listed in Appendix IX
to 40 CFR Part 264 in accordance with Permit Condition V.J.2.e. Upon receipt of the Second
Quarter 2008 analytical data, Radford AAP notified the VDEQ of the detection in point of
compliance well 7MW6 of an additional Appendix IX constituent (chloroform) which was not
listed in Appendix E of Permit Attachment 3 (Unit 7 — Groundwater Compliance Monitoring
Constituent List). However, Radford AAP did not verify the chloroform concentration detected
in well 7MW6 based on the June 14, 2007 concurrence by the VDEQ with the Alternate Source
Demonstration (ASD) for chloroform at HWMU-7 submitted on January 31, 2007, which
identified an upgradient off-site source for chloroform in groundwater. Therefore, chloroform
will not be added to the Groundwater Monitoring List for the Unit.

No additional Appendix IX constituents were detected during Second Quarter 2008
Therefore, no changes to the Groundwater Monitoring List for the Unit are required.

3.5 Recommendations

Based on an evaluation of the groundwater analytical data and additional information for
HWMU-7, no constituents were detected at concentrations greater than their respective GPSs
during calendar year 2008. Therefore, no further action is recommended at this time.

The Appendix IX constituent chloroform was detected in point of compliance well
TMW6 during Second Quarter 2008. Chloroform will not be added to the Compliance
Monitoring Constituent List for HWMU-7 based on the June 14, 2007 concurrence by the VDEQ
with the ASD for chloroform at HWMU-7 submitted on January 31, 2007. No additional
Appendix IX constituents were detected during Second Quarter 2008; therefore, no changes to
the Groundwater Monitoring List for the Unit are required.

An evaluation of the plume monitoring well data indicates that the concentrations of total
barium in plume monitoring wells 7W10B and 7W10C were greater than the site-specific
background concentration. As stated previously, higher total barium concentrations in
downgradient plume monitoring wells relative to background at HWMU-7 may be the result of
natural variations in trace element distribution in groundwater. In addition, these concentrations
are consistent with previous barium concentrations detected these wells. Therefore, no further
action regarding the total barium concentrations detected in plume monitoring wells 7W10B and
7W10C is recommended at this time.

An evaluation of the plume monitoring well data indicates that the concentrations of total
cobalt in plume monitoring well 7W13 were greater than the site-specific background
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concentration. As stated previously, a higher total cobalt concentration in downgradient plume
monitoring well 7W13 relative to background at HWMU-7 may be the result of natural
variations in trace element distribution in groundwater. In addition, the total cobalt
concentrations detected in well 7W 13 are consistent with previous cobalt concentrations detected
in this well. Therefore, no further action regarding the total cobalt concentrations detected in
plume monitoring well 7W 13 is recommended at this time.

In correspondence to the VDEQ dated August 9, 2007, Radford AAP submitted a Class 3
permit modification for the Post-Closure Care Permit for HWMUs 5, 7, 10, and 16. The permit
modification included an amended closure plan for HMWU-7. Upon incorporation of the Class
3 permit modification into the Permit, Radford AAP will finalize the closure report for HWMU-
7. The closure report will include a clean closure evaluation for soil and groundwater at the
Unit. Upon VDEQ approval of the closure report, HWMU-7 will be clean closed.

DAA JN: B03204-06 11 February 2009



4.0 HWMU-10 ANNUAL GROUNDWATER MONITORING REPORT
4.1 Waste Management Unit Information

Unit Name: Hazardous Waste Management Unit 10 (HWMU-10)
Owner/Operator: United States Army/Alliant Techsystems Inc.

Unit Location: Radford AAP Main Plant Area, Radford, Virginia

Class: Hazardous Waste Management Unit
Type: Closed Equalization Basin for the Biological Treatment System

4.2  Groundwater Monitoring Plan

Monitoring Network:

Upgradient Well: 10D4
Point of Compliance Wells: 10MW1, 10DDH2R, 10D3, 10D3D
Plume Monitoring Wells: none
Observation Wells: none
Monitoring Status: Compliance Monitoring Program

CY 2008 Monitoring Events:
Second Quarter 2008: April 17, 2008
Fourth Quarter 2008: October 30, 2008

4.3 Groundwater Movement

The monitoring wells at HWMU-10 are screened either across the alluvium/limestone
bedrock interface or entirely within bedrock. The static water level measurements gathered
during the 2008 semiannual monitoring events are summarized in Table 3. Groundwater
fluctuations ranged from 0.03 to 1.2 feet annually. As shown on the HWMU-10 Potentiometric
Surface Maps (Appendix C-1), groundwater movement beneath the site is generally to the north
towards the New River.

Darcian flow conditions were assumed for the alluvium and limestone bedrock beneath
HWMU-10. As a result, the groundwater velocities were calculated by multiplying the hydraulic
conductivity (determined from previously conducted slug tests) by the average hydraulic
gradient across the site and dividing by an assumed effective porosity for the aquifer materials.
The average hydraulic gradient was determined by superimposing three evenly spaced flow line
vectors over the potentiometric surface map, measuring their lengths, calculating the head
differential over the distances measured, and dividing the head differential by the length of the
flow line vectors. The three calculated gradients were then averaged to a single value. Using
this method, the average groundwater hydraulic gradient across the site based on Fourth Quarter
2008 groundwater elevations was calculated to be 0.017 ft/ft. Historical slug test data for the site
yielded an average hydraulic conductivity of 4.9 x 10 ft/second. This value is consistent with
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literature values for limestone and for clayey, silty sand and gravel alluvium (Domenico and
Schwartz, 1990).

The estimated groundwater velocity across the site was calculated to be approximately
1.8 ft/day or 657 ft/year, based on the following:

e Average hydraulic conductivity of 4.9 x 10™ ft/second.
® Average hydraulic gradient of 0.017 ft/ft.

e Assumed effective porosity of 0.40, based on a representative range of
porosities for limestone and for clayey, silty sand and gravel alluvium
(Domenico and Schwartz, 1990).

The actual groundwater flow velocities in the carbonate bedrock may vary as much as
one to two orders of magnitude from the velocity presented above depending on water level
conditions and the distribution of solution features.

4.4 Groundwater Analytical Data Evaluation

The groundwater samples collected from the compliance monitoring network during the
2008 semiannual monitoring events were analyzed for the constituents listed in Appendix E to
Attachment 4 of the Final Post-Closure Care Permit, plus cobalt and vanadium (which were
added to the constituent list for HWMU-10 following Second Quarter 2004) and acetone and 2-
propanol (which were added to the constituent list for HMWU-10 following Second Quarter
2005). In addition, groundwater samples were collected from the upgradient well and the point
of compliance wells for the annual monitoring for the constituents listed in Appendix IX of 40
CFR Part 264. The laboratory analytical results for the 2008 monitoring events are included in
Appendix C-2. The laboratory analytical results for the 2008 monitoring events also are
included in electronic format in Appendix E. The analytical data were validated in accordance
with SW-846, USEPA Contract Laboratory Program National Functional Guidelines for Organic
Data Review, and USEPA Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review. Data validation reports are included in Appendix E. Copies of field notes
recorded during sample collection are included in Appendix F.

4.4.1 Comparison to Groundwater Protection Standards

As specified in Permit Condition V.J.3.i, the 2008 groundwater analytical data for the
upgradient well and the point of compliance wells were compared to GPSs for HWMU-10 listed
in Appendix G of Permit Attachment 4. In accordance with Permit Condition V.I.2, Radford
AAP performed a simple empirical comparison of the upgradient well and the point of
compliance well data to the GPSs (Appendix C-2). As shown in Appendix C-2, none of the
constituent concentrations detected in the upgradient well and in the point of compliance wells
were greater than their respective GPSs.
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4.4.2 Comparison to Background Concentrations

Only the analytical data from plume monitoring wells are compared to background
concentrations. However, the compliance monitoring network at HWMU-10 is composed
entirely of point of compliance wells. Therefore, the analytical data from HWMU-10 is not
compared to background concentrations.

4.4.3 Annual Monitoring for Constituents Listed in Appendix IX of 40 CFR Part 264

During Second Quarter 2008, the groundwater samples collected from the upgradient
well and the point of compliance wells were analyzed for the constituents listed in Appendix IX
to 40 CFR Part 264 in accordance with Permit Condition V.J.3.e. Upon receipt of the Second
Quarter 2008 analytical data, Radford AAP notified the VDEQ of the detection of two additional
Appendix IX constituents (chlordane and diethyl phthalate) that were not listed in Appendix E of
Permit Attachment 4 (Unit 10 — Groundwater Compliance Monitoring Constituent List). In
accordance with Permit Condition V.J.3.e.(1), Radford AAP resampled the subject well
(10MW1) for the detected constituents in order to confirm or refute the additional Appendix IX
constituent detections. Chlordane and diethyl phthalate were not confirmed in the subject well at
concentrations above their respective detection limits. As a result, chlordane and diethyl
phthalate will not be added to the Groundwater Monitoring List for the Unit.

No additional Appendix IX constituents were detected during Second Quarter 2008.
Therefore, no changes to the Groundwater Monitoring List for the Unit are required.

4.5 Recommendations

Based on an evaluation of the groundwater analytical data and additional information for
HWMU-10, no constituents were detected at concentrations greater than their respective GPSs
during calendar year 2008. Therefore, no further action is recommended at this time.

The Appendix IX constituents chlordane and diethyl phthalate were initially detected in
compliance well 10MW1 during Second Quarter 2008. In accordance with Permit Condition
V.J.3.e.(1), Radford AAP resampled the subject well for the detected constituent in order to
confirm or refute the detection of the additional Appendix IX constituents. Chlordane and
diethyl phthalate were not confirmed in the subject well at concentrations above their respective
detection limits. As a result, chlordane and diethyl phthalate will not be added to the
Groundwater Monitoring List for the Unit.
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5.0 HWMU-16 ANNUAL GROUNDWATER MONITORING REPORT
5.1 Waste Management Unit Information

Unit Name: Hazardous Waste Management Unit 16 (HWMU-16)
Owner/Operator: United States Army/Alliant Techsystems Inc.

Unit Location: Radford AAP Main Plant Area, Radford, Virginia

Class: Hazardous Waste Management Unit
Type: Closed Hazardous Waste Landfill

5.2  Groundwater Monitoring Plan

Monitoring Network:

Upgradient Well: 16C1

Point of Compliance Wells: 16WC1A, 16WCI1B, 16MW8, 16MW9
Plume Monitoring Wells: 16-1, 16-2, 16-3, 16-5, 16 WC2B, 16SPRING
Observation Wells: 16WC2A, 16C3, 16CDH3

Monitoring Status: Compliance Monitoring Program

CY 2008 Monitoring Events:
Second Quarter 2008: April 14-16, 2008
Fourth Quarter 2008: October 14-16, 2008

5.3 Groundwater Movement

The monitoring wells at HWMU-16 are screened entirely within either carbonate bedrock
or weathered carbonate bedrock residuum, or across the residuum/bedrock interface. The static
water level measurements gathered during the 2008 semiannual monitoring events are
summarized in Table 4. Groundwater fluctuations ranged from 0.07 to 6.7 feet annually. As
shown on the HWMU-16 Potentiometric Surface Maps (Appendix D-1), groundwater
movement beneath the site is generally to the northeast.

Darcian flow conditions were assumed for the weathered residuum and carbonate
bedrock beneath HWMU-16. As a result, the groundwater velocities were calculated by
multiplying the hydraulic conductivity (determined from previously conducted slug tests) by the
average hydraulic gradient across the site and dividing by an assumed effective porosity for the
aquifer materials. The average hydraulic gradient was determined by superimposing three
evenly spaced flow line vectors over the potentiometric surface map, measuring their lengths,
calculating the head differential over the distances measured, and dividing the head differential
by the length of the flow line vectors. The three calculated gradients were then averaged to a
single value. Using this method, the average groundwater hydraulic gradient across the site
based on Fourth Quarter 2008 groundwater elevations was calculated to be 0.091 ft/ft. Historical
slug test data for the site yielded an average hydraulic conductivity of 7.87 x 107 ft/second. This
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value is consistent with literature values for carbonate rock and for clay and silt residuum
(Domenico and Schwartz, 1990).

The estimated groundwater velocity across the site was calculated to be approximately
1.55 ft/day or 566 ft/year based on the following:

e Average hydraulic conductivity of 7.87 x 10” ft/second.
e Average hydraulic gradient of 0.091 ft/ft.

e Assumed effective porosity of 0.40, based on a representative range of
porosities for carbonate rock and clay and silt residuum (Domenico and
Schwartz, 1990).

The actual groundwater flow velocities in the carbonate bedrock may vary as much as
one to two orders of magnitude from the velocity presented above depending on water level
conditions and the distribution of solution features.

54 Groundwater Analytical Data Evaluation

The groundwater samples collected from the compliance monitoring network during the
2008 semiannual monitoring events were analyzed for the constituents listed in Appendix E to
Attachment 5 of the Final Post-Closure Care Permit, plus chloroethane, diethyl ether, dimethyl
ether, and methylene chloride (which were added to the constituent list for HWMU-16 following
Third Quarter 2003), and 1,1,2-trichloro-1,2,2-trifluoroethane (which was added to the
constituent list for HWMU-16 following Second Quarter 2004). In addition, groundwater
samples were collected from the upgradient well and the point of compliance wells for the
annual monitoring for the constituents listed in Appendix IX of 40 CFR Part 264. The laboratory
analytical results for the 2008 monitoring events are included in Appendix D-2 (point of
compliance wells) and in Appendix D-3 (plume monitoring wells). The laboratory analytical
results for the 2008 monitoring events also are included in electronic format in Appendix E.
The analytical data were validated in accordance with SW-846, USEPA Contract Laboratory
Program National Functional Guidelines for Organic Data Review, and USEPA Contract
Laboratory Program National Functional Guidelines for Inorganic Data Review. Data validation
reports are included in Appendix E. Copies of field notes recorded during sample collection are
included in Appendix F.

Please note that plume monitoring well 16-1 was dry during Fourth Quarter 2008; therefore,
no groundwater samples were collected from plume monitoring well 16-1 during that event.

5.4.1 Comparison to Groundwater Protection Standards

As specified in Permit Condition V.J.4.i, the 2008 groundwater analytical data for the
upgradient well and the point of compliance wells were compared to GPSs for HWMU-16 listed
in Appendix G of Permit Attachment 5. In accordance with Permit Condition V.1.2, Radford
AAP performed a simple empirical comparison of the upgradient well and the point of
compliance well data to the GPSs (Appendix D-2).
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As shown in Appendix D-2, no constituents were detected at concentrations greater than
their respective GPSs.

5.4.2 Comparison to Background Concentrations

As specified in Permit Condition V.O, the 2008 groundwater analytical data for the
plume monitoring wells were compared to the background concentrations for HWMU-16 listed
in Appendix F of Permit Attachment 5. In accordance with Permit Condition V.1.2, Radford
AAP performed a simple empirical comparison of the plume monitoring well data to the
background concentrations (Appendix D-3).

As shown in Appendix D-3, total barium concentrations detected in plume monitoring
wells 16-2, 16-3, and 16-5 and in spring sampling location 16SPRING during each 2008
semiannual monitoring event were greater than the background concentration of 175.4 ug/l. In
addition, the total barium concentration detected in plume monitoring well 16-1 during Second
Quarter 2008 was greater than the background concentration of 175.4 ug/l. However, all of the
total barium concentrations detected in the plume monitoring wells were well below the USEPA
MCL for barium of 2,000 pg/l. Furthermore, higher barium concentrations in downgradient
plume monitoring wells relative to background may be the result of natural variations in trace
element distribution in groundwater. As illustrated in the boring logs for the compliance
network monitoring wells (Appendix H of Permit Attachment 5), upgradient well 16C1 is
screened in limestone while downgradient plume monitoring wells 16-1, 16-2, 16-3, and 16-5 are
screened in shale and fault breccia. Such differing lithologic formations would be expected to
contain very different trace element distributions.

No other constituent concentrations detected in the plume monitoring wells were greater
than their respective background concentrations. In accordance with the requirements of Permit
Condition V.K.3, the established background values and the computations used to determine the
background values are included in Appendix D-4. The background values and associated
computations are taken from the Groundwater Quality Assessment Report for HWMU-16 dated
August 1999.

5.4.3 Annual Monitoring for Constituents Listed in Appendix IX of 40 CFR Part 264

During Second Quarter 2008, the groundwater samples collected from the upgradient
well and the point of compliance wells were analyzed for the constituents listed in Appendix IX
to 40 CFR Part 264 in accordance with Permit Condition V.J.4.e. No additional Appendix IX
constituents, which are not listed in Appendix E of Permit Attachment 5 (Unit 16 — Groundwater
Compliance Monitoring Constituent List), were detected during the Second Quarter 2008
groundwater monitoring event. Therefore, no changes to the Groundwater Monitoring List for
the Unit are required.

5.5  Recommendations
Based on an evaluation of the groundwater analytical data and additional information for

HWMU-16, no constituents were detected at concentrations greater than their respective GPSs
during calendar year 2008. Therefore, no further action is recommended at this time.
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The evaluation of the plume monitoring well data indicated that the concentrations of
total barium in plume monitoring wells 16-1, 16-2, 16-3, 16-5, and 16SPRING were greater than
the site-specific background concentration. As stated previously, higher total barium
concentrations in downgradient plume monitoring wells relative to background are likely due to
natural variations in trace element distribution in groundwater. Upgradient well 16C1 is
screened in limestone while downgradient plume monitoring wells 16-1, 16-2, 16-3, and 16-5 are
screened in shale and fault breccia. Such differing lithologic formations would be expected to
contain very different trace element distributions. Therefore, no further action regarding the
2008 total barium concentrations detected in plume monitoring wells 16-1, 16-2, 16-3, and 16-5
and in spring sampling location 16SPRING is recommended at this time.

DAA JN: B03204-06 18 February 2009



SIGNATURE/CERTIFICATION

Prepared by:

Name: Ross G. Miller, Senior Project Geologist
Signature:

Company: Draper Aden Associates

Address: 2206 South Main Street

City/State/Zip: Blacksburg, Virginia 24060-6600

Virginia Professional Certification:

I certify that I have prepared or supervised preparation of the attached report, that it has been
prepared in accordance with industry standards and practices, and that the information contained
herein is truthful and accurate to the best of my knowledge.

Name: Michael D. Lawless, Environmental Program Manager
Signature:

Virginia Professional Certification Type and Number: PG 832
Company: Draper Aden Associates

Address: 2206 South Main Street

City/State/Zip: Blacksburg, Virginia 24060-6600

DAA JN: B03204-06 19 February 2009



TABLES



GROUNDWATER ELEVATIONS - 2008

TABLE 1

HWMU-5

RADFORD ARMY AMMUNITION PLANT

RADFORD, VIRGINIA
MONITORING | ELEVATION | SECOND QUARTER 2008 FOURTH QUARTER 2008
WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV
5W8&B 1789.58 14.46 1775.12 16.96 1772.62
SW5B 1775.13 8.81 1766.32 12.83 1762.30
SW7B 1774.78 8.93 1765.85 12.46 1762.32
SWC21 1774.43 8.89 1765.54 12.77 1761.66
SWC22 1774.45 8.87 1765.58 12.79 1761.66
SWC23 1773.84 8.35 1765.49 12.27 1761.57
S5W5 1772.31 7.36 1764.95 11.61 1760.70
S5W7 1776.08 10.85 1765.23 13.61 1762.47
SW9A 1762.20 2.12 1760.08 5.39 1756.81
SWI10A 1771.40 14.58 1756.82 17.27 1754.13
SWI11A 1766.20 11.09 1755.11 15.77 1750.43
SWCI11 1788.92 15.93 1772.99 17.88 1771.04
SWCI12 1788.96 15.63 1773.33 17.70 1771.26
SWCA 1779.05 12.92 1766.13 16.34 1762.71
S5W6 1771.43 5.55 1765.88 11.03 1760.40
S5W8 1783.68 11.68 1772.00 14.02 1769.66
NOTES:

DTW: Depth to water from top of casing.

GW ELEV: Groundwater elevation.
All elevations in feet above mean sea level.




GROUNDWATER ELEVATIONS - 2008

TABLE 2
HWMU-7

RADFORD ARMY AMMUNITION PLANT

RADFORD, VIRGINIA

MONITORING ELEVATION SECOND QUARTER 2008 FOURTH QUARTER 2008

WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV
TW12B 1717.31 24.86 1692.45 24.86 1692.45
TWCA 1715.40 24.85 1690.55 25.04 1690.36
TMW6 1715.30 26.05 1689.25 26.91 1688.39
TWI11B 1715.90 24.97 1690.93 25.23 1690.67
TWOC 1704.45 13.79 1690.66 15.12 1689.33
7W10B 1706.65 15.30 1691.35 15.75 1690.90
TW10C 1709.30 18.88 1690.42 21.20 1688.10
TW13 1705.42 18.43 1686.99 19.45 1685.97
TW9B 1712.49 23.27 1689.22 22.75 1689.74
TMWS5 1716.20 24.02 1692.18 25.05 1691.15
TW11 1714.82 24.81 1690.01 24.34 1690.48

NOTES:

DTW: Depth to water from top of casing.

GW ELEV: Groundwater elevation.
All elevations in feet above mean sea level.




GROUNDWATER ELEVATIONS - 2008

TABLE 3

HWMU-10

RADFORD ARMY AMMUNITION PLANT

RADFORD, VIRGINIA
MONITORING ELEVATION SECOND QUARTER 2008 FOURTH QUARTER 2008
WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV
10D4 1714.38 22.90 1691.48 22.93 1691.45
10DDH2R 1704.38 20.34 1684.04 21.28 1683.10
10D3 1702.95 18.85 1684.10 20.08 1682.87
10D3D 1702.64 18.72 1683.92 19.86 1682.78
10MW1 1703.62 18.94 1684.68 19.73 1683.89
NOTES:

DTW: Depth to water from top of casing.

GW ELEV: Groundwater elevation.

All elevations in feet above mean sea level.




GROUNDWATER ELEVATIONS - 2008

TABLE 4
HWMU-16

RADFORD ARMY AMMUNITION PLANT

RADFORD, VIRGINIA
MONITORING ELEVATION SECOND QUARTER 2008 FOURTH QUARTER 2008
WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV
16C1 1840.14 51.37 1788.77 50.56 1789.58
16MW8 1815.82 73.71 1742.11 74.16 1741.66
16MW9 1808.88 65.48 1743.40 67.25 1741.63
16WC1A 1812.61 68.93 1743.68 70.66 1741.95
16WCI1B 1812.95 69.17 1743.78 71.16 1741.79
16-1 1815.82 53.32 1762.50 60.00 1755.82
16-2 1810.99 55.78 1755.21 55.17 1755.82
16-3 1824.77 58.58 1766.19 58.51 1766.26
16-5 1742.60 3.43 1739.17 5.43 1737.17
16WC2B 1818.71 55.77 1762.94 55.42 1763.29
16WC2A 1820.05 DRY DRY DRY DRY
16C3 1822.22 DRY DRY DRY DRY
16CDH3 1825.60 DRY DRY DRY DRY
SPRING na na na na na
NOTES:

DTW: Depth to water from top of casing.

GW ELEV: Groundwater elevation.
All elevations in feet above mean sea level.

na: Not applicable.
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APPENDIX A-1

HWMU-5 POTENTIOMETRIC SURFACE MAPS
SECOND QUARTER 2008
FOURTH QUARTER 2008
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APPENDIX A-2

HWMU-S5 2008 LABORATORY ANALYTICAL RESULTS
POINT OF COMPLIANCE WELLS



