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EXECUTIVE SUMMARY

This document presents the Annual Groundwater Monitoring Report for calendar year
2016 for Hazardous Waste Management Units (HWMUs) 5 and 16 located at the Radford Army
Ammunition Plant (RFAAP) 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 for HWMUs 5 and 16 (original effective date October 4, 2002; reissued
August 16, 2014). This Annual Groundwater Monitoring Report evaluates the analytical data from
Second Quarter 2016 and Fourth Quarter 2016 for each Unit.

HWMU-5

HWMU-5 has been in corrective action (CA) since 2010. Semiannual CA groundwater
monitoring events for HWMU-5 were conducted in accordance with Permit Module VI —
Groundwater Corrective Action & Monitoring Program for Unit 5. Semiannual monitoring is
conducted during the second and fourth quarter of each year.

During Second Quarter 2016 and Fourth Quarter 2016, trichloroethene (TCE) was detected
m point of compliance wells SWC21, SWC22, and SWC23 at concentrations less than the
Groundwater Protection Standard (GPS) of 5 png/l. TCE was not detected at concentrations greater
than the quantitation limit (QL) in any other wells comprising the CA monitoring network during
the calendar year 2016 monitoring events. Additionally, no daughter products of TCE were
detected in any wells comprising the CA groundwater monitoring network for HWMU-5.

Total cobalt was detected at concentrations greater than the GPS of 7 pg/l n point of
compliance wells SWC21 and SWC22 during Second Quarter 2016, and in point of compliance
well SWC21 during Fourth Quarter 2016. Total cobalt was not detected at concentrations greater
than the GPS in the other wells comprising the CA monitoring network.

Overall, evaluation of calendar year 2016 data for the CA Targeted Constituents and
comparison with historical data indicates effective progress of groundwater CA through natural
attenuation. TCE remedial endpomnts have been achieved. No changes to the continuation of the
groundwater CA program are anticipated at this time. Semiannual groundwater monitoring will
continue at HWMU-5. The next monitoring event is scheduled for Second Quarter 2017.

HWMU-16

Semiannual Compliance groundwater monitoring for HWMU-16 is conducted during the
second and fourth quarter of each year. Total cobalt was detected at concentrations greater than
the GPS of 5 pug/l in pomnt of compliance wells 16 WCI1B and 16MW9 during Second Quarter 2016,
and in point of compliance wells 16 WC1A and 16 WCI1B during Fourth Quarter 2016. Total cobalt
was not detected at concentrations greater than the GPS in the other wells comprising the
compliance monitoring network.

In September 2016, VDEQ concurred with RFAAP to extend the on-going Alternative
Source Demonstration (ASD) for total cobalt at pomt of compliance wells 16WCI1B, 16WCIA,
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and 16MWO for a period of one year. As part of the ASD extension, all three wells are scheduled
to be monitored semiannually for total cobalt through 2017.

Evaluation of the plume monitoring well data indicated that the concentrations of total
barium i upgradient well 16C1 (Fourth Quarter 2016 only) and in plume monitoring wells 16-2
and 16-3, and spring sampling location 16SPRING were greater than the site-specific background
concentration.  Higher total barium concentrations in downgradient plume monitoring wells
relative to background are likely due to natural variations in trace element distrbution in
groundwater.  Upgradient well 16C1 is screened in limestone while downgradient plume
monitoring wells 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.
Similar barum concentrations were observed in the point of compliance wells. Therefore, no
further action regarding the 2016 total barum concentrations detected in plume monitoring wells
16-2 and 16-3 and in spring sampling location 16SPRING is recommended at this time.

One additional 40 CFR Part 264 Appendix IX constituent (as presented i Permit
Attachment 1, Appendix I), tetrahydrofuran, was initially detected at concentrations greater than
the detection limit in samples collected from point of compliance wells 16MW8 and 16 WCIA.
Tetrahydrofuran was subsequently confrmed mn a verification sample collected from well
16WCI1A. Therefore, RFAAP submitted a Class 1 Permit Modification to add tetrahydrofuran to
the Groundwater Compliance Monitoring List for HWMU-16. VDEQ approved the Class 1 Permit
Modification in correspondence dated December 1, 2016.

It should be noted that as stated in Permit Condition 1.K.2, the Compliance Period during
which the GPS applies to HWMU-16 is 13 years, beginning on the effective date of the Final
Permit and continuing until October 4, 2015, or until the Director approves clean closure of the
unit. No changes to the continuation of the groundwater program are anticipated at this time.

Semiannual groundwater monitoring will contmue at HWMU-16. The next monitoring event is
scheduled for Second Quarter 2017.
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1.0 INTRODUCTION

This document presents the Annual Groundwater Monitoring Report for calendar year
2016 for Hazardous Waste Management Units (HWMUSs) 5 and 16 located at the Radford Army
Ammunition Plant m Radford, Virginia. @ The Annual Groundwater Monitoring Report was
compiled in accordance with the requirements specified in the Final Hazardous Waste Post-
Closure Care Permit for HWVMUs 5 and 16 (Final Permit; original effective date October 4, 2002;
reissued August 16, 2014).

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 evaluations of the analytical data.

The groundwater samples collected at HWMUs 5 and 16 during the Second and Fourth

Quarter 2016 semiannual monitoring events were evaluated in accordance with the reissued Final
Permit dated August 16, 2014.

1.1 HWMU-5

HWMU-5 is aclosed lined neutralization pond. The Unit received certification for closure
mn 1989. As stated m Permit Condition 1.K.1, the Compliance Period during which the GPS 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. The Second Quarter
2010 groundwater monitoring event served as the first semiannual Corrective Action (CA)
groundwater monitoring event for HWMU-5 conducted in accordance with Permit Module VI —
Groundwater Corrective Action & Monitoring Program for Unit 5.

1.2 HWMU-16

HWMU-16 is aclosed hazardous waste landfill. The Unit received certification for closure
n 1993. As stated in Permit Condition [K.2, the Compliance Period during which the
Groundwater Protection Standard applies to HWMU-16 is 13 years, beginning on the effective
date of the Permit (October 4, 2002) and continuing until October 4, 2015, or until the Director
approves clean closure of the unit.
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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/BAE Systems, Ordnance Systems Inc.

Unit Location: RFAAP Main Plant Area, Radford, Virginia

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

2.2 Groundwater Monitoring Plan

Monitoring Network:
Upgradient Well: SWEB
Point of Compliance Wells: 5W5B, SW7B, SWC21,5WC22, SWC23
Plume Monitoring Wells: SWI2A
Observation Wells: S5W5, S5W7, 5W9A, SWI10A, 5SW11A, SWCA, S5W6,
S5W8, SWCl11, 5SWC12

Monitoring Status: Corrective Action Monitoring Program

CY 2016 Monitoring Events:
Second Quarter 2016: April 25-26,2016
Fourth Quarter 2016: October 19-20, 2016

HWMU-5 has been in corrective action (CA) since 2010. The calendar year 2016
groundwater monitoring events were conducted i accordance with Permit Module VI —
Groundwater Corrective Action & Monitoring Program for Unit 5. Semiannual monitoring is
conducted during the second and fourth quarter of each year.

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 2016 semiannual monitoring events are
summarized i Table 1. The maximum groundwater elevation fluctuation of one foot was
observed at well SW9A; the mnimum groundwater elevation fluctuation of0.03 feet was observed
at well SWI11A. On average, the groundwater elevation at Unit 5 fluctuated 0.09 feet, which is less
than the expected annual fluctuation (2 to 5 feet) discussed in the permit. 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
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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 2016 groundwater
elevations was calculated to be 0.0243 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 literature values for

carbonate rock and for clayey, sity sand and gravel alluvium and residuum (Domenico and
Schwartz, 1990).

The estimated groundwater wvelocity across the site was calculated to be approximately
0.276 ft/day or 101 ft/year based on the following:

e Average hydraulic conductivity of 5.25 x 10~ ft/second.
e Average hydraulic gradient of 0.0243 fi/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

For Second Quarter 2016 and Fourth Quarter 2016, all of the wells in the CA groundwater
monitoring network were sampled for the constituents listed in Appendix J to Permit Attachment
2 (Groundwater Corrective Action Targeted Constituents - GPS and Semiannual Monitoring List
for HWMU-5). The Second Quarter 2016 event also served as the annual monitoring event in
which the pomnt of compliance wells at HWMU-5 were sampled for the constituents listed in
Appendix K to Permit Attachment 2 (Groundwater Corrective Action Annual Monitoring List).

The laboratory analytical results for the 2016 monitoring events are summarized in
Appendix A-2 (Groundwater Corrective Action Targeted Constituents - GPS and Semiannual
Monitoring List) and in Appendix A-3 (Groundwater Corrective Action Annual Monitoring List).
The laboratory analytical results for the 2016 monitoring events are included in Appendix C. 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 n Appendix C. Copies of field notes recorded during sample collection are included in
Appendix D.
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2.4.1 Semiannual Monitoring for Corrective Action Targeted Constituents

During the Second Quarter 2016 and Fourth Quarter 2016 monitoring events, groundwater
samples collected from all of the wells in the CA groundwater monitoring network were analyzed
for the CA Targeted Constituents listed in Appendix J to Permit Attachment 2. The CA Targeted
Constituents consist of TCE and its daughter products: 1,1-dichloroethene (1,1-DCE), cis-1,2-
dichloroethene (c¢DCE), trans-1,2-dichloroethene (¢DCE), and vinyl chloride (VC). In addition,
the VDEQ added total cobalt to the list of CA Targeted Constituents during a meeting with RFAAP
on May 4, 2011. The laboratory analytical results for the CA Targeted Constituents are
summarized in Appendix A-2.

During Second Quarter 2016, TCE was detected in point of compliance wells SWC21,
SWC22 and SWC23 at concentrations of 3.5 pg/l, 3.8 pg/l, and 3.9 ug/l, respectively, which are
less than the GPS of 5 pg/l (Appendix A-2). TCE was not detected in any of the other wells in the
CA groundwater monitoring network. Additionally, the TCE daughter products were not detected
mn any of the wells comprising the CA groundwater monitoring network.

During Fourth Quarter 2016, TCE was detected n point of compliance wells 5SWC21,
5WC22 and 5WC23 at concentrations of 2.6 pg/l, 2.9 ng/l, and 3.1 pg/l, respectively, which are
less than the GPS of 5 pg/l (Appendix A-2). TCE was detected at a concentration less than the
QL of 1 pg/l but greater than the detection limit (DL) in SW5B, which is less than the GPS. TCE
was not detected n any of the other wells in the CA groundwater monitoring network.
Additionally, the TCE daughter products were not detected in any of the wells comprising the CA
groundwater monitoring network.

During Second Quarter 2016, total cobalt was detected in point of compliance wells
SWC21 and SWC22 at concentrations of 61.6 pg/l and 11.4 pg/l, respectively, which are greater
than the GPS of 7 ug/l. Total cobalt was detected in point of compliance wells SW7B and SWC23
at concentrations less than the QL of 5 pg/l but greater than the (DL) of 1 ng/l (Appendix A-2).
Total cobalt was not detected at concentrations greater than the GPS in the other wells comprising
the CA monitoring network during Second Quarter 2016.

During Fourth Quarter 2016, total cobalt was detected in point of compliance well SWC21
at a concentration of 71.6 pg/l, which is greater than the GPS of 7 ng/l. Total cobalt was detected
at point of compliance well SWC22 at 6.9 ug/l, which is greater than the QL of 5 pg/l but less than
the GPS. Total cobalt was detected in point of complance wells SW7B and SWC23 at
concentrations less than the QL of 5 ng/l but greater than the DL of 1 ng/l (Appendix A-2). Total
cobalt was not detected at concentrations greater than the DL or QL in any other wells comprising
the CA monitoring network during Fourth Quarter 2016.

2.4.2 Annual Monitoring List - Comparison to Groundwater Protection Standards

During Second Quarter 2016, groundwater samples collected from the point of compliance
wells for HWMU-5 were analyzed for the constituents listed in Appendix K to Permit Attachment
2 (Groundwater Corrective Action Annual Monitoring List). Annual monitoring for the
constituents listed in Appendix K is required in order to evaluate whether additional hazardous
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constituents that are not the targets for the current Corrective Action (e.g., TCE and its daughter
products, total cobalt) are present at concentrations greater than the Groundwater Protection
Standards (GPS) for the Unit. No additional hazardous constituents that are not targets for the
current Corrective Action for the Unit were detected at concentrations greater than their respective
GPS during Second Quarter 2016 (Appendix A-3).

2.4.3 2016 USEPA Region 3 Regional Screening Levels (RSLs)

The USEPA periodically updates the Region 3 RSLs (formerly known as RBCs). As stated
m section VI.E.3 of Module VI of the Fnal Permit, “The Permittee shall use the most up-to-date
USEPA MCL, the Department ACL, or EPA Region 3 RBC as the GPS. If USEPA implements
any changes to MCLs or RBCs, the GPS defined by that MCL or RBC will be updated to reflect
the most current value established by USEPA.”

At the time of the Second Quarter 2016 groundwater monitoring event, the January/May
2016 USEPA Region 3 RSL table reflected the most current values. The USEPA RSL for one
constituent, diethyl ether, listed in Appendix K to Permit Attachment 2 was updated from 7,300
ng/l to 3,900 ug/l; therefore, the GPS comparison value for diethyl ether listed in Appendix A-3
of this report is 3,900 pug/l. Diethyl ether is the only constituent listed in Appendix K to Permit
Attachment 2 whose GPS is based on an EPA RSL that was updated subsequent to the October 4,
2014 Permit reissuance date.

Diethyl ether was detected below the quantitation lmit of 12 pug/l m point of compliance
wells SWC21,5WC22, and SWC23 at estimated concentrations of 1.6 ng/l, 3.6 pg/l, and 4.8 ng/l,
respectively.  These estimated concentrations are below the GPS for diethyl ether listed in
Appendix K to Permit Attachment 2 (7,300 pug/l) as well as the January/May 2016 USEPA Region
3 RSL of 3,900 pug/l. Diethyl ether was not detected in any other wells comprising the CA
groundwater monitoring network.

2.4.4 Annual Monitoring List — Verification of Estimated Values

A footnote presented in Appendix K to Permit Attachment 2 indicates that verification is
required for constituents detected at concentrations less than the QL if therr associated GPSs are
1) based on background values equal to the QL, and 2) are greater than the applicable risk-based
concentrations (ie., ACL or RSL). In these instances, verification must be conducted using an
alternate low-level analytical method in order to confirm or refute the observed initial detections
if the QL achievable by that method is less than, or equal to, the ACL or RSL for the subject
constituent. If a concentration greater than the low-level analytical method QL is observed, then
the GPS for that constituent will be updated, if warranted. During Second Quarter 2016, no
constituents with GPSs based on background values equal to their respective QLs and greater than
the applicable risk-based concentrations were detected at concentrations less than their respective
QLs; therefore, no further action was warranted.

2.5 Annual Evaluation of Effectiveness of Corrective Action

In accordance with Sections VI.B.6, VI.J.4.f and VI.J.4.g and other applicable sections of
the Fmal Permit, RFAAP is required to perform an annual evaluation of the effectiveness of the
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Corrective Action Program (CAP) (monitored natural attenuation [MNA] program) for calendar
year 2016. MNA is the current remedial measure implemented at the Unit to address TCE in
groundwater at concentrations greater than the GPS.

During Second Quarter 2016 and Fourth Quarter 2016, TCE was detected in pomnt of
compliance wells SWC21, SWC22, and SWC23 at concentrations less than the GPS of 5 ug/l.
TCE was not detected at concentrations greater than the QL in any other wells comprising the CA
monitoring network during the calendar year 2016 monitoring events. In accordance with the Final
Permit, calculation of the predicted MNA remedial timeframe is not applicable since TCE data
remained below the GPS i 2016.

2.6 Recommendations

Concentrations of TCE at HWMU-5 remamned below the GPS throughout calendar year
2016 indicating achievement of remedial endpoints. The current monitoring program is required
to continue until the concentrations of TCE have remained below the GPS for a period of three
consecutive years; upon which the Permittee may request to end corrective action and return to
compliance monitoring which is currently scheduled to end October 28, 2020.

Please note that the last time TCE was detected at a concentration greater than the GPS at
HWMU-5 was during Fourth Quarter 2014; therefore, TCE concentrations in groundwater at the
Unit have been below the GPS for two consecutive years. If TCE concentrations remain below
the GPS during calendar year 2017, RFAAP may submit a request to end corrective action in early
2018.
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3.0 HWMU-16 ANNUAL GROUNDWATER MONITORING REPORT
3.1 Waste Management Unit Information

Unit Name: Hazardous Waste Management Unit 16 (HWMU-16)
Owner/Operator: United States Army/BAE Systems, Ordnance Systems Inc.

Unit Location: RFAAP Main Plant Area, Radford, Virginia

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

3.2 Groundwater Monitoring Plan

Monitoring Network:

Upgradient Well: 16C1

Point of Compliance Wells: 16WCI1A, 16 WCI1B, 16MWS8, 16MW9
Plume Monitoring Wells: 16-2,16-3, 16-5, 16 WC2B, 16SPRING
Observation Wells: 16-1, 16WC2A, 16C3, 16CDH3

Monitoring Status: Compliance Monitoring Program

CY 2016 Monitoring Events:

Second Quarter 2016: April 26-27,2016
Verification Event June 16, 2016
Fourth Quarter 2016: October 24-25,2016

The calendar year 2016 groundwater monitoring events for HWMU-16 were conducted in
accordance with Permit Module V — Groundwater Compliance Monitoring. Semiannual
monitoring is conducted during the second and fourth quarter of each year.

3.3 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 mterface. The static
water level measurements gathered during the 2016 semiannual monitoring events are summarized
in Table 2. The maximum groundwater elevation fluctuation of 7.42 feet was observed at well
16C3; the minimum groundwater elevation fluctuation of 0.03 feet was observed at well 16-2. On
average, the groundwater elevation at Unit 16 fluctuated 3.73 feet, which is consistent with the
expected annual fluctuation (2 to 4 feet) discussed in the permit. As shown on the HWMU-16
Potentiometric Surface Maps (Appendix B-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
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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 therr 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 2016
groundwater elevations was calculated to be 0.086 ft/ft. Historical slug test data for the site yielded
an average hydraulic conductivity of 7.87 x 10- fi/second. This 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 1.46
f/day or 533 ft/year based on the following:

e Average hydraulic conductivity of 7.87 x 10~ ft/second.
e Average hydraulic gradient of 0.086 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.

34 Groundwater Analytical Data Evaluation

The groundwater samples collected from the compliance monitoring network during the
2016 semiannual monitoring events were analyzed for the constituents listed in Appendix E to
Attachment 3 in the August 16, 2014 reissuance of the Final Permit. In addition, during Second
Quarter 2016 groundwater samples were collected from the upgradient well and the pomnt of
compliance wells for annual monitoring for the 40 CFR Part 264 Appendix IX constituents listed
in Permit Attachment 1, Appendix I. The laboratory analytical results for the 2016 monitoring
events are included n Appendix B-2 (point of compliance wells) and in Appendix B-3 (plume
monitoring wells). The laboratory analytical results for the 2016 monitoring events also are
included in Appendix C. 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 C. Copies of field notes recorded during sample
collection are ncluded on in Appendix D.

3.4.1 Annual Monitoring — Permit Attachment 1, Appendix I

Upon receipt of the Second Quarter 2016 analytical data, RFAAP notified the VDEQ of
the initial detection of three additional 40 CFR Part 264 Appendix IX constituents
(tetrahydrofuran, cyanide, vinyl chloride) that are not listed in Permit Attachment 3, Appendix E
— Groundwater Compliance Monitoring (Semiannual) Constituent List.
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As documented in the June 14, 2016 Groundwater Monitoring Even Notification letter
(Appendix E), the following 40 CFR Part 264 Appendix IX constituents were initially detected at
concentrations equal to or greater than their respective DLs but less than their respective QLs at
HWMU-16 during the Second Quarter 2016 groundwater monitoring event:

Well . Constituent Concentration DL Units
Location

16C1 (*) Tetrahydrofuran 13] 2 ug/l
16MW 8 Tetrahydrofuran 2217 2 ug/l
16WCIA Tetrahydrofuran 461 2 ug/l
16MW 8 Cyanide 13] 5 ng/l
16MW9 Cyanide 8517 5 pg/l
16WCIA Cyanide 191] 5 pg/l
16MW9 Vinyl Chloride 021] 0.2 ug/l
16WC1A Vinyl Chloride 02] 0.2 ug/l

Note: J denotes analyte detected concentration less than the quantitation limit (QL) butequal to or
greater than the detection limit (DL) and concentration is estimated. (*) Denotes upgradient
monitoring well.

On June 16, 2016, RFAAP collected verification samples from point of compliance wells
16WCIA, 16MWS, and 16MW9 to confrm or refute the initial detections of the respective
additional 40 CFR Part 264 Appendix IX constituents detected in those wells. Cyanide and vinyl
chloride were not detected at concentrations greater than the DLs in the verification samples from
their respective wells; therefore, no further action is required regarding cyanide and vinyl chloride.
Tetrahydrofuran was not detected at a concentration greater than the DL in the verification sample
from well I6MWS. However, tetrahydrofuran was detected in the verification sample from well
16WCI1A at an estimated concentration of 2.2 ug/l, which is greater than the detection limit of 2.0
ug/l; therefore, the original estimated tetrahydrofuran concentration of 4.6 pg/l was confirmed. In
accordance with Permit Condition V.J.2.e.(2), tetrahydrofuran was added to the Compliance
Monitoring List for HWMU-16 and analyzed in all groundwater samples collected from the
Compliance monitoring well network beginning in Fourth Quarter 2016.

In correspondence dated November 9, 2016, RFAAP submitted a request for a Class I
Permit Modification, which included the formal request to add tetrahydrofuran to the Groundwater
Compliance Monitoring List for HWMU-16 and to establish the background concentration (25
pg/l and GPS for the constituent. VDEQ approved the Class 1 Permit Modification in
correspondence dated December 1, 2016.

Other than tetrahydrofuran, no additional 40 CFR Part 264 Appendix IX constituents (as
listed in Appendix I of Permit Attachment 1) were detected at concentrations greater than their
respective DLs in the samples collected from the point of compliance wells during Second Quarter
2016 or the June 16, 2016 verification event.

3.4.2 Comparison to Groundwater Protection Standards
As specified in the Final Permit, the calendar year 2016 groundwater analytical data for the

upgradient well and the point of compliance wells were compared to GPS for HWMU-16 listed in
Appendix G of Permit Attachment 3 (modified to add 1,1-dichloroethene in Class 1 Permit
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Modification approved September 12, 2014; modified to add tetrahydrofuran in Class 1 Permit
Modification approved December 1, 2016). In accordance with Permit Condition V.1.2, RFAAP

performed a simple empirical comparison of the upgradient well and the point of compliance well
data to the GPS (Appendix B-2).

During Second Quarter 2016 and Fourth Quarter 2016, total cobalt was detected in point
of compliance well 16 WCI1B at concentrations of 35 ug/l and 15 pg/l, respectively, which are
greater than the GPS of 5 ng/l. During Fourth Quarter 2016, total cobalt was detected in point of
compliance well I6CW1A at a concentration of 6 pg/l, which is greater than the GPS of 5 pg/l
(total cobalt was detected n well 16WCI1A at a concentration less than the GPS during Second
Quarter 2016). Total cobalt was detected previously in well 16WC1B at concentrations greater
than the GPS begnning in Fourth Quarter 2013, and detected previously in well 16WCI1A at
concentrations greater than the GPS beginning in Fourth Quarter 2015.

During Second Quarter 2016, total cobalt was nitially detected in point of compliance well
16MW9 at a concentration of 5.5 ug/l, which is greater than the GPS of 5 ug/l. On June 16,2016,
RFAAP collected verification samples to confirm or refute the mitial cobalt concentration detected
mn point of compliance well 16MW9; the analytical results confirmed the mitial concentration
detected in well 16MW9. During Fourth Quarter 2016, total cobalt was not detected at a
concentration greater than the QL and GPS of 5 pg/l.

In accordance with Permit Condition V.J.2.1.(3) and as directed in VDEQ correspondence
dated January 21, 2014, RFAAP submitted an alternate source demonstration (ASD) to evaluate
whether the Fourth Quarter 2013 total cobalt concentration detected in point of compliance well
16WCI1B was due to 1) source other than the Unit; 2) errors in sampling, analysis, and evaluation;
or 3) natural variation in groundwater quality. In subsequent correspondence from VDEQ dated
May 1, 2015, VDEQ requested “cobalt concentrations in monitoring well 16 WC1B be monitored
for at least a minimum of one additional year.” In correspondence dated December 9, 2015, the
VDEQ requested RFAAP to continue additional semiannual monitoring for total cobalt in point of
compliance well 1I6WCI1B in support of the ASD. During Fourth Quarter 2015 total cobalt was
reported above the GPS for the first time in pomnt of compliance well 16WCI1A. In early 2016,
VDEQ concurred with RFAAP to combine the ongong ASDs for total cobalt at wells 16WC1B
and I6WC1A. Total cobalt was subsequently reported above the GPS during Second Quarter 2016
mn point of complance well 16MW9. In correspondence dated July 19, 2016, VDEQ concurred
with RFAAP to include point of compliance well 16MW9 with the ongoing ASD for total cobalt
at pomt of compliance wells 16WC1A and 16WCI1B. The revised combmed ASD report for total
cobalt for point of complance wells 16WCI1A, 16WCI1B, and 16MW9 will be due to VDEQ in
first Quarter 2018, as detailed in the August 30, 2016 correspondence (Appendix E). Copies of
correspondence relating to groundwater monitoring activities conducted at HWMU-16 during
calendar year 2016 are included in Appendix E.

A footnote presented m Appendix G of Permit Attachment 3 (Groundwater Protection
Standards: Unit 16) indicates that verification 1is required for constituents detected at
concentrations less than the QL if their associated GPSs are equal to the QL and are greater than
the applicable risk-based concentrations (i.e., ACL or RSL). In these instances, verification must
be conducted using an alternate low-level analytical method i order to confrm or refute the
observed mitial detections if the QL achievable by that method is less than, or equal to, the ACL
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or RSL for the subject constituent. If a concentration greater than the low-level analytical method
QL is observed, then the GPS for that constituent will be updated, if warranted. During Fourth
Quarter 2016, no constituents with GPSs equal to therr respective QLs and greater than the
applicable risk-based concentrations were detected at concentrations less than their respective
QLs; therefore, no further action was warranted.

3.4.3 Comparison to Background Concentrations

As specified in Permit Condition V.O, the 2016 groundwater analytical data for the plume
monitoring wells were compared to the background concentrations for HWMU-16 listed in
Appendix F of Permit Attachment 3. In accordance with Permit Condition V.I.2, RFAAP
performed a simple empirical comparison of the plume monitoring well data to the background
concentrations (Appendix B-3).

As shown in Appendix B-3, total barium concentrations detected during Second Quarter
2016 in plume monitoring wells 16-2 and 16-3, and in spring sampling location 16SPRING were
greater than the background concentration of 175.4 pg/l. Total barium concentrations detected
during Fourth Quarter 2016 in upgradient well 16C1, in plume monitoring wells 16-2 and 16-3,
and in spring sampling location 16SPRING were greater than the background concentration of
175.4 ng/l. Al of the total barum concentrations detected in the plume monitoring wells were
well below the USEPA MCL for barum of 2,000 pg/l. Higher barum concentrations in
downgradient plume monitoring wells relative to background may be the result of natural
variations in trace element distribution in groundwater. As illustrated i 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 16-2, 16-3, and 16-5
are screened in shale and fault breccia. Such differing lithologic formations would be expected to
contain 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 B-4.

3.5 Recommendations

As part of the on-going ASD, total cobalt will be monitored at point of compliance wells
16WCI1B, 16WCIA, and 16MW9 on a semiannual basis for a minimum of one year. Per VDEQ’s
request, the combined ASD report for 1l6WCI1B, 16WC1A, and 16MW9 will be submitted within
90 days following completion of the Fourth Quarter 2017 semiannual groundwater monitoring
event.

No further action regarding the 2016 total barum concentrations detected in plume
monitoring wells 16-2 and 16-3 and in spring sampling location 16SPRING is recommended at
this time.
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TABLES



TABLE 1

HWMU-5
GROUNDWATER ELEVATIONS - 2016

RADFORD ARMY AMMUNITION PLANT

RADFORD, VIRGINIA
MONITORING ELEVATION APRIL 25, 2016 OCTOBER 19, 2016
WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV
5We&B 1789.58 15.43 1774.15 15.17 1774.41
SW35B 1775.13 9.96 1765.17 9.75 1765.38
SW7B 1774.78 9.89 1764.89 9.78 1765.00
SWC21 1774.43 10.11 1764.32 9.96 1764.47
SWC22 1774.45 10.07 1764.38 9.91 1764.54
SWC23 1773.84 9.50 1764.34 9.33 1764.51
SWI12A 1772.46 13.07 1759.39 12.94 1759.52
S5W5 1772.31 9.65 1762.66 9.38 1762.93
S5W7 1776.08 12.90 1763.18 12.56 1763.52
SWOA 1762.20 2.93 1759.27 2.90 1759.30
SW10A 1771.40 14.22 1757.18 14.86 1756.54
SWI11A 1766.20 11.83 1754.37 12.83 1753.37
SWC11 1788.92 16.49 1772.43 16.11 1772.81
SWCI12 1788.96 16.74 1772.22 16.42 1772.54
SWCA 1779.05 13.88 1765.17 13.40 1765.65
S5W6 1771.43 7.89 1763.54 7.77 1763.66
S5W8 1783.68 12.59 1771.09 12.29 1771.39
NOTES:

DTW: Depth to water from top of casing.

GW ELEV: Groundwater elevation.

All elevations in feet above mean sea level.




TABLE 2
HWMU-16
GROUNDWATER ELEVATIONS - 2016
RADFORD ARMY AMMUNITION PLANT

RADFORD, VIRGINIA
MONITORING ELEVATION APRIL 26, 2016 OCTOBER 24, 2016
WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV
16C1 1840.14 46.06 1794.08 49.51 1790.63
16MW§8 1815.82 70.67 1745.15 73.49 1742.33
16MW9 1808.88 62.23 1746.65 65.29 1743.59
16WCIA 1812.61 62.43 1750.18 68.12 1744.49
16WC1B 1812.95 63.41 1749.54 68.33 1744.62
16-1 1815.82 41.43 1774.39 48.24 1767.58
16-2 1810.99 55.87 1755.12 55.90 1755.09
16-3 1824.77 54.73 1770.04 56.38 1768.39
16-5 1742.60 3.63 1738.97 4.39 1738.21
16WC2B 1818.71 50.53 1768.18 54.95 1763.76
16WC2A 1820.05 DRY DRY DRY DRY
16C3 1822.22 60.61 1761.61 68.03 1754.19
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 2016
FOURTH QUARTER 2016
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APPENDIX A-2

HWMU-5 2016 LABORATORY ANALYTICAL RESULTS
GROUNDWATER CORRECTIVE ACTION TARGETED CONSTITUENTS
GPS AND SEMIANNUAL MONITORING LIST



Summary of Semiannual Target Analyte Monitoring Results Appendix J
Corrective Action Monitoring Plan - Targeted Constituents

Hazardous Waste Management Unit 5
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 5W8B

Analyte/Quarter 5W8B Q 5W5B Q‘ 5W7B Q ‘SWCZl Q 5WC22 Q | 5wWC23 Q 5W12A Q QL Permit QL GPS DL ‘ Permit DL ‘ UNIT ‘ Method
Cobalt CAS # 7440-48-4
Second Quarter 2016 u U 14 3 61.6 11.4 31 J U 5 5 7 1 1 ug/! 6020A
Fourth Quarter 2016 V] U 15 J 716 6.9 22 U 5 5 7 1 1 ug/l 6020A
1,1-Dichloroethene CAS # 75-35-4
Second Quarter 2016 V] U ] U U U U 1 1 7 0.4 0.44 ug/l 8260C
Fourth Quarter 2016 U U U U u U U 1 1 7 0.4 0.44 ug/! 8260C
cis-1,2-Dichloroethene CAS # 156-59-2
Second Quarter 2016 U U ] U U U U 1 1 70 0.1 0.1 ug/l 8260C
Fourth Quarter 2016 u U U U U U U 1 1 70 0.1 0.1 ug/! 8260C
trans-1,2-Dichloroethene CAS # 156-60-5
Second Quarter 2016 U U ] U U U U 1 1 100 0.8 0.8 ug/l 8260C
Fourth Quarter 2016 u U u U u U u 1 1 100 0.8 0.8 ug/l 8260C
Trichloroethene CAS# 79-01-6
Second Quarter 2016 u U u 35 J 38 3 39 J u 1 1 5 0.2 0.177 ug/l 8260C
Fourth Quarter 2016 u 03 J U 26 2.9 3.1 u 1 1 5 0.2 0.177 ug/! 8260C
Vinyl chloride CAS # 75-01-4
Second Quarter 2016 Ul u 3l u J (VAN u 3 u 3l u J 1 1 2 0.1 0.1 ugl/l 8260C
Fourth Quarter 2016 Ul u J u J (VAN u g u J u J 1 1 2 0.1 0.1 ug/l 8260C

See last page of this report for definitions.
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Summary of Semiannual Target Analyte Monitoring Results Appendix J
Corrective Action Monitoring Plan - Targeted Constituents

Hazardous Waste Management Unit 5
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 5W8B

Analyte/Quarter 5W8B Q 5W5B Q‘ 5W7B Q ‘SWCZl Q 5WC22 Q | 5WC23 Q 5W12A Q QL  PermitQL GPS

DL ‘PermitDL‘ UNIT ‘ Method

Definitions:
Results are reported to the permit detection limit.

QL Denotes laboratory quantitation limit.
Permit QL Denotes permit quantitation limit.
DL Denotes laboratory detection limit.
Permit DL Denotes permit detection limit.
U denotes not detected at or above the permit detection limit or QL.
UA denotes not detected at or above the adjusted detection limit or adjusted QL.
J Denotes result is estimated. When used with "U" (i.e., “UJ”), denotes analyte not detected at or above the
detection limit or QL and detection limit and QL are estimated. When used with "UA"
(i.e., “UAJ”), denotes analyte not detected at or above adjusted detection limit and adjusted detection
limit and QL are estimated.
UN Denotes analyte concentration is less than the QL and/or five times the blank concentration.
Not reliably detected due to blank contamination.
R Denotes result rejected.
Q Denotes data validation qualifier. X Denotes mass spectral confirmation not obtained-result suspect.

CAS# Denotes Chemical Abstract Services registration number.

GPS Denotes Groundwater Protection Standards (2014) listed in Appendix J of Module VI-Groundwater
Corrective Action & Monitoring Program for Unit 5 (approved by the VDEQ in the Post-Closure Care Permit for
Hazardous Waste Units 5 and 16 (October 4, 2002, reissued August 16, 2014).

The first Corrective Action Monitoring Event occurred Second Quarter 2010.

“—% denotes not sampled.

Note:

See last page of this report for definitions.
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APPENDIX A-3

HWMU-5 2016 LABORATORY ANALYTICAL RESULTS
GROUNDWATER CORRECTIVE ACTION ANNUAL MONITORING LIST



Summary of Annual Target Analyte Monitoring Results - Appendix K
Corrective Action Monitoring Plan - Targeted Constituents

Hazardous Waste Management Unit 5
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 5W8B

Analyte/Quarter 5W8B Q 5W5B Q ‘ 5W7B Q ‘ 5WC21 Q| 5WC22 Q | 5WC23 Q | QL [PermitQL GPS DL | Permit DL ‘ UNIT ‘ Method
Antimony CAS # 7440-36-0
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 2 2 6 ‘ 0.4 0.4 ‘ ugll ‘ 6020A
Arsenic CAS # 7440-38-2
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 4 10 10 ‘ 2 2 ‘ ugll ‘ 6020A
Barium CAS# 7440-39-3
Second Quarter 2016 - ‘ 323 44.8 ‘ 13.8 336 22.9 ‘ 4 10 2,000 ‘ 1 1 ‘ ugll ‘ 6020A
Beryllium CAS # 7440-41-7
Second Quarter 2016 - ‘ U U ‘ 1 U U ‘ 1 1 4 ‘ 0.2 0.2 ‘ ugll ‘ 6020A
Cadmium CAS# 7440-43-9
Second Quarter 2016 - ‘ U U ‘ 0.43 J 025 J U ‘ 1 1 5 ‘ 0.2 0.2 ‘ ugll ‘ 6020A
Chromium CAS # 7440-47-3
Second Quarter 2016 - ‘ U U ‘ 36 J U U ‘ 4 5 100 ‘ 1 1 ‘ ugll ‘ 6020A
Cobalt CAS # 7440-48-4
Second Quarter 2016 u U 14 3 61.6 11.4 31 3 5 5 7 1 1 ug/l 6020A
Fourth Quarter 2016 u u 15 3 716 6.9 22 3 5 5 7 1 1 ug/l 6020A
Copper CAS # 7440-50-8
Second Quarter 2016 - ‘ 13 3 11 3 ‘ 313 u u ‘ 4 5 1,300 ‘ 1 1 ‘ ug/l ‘ 6020A
Lead CAS # 7439-92-1
Second Quarter 2016 - ‘ 053 J 0.76 J ‘ U U U ‘ 2 2 15 ‘ 0.2 0.2 ‘ ug/l ‘ 6020A
Mercury CAS # 7439-97-6
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 2 2 2 ‘ 0.2 0.2 ‘ ug/l ‘ 7470A
Nickel CAS # 7440-02-0
Second Quarter 2016 - ‘ U U ‘ 32.9 5.6 29 J ‘ 4 10 300 ‘ 2 2 ‘ ug/l ‘ 6020A
Selenium CAS # 7782-49-2
Second Quarter 2016 - ‘ u u ‘ U U u ‘ 4 10 50 ‘ 3 3 ‘ ug/! ‘ 6020A
Silver CAS # 7440-22-4
Second Quarter 2016 - ‘ u u ‘ U U u ‘ 1 2 71 ‘ 0.2 0.2 ‘ ug/l ‘ 6020A
Thallium CAS # 7440-28-0
Second Quarter 2016 - ‘ u u ‘ U U u ‘ 1 1 2 ‘ 0.2 0.2 ‘ ug/l ‘ 6020A
Vanadium CAS # 7440-62-2
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 10 10 63 ‘ 1 1 ‘ ugll ‘ 6020A

See last page of this report for definitions.
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Summary of Annual Target Analyte Monitoring Results - Appendix K
Corrective Action Monitoring Plan - Targeted Constituents

Hazardous Waste Management Unit 5

Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 5W8B

Analyte/Quarter 5W8B Q 5W5B Q‘ 5W7B Q ‘SWCZl Q 5WC22 Q 5WC23Q | QL PermitQL GPS DL | Permit DL ‘ UNIT ‘ Method
Zinc CAS # 7440-66-6
Second Quarter 2016 - ‘ U 61 J ‘ 2713 U U ‘ 30 30 4700 ‘ 3 7.3 ugll ‘ 6020A
Acetone CAS# 67-64-1
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 10 10 12000 ‘ 3 3 ugll ‘ 8260C
bis(2-Ethylhexyl)phthalate CAs # 117-81-7
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 6 6 10 ‘ 1.5 15 ugll ‘ 8270D
2-Butanone CAs # 78-93-3
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 10 10 4900 ‘ 1 1 ugll ‘ 8260C
Chloroform CAS # 67-66-3
Second Quarter 2016 - ‘ 2.3 34 ‘ 1.1 0.9 09 J ‘ 1 1 80 ‘ 0.1 0.1 ugll ‘ 8260C
Dichlorodifluoromethane CAS# 75-71-8
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 1 1 190 ‘ 0.3 0.28 ugll ‘ 8260C
1,2-Dichloroethane CAS # 107-06-2
Second Quarter 2016 - U ] U U U 1 1 5 ‘ 0.1 0.147 ug/l 8260C
Diethyl ether CAS # 60-29-7
Second Quarter 2016 - ‘ U U ‘ 1.6 3.6 48 3 ‘ 12 12 7,300 ‘ 0.4 0.39 ugll ‘ 8260C
Diethyl phthalate CAS # 84-66-2
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 10 10 11000 ‘ 0.5 0.5 ug/l ‘ 8270D
2,4-Dinitrotoluene CAS # 121-14-2
Second Quarter 2016 - ‘ u u ‘ 1 0.7 08 J ‘ 10 10 10 ‘ 0.6 0.6 ug/l ‘ 8270D
2,6-Dinitrotoluene CAS # 606-20-2
Second Quarter 2016 - ‘ u u ‘ u U u ‘ 10 10 10 ‘ 0.7 0.7 ug/l ‘ 8270D
Methylene chloride CAS # 75-09-2
Second Quarter 2016 - ‘ u 03 J ‘ U U u ‘ 1 1 5 ‘ 0.2 0.182 ug/l ‘ 8260C
o-Nitroaniline CAS # 88-74-4
Second Quarter 2016 - ‘ U U ‘ 0.8 2 2 ‘ 10 10 150 ‘ 0.7 0.7 ugll ‘ 8270D
p-Nitroaniline CAS # 100-01-6
Second Quarter 2016 - ‘ U U ‘ U U u ‘ 20 20 20 ‘ 1.3 1.3 ugll ‘ 8270D
Nitrobenzene CAS # 98-95-3
Second Quarter 2016 - ‘ u u ‘ 1 1 13 ‘ 10 10 10 ‘ 0.8 0.8 ug/l ‘ 8270D

See last page of this report for definitions.
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Summary of Annual Target Analyte Monitoring Results - Appendix K
Corrective Action Monitoring Plan - Targeted Constituents

Hazardous Waste Management Unit 5

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 5W8B

Analyte/Quarter 5W8B Q 5W5B Q‘ 5W7B Q ‘SWCZl Q 5WC22 Q 5WC23Q | QL PermitQL GPS DL | Permit DL ‘ UNIT ‘ Method
Toluene CAS# 108-88-3
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 1 1 1,000 ‘ 0.1 0.1 ‘ ugll ‘ 8260C
Xylenes (Total) CAS # 1330-20-7
Second Quarter 2016 - ‘ U U ‘ U U U ‘ 3 3 10,000 ‘ 0.2 0.208 ‘ ugll ‘ 8260C
Definitions:

Results are reported to the Permit Detection Limit.
First Corrective Action Monitoring Event Second Quarter 2010:

QL: Denotes laboratory quantitation limit.

Permit QL: Denotes permit quantitation limit. (Class 1 Permit Modification Nov 2016).

DL: Denotes laboratory detection limit.

Permit DL: Denotes permit detection limit.

U: Denotes not detected at or above the permit detection limit or QL.

UA: Denotes not detected at or above the adjusted detection limit or adjusted QL.

J: Denotes result is estimated. When used with "U" (i.e., “UJ”), denotes analyte not detected at or above the detection
limit or QL and detection limit and QL are estimated. When used with "UA" (i.e., “UAJ”), denotes analyte not
detected at or above adjusted detection limit and adjusted detection limit and QL are estimated.

UN: Denotes analyte concentration is less than the QL and/or five times the blank concentration. Not reliably detected
due to blank contamination.

R: Denotes result rejected.

Q: Denotes data validation qualifier.

X: Denotes mass spectral confirmation not obtained - result suspect.

CAS#: Denotes Chemical Abstract Services registration number.

GPS: Denotes Groundwater Protection Standards listed in Appendix K of Module VI-Groundwater Corrective Action &
Monitoring Program for Unit 5 (approved by the VDEQ and incorporated into the Final Hazardous Waste Post-Closure
Permit for Hazardous Waste Units 5 and 16 (original effective date October 4, 2002 and reissued August 16, 2014)

“—%: Denotes not sampled.

See last page of this report for definitions. "-'—'Draper Aden Associates
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APPENDIX B

HWMU-16



APPENDIX B-1

HWMU-16 POTENTIOMETRIC SURFACE MAPS
SECOND QUARTER 2016
FOURTH QUARTER 2016
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APPENDIX B-2

HWMU-16 2016 LABORATORY ANALYTICAL RESULTS
POINT OF COMPLIANCE WELLS



Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1

All Results in ug/L.

Analtye/Quarter 16C1 16MW8 16MW9O ___ 16WCIA _ 16WC1B oL GPS Method

Antimony CAS # T7440-36-0

Second Quarter 2016 U U U U U 2 - 6020A
Arsenic CAS # T7440-38-2

Second Quarter 2016 V] V] U U 10 10 6020A

Fourth Quarter 2016 U U U U 10 10 6020A
Barium CAS # T7440-39-3

Second Quarter 2016 140 120 590 330 120 10 2000 6020A

Fourth Quarter 2016 200 130 520 310 130 10 2000 6020A
Beryllium CAS # T7440-41-7

Second Quarter 2016 0521 054 0.23J 03 J U 1 4 6020A

Fourth Quarter 2016 U V] V] U 1 4 6020A
Cadmium CAS # 7440-43-9

Second Quarter 2016 0421 04 J U 0.26 J 023 J 1 5 6020A

Fourth Quarter 2016 u U U U 1 5 6020A
Chromium CAS# T7440-47-3

Second Quarter 2016 U U U U 5 100 6020A

Fourth Quarter 2016 V] 5 100 6020A
Cobalt CAS # T7440-48-4

Second Quarter 2016 4 ] 5.5 49 J 35 5 5 6020A

Fourth Quarter 2016 V] V] 6 15 5 5 6020A
Copper CAS # T7440-50-8

Second Quarter 2016 6.5 V] U U 5 1300 6020A

Fourth Quarter 2016 31 5 1300 6020A
Lead CAS # 7439-92-1

Second Quarter 2016 0.36 J U ] U 1 15 6020A

Fourth Quarter 2016 2.7 2 15 6020A
Mercury CAS# 7439-97-6

Second Quarter 2016 U U ] U 2 2 7470A

Fourth Quarter 2016 U 2 2 7470A
Nickel CAS # 7440-02-0

Second Quarter 2016 391 6.1 J 15 76 J 72 10 300 6020A

Fourth Quarter 2016 U U 14 11 U 10 300 6020A
Selenium CAS# T7782-49-2

Second Quarter 2016 U U U U U 5 - 6020A
Silver CAS # T7440-22-4

Second Quarter 2016 U U U U U 1 - 6020A
Thallium CAS # T7440-28-0

Second Quarter 2016 U V] V] U U 1 - 6020A
Vanadium CAS # T7440-62-2

Second Quarter 2016 V] V] V] U 10 151 6020A

Fourth Quarter 2016 N U N N N U N 10 151 6020A
Zinc CAS # T7440-66-6

Second Quarter 2016 27 V] V] U 10 4700 6020A

Fourth Quarter 2016 130 30 4700 6020A
Cyanide CAS# 57-12-5

Second Quarter 2016 U V] V] U U 20 - 9012B
Acenaphthene CAS# 83-32-9

Second Quarter 2016 U V] V] U U 0 - 8270D
Acenaphthylene CAS # 208-96-8

Second Quarter 2016 U U U U U 0 - 8270D
Acetone CAS# 67-64-1

Second Quarter 2016 u V] V] U V] 10 - 8260C
Acetonitrile CAS# T75-05-8

Second Quarter 2016 u V] V] ] U 100 - 8260C
Acetophenone CAS# 98-86-2

Second Quarter 2016 u V] V] ] ] 1 - 8270D

See last page of this report for definitions.
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1

All Results in ug/L.

Analtye/Quarter 16C1 16MWO ___16WCIA | 16WCI1B oL | GPS Method

2-Acetylaminofluorene CAS # 53-96-3

Second Quarter 2016 U U U 5 - 8270D
Acrolein CAs# 107-02-8

Second Quarter 2016 u V] U J 25 - 8260C
Acrylonitrile CAS# 107-13-1

Second Quarter 2016 U U ] J 10 - 8260C
Allyl chloride CAS# 107-05-1

Second Quarter 2016 U V] ] 10 - 8260C
4-Aminobiphenyl CAS# 92-67-1

Second Quarter 2016 U U ] J 1 - 8270D
Aniline CAS# 62-53-3

Second Quarter 2016 U U U 1 - 8270D
Anthracene CAS# 120-12-7

Second Quarter 2016 u U U 0 - 8270D
Aramite CAS # 140-57-8

Second Quarter 2016 U V] U J 15 - 8270D
Benzene CAS# 71-43-2

Second Quarter 2016 0.3 0.4 0.4 1 5 8260C

Fourth Quarter 2016 u V] ] 1 5 8260C
Benzo[alanthracene CAS# 56-55-3

Second Quarter 2016 U V] U 0 - 8270D
Benzo[blfluoranthene CAS# 205-99-2

Second Quarter 2016 U U U 0 - 8270D
Benzo[k]fluoranthene CAS# 207-08-9

Second Quarter 2016 U U U 0 - 8270D
Benzo[ghi]perylene CAS# 191-24-2

Second Quarter 2016 U U ] 0 - 8270D
Benzo(a)pyrene CAS# 50-32-8

Second Quarter 2016 U V] U 0 - 8270D
1,4-Benzenediamine CAS# 106-50-3

Second Quarter 2016 U V] U 300 - 8270D
Benzyl alcohol CAS# 100-51-6

Second Quarter 2016 u U U 15 - 8270D
bis(2-Chloroethoxy)methane CAS# 111-91-1

Second Quarter 2016 u V] ] 1 - 8270D
bis(2-Chloroethyl)ether CAS# 111-44-4

Second Quarter 2016 u V] ] 1 - 8270D
bis(2-Chloro-1-methylethyl)ether CAS # 108-60-1

Second Quarter 2016 U V] U 1 - 8270D
bis(2-Ethylhexyl)phthalate CAS# 117-81-7

Second Quarter 2016 u U U 5 - 8270D
Bromodichloromethane CAS# 75-27-4

Second Quarter 2016 u U V] 1 - 8260C
Bromoform CAS# 75-25-2

Second Quarter 2016 U U U 1 - 8260C
4-Bromophenyl phenyl ether CAS# 101-55-3

Second Quarter 2016 U V] U 1 - 8270D
2-Butanone CAS# 78-93-3

Second Quarter 2016 V] U 10 4900 8260C

Fourth Quarter 2016 J 10 4900 8260C
Butyl benzyl phthalate CAS# 85-68-7

Second Quarter 2016 U V] U 5 - 8270D
Carbon disulfide CAS# 75-15-0

Second Quarter 2016 u V] V] 10 - 8260C
Carbon tetrachloride CAS# 56-23-5

Second Quarter 2016 1 5 8260C

Fourth Quarter 2016 V] ] 1 5 8260C

See last page of this report for definitions.
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1

All Results in ug/L.

Analtve/Quarter

p-Chloroaniline
Second Quarter 2016

Chlorobenzilate
Second Quarter 2016

p-Chloro-m-cresol
Second Quarter 2016

Chloroethane

Second Quarter 2016
Fourth Quarter 2016

Chloroform

Second Quarter 2016

2-Chloronaphthalene
Second Quarter 2016

2-Chlorophenol

Second Quarter 2016

4-Chlorophenyl phenyl ether
Second Quarter 2016

Chloroprene

Second Quarter 2016

Chrysene
Second Quarter 2016

Diallate

Second Quarter 2016

Dibenz(a,h)anthracene
Second Quarter 2016

Dibenzofuran
Second Quarter 2016

Dibromochloromethane

Second Quarter 2016

1,2-Dibromo-3-chloropropane

Second Quarter 2016

1,2-Dibromoethane

Second Quarter 2016

Di-n-butyl phthalate

Second Quarter 2016

1,2-Dichlorobenzene
Second Quarter 2016

1,3-Dichlorobenzene
Second Quarter 2016

1,4-Dichlorobenzene
Second Quarter 2016

3,3'-Dichlorobenzidine
Second Quarter 2016

trans-1,4-Dichloro-2-butene

Second Quarter 2016

Dichlorodifluoromethane

Second Quarter 2016
Fourth Quarter 2016

1,1-Dichloroethane
Second Quarter 2016

Fourth Quarter 2016

1,2-Dichloroethane
Second Quarter 2016

1,1-Dichloroethene
Second Quarter 2016

Fourth Quarter 2016

See last page of this report for definitions.
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oL GPS Method

106-47-8

4 - 8270D
510-15-6

10 - 8270D
59-50-7

1 - 8270D
75-00-3

1 21000 8260C

1 21000 8260C
67-66-3

1 - 8260C
91-58-7

1 - 8270D
95-57-8

1 - 8270D
7005-72-3

1 - 8270D
126-99-8

10 - 8260C
218-01-9

0 - 8270D
2303-16-4

5 - 8270D
53-70-3

0 - 8270D
132-64-9

1 - 8270D
124-48-1

1 - 8260C
96-12-8

1 - 8260C
106-93-4

1 - 8260C
84-74-2

5 - 8270D
95-50-1

1 - 8260C
541-73-1

1 - 8260C
106-46-7

1 - 8260C
91-94-1

5 - 8270D
110-57-6

10 - 8260C
75-71-8

1 190 8260C

1 190 8260C
75-34-3

1 9.5 8260C

1 9.5 8260C
107-06-2

1 - 8260C
75-35-4

1 7 8260C

1 7 8260C
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 16C1

All Results in ug/L.

Analtye/Quarter 16MW9 ___ 16WCIA oL GPS Method

trans-1,2-Dichloroethene 156-60-5

Second Quarter 2016 U U 1 - 8260C
2,4-Dichlorophenol 120-83-2

Second Quarter 2016 V] U 1 - 8270D
2,6-Dichlorophenol 87-65-0

Second Quarter 2016 U ] 1 - 8270D
1,2-Dichloropropane 78-87-5

Second Quarter 2016 V] ] 1 - 8260C
1,3-Dichloropropane 142-28-9

Second Quarter 2016 U U 1 - 8260C
trans-1,3-Dichloropropene 10061-02-6

Second Quarter 2016 V] U 1 - 8260C
Diethyl ether 60-29-7

Second Quarter 2016 70 28 13 7300 8260C

Fourth Quarter 2016 54 24 13 7300 8260C
Diethyl phthalate 84-66-2

Second Quarter 2016 5 11000 8270D

Fourth Quarter 2016 5 11000 8270D
0O,0-Diethyl O-2-pyrazinyl 297-97-2

Second Quarter 2016 V] U 5 - 8270D
Dimethoate 60-51-5

Second Quarter 2016 V] U 10 - 8270D
Dimethyl ether 115-10-6

Second Quarter 2016 08 J 4.9 13 17 8260C

Fourth Quarter 2016 U ] 13 17 8260C
p-(Dimethylamino)azobenzene 60-11-7

Second Quarter 2016 U ] 1 - 8270D
7,12-Dimethylbenz[alanthracene 57-97-6

Second Quarter 2016 U U 1 - 8270D
3,3'-Dimethylbenzidine 119-93-7

Second Quarter 2016 U U 75 - 8270D
a,a-Dimethylphenethylamine 122-09-8

Second Quarter 2016 V] U 50 - 8270D
2,4-Dimethylphenol 105-67-9

Second Quarter 2016 U U 1 - 8270D
Dimethyl phthalate 131-11-3

Second Quarter 2016 U U 5 - 8270D
m-Dinitrobenzene 99-65-0

Second Quarter 2016 V] U 5 - 8270D
4,6-Dinitro-o-cresol 534-52-1

Second Quarter 2016 U ] 15 - 8270D
2,4-Dinitrophenol 51-28-5

Second Quarter 2016 U ] 30 - 8270D
2,4-Dinitrotoluene 121-14-2

Second Quarter 2016 U ] 10 10 8270D

Fourth Quarter 2016 U ] 10 10 8270D
2,6-Dinitrotoluene 606-20-2

Second Quarter 2016 U U 10 10 8270D

Fourth Quarter 2016 V] U 10 10 8270D
Di-n-octyl phthalate 117-84-0

Second Quarter 2016 U U 5 - 8270D
1,4-Dioxane 123-91-1

Second Quarter 2016 V] U 200 - 8260C
Disulfoton 298-04-4

Second Quarter 2016 V] ] 50 - 8270D

See last page of this report for definitions.
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 16C1

All Results in ug/L.

Analtye/Quarter 16wcCiB oL GPS Method

Ethylbenzene CAS# 100-41-4

Second Quarter 2016 1 700 8260C

Fourth Quarter 2016 1 700 8260C
Ethyl methacrylate CAS# 97-63-2

Second Quarter 2016 10 - 8260C
Ethyl methanesulfonate CAS# 62-50-0

Second Quarter 2016 1 - 8270D
Famphur CAS# 52-85-7

Second Quarter 2016 50 - 8270D
Fluoranthene CAS # 206-44-0

Second Quarter 2016 0 - 8270D
Fluorene CAS# 86-73-7

Second Quarter 2016 0 - 8270D
Hexachlorobenzene CAs# 118-74-1

Second Quarter 2016 0 - 8270D
Hexachlorobutadiene CAs# 87-68-3

Second Quarter 2016 1 - 8260C
Hexachlorocyclopentadiene CAS# T7-A47-4

Second Quarter 2016 15 - 8270D
Hexachloroethane CAS# 67-72-1

Second Quarter 2016 5 - 8270D

Second Quarter 2016 10 - 8260C
Hexachlorophene CAS# T70-30-4

Second Quarter 2016 J 8.9 - 8270D
Hexachloropropene CAS# 1888-71-7

Second Quarter 2016 5 - 8270D
2-Hexanone CAS # 591-78-6

Second Quarter 2016 10 - 8260C
Indeno[1,2,3-cd]pyrene CAS# 193-39-5

Second Quarter 2016 0 - 8270D
Isobutyl alcohol CAS# 78-83-1

Second Quarter 2016 200 - 8260C
Isodrin CAS # 465-73-6

Second Quarter 2016 1 - 8270D
Isophorone CAS# 78-59-1

Second Quarter 2016 1 - 8270D
Isosafrole CAs# 120-58-1

Second Quarter 2016 5 - 8270D
Kepone CAS# 143-50-0

Second Quarter 2016 50 - 8270D
Methacrylonitrile CAS# 126-98-7

Second Quarter 2016 J 100 - 8260C
Methapyrilene CAS# 91-80-5

Second Quarter 2016 50 - 8270D
Bromomethane CAS# T74-83-9

Second Quarter 2016 1 - 8260C
Chloromethane CAS# T74-87-3

Second Quarter 2016 1 190 8260C

Fourth Quarter 2016 J 1 190 8260C
3-Methylcholanthrene CAS # 56-49-5

Second Quarter 2016 1 - 8270D
lodomethane CAS# 74-88-4

Second Quarter 2016 10 - 8260C
Methyl methacrylate CAS# 80-62-6

Second Quarter 2016 J 10 - 8260C
Methyl methane sulfonate CAS# 66-27-3

Second Quarter 2016 5 - 8270D

See last page of this report for definitions.
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1

All Results in ug/L.

Analtye/Quarter 16C1 16WCIA __ 16WCI1B oL | GPS Method

2-Methylnaphthalene CAS# 91-57-6

Second Quarter 2016 U U U 0 - 8270D
Methyl parathion CAS # 298-00-0

Second Quarter 2016 u U U 5 - 8270D
4-Methyl-2-pentanone CAS# 108-10-1

Second Quarter 2016 U ] u J 10 - 8260C
2-Methylphenol CAS# 95-48-7

Second Quarter 2016 U ] u J 1 - 8270D
3 & 4-Methylphenol CAS# m 108-39-4 p 106-44-5

Second Quarter 2016 U ] u J 1 - 8270D
Dibromomethane CAS# T74-95-3

Second Quarter 2016 u U U 1 - 8260C
Methylene chloride CAS# T75-09-2

Second Quarter 2016 1.8 0.4 1 13.95 8260C

Fourth Quarter 2016 1.7 U 1 13.95 8260C
Naphthalene CAS# 91-20-3

Second Quarter 2016 u ] u J 1 - 8260C
1,4-Naphthoquinone CAS# 130-15-4

Second Quarter 2016 u ] u J 60 - 8270D
1-Naphthylamine CAS# 134-32-7

Second Quarter 2016 U U U 15 - 8270D
2-Naphthylamine CAS# 91-59-8

Second Quarter 2016 U U U 15 - 8270D
o-Nitroaniline CAS# 88-74-4

Second Quarter 2016 U U U 1 - 8270D
m-Nitroaniline CAS# 99-09-2

Second Quarter 2016 U ] U 1 - 8270D
p-Nitroaniline CAS# 100-01-6

Second Quarter 2016 U U U 1 - 8270D
Nitrobenzene CAS# 98-95-3

Second Quarter 2016 U U U 1 - 8270D
o-Nitrophenol CAS# 88-75-5

Second Quarter 2016 u U u J 1 - 8270D
p-Nitrophenol CAS # 100-02-7

Second Quarter 2016 u ] u J 30 - 8270D
4-Nitroquinoline-1-oxide CAS# 56-57-5

Second Quarter 2016 u ] u J 60 - 8270D
N-Nitrosodi-n-butylamine CAS# 924-16-3

Second Quarter 2016 U U U 5 - 8270D
N-Nitrosodiethylamine CAS# 55-18-5

Second Quarter 2016 u U U 1 - 8270D
N-Nitrosodimethylamine CAS# 62-75-9

Second Quarter 2016 u V] U 5 - 8270D
N-Nitrosodiphenylamine CAS# 86-30-6

Second Quarter 2016 U U U 1 - 8270D
N-Nitrosodipropylamine CAS# 621-64-7

Second Quarter 2016 U U U 1 - 8270D
N-Nitrosomethylethylamine CAS # 10595-95-6

Second Quarter 2016 U U U 5 - 8270D
N-Nitrosomorpholine CAS# 59-89-2

Second Quarter 2016 U V] U 5 - 8270D
N-Nitrosopiperidine CAS# 100-75-4

Second Quarter 2016 u U V] 1 - 8270D
N-Nitrosopyrrolidine CAS # 930-55-2

Second Quarter 2016 u ] U 1 - 8270D
5-Nitroso-o-toluidine CAS# 99-55-8

Second Quarter 2016 U U U 1 - 8270D

See last page of this report for definitions.
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1

All Results in ug/L.

Analtye/Quarter 16C1 16WCIA | 16WCI1B oL GPS Method

Parathion CAS # 56-38-2

Second Quarter 2016 U U U 5 - 8270D
Pentachlorobenzene CAS # 608-93-5

Second Quarter 2016 u U U 1 - 8270D
Pentachloroethane CAS# T76-01-7

Second Quarter 2016 U ] U 10 - 8260C
Pentachloronitrobenzene CAS # 82-68-8

Second Quarter 2016 U ] U 5 - 8270D
Pentachlorophenol CAS# 87-86-5

Second Quarter 2016 U U u J 5 - 8270D
Phenacetin CAS# 62-44-2

Second Quarter 2016 U U U 1 - 8270D
Phenanthrene CAS# 85-01-8

Second Quarter 2016 u U U 0 - 8270D
Phenol CAS # 108-95-2

Second Quarter 2016 U U u J 1 - 8270D
Phorate CAS# 298-02-2

Second Quarter 2016 U U U 1 - 8270D
2-Picoline CAS# 931-19-1

Second Quarter 2016 U U U 5 - 8270D
Pronamide CAS# 23950-58-5

Second Quarter 2016 u U U 1 - 8270D
2-Propanol CAS# 67-63-0

Second Quarter 2016 U ] U 100 - 8260C
Propionitrile CAS# 107-12-0

Second Quarter 2016 U ] U 100 - 8260C
Pyrene CAS # 129-00-0

Second Quarter 2016 U U U 0 - 8270D
Pyridine CAS# 110-86-1

Second Quarter 2016 U U U 5 - 8270D
Safrole CAS# 94-59-7

Second Quarter 2016 U U U 5 - 8270D
Styrene CAS# 100-42-5

Second Quarter 2016 U U U 1 - 8260C
Sulfotep CAS # 3689-24-5

Second Quarter 2016 U U U 8.9 - 8270D
1,2,4,5-Tetrachlorobenzene CAS# 95-94-3

Second Quarter 2016 U U U 1 - 8270D
1,1,1,2-Tetrachloroethane CAS # 630-20-6

Second Quarter 2016 u U U 1 - 8260C
1,1,2,2-Tetrachloroethane CAS# 79-34-5

Second Quarter 2016 U ] U 1 - 8260C
Tetrachloroethene CAS# 127-18-4

Second Quarter 2016 03 1J 0.3 1 5 8260C

Fourth Quarter 2016 U U U 1 5 8260C
Tetrahydrofuran CAS# 109-99-9

Second Quarter 2016 13 J 4.6 u J 25 3400 8260C

Fourth Quarter 2016 U J U u J 25 3400 8260C
2,3,4,6-Tetrachlorophenol CAS# 5890-2

Second Quarter 2016 U U u J 1 - 8270D
Toluene CAS# 108-88-3

Second Quarter 2016 U U 1 1000 8260C

Fourth Quarter 2016 1 1000 8260C
o-Toluidine CAS# 95-53-4

Second Quarter 2016 U V] U 1 - 8270D
1,2,4-Trichlorobenzene CAS# 120-82-1

Second Quarter 2016 u ] U 1 - 8260C

See last page of this report for definitions.
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1 All Results in ug/L.
Analtye/Quarter 16C1 16MW8 16MWO ___16WCIA | 16WCI1B oL | GPS Method

1,1,1-Trichloroethane CAS# 71-55-6

Second Quarter 2016 0.2 J u u u u 1 200 8260C

Fourth Quarter 2016 U U U U U 1 200 8260C
1,1,2-Trichloroethane CAS# 79-00-5

Second Quarter 2016 U U U U U 1 - 8260C
Trichloroethene CAS# T79-01-6

Second Quarter 2016 03 1J U U 02 J U 1 5 8260C

Fourth Quarter 2016 U U U U U 1 5 8260C
Trichlorofluoromethane CAS# 75-69-4

Second Quarter 2016 u U U U U 1 1000 8260C

Fourth Quarter 2016 U V] V] U U 1 1000 8260C
2,4,5-Trichlorophenol CAS# 95-95-4

Second Quarter 2016 u U U U u J 1 - 8270D
2,4,6-Trichlorophenol CAS # 88-06-2

Second Quarter 2016 U V] V] U u J 1 - 8270D
1,2,3-Trichloropropane CAS# 96-18-4

Second Quarter 2016 U U U U U 1 - 8260C
1,1,2-Trichloro-1,2,2-Trifluoroethane CAS# 76-13-1

Second Quarter 2016 U U U U U 1 59000 8260C

Fourth Quarter 2016 U u u u u 1 59000 8260C
0,0,0-Triethyl phosphorothioate CAS# 126-68-1

Second Quarter 2016 U V] V] U U 5 - 8270D
sym-Trinitrobenzene CAS# 99-35-4

Second Quarter 2016 U U U ] U 15 - 8270D
Vinyl acetate CAS# 108-05-4

Second Quarter 2016 U V] U ] U 10 - 8260C
Vinyl chloride CAS# T75-01-4

Second Quarter 2016 U V] U ] U 1 - 8260C
Xylenes (Total) CAS# 1330-20-7

Second Quarter 2016 u V] V] U U 3 10000 8260C

Fourth Quarter 2016 U V] V] U U 3 10000 8260C
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1 All Results in ug/L.
Analtye/Quarter 16C1 16MW8 | 16MW9 __ 16WCIA | 16WCIB OL | GPS Method
Definitions:

The following definitions apply to results reported for Appendix X monitoring events.
All Appendix IX monitoring results for compliance wells are reported to the detection limit.

Appendix IX Monitoring Events: 3Q2003, 2Q-2004, 2Q-2005, 3Q2006, 2Q2007, 2Q2008, 2Q2009, 2Q 2010,
2Q 2011, 2Q 2012, 2Q2013, 2Q2014, 2Q2015, 2Q2016

QL Denotes permit required quantitation limit.

U denotes not detected at or above the detection limit.

UA denotes not detected at or above the adjusted detection limit.

J Denotes result is estimated. When used with "U" (i.e., “UJ”), denotes analyte not detected at or above the
detection limit and detection limit and QL are estimated. When used with "UA"
(i.e., “UAJ”), denotes analyte not detected at or above adjusted detection limit and adjusted detection
limit and QL are estimated.

UN Denotes analyte concentration is less than the quantitation limit and/or five times the blank concentration.
Not reliably detected due to blank contamination. This qualifier used only for Appendix IX monitoring event
when compliance well results are reported to at or above the project detection limit.

R Denotes result rejected.

Q Denotes data validation qualifier. X Denotes mass spectral confirmation not obtained-result suspect.

Background Denotes background concentrations listed in Appendix F to Attachment 5 in the Final Hazardous
Waste Post-Closure Care Permit for Hazardous Waste Units 5 and 16 (rev 2014, 2016), where applicable.

CAS# Denotes Chemical Abstract Services registration number.

GPS Denotes Groundwater Protection Standards listed in Appendix G to Attachment 5 in the Final Hazardous
Waste Post-Closure Care Permit for Hazardous Waste Units 5 and 16 (October 4, 2002) (revised 2014, 2016).

NS denotes not sampled. NA denotes not analyzed.

“—% denotes not detected (pre-2nd Quarter 2003) or not available / not sampled (beginning 2nd Quarter 2003).

Notes:
Verification event performed June 16, 2016 for:
Cyanide, cobalt, tetrahydrofuran and vinyl chloride — see validation report for details

The following definitions apply to results reported for non-Appendix 1X monitoring events.
All non-Appendix IX monitoring results for compliance wells are reported at or

above the quantitation limit.
QL Denotes permit required quantitation limit.
U Denotes analyte not detected at or above QL.
UA Denotes analyte not detected at or above adjusted sample QL.
J Denotes result is estimated. When used with "U" (i.e., “UJ”), denotes analyte not detected at or above
QL and QL is estimated. When used with "UA" (i.e., “UAJ”), denotes analyte not detected at or above
adjusted QL and adjusted QL is estimated.
UN Denotes analyte concentration is less than five times the blank concentration.
Not reliably detected due to blank contamination.
R Denotes result rejected.
Q Denotes data validation qualifier.
Background Denotes background concentrations listed in Appendix F to Attachment 5 in the Final Hazardous
Waste Post-Closure Care Permit for Hazardous Waste Units 5 and 16 (October 4, 2002), (revised 2014, 2016),
where applicable.
CASH# Denotes Chemical Abstract Services registration number.
GPS Denotes Groundwater Protection Standards listed in Appendix G to Attachment 5 in the Final Hazardous
Waste Post-Closure Care Permit for Hazardous Waste Units 5 and 16 (October 4, 2002) (revised 2014, 2016).

See last page of this report for definitions. oY .
—=:Draper Aden Associates
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APPENDIX B-3

HWMU-16 2016 LABORATORY ANALYTICAL RESULTS
PLUME MONITORING WELLS



Target Analyte Monitoring Results At Or Above Permit Quantitation Limit
HWMU-16 Plume Monitoring Wells

Radford Army Ammunition Plant, Radford, Virginia

All Results in ug/L. Upgradient well = 16C1
Analtye/Quarter 16C1 Q 16-2 Q ‘ 16-3 Q ‘ 16-5 Q | 16WC2B Q‘ 16SPRING Q ‘ QL Background‘ Method
Arsenic CAS #7440-38-2
Second Quarter 2016 U U U U U U 10 1 6020A
Fourth Quarter 2016 U U U U U U 10 1 6020A
Barium CAS #7440-39-3
Second Quarter 2016 140 180 750 160 110 180 10 175.4 6020A
Fourth Quarter 2016 200 240 770 170 110 210 10 175.4 6020A
Beryllium CAS #7440-41-7
Second Quarter 2016 052 J U U U U U 1 0.7 6020A
Fourth Quarter 2016 U U U U U U 1 0.7 6020A
Cadmium CAS #7440-43-9
Second Quarter 2016 042 J U U U U U 1 0.2 6020A
Fourth Quarter 2016 U U U u U U 1 0.2 6020A
Chromium CAS #7440-47-3
Second Quarter 2016 U U V) U V) U 5 6.2 6020A
Fourth Quarter 2016 U U U u U U 5 6.2 6020A
Cobalt CAS #7440-48-4
Second Quarter 2016 U U U U U U 5 5 6020A
Fourth Quarter 2016 U U U U U U 5 5 6020A
Copper CAS #7440-50-8
Second Quarter 2016 U U U U U U 5 13 6020A
Fourth Quarter 2016 U U U U U U 5 13 6020A
Lead CAS #7439-92-1
Second Quarter 2016 U U U U U U 1 10 6020A
Fourth Quarter 2016 U U U U U U 2 10 6020A
Mercury CAS #7439-97-6
Second Quarter 2016 U U U U U U 2 0.2 7470A
Fourth Quarter 2016 U U U u U U 2 0.2 7470A
Nickel CAS #7440-02-0
Second Quarter 2016 39 J U V) U V) U 10 16 6020A
Fourth Quarter 2016 U U V) U V) U 10 16 6020A
Vanadium CAS #7440-62-2
Second Quarter 2016 U U U U U U 10 151 6020A
Fourth Quarter 2016 U N U N U N U N U N U N 10 151 6020A
Zinc CAS #7440-66-6
Second Quarter 2016 U U U U U U 10 51 6020A
Fourth Quarter 2016 U U U U U U 30 51 6020A
Benzene CAS #71-43-2
Second Quarter 2016 03 J U U U U U 1 1 8260C
Fourth Quarter 2016 U U U U U U 1 1 8260C
2-Butanone CAS #78-93-3
Second Quarter 2016 U U U U U U 10 11 8260C
Fourth Quarter 2016 u J U J u J U J u J u J 10 11 8260C
Carbon tetrachloride CAS #56-23-5
Second Quarter 2016 U U U u U U 1 0.2 8260C
Fourth Quarter 2016 U U V) U V) U 1 0.2 8260C
Chloroethane CAS #75-00-3
Second Quarter 2016 4.9 U U u U U 1 20.7 8260C
Fourth Quarter 2016 3.9 U U U U U 1 20.7 8260C

See last page of this report for definitions. -9 .
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Target Analyte Monitoring Results At Or Above Permit Quantitation Limit
HWMU-16 Plume Monitoring Wells

Radford Army Ammunition Plant, Radford, Virginia

All Results in ug/L. Upgradient well = 16C1
Analtye/Quarter 16C1 Q 16-2 Q ‘ 16-3 Q ‘ 16-5 Q | 16WC2B Q‘ 16SPRING Q ‘ QL Background‘ Method

Dichlorodifluoromethane CAS #75-71-8

Second Quarter 2016 U U U U U U 1 46.5 8260C

Fourth Quarter 2016 u J u J u J u J u J U J 1 46.5 8260C
1,1-Dichloroethane CAS #75-34-3

Second Quarter 2016 6 U U U U U 1 9.5 8260C

Fourth Quarter 2016 6.7 U u u u U 1 9.5 8260C
1,1-Dichloroethene CAS #75-35-4

Second Quarter 2016 03 J U U U U U 1 1 8260C

Fourth Quarter 2016 U U U U U U 1 1 8260C
Diethyl ether CAS #60-29-7

Second Quarter 2016 33 U u u u U 13 75.5 8260C

Fourth Quarter 2016 51 U u u u U 13 75.5 8260C
Diethyl phthalate CAS #84-66-2

Second Quarter 2016 U U V) U V) U 5 5 8270D

Fourth Quarter 2016 U U U u U U 5 5 8270D
Dimethyl ether CAS #115-10-6

Second Quarter 2016 78 J U u u u U 13 17.0 8260C

Fourth Quarter 2016 U U u u u U 13 17.0 8260C
2,4-Dinitrotoluene CAS #121-14-2

Second Quarter 2016 U U U U U U 10 10 8270D

Fourth Quarter 2016 u u u u u U 10 10 8270D
2,6-Dinitrotoluene CAS #606-20-2

Second Quarter 2016 U U U U U U 10 10 8270D

Fourth Quarter 2016 U U U U U U 10 10 8270D
Ethylbenzene CAS #100-41-4

Second Quarter 2016 U U U U U U 1 0.1 8260C

Fourth Quarter 2016 U U U u U U 1 0.1 8260C
Chloromethane CAS #74-87-3

Second Quarter 2016 U U V) U V) U 1 0.3 8260C

Fourth Quarter 2016 u J u J u J u J u J u J 1 0.3 8260C
Methylene chloride CAS #75-09-2

Second Quarter 2016 1.8 u u u u U 1 13.95 8260C

Fourth Quarter 2016 1.7 U u u u U 1 13.95 8260C
Tetrachloroethene CAS #127-18-4

Second Quarter 2016 03 J U U U U U 1 0.7 8260C

Fourth Quarter 2016 U U u u u U 1 0.7 8260C
Tetrahydrofuran CAS #109-99-9

Second Quarter 2016 13 J - - - - - 25 25 8260C

Fourth Quarter 2016 u J u J U J u J u J u J 25 25 8260C
Toluene CAS #108-88-3

Second Quarter 2016 U U U U U U 1 0.1 8260C

Fourth Quarter 2016 U U U U U U 1 0.1 8260C
1,1,1-Trichloroethane CAS #71-55-6

Second Quarter 2016 02 J U U u U U 1 9.2 8260C

Fourth Quarter 2016 U U V) U V) U 1 9.2 8260C
Trichloroethene CAS #79-01-6

Second Quarter 2016 03 J U U u U U 1 0.1 8260C

Fourth Quarter 2016 U U U U U U 1 0.1 8260C

See last page of this report for definitions. -9 .
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Target Analyte Monitoring Results At Or Above Permit Quantitation Limit
HWMU-16 Plume Monitoring Wells

Radford Army Ammunition Plant, Radford, Virginia

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

Analtye/Quarter 16C1 Q 16-2 Q ‘ 16-3 Q ‘ 16-5 Q | 16WC2B Q‘ 16SPRING Q ‘ QL Background‘ Method
Trichlorofluoromethane CAS #75-69-4
Second Quarter 2016 U U U U U U 1 11.3 8260C
Fourth Quarter 2016 u u u u u u 1 11.3 8260C
1,1,2-Trichloro-1,2,2-Trifluoroethane CAS #76-13-1
Second Quarter 2016 U U U U U U 1 1.2 8260C
Fourth Quarter 2016 U U U 1 1.2 8260C
Xylenes (Total) CAS #1330-20-7
Second Quarter 2016 U U 3 0.2 8260C
Fourth Quarter 2016 U U U U U U 3 0.2 8260C
Definitions:

All plume monitoring well results reported to at or above the permit quantitation limit except for the upgradient well during
the Appendix IX monitoring Event. During the Appendix IX monitoring event, results for the upgradient well are reported to the

Q Denotes data validation qualifier.
QL Denotes permit required quantitation limit.
U Denotes analyte not detected at or above QL.
UA Denotes analyte not detected at or above adjusted sample QL.
J Denotes result is estimated. When used with "U" (i.e., “UJ”), denotes analyte not detected at or above QL and QL is estimated.
When used with "UA" (i.e., “UAJ”), denotes analyte not detected at or above adjusted QL and adjusted QL is estimated.
UN Denotes analyte concentration is less than five times the blank concentration.
Not reliably detected due to blank contamination.
R Denotes result rejected.
Background Denotes background concentrations listed in Appendix F to Attachment 3 in the Final Hazardous
Waste Post-Closure Care Permit for Hazardous Waste Units 5 and 16 (October 4, 2002), revised July 17, 2014, rev December 1, 2016).
CAS# Denotes Chemical Abstract Services registration number.
GPS Denotes groundwater protection standard. (2016)

NS denotes not sampled. NA denotes not analyzed. “—“denotes not detected
(pre-2nd Quarter 2003) or not available / not sampled (beginning 2nd Quarter 2003).

Notes:

4Q2004. No data for 16-1 8270C-semivolatiles. Well dry-insufficient sample volume.
4Q2006 - No data for 16-1; well dry.

4Q2008- No data for 16-1; well dry.

2Q2009- No data for 16-1; well dry.

NOTE:

Fourth Quarter 2008
Due to laboratory error all HWMU 16 samples were analyzed using Method 8260B 5 ml purge instead of a 25 ml purge which resulted

in a higher QL. For these samples, all results were evaluated to the detection limit, which is comparable to the permit QL. Results
below the laboratory QL but at or above the permit QL are reported and qualified as estimated.

See last page of this report for definitions. -9 .
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APPENDIX B-4

ESTABLISHED BACKGROUND VALUES AND COMPUTATIONS FOR HWMU-16



* It was not understood why the majority of fluorescein detections were considered false
positive detections. The basis of this observation is unclear considering a lack of
background and laboratory confirmation results.

» It was not apparent why certain samples were selected for laboratory confirmation and
others were not. There was no apparent consistency in the selection of samples for
laboratory confirmation.

» Samples were submitted for confirmation laboratory analyses three months or more
following the collection of the samples in the field. No information was provided
regarding the custody and/or storage of the samples. The samples were submitted to the
analytical laboratory with incomplete chain-of-custody (COC), and the COC
documentation was not completed by the laboratory.

In summary, the data from the study do not provide the basis for meaningful
interpretation. Any attempt to formulate conclusions from the data as presented regarding the
presence of preferred or predominant groundwater flow patterns is not warranted or
recommended.

33 HWMU-16 GROUNDWATER MONITORING ANALYTE LIST

The groundwater moniforing analyte list for HWMU-16 is presented in Table 1
(Appendix B). The list represents the subset of the constituents listed in Appendix IIT of 40 CFR
Part 261 that previously have been detected in the groundwater and/or that are reasonably
expected to be in or derived from waste contained in HWMU-16. As discussed in Section 3.5.2
below, 12 inorganic constituents and two explosive/propellant constituents have been detected in
the groundwater monitoring network for HWMU-16 at statistically significant concentrations
above the Unit’s calculated background concentrations. The inorganic constituents may be
derived from the aquifer formation materials; however, the two explosive/propellant constituents
(2,4-Dinitrotoluene and 2,6-Dinitrotolnene) are byproducts of wastes derived from explosives.
Therefore, the two explosive/propellant constituents detected could only be from HWMU-16.

The concentration limits established for the hazardous constituents also are listed in
Table 1. The concentration limits represent either background concentrations calculated for the
constituents in this GWQAR, Maximum Concentrations of Constituents for Ground-water
Protection listed in Table 1 of 40 CFR 264.94, USEPA Drinking Water Standard Maximum
Contaminant Levels (MCLs), or alternate concentration limits (ACLs) established by the VDEQ
(July 1998). Certain organic constituents on the list do not have USEPA MCLs or VDEQ ACLs;
they also do not have calculated background concentrations because they have not been detected -
n the Unit’s upgradient well. Therefore, the concentration lumts for these constituents are equal
to their respective method detectlon limits.

As Alliant discussed with the VDEQ in the past, the reliability of previous laboratory
analytical data - particularly dissolved metals data - appeared to be questionable in some cases.
In an April 9, 1996 letter to C. Jake (Alliant), the VDEQ agreed that only' total metals
concentrations in groundwater would be measured, as described in a USEPA Region 111 guidance
on groundwater sampling in karst terrain. Therefore, all references to metals concentrations in
this GWQAR refer to total metals concentrations.

34 HWMU-16 GROUNDWATER BACKGROUND CON CENTRATIONS

Background concentrations were calculated for each constituent in the groundwater
monitoring program using the analytical data from 1996 through 1998 for upgradient well 16C1.
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The background concentration calculations were based on site wide 95% confidence, 95%
coverage upper prediction intervals. The calculated background concentrations are listed in
Table 2 (Appendix B). The background concentrations were used to construct the outermost
closing contours on the Isoconcentration Maps (Appendix A).

35 HWMU-16 STATISTICAL ANALYSIS

Statistical evaluations for HWMU-16 are performed annually and submitted to the VDEQ
in accordance with the annual reporting requirements specified in 40 CFR 265.94. As part of this
GWQAR, statistical evaluations were performed on Fourth Quarter 1998 analytical data in
accordance with the procedures and guidance provided in the following documents:

e Title 40 of the Code of Federal Regulations, 40 CFR 264.97 and 264.98;
* VDEQ Guidance for statistical analysis titled “Data Analysis Plan,” undated,

* Interim Final Guidance for Statistical Analysis of Groundwater Monitoring Data
at RCRA Facilities, USEPA, April 1989; .

* Addendum to Interim Final Guidance for Statistical Analysis of Groundwater
Monitoring Data at RCRA Facilities, USEPA, July 1992; and

» Statistical Methods for Groundwater Monitoring, Gibbens, R.D., 1994.

Statistical threshold values were computed for the 54 constituents for which HWMU-16
is currently monitored based on the concentrations of those constituents in upgradient
(background) well 16C1. All data starting with First Quarter 1996 to Fourth Quarter 1998 were
used for this purpose. The 1996 through 1998 monitoring data have been submitted previously
to the VDEQ by Alliant in quarterly monitoring reports; therefore, the data are not listed in this
GWQAR. Statistical comparisons were performed for the Fourth Quarter 1998 data set.
Comparison statistical analyses were performed for all constituents which were detected in any
downgradient well during that event.

3.5.1 Background Data and Statistical Comparisons

Statistical analyses were performed using the analytical results from upgradient well
16C1 data as background data. Based on the percentage of non-detects and the distribution of
the background data, methods of statistical comparisons varied. ‘Background average, standard
deviation and other descriptive statistical data were computed for all constituents and are
presented in Appendix C. :

A The constituents listed below were 100% non-detected in the background data. The
background threshold levels (BTLs) for these constituents were established as equal to their
detection limits (DL). Detections of these constituents in the downgradient wells during Fourth
Quarter 1998 were compared to these BTLs.

Background Threshold Level (BTL) = Detection Limit (DL)
- DL BTL
Parameter Sample Size | % Non-Detects “(ugh (ng/h)
Antimony 12 100 3 3
Arsenic 12 100 1 1
Bromoform 12 100 0.3 03
Carbon tetrachloride 12 100 0.2 0.2
Chlorobenzene 12 100 0.1 0.1
Chloromethane 12 100 0.3 03
Cyanide 12 100 i0 10
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Background Threshold Level (BTL) = Detection Limit (DL)
: . DL BTL
Parameter Sample Size | % Non-Detects . (pg/M (ugh)

Di-n-butyl phthalate 12 100 5 5
1,2-Dichloroethane 12 100 0.1 0.1
trans-1,2-Dichloroethene 12 100 0.1 0.1
1,4-Dichlorobenzene 12 100 0.1 0.1
Ethylbenzene 12 100 0.1 0.1
Mercury 12 100 0.2 0.2
Methyl ethyl ketone 12 100 B! i.1
‘Selenium 12 100 1 1
1,1,2,2-Tetrachloroethane 12 100 0.3 03
1,1,2-Trichloroethane 12 100 - 05 0.5
Trichloroethene 12 100 0.1 0.1
Toluene 17 100 0.1 0.1
2378-TCDF 12 100 0.0435 ppt 0.0485 ppt
12378-PECDF 12 100 0.0439 ppt 0.0439 ppt
23478-PECDF 12 100 0.0417 ppt 0.0417 ppt
123478-HXCDF 12 100 0.0390 ppt 0.0390 ppt
123678-HXCDF 12 100 0.0377 ppt 0.0377 ppt
234678-HXCDF 12 i 100 0.0428 ppt - 0.0428 ppt
123789-HXCDF 12 100 0.0415 ppt 0.0415 ppt
1234678-HPCDF 12 100 0.0615 ppt 0.0615 ppt
1234789-HPCDF 12 100 0.0709 ppt 0.0709 ppt
OCDF 12 100 0.1307 ppt 0.1307 ppt

Non-parametric prediction intervals were computed for all of the constituents for which
the data from background well 16C1 satisfied one of the following two criteria, per VDEQ
regulations and guidance as well as USEPA guidance:

» Percentage of non-detects was greater than or equal to 50 and less than IQO; or
* Percentage of non-detects was less than 50, but data was not normally distributed
in original or log-transformed mode. ‘

The background threshold levels for these constituents were set as equal to their upper
prediction limits (UPLs). The background and relevant statistical: data for these constituents are
. summarized below. The confidence level and false positive rate: were calculated based on the
number of background data points available and number of future comparisons. For all
constituents, the confidence level was determined to be equal to 0.933, and the false positive rate
was equal to 0.067. Since the upper control limit of a non-parametric interval cannot be adjusted
for multiple comparisons and inadequate number of background data, the number of resampling
events required was adjusted to account for the high error rates inherent in those situations. The
number of confirmation resamples required for all constituents is 2. The background and
relevant statistical data for these constituents are summarized below. Associated statistical
computations are presented in Appendix C.

BTL = Upper Prediction Limit of Non-parametric Prediction Interval wiialse positive rate=0.067

DL BTL
Parameter Sample Size | % Non-Detects - (pgh) (pg/)
Beryllium 12 75 0.2 0.7
Cadmium 12 75 © 01 0.2
Cobalt 12 75 1 5
Copper 12 50 1 13
1,1-Dichloroethane 12 0 0.2 9.5
2,4-Dinitrotoluene 12 92 0.08 0.10
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BTL = Upper Prediction Limit of Non-parametric Prediction Interval w/false positive rate=0.067
* DL . BTL
Parameter Sample Size | % Non-Detects (ngM (ng/M
2,6-Dinitrotoluene 12 75 0.08 0.11
Lead 12 42 .1 10
Nickel 12 92 15 16
Silver 12 75 0.2 0.5
Thallium 12 67 o1 6
TOC 12 75 - 1000 7000
1,1,1-Trichloroethane 12 17 . 03 92
Vanadium 12 83 4 151
Vinyl Chloride 12 92 0.1 0.1
| Xylene (total) 12 92 0.1 0.2
Zinc 12 50 5 51

Chromium exhibited normally distributed data (excluding non-detects) with between 25%
and 50% non-detects in the background well. The mean and standard deviation of the
background data for chromium were adjusted using Cohen’s Maximum Likelihood Estimator
Method (1959, 1961). A one-sided parametric prediction interval was then computed for

chromium based on the adjusted mean and standard deviation. The Upper Prediction Limit was ___

set as the BTL for chromium. The background and relevant statistical data for chromium are
summarized below. Cohen’s adjustment computations and prediction interval computations are
presented in Appendix C. :

BTL = Upper Prediction Limit of Prediction Interval w/faise positive rate=0.05
Original Mean = 3.54, Original SD = 1.933
Adjusted Mean = 3.642. Adjusted SD = 1.95

DL BTL

Parameter Sample Size | % Non-Detects (ug/h) (ngh)
Chromium 12 25 1 6.2

: The following constituents exhibited normally distributed background data with less than
25% non-detects. One sided parametric prediction intervals were computed on the background
data for all of these constituents. The UPLs for these constituents were set as their respective
BTLs, with one exception. For pH, a two-sided parametric prediction interval was computed;
therefore, the BTL for pH consisted of a range between the lower‘prediction limit (LPL) and the
upper prediction limit. The background concentration calculations were based on a site wide
95% confidence, 95% coverage upper prediction intervals. *When adjusted for multiple
comparisons of the background data, the minimum required false positive rate was below 1%
(0.01). A 99% confidence level (0.01 false positive rate) ‘was used for all individual
comparisons, which with the most conservative assumptions provided a site-wide false positive
rate of >0.05 for all constituents. The background and relevant statistical data for these
constituents are summarized below. The prediction interval computations for these constituents
are presented in Appendix C. : '

BTL = UPL of one-sided Prediction Interval (exception pH) w/site-wide false positive rate>0.05
(individual comparisons false positive rate=0.01)

BTL for pH = LPL — UPL of two-sided Prediction Interval

- DL BTL
Parameter Sample Size | % Non-Detects - (ngh) (ng/h)
Barium 12 0 2 1754
Dichlorodifluoromethane 12 8 03 46.5
Tetrachloroethene 12 17 - 01 0.7
TOX 12 17 5 422
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BTL = UPL of one-sided Prediction Interval (exception pH) w/site-wide false positive rate>0.05
(individual comparisons false positive rate=0.01)
BTL for pH = LPL - UPL of two-sided Prediction Interval

~ DL BTL
Parameter Sample Size | % Non-Detects = (pgh) (ugh
Trichlorofluoromethane 12 0 0. 113
Specific Conductivity 8 0 -1 uS/em 672 pS/cm
pH 8 0 0.1 pH units 5.7 to 7.9 pH units

3.5.2 Results of Statistical Comparisons

The following table lists the constituents which were detected during the Fourth Quarter
1998 event at concentrations exceeding their respective background threshold levels (BTLs), and
the downgradient wells in which they were detected.

Parameter Monitoring Well(s)
Arsenic 16-5, 16WC2B
Barium 16-2,16-3, 16-5, 16 WCI1A, 16WCI1B, 16WC2B, 16SPRING
Beryllium . 16WC1B, 16WC2B
Cadmium _ 16WC1B
Chromium 16-3, 16-5, 16 WCI1B, 16 WC2B
Cobalt 16-5, 16WC1B, 16WC2B
Copper : '16-5, 16WC1B, 16WC2B
Lead 16WC1B
Mercury . 16WCI1B
Nickel 16-5, 16WCI1A, 16WC2B
- | Selemum 16-5, 16WC1B, 16 W(C2B
1 Zinc 16WCI1B
2,4-Dinitrotoluene 1 6-3, 16-5, 16WC1B, 16 WC2B, 16SPRING
2,6-Dimitrotoluene T 16WCIA, 16WCIB

Any HWMU-16 target constituents not listed abové were not detected in the
downgradient monitoring wells at concentrations exceeding their respective BTLs.

3.6 HWMU-16 PLUME DELINEATIONS .

In accordance with VDEQ instructions presented during the May 19, 1999 meetmg
between Alliant and the VDEQ, Isoconcentration Maps were groduced to deplct constituent
plumes in the groundwater beneath the site (Appendix A). In order to evaluate the shape and
position of constituent plumes over time, historical Isoconcentration Maps were developed using
the historical maximum concentrations for the constituents monitored at the site for the time
periods of 1992 through 1995 and 1996 through 1998. The historical maximum concentrations
for these time periods are listed in Tables 3 and 4, respectively (Appendix B).

Groundwater analytical data collected prior to 1992 were not included in the evaluation
of historical maximum concentrations. The data collected prior to:1992 are considered unreliable
due to “order-of-magnitude” variations in parameter concentrations from quarter to quarter, as
well as a general lack of laboratory QA/QC. Additionally, the groundwater monitoring analyte
lists prior to 1992 did not include many of the parameters on the current groundwater monitoring
analyte list for HWMU-16.
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TABLE 2
HWMU-16

Calculated Background Values

Constituent Background Concentration
(ng/1 unless otherwise noted)

Antimony 3
Arsenic 1
Barium 1754
Beryllium 0.7
Cadmium 0.2
Chromium 6.2
Cobalt 5
Copper 13
Lead 10
Mercury 0.2
Nickel 16
Selenium 1

1 Silver 0.5.
Thallium 6’
Vanadium 151
Zinc 51
Bromoform 0.3
Carbon Tetrachloride 0.2
Chlorobenzene 0.1
Chloromethane 0.3
1,4-Dichlorobenzene 0.1
Dichlorodifluoromethane 46.5
1,1-Dichloroethane 9.5.
1,2-Dichloroethane 0.1
trans-1,2-Dichloroethene 0.1.
Ethylbenzene 0.1
Methyl Ethyl Ketone 1.1
1,1,2,2-Tetrachloroethane 03,
Tetrachloroethene 0.7.
Toluene 0.1
1,1,1-Trichloroethane 9.2
1,1,2-Trichloroethane 0.5
Trichloroethene 0.1
Trichlorofluoromethane 11.3
Vinyl Chloride 0.1
Xylenes (total) 0.2
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TABLE 2

HWMU-16 -
Calculated Background Values
Constituent Background Concentration
(ug/1 unless otherwise noted)

Di-n-butylphthalate 5
2,4-Dinitrotoluene 0.10
2,6-Dinitrotoluene 0.11
2378-TCDF 0.0485 ppt
12378-PECDF 0.0439 ppt
23478-PECDF 0.0417 ppt
123478-HXCDF 0.0390 ppt
123678-HXCDF 0.0377 ppt
234678-HXCDF 0.0428 ppt
123789-HXCDF 0.0415 ppt
1234678-HPCDF 0.0615 ppt
1234789-HPCDF 0.0709 ppt
OCDF 0.1307 ppt
Cyanide 10°
Total Organic Carbon (x4) 7000
Total Organic Halides (x4) 42.2
Specific Conductivity 672 uS/em
pH 5.7 to 7.9 pH units
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Appendix IX Constituents Detected Since Permit Issuance
HWMUs 5, 7, 10, and 16
Radford Army Ammunition Plant

— - ired?
Unit QuaDr::;(I:?:[;ally Constituent C::j:;?;gu;dQL? Background (ug/L) (z(gfi;?pegnudlirf?/.m) Proposed GPS (ug/L) Source
Chromium QL 5 yes 100 USEPA MCL
Diethyl Ether QL 12 no NA NA
HMWU-5 Fourth Quarter 2003 2-Nitroaniline QL 20 no NA NA
4-Nitroaniline QL 20 yes 20 Background/QL
Nitrobenzene QL 10 yes 10 Background/QL
Third Quarter 2006 Dichlorodifluoromethane QL 1 yes 125.2 VDEQ ACL
HWMU-7 Third Quarter 2003 Copper Calculated 49 no NA NA
Second Quarter 2004 Zinc Calculated 217 no NA NA
First Quarter 2003 Cobalt QL 5 no NA NA
Second Quarter 2003 Vanadium QL 10 no NA NA
St Second Quarter 2005 Acetone QL 10 no NA NA
2-Propanol QL 50 no NA NA
Chloroethane Calculated 20.7 yes 20.7 Background/QL
Second Quarter 2003 Diethyl Ether Calculated 75.5 no NA NA
HWMU-16 Dimethyl Ether Calculated 17.0 no NA NA
Third Quarter 2003 Methylene Chloride Calculated 13.95 no* NA NA
Second Quarter 2004| 1,1,2-Trichloro-1,2,2-trifluoroethane Calculated 1.2 no* NA NA
HWMU-5:  The additional Appendix IX constituents detected in the downgradient point of compliance wells were not detected above their respective Quantitation Limits (QLs) in the upgradient well.
As a result, background concentrations for those constituents were set as equal to their respective QLs. In accordance with the Permit (Condition V.J.1.9.), GPS are proposed for those
additional Appendix IX constituents that are listed in Appendix VIII of 40 CFR Part 261 (chromium, 4-nitroaniline, nitrobenzene, and dichlorodifluoromethane). No GPS are proposed for
the additional Appendix IX constituents that are not listed in Appendix VIl of 40 CFR Part 261 (diethyl ether and 2-nitroaniline).
HWMU-7:  Background concentrations for the additional Appendix IX constituents detected in the downgradient point of compliance wells (copper and zinc) were previously calculated and submitted
to the VDEQ in the August 1998 Groundwater Quality Assessment Report for HWMU-7 prepared by ERM, Inc. In accordance with the Permit (Condition V.J.2.g.), no GPS are proposed
for the additional Appendix IX constituents (copper and zinc), as they are not listed in Appendix VIII of 40 CFR Part 261.
HWMU-10: The additional Appendix IX constituents detected in the downgradient point of compliance wells were not detected above their respective Quantitation Limits (QLs) in the upgradient well.
As a result, background concentrations for those constituents were set as equal to their respective QLs. In accordance with the Permit (Condition V.J.3.g.), no GPS are proposed for
the additional Appendix IX constituents (cobalt, vanadium, acetone, and 2-propanol), as they are not listed in Appendix VIII of 40 CFR Part 261.
HWMU-16: Background concentrations for additional Appendix IX constituents chloroethane, diethyl ether, dimethyl ether, and methylene chloride were calculated using data collected from

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

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

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

the upgradient well for the Unit, and not in the downgradient point of compliance wells.




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

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

Discussion of Tests for Normality

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

Discussion of Prediction Interval Tests

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

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

P:\B03\200\B03204\B03204-04\REPORTS\UNIT 16 BACKGROUND FOR 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE\RPT
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Statistical Computations - RAAP HWMU-16

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

Discussion of Tests for Normality

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

Discussion of Prediction Interval Tests

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

Parameter Background Type Multiple UPL (pg/l)
Data Distribution | of UPL | Comparisons/year
Chloroethane Normal PUPL |10 20.7
Diethyl ether Normal NUPL |10 75.5
Dimethyl ether Non-normal PUPL | N/A 17.0
Methylene Chloride Normal PUPL |10 13.95
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RAAP-HWMU-16 - Statistical Analysis - Notes

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

Actual Event Date Used in Stat Software
2000-Qtr1 12/13/1999
2000-Qtr2 12/14/1999
2000-Qitr3 12/15/1999
2000-Qtr4 12/16/1999
2001-Qtr1 12/17/1999
2003-Qtr3 12/18/1999
2003-Qtr4 12/19/1999
2004-Qtr1 12/20/1999
2004-Qtr2 12/21/1999
2004-Qtr3 12/22/1999

Interwell Tests:

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

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

was computed for dimethyl ether.

3) No adjustments for multiple comparisons could be made for non-parametric UPLs. Adjustments were made to the parametric UPLs

for 10 future comparisons per year to account for multiple compliance monitoring wells and quarterly event data.
Any Statistically significant increase (SSi) must be confirmed by verification sampling.
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Normality Tests

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

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

Contact:
Phone:( ) -

Permit Type:Detection

Constituent: Cl1Ethane Chloroethane

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

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

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

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

Pooled Statistics
Observations: 5

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

Shapiro-Wilk Statistics

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




Log: 0.7615%  0.7620 0.6860

* Indicates statistically significant evidence of non-normality.
GRIT/STAT Version 5.0




Parametric Prediction Interval
Report Printed February 2,2005

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

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

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

Mean: 4.340 ppb
Std Dev: 2.078 ppb

DF: 4
Conf. Level (1-c): 9600 Q- T9
Future Samples (k): 10
t r 1-«o ¢ 7.1732

L !
Kappa: 7.8579

UL: 20.669 ppb
LL: -oo

Report Produced by GRITS/STAT 5.01
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Normality Tests

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

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

Contact:
Phone:( ) -

Permit Type:Detection

Constituent: DEthEth Diethyl ether

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

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

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

Original: 12.000 30.000 21.200 6.907
Log: 2.485 3.401 3.007 0.355

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale
Mean: 21.200 3.007
Std Dev: 6.907 0.355
Skewness: -0.122 -0.491
Kurtosis: -1.140 -1.024
Minimum: 12.000 2.485
Maximum: 30.000 3.401
CV: 0.326 0.118

Shapiro-Wilk Statistics

Test 5% Critical 1% Critical
Scale Statistic Value Value
Original: 0.9768 0.7620 0.6860




Log: 0.9507 0.7620 0.6860

* Indicates statistically significant evidence of non-normality.
GRIT/STAT Version 5.0




Parametric Prediction Interval
Report Printed February 2,2005

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

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

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

Mean: 21.200 ppb
Std Dev: 6.907 ppb
DEF:

Conf. Level (1-a): e380 O- 19
Future Samples (k): 10
tel-ao: 7.1732

L o
Kappa: 7.8579

UL: 75.470 ppb
LL: -

Report Produced by GRITS/STAT 5.01
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Normality Tests

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

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

Contact:
Phone:( ) -

Permit Type:Detection

Constituent: DMethEth Dimethyl ether

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

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

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

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

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale
Mean: 13.000 2.555
Std Deyv: 2.236 0.156
Skewness: 1.500%* 1.500%
Kurtosis: 0.250 0.250
Minimum: 12.000 2.485
Maximum: 17.000 2.833
CV: 0.172 0.061

Shapiro-Wilk Statistics

Test 5% Critical 1% Critical
Scale Statistic Value Value
Original: 0.5521%* 0.7620 0.6860




Log: 0.5521* 0.7620 0.6860

* Indicates statistically significant evidence of non-normality.
GRIT/STAT Version 5.0




Nonparametric Prediction Interval
Report Printed February 2,2005

Facility:Haz. Waste Unit 16 - RAAP
Parameter:Dimethyl ether(CAS Number:- -)
ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

Observations (n): 5
Conf. Level (1-a): 33.330%

UL: 17.000 ppb
LL: 0.000

Report Produced by GRITS/STAT 5.01
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Normality Tests

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

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

Contact:
Phone:( ) -

Permit Type:Detection

Constituent:MeCl  Dichloromethane (Methylene chloride)

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

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

Normality Test on Observations for wells listed below:

Well:16C1 Position: Upgradient Observations:5

Scale Minimum Maximum Mean Std Dev
Original: 4.100 6.800 5.800 1.037
Log: 1.411 1.917 1.743 0.197

Pooled Statistics
Observations: 5

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

Shapiro-Wilk Statistics

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




Log: 0.8519 0.7620 0.6860

* Indicates statistically significant evidence of non-normality.
GRIT/STAT Version 5.0




Parametric Prediction Interval
Report Printed February 2,2005

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

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL

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

Mean: 5.800 ppb
Std Dev: 1.037 ppb

DF: 4

Conf. Level (1-a): 995065 0+ 99

Future Samples (k): 10
tel-an: 7.1732

-

Kappa: 7.8579

UL: 13.947 ppb
1LL: -oo

Report Produced by GRITS/STAT 5.01

Page 1




s

Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 16C1 All Results in ug/L.

Analtve/Quarter | Meth

Chloroethane T cas# 75003
Third Quarter 2003 6.4 U 4.8 U U 1 20.7 8260B
Fourth Quarter 2003 5.7 U 26 1.1 U 1 207 8260B
First Quarter 2004 u J u J U J u J u J 1 20.7 8260B
Second Quarter 2004 44 u 2.4 063 J V] 1 207 8260B
Third Quarter 2004 4.2 U 2 U U 1 20.7 8260B
Fourth Quarter 2004 4.9 U 25 U U 1 20.7 82608
First Quarter 2005 76 J u J 37 J u J u J 1 20.7 8260B
Second Quarter 2005 uJ U J U U 1 20.7 8260B
Third Quarter 2005 47 J u .l v J v J 1 20.7 82608
Fourth Quarter 2005 46 J u 26 J U U 1 207 8260B
First Quarter 2006 53 U U U U 1 20.7 8260B
Second Quarter 2006 5 J U 2 J U U 1 20.7 8260B
Third Quarter 2006 5 U 07 J 07 J U 1 207 8260B
Fourth Quarter 2006 58 U 1 U 1 207 8260B
First Quarter 2007 6.1 U 1 U 1 20.7 82608
Second Quarter 2007 52 u 1.4 U U 1 20.7 8260B

Die'th'yiv i i eose
Third Quarter 2003 12 J U 122 J U U 12 - 8260B
Fourth Quarter 2003 30 U 14 U U 12 - 8260B
First Quarter 2004 24 u U u u 12 - 8260B
Second Quarter 2004 23 J uJ 13 J v J u J 12 - 82608
Third Quarter 2004 17 U U U 12 - 8260B
Fourth Quarter 2004 24 uJ V] v J 12 - 82608
First Quarter 2005 29 U 14 U U 12 - 8260B
Second Quarter 2005 20 u J 9.2 u J u J 12 - 82608
Third Quarter 2005 30 U 15 U U 12 - 8260B
Fourth Quarter 2005 25 u 18 V] V] 12 - 8260B
First Quarter 2006 19 u V] u 12 - 82608
Second Quarter 2006 17 u V] u 12,5 - 8260B
Third Quarter 2006 33 15 J 43 J 46 J U 125 - 8260B
Fourth Quarter 2006 20 U U U 125 - 8260B
First Quarter 2007 21 U 12.5 - 8260B
Second Quarter 2007 17 J 15 J 57 J 21 J u J 125 - 8260B

.Diméthyl o sy Trsaae T —
Third Quarter 2003 66 J u 9.9 J V] V] 12 - 82608
Fourth Quarter 2003 U U U U U 12 - 8260B
First Quarter 2004 17 J uJ 13 J v J v J 12 - 8260B
Second Quarter 2004 J vl 6.6 J v J v J 12 - 8260B
Third Quarter 2004 J uJ uJ v J v J 12 - 82608
Fourth Quarter 2004 16 J uJ 12 ) V] u J 12 - 82608
First Quarter 2005 26 u 25 U U 12 - 8260B
Second Quarter 2005 15 u 14 u U 12 - 8260B
Third Quarter 2005 13 U U U 12 - 8260B
Fourth Quarter 2005 U V] V] 12 - 82608
First Quarter 2006 U .U U U 12 - 8260B
Second Quarter 2006 U u u U 12.5 - 8260B
Third Quarter 2006 1J uJ 32 J 28 J v J 12.5 - 82608
Fourth Quarter 2006 u u V] u 12.5 - 82608
First Quarter 2007 u u u 125 - 82608
Second Quarter 2007 1 J U 7 26 J 12 J 1258 - 8260B

See last page of this report for definitions. Lo, .
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 16C1 All Results in ug/L.
i QL i _GPS | Method
.lglt;thylene chloride o S CAS # 75-09-2
Third Quarter 2003 4.1 U U U U 1 13.95 8260B
Fourth Quarter 2003 6.8 U U U U 1 13.95 8260B
First Quarter 2004 6.4 u u U u 1 13.95 8260B
Second Quarter 2004 57 U U U U 1 13.95 8260B
Third Quarter 2004 6 U A U A U A u A 1 13.95 8260B
Fourth Quarter 2004 6.4 U U U u 1 13.95 8260B
First Quarter 2005 68 J U U U U 1 13.95 8260B
Second Quarter 2005 6.3 U U u u 1 13.95 8260B
Third Quarter 2005 6.2 U U U u 1 13.95 8260B
Fourth Quarter 2005 4.7 u u U U 1 13.95 8260B
First Quarter 2006 4.9 U U U U 1 13.95 8260B
Second Quarter 2006 7 U u U U 1 13.95 8260B
Third Quarter 2006 U N U N U U N 1 13.95 8260B
Fourth Quarter 2006 U U U U 1 13.95 8260B
First Quarter 2007 6.3 U U U U 1 13.95 8260B
Second Quarter 2007 34 U U U U 1 13.95 8260B
1,1,2-Trichloro-1,2,2-Trifluoroethane ' cas# 76131 S S
Third Quarter 2003 U U U U U 1 - 8260B
Second Quarter 2004 12 uJ uJ u J u J 1 - 8260B
Third Quarter 2004 U U U U U 1 - 8260B
Fourth Quarter 2004 U U U u U 1 - 8260B
First Quarter 2005 1 U U U U 1 - 8260B
Second Quarter 2005 U U U U U 1 - 8260B
Third Quarter 2005 U U U U U 1 - 8260B
Fourth Quarter 2005 U U U U U 1 - 8260B
First Quarter 2006 U U U U u 1 - 8260B
Second Quarter 2006 u u u u u 1 - 8260B
Third Quarter 2006 U U U U U 1 - 8260B
Fourth Quarter 2006 U U U U U 1 - 8260B
First Quarter 2007 u u u u U 1 - 8260B
Second Quarter 2007 U U U U U 1 - 8260B

See last page of this report for definitions. o, .
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells
Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 16C1

ke Quarter

All Results in ug/L.

L_zecr | iemws | 16mws | J6WCId  JGWCIE QL ' GPS | Method

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

analyte not detected at or above adjusted sample QL. J Denotes associated result is estimated. When used with "U" (i.e., “UJ”),
denotes analyte not detected at or above QL and QL is estimated. When used with "UA" (i.e., “UAJ”), denotes analyte not detected
ator above adjusted QL and adjusted QL is estimated. UN Denotes analyte concentration is less than the quantiation limit and five
times the blank concentration. Not reliably detected due to blank contamination. This qualifier used only for Appendix IX monitoring
event when results are reported to at or above the project detection limit. R Denotes resuit rejected. Q Denotes data validation qualifier.
CASH# Denotes Chemical Abstract Services registration number. X Denotes mass spectral confirmation not obtained-result suspect.

GPS Denotes Groundwater Protection Standards listed in Appendix G to Attachment 5 in the Final Hazardous Waste Post-Closure Care

Permit for Hazardous Waste Units 5, 7, 10, and 16 (October 4, 2002).
NS denotes not sampled. NA denotes not analyzed. “— denotes not detected (pre-2nd Quarter 2003) or not available / not sampled

(beginning 2nd Quarter 2003).

Notes:

-Appendix IX Groundwater Monitoring Events:

Third Quarter 2003, Second Quarter 2004, Second Quarter 2005, Third Quarter 2006, Second Quarter 2007

For Appendix IX monitoring events, all results evaluated to detection limit. See laboratory data deliverable for detection limit.

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

not detected to detection limit. Original results 0.067 ng/l and 0.39 ng/l, respectively. Confirmation resuits reported in this table.

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

16MW?9 (chloroethane, ethyl ether, methyl ether). Verification results: all results confirmed original analysis. Original results
reported in this table.

-June 21, 2004: Verification event for 8260B 16C1 (1,1-dichloroethene and 1,1,2-trichloro-1,2,2-trifluoroethane).

Verification results: all not detected except 1,1,2-trichloro-1,2,2-trifluoroethane added to quarterly analyte list beginning 3Q 2004.
Due to laboratory error, Appendix IX results for semivolatiles (Method 8270C) will be presented in 3Q 2004. Verification event results
for 16WC1B and 16C1 (8081A) - all verification results were not confirmed.

+07/27-28/2005. Verification event for 16WC1B (Mercury Method 7470A.) Not detected in verification sample.

Also, verification event for 16C1, 16 WC1B-8081A. and 16C1, I6MW9, 16WC1tA-ethanol. All verification results not detected.

Verification results used.
1.06/19/2007. Verification event for 16WC1B and 16MW9 thallium Not detected in verification sample. Verification results used.

See last page of this report for definitions. L, .
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Ross Miller

From: Flint, Jeremy <Jeremy.Flint@ATK.COM>

Sent: Friday, January 20, 2012 2:23 PM

To: Powers, Loretta

Cc: Janet Frazier; Kathy Olsen; Mike Lawless; Ross Miller

Subject: FW: VA1210020730, RAAP, Additional App. IX GW Mont Results PCC HWMU 5,7,10,16,

Final Notification

Loretta,
Please file the attached e-mail as an answer to ATK letter number 11-815-106

Thank You

Jeremy Flint

Lead Compliance Engineer

Environmental Affairs Department

Alliant Techsystems Inc.

P.O. Box 1

Radford, VA 24143

Phone: 540 - 639 - 7668

Fax: 540 - 639 - 8109

"Together Everyone Accomplishes More." (TEAM)

From: Maiden, Vince (DEQ) [mailto:Vincent.Maiden@deq.virginia.gov]

Sent: Friday, January 20, 2012 10:26 AM

To: Flint, Jeremy

Cc: McKenna, Jim; Schneider, Jutta (DEQ)

Subject: VA1210020730, RAAP, Additional App. IX GW Mont Results PCC HWMU 5,7,10,16, Final Notification

Jeremy:

The Department has received the referenced August 1, 2011 document. The notification indicates the benzene was
confirmed in 16MW and recommended that this contituent be added to the compliance monitoring list for HWMU-

16. In addition, the facility recommeded that the background for benzene be estalished at the LOQ of 1pug/l and the
groundwater protection standard be set at 5ug/l based on the MCL. The Department agrees with the
recommedations. It appears that these changes were included in the permit renewal application dated September 15,
2011. The Department will formally address those changes along with others in the permit renewal process. If you have
any questions please feel free to contact me.

Vincent Maiden

Corrective Action Project Manager

Virginia Department of Environmental Quality
Office of Remediation Programs

629 East Main Street or P.O.Box 1105
Richmond, VA 23218 Richmond, VA 23219
(276) 676-4867
Vincent.Maiden@deq.virginia.gov




COMMONWEALTH of VIRGINIA

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

Molly Joseph Ward Mailing address: P.O. Box 1105, Richmond, Virginia 23218 David K. Paylor
Secretary of Natural Resources www.deg.virginia.gov Director
(804) 698-4000

1-800-592-5482
Office of Waste Permitting and Compliance
Land Protection and Remediation Division

September 12, 2014

VIA ELECTRONIC MAIL

Mr. Jay Stewart

Environmental Manager

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

Radford, Virginia 24141

Re:  Radford Army Ammunition Plant, Radford, VA
EPA 1D No.VA1210020730, Approval of Class 1 Permit Modifications
Hazar dous Waste M anagement Units 5 and 16, Post Closure-Car e Per mit

Dear Mr. Stewart:

Enclosed are thefina Class 1 Modifications to the Hazardous Waste Permit for Post Closure-Care
of two hazardous waste management units (HWMUS) 5 and 16 at the Radford Army
Ammunition Plant (RAAP), Radford, Virginiafacility. Thefinal Class 1 Modificationsto the
Permit have been approved.

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

1,1-DCE was detected in the most recent annua groundwater sampling event required under the Post-
Closure Permit, and in aletter dated July 21, 2014, the VDEQ supported the RAAP s July 1, 2014,
proposa that 1,1-DCE be added to the Groundwater Compliance Monitoring Congtituent List and

a so the setting of the background vauefor 1,1-DCE & the Limit of Quantitation (LOQ) vaue of 1



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

ug/1 and the Groundwater Protection Standard (GPS) at the USEPA Maximum Contaminant Level
(MCL) of 7 ugll.

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

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

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

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

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

Based on the above justification, this August 13, 2014, e-mailed letter requesting changes in the
groundwater compliance monitoring program including the addition of 1,1-DCE and its
associated background concentration and GPS; the RAAP has established sufficient
documentation for approval of all requested changes. In accordance with the VHWMR, under 40
CFR 8§ 270.42, Appendix I, Section C.2 and based upon the accuracy of the information
contained in the Permittee's correspondence dated August 13, 2014, the requested Class 1
modifications to the permit are approved.

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

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

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

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

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

2



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

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

This above Class 1 permit modification under 40 CFR § 270.42(a)(1) requires the Permitteeto
send a notice of the modification to all persons on the facility mailing list (attached) within 90
days after the change is put into effect. In addition, RAAP must provide documentation to this
Office regarding compliance with the public notice requirement. Please submit evidence of this
mailing (return receipts, copy of the notification letter) when it is available.

If you should have any questions regarding these matters, please contact Russell McAvoy, Jr.,
PE, Environmental Engineer Senior, at (804) 698-4194 or by e-mail at
russell.mcavoy@deq.virginia.gov.

Sincerely,

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

Enclosures: Facility Mailing List, Modified Permit Pages

CC: Andrea Barbieri — EPA, Region I11 (3LC50) e/enclosures
Jutta Schneider — DEQ, CO
Kurt Kochan — DEQ, CO
Aziz Farahmand — DEQ, BRRO
Elizabeth Lohman — DEQ, BRRO
JuliaKing—Collins— DEQ, CO
Central Hazardous Waste Files



COMMONWEALTH of VIRGINIA

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

Molly Joseph Ward Mailing address: P.O. Box 1105, Richmond, Virginia 23218 David K. Paylor
Secretary of Natural Resources www.deq.virginia.gov Director

(804) 698-4020
July 19, 2016 1-800-592-5482

Mr. Jay Stewart

Environmental Manager

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

Radford, Virginia 24141

VIA ELECTRONIC MAIL

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

Dear Mr. Stewart:

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

It appears that no new targeted constituents were detected during the groundwater monitoring
activities conducted during the Second Quarter of 2016 for HWMUs 5. However, total cobalt was
detected in Point of Compliance (POC) monitoring wells 16WC1B and 16WC9 at concentrations of 35
micrograms per liter (ug/L) and 5.5 ug/L, respectively. These concentrations are greater than the
Groundwater Protection Standard (GPS) of 5 ug/L for total cobalt for this unit. RAAP had previously
submitted an Alternate Source Demonstration (ASD) to the Department indicating that the detections of
cobalt in this well were due to natural variation. As the report points out, the Department requested a
minimum of one year of additional monitoring of this well prior to making a decision on this ASD
request.  Further, tetrahydrofuran and cyanide were detected in POC monitoring well 16WCS8 and
tetrahydrofuran, vinyl chloride, and cyanide were detected in POC monitoring well 16WCIA.



EPA ID#: VA1210020730
Radford Army Ammunitions Plant
Radford, Virginia

July 19, 2016

Tetrahydrofuran was detected in the verification sample from 16WCIA at an estimated
concentration of 2.2 ug/l, which is greater than the detection limit of 2.0 ug/1; therefore, the original
estimated tetrahydrofuran concentration of 4.6 ug/1was confirmed. A Class 1 Permit Modification to add
tetrahyrofuran to the Groundwater Compliance Monitoring List for the Unit is required. The Department
concurs with RFAAP that the background value for tetrahydrofuran is the permit specified QL of 25 ug/l
and that the Groundwater Protection Standard (GPS) be the May 2016 USEPA Regional Screening Level
(RSL) of 3,400 ug/l since there is no USEPA Maximum Contaminant Level (MCL) or VDEQ Alternate
Concentration Limit (ACL) for tetrahydrofuran.

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

RFAAP should continue to collect data as previously discussed for the Alternate Source
Demonstration (ASD) for the cobalt detected above the applicable Groundwater Protection Standard in
point of compliance well Il6WC1B at HWMU-16 and now 16MWO.

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



EPA ID#: VA1210020730
Radford Army Ammunitions Plant
Radford, Virginia

July 19, 2016

If you have any additional technical questions, you may contact me at 703-583-3825 or by
email at Kurt.Kochan@deq.virginia.gov.

Sincerely,

Kurt W. Kochan
Corrective Action Project Manager
Office of Remediation Programs

cc: RFAAP Correspondence File
Brett Fisher, VDEQ-CO
Russ McAvoy, VDEQ-CO
Cassie McGoldrick, EPA Region 3
Jim McKenna, ACO Staff
Matt Albers, BAE
Aziz Farahmand, VDEQ-BRRO
Mike Lawless, DAA



APPENDIX C
LABORATORY ANALYTICAL RESULTS - YEAR 2016
(PDF ONLY)



APPENDIX D

FIELD NOTES (PDF ONLY)



faFrM»f‘ MNITb

T T W SE

‘iii;;ui‘"lir’c/

’j‘e(~1&ﬂ¢{VSi
N \e glove

A\ “memm ?15?\;5

A N 80 =

57! 0(?

i QOV\AV\C\“ ‘):“\‘\l e

e

itrb 7o

o%eclfi\e“ st

.,?ic 00+ C’C’"W -
N @& HIXM) >“\‘°\"\f"\°\‘ ):-ﬂ‘ ‘

J.00= 70|

P { vw‘% éa\ M’b\“tf‘

o Ds& \cé\\*tc \

\N-‘,\\ et G«N\ ““‘\h ‘\Q J

\\— é(awf\e ‘N"\ECX Bf‘td

| laetweon uee e @"‘\'\ S

ey

‘oc‘:o“‘\w\

jé‘b“&“\&c i 5

ec

/Z/

N ) jc,wni\ﬁ@?ﬂfcﬁ c\w“ﬁ

.

.

| el

;ﬂinj"*‘ ‘Ol T;)
. e &\ :

‘J(V‘?‘CC\.

C& QQ\M K‘A ‘




‘DOSA\'P\J\\[?)@,DTW i ‘S < ‘?\
- TUME ey

"ax M M) DO‘%
@95 ) 13, Hq

B2 T13e 4, EZ

(sa10 ) ed LNl 688 vz

OFF) M4 e g93 HHe
20X . Z'S

L O 1 A O
@ﬂzs\ H;gi{ o

% 599 Ay
(6‘13 "’3 1929 08 (,.8%
(eq30)

(0} 1 ge o

4

S B ‘,SG\\ﬂt‘) \es

UTW' ] P; ‘\“l o o
Pest ?m@}{ B“W 3eg
TWE  TEM (endlew) Do L il .

RSP UNIES V%_R,_, PR
— . Fe Wf}\

9.8

So 1380
S SG\E"‘:“P e T .vv@ LOq 5‘:)
,f@,ﬂ;@m;_j}m@s

~ th\-m\ Euxu 7‘”{ Pﬁ[

S %e3

—f————

cm%m\ {%cxaeﬁvg 2075

tEath \’k (D ‘D‘Bﬁ‘f,_: \
e

| ,*v\‘E\ e Iecv' o
\‘\‘ WW3 Txr\o{ﬂ"u 9 WY g@&

e

LN S
209

. e S 4 t] #-X

1930 Zeo ,wi.iaiiﬁ;cg;
14Lg 243 ﬁ_,,,LSEE,RQ

,LCL(.L,_ .

k\Y‘W\

s \Uf e\ Q'"(sL}

Yatdial \UVSQJ LiCor

(oo ) .54 586 2.8y
J_?E?J;JS 89 S8S  7.27 ¢.25
(0] qa3 583 Ay .33
U@%S’ ) /75@7“ 687 ’ ’E’sg égﬁl’,
Ciozo ) e 537 47 .35
&mﬂ S95 170 4o
(13307 _b,eEC.LV,;Sf% Y byz
(t036) Readtugs  Shable

Liewe ) 1533 “sgp

%&w\p Time (103)

IS ;,
965 3.3
36§
G%i6
@9

225 635 oz

Swm'\lmﬁ Coi[9L+ccj UU(@&E« (B’TW\

OEP(M!J Tochlvr) ITW Pesc
995 983 3.0 e
)? .C§
7\5’;77;4?@5,_,
254 13.07
1.99
76

203

‘15_1

Llear

1308 el

&

Cefen’
_i3.0% e

1398 (e |

2LH, 12.2¢

N TN S e~ o~ .




I

|
t

r

| Uns jjglu

P’NH
] 603J‘Fﬂa
) ¢ o

Bee

o,

‘H/\"{

6&’ (M

v) k(g

) 2. i

Iy,

ki
1619 |

53

‘ 9
e ) 2.3 1T [ SGT ) HG | 1S9R 2ue7
| .77 198 9T 4T 1SN 15y
(h20)AzAl 118 408 | 439 (sub 139
1(”2:0 2163& ‘\)‘%’th\é’; ? : ] ‘

v
v

—
—
o 2
T
N S
-~
= =
L
£
B

Y
~
e

|
|
|

L EEEE TE!}Q iw -

Ugm‘) \g |G"

(\?,CJS—\ \2 Cig;

(1o \% GGI .

Ull'p' ) ‘\; 0%

Ci llo}\j\isuza

D g
©
o
—

(12257} Redd;

1

Ciz46) 2,27




 RB #F#2 ]
z |

,,:2 WLZ?— ] . FQ{WMD Condvrs) Rext 25 75]

D_W (2T :  Beainm P \*‘mt {1250 Y
~ PcSt’Eow’c}&BTW: \e \\ s h.,.d \c\l P.wqe Clear
Timg_ - TP Comalew) DO it OBPluvi Torblota) DT Dese

(1255 ) |ivGq | foo7 052 (azo 70,3 '29&% 18.09  ¢lew

Ligst) W51 je2) | 632 62T 638 Seud  fede  clear

G35 ) (462 | 028 62§ (33 579 ‘2@5’ el e
(3i9Y M2 io24 626 35 553 13, |
1315y 1476 %mzq 1624 37 524 e
(1320) (476 Jezd 623 (3% 5.z 5.4 in\imw
,,\320‘) Qoﬁy&mrjs_ Sm‘h!é‘. f )
(322) 152\ gk 0Nk 6H43 SHL 16.S V0N el

e f,,,* S&m,q PLE Time ( 132;§ ) ‘ - B
| 3&»&\:})1@8 Co itecred (B)gZG%( (\_,ng.;QD T M
N ? ] ;

Swez? L S e"“*”‘\ Bax‘ Sz.E5
W‘i 49.5¢ :;__

w
o o
R
x

™

'y

\;

gws 15 ?,z \\,ﬂ égz.u @54, 56.% NS 95w
(1350) \333 YL 222 &ML 594 2.0 Y8 cley

o Ussel Ay odl 2.7 47 SH.8 o 9SS @

(o) §442 Hoai 221 €47 528 193 98 o

(1498 ) Y6 11042 ;2 i Ceqq 5’50.’7 b5y q}i Clens - P

[1910) 1407 1093 2.03 fdb S22 6o 955 clew T

(Mw ) Readings Stable = i e
yz2 ")\L\sz Meo g GAT SIA 132 dugr e (9
E— Sampies (ollecteds 3)8260C, (82700 copn (o4
. ' S_ww\,P,\ﬁ Time éx\"ﬂﬁ"s L . ((o%
| : {094

— — | i

IO%‘
Wo‘i
(00}

{
|
|
|




";‘N‘a‘m‘—

V(’Pt U\

I . !

A
N 1

\e qloveq evs pm =

’(C“ \0 'fc;rc\‘} v §

~

™

‘oﬁ Y.00

ot

“2.00

Q"V\A\k E\

\h'{“\i\

uao\j

N

}00

q

Amw llo

?P T\w\d E\

: ‘%ﬁc{ \C&\aj\ N

3\( \f{\;“&

Ll

eq w pme«&

e\ﬁcc\/\wa;;\ ;O VRS .8
aﬂ“ ‘DV\VG"Q,'V\/U fcta\ H%‘&Fs mj&ju; ®

. < 11020\ L SERUEE B
- ‘ \ ‘:L* . s éolﬂecskrfc ,5;*\&{6(}\%1]\\;(&,“9154 1“
L cha \{)\ Goll= t‘sirﬁw\%«gﬂ\ﬁr L presery SRR
] ? x??—&; | 'ﬁ@L |
Lol S" Q *\\u ML

[@, 13
PQ\! P\'\Z(;\tub’

T{\V\;,

\\

~

HNo
~{3}‘ Df 41;\1

)

<!

) m‘\f € _::ra S F\)

{ e

J{/(‘!‘l[ f\rf "

)




ftf\%“ UNIT

e L‘ } Lomdinued)  ZFG 6;153
o Sawle Time(082%)
I ,,S,&M,-?.,Les,,ngLlﬁ,ciC‘A_5 (3)Rz2i0l . (b\\ 22700, (1) Tm
S5WhHUYP (ngen From Swezy) s
- Saeape Time (0935) R
, | — Seaples (ellecteds 3)8260¢; (2332701, )7y
ApPROVEDBY_AL ] B
_ CpaTE_ L\VAGAW -
) _ STRTNC \UHT\:?Z LE\/LEL TARALE - Yemu (§
- ,ilw;&J&‘,*,,,, N ,fj)m - osh :\D'w«:qtbhu" ;kfg;g‘
(ﬁf‘ﬂ"i’ Hor—3 > NOT SpMPLe *ﬁ\s @}ﬁ’?’:\ '
-2 55,971 5597 -
o2 543 G4.27
-5 | 203 1203 |
[WL2R %083 | ©35% |
 ewg ol 12.85
o) iy B3I 638)
W A e LHa o~
I Mwg ¢z} G369 :
1 R Q6eg
Swi oLy o ]
163 (0G| _
J(G;C‘D H,g _ VD_;z}L@ Gﬁg%? g aw Not M_d
leWezZA e 58
1ol H1.423




H?An it

5(1\1’(—25 (; QX \v\agé_)

Qaw\a\g i \MQ(GQZ5\

D3
1Z2F

UNIT N

E.B3L

-5
& pamid

ESWMP (To\\:en (imM

S’wazx )

Time (0‘3§§‘)

Suv\/\'\)\‘{_

i

Semaples C%)(ét%eii (338200 ¢, (282700, )1

____APPROVED BY

—pare DA

i '
: !

i
I

S—?\I‘\L WATER L\é\r’ LTH%LF -HUuM\A iés

| o3V

Pc E‘X’ ? Ly {_‘b-_(r{/

/U»j:-eg

IS N 0T SNV\\PL,é "‘H\S Eu‘t?\\\T

z sz i 5541 | :
5 | %4,;; | %‘\zn‘a |
LW 50.83 | 63.5% |
MW | 06T 1285
- NoWeiI R GRAL 638)
WU A LLMS 6441 .
oMW 223 W39, 1
16C) Yot HGeg |
’ __ Swib onby | 9
TR .
iCDHS Dy @ 16347 S ot Miacied
leWezA M v58 ’ i

ool




EfAAP /N T- 7l
| 663?:& =

R |

- os

P
}

ﬁg.—

Go%”fi

=

(0‘35

GST 4

(o%%

P

.89




Hlzb e ‘ R Qggi ,Lii]a it _EB.Fiz
3 _ Cown JigFC -
s(.ﬂ’i (cvv\-.v\vnacl} _
Time wgg\:,,&m (eg) 4)_1-3_ wmﬂﬂ) OB ?(MVS,H,,TJVHMRJ PTW - Desc
Uo4e) 1338 561 69 ,uz ‘-10»\5 2.27 I8 cleas
(1049 Eée\é“v@\g gs&d@ | )
Ciese) 1276 goy (42 de‘g 3s. 7 2,67 1203 (e
_ ;_,gcuw\’)&ﬁ,,%’lij‘v,\nﬁ C 10"i53 1
. | Sm\ s Colflectedt (338260 (v, 12) 82760
,Uﬂ <9: \V\<>\ | B
TEMREY | (owalsy) DOl oH  ORPlw) Tedblria)
1334 5S40 g.53 .92 H6.S S.01
Deawnple. Time (1100 ) L
) S anqles (ellected: (3)82¢0L, (2)8270D, mm
\CO U\}CZ E ‘ Cen:\—ru{ 30% L{T‘\l f\Sf
TDTW:56.5% B ecin Poye e (Hi2o )
J J
Tos’ Vo eG2 D Tt (3.58 T+ % Pv“rsaé': Ligay
TmE  TEmMPR) ""M.A(;m_\ Do) Pl ORRw) Tuvle(nh) D Desc
(u2s) |75 363 307 T4 2M.3 183 5272 ciear
C(n3e ) 1939 B 633 133 1A .57 5546 (lear
(W35 ) i4.85 3¢S 0,92 738 48 VT8 5678 Cleas
(ligo) 447 BEH 6% 739 (2.6 61 G300 dlear
(W8S ) 1446 363 €87 139 jee L3 5991 Cear
(Wse) 16T 362 085 739 165 190 689 e
(1150) Readings  Siebie .
(1zes V717 305 1e% 740 95 LAY 0358 tw
- Sausple Time (1155) | -
Sawples Collected: (3)82¢0




rZM'A-A—f’ M\N\T i\

4
1]

b
T

HH‘\MM - :PUU«
[od

=i}
- !

NN N

) — G l\‘.\

N

[

J

o
v




( oo \

62

}

DTW: 54713

Post 'Purqe ‘D’TW ©Y.27

‘ fe
Recj*w Porge C14i5)

E" - Time *,IEMP_Q_L_ L&eﬁ@

| Tt

(%20 1490 29 : 57, 1§ ciear
(25 ) 40 296 %87 (78 2zl 243 5983 cléar
(M730) 14.719 295 8,87 G.R7 262 2.53 (€3
(1135) 14%5 286 Q0! (.46 335 )8 AR
| ( 14490) 4.6l 785 4.13 Tso 3B 176 G?»ﬂ e '
(14945) 1503 w4 90T 708 325 208 6301 cje,
s Siuble 2 | i
| US"OU\)\‘-{%L{ 2% g.2¢ lie 3.0 .95  ©4.27 ci@)
‘ %&ng Time (14S0) '
Samples | LLL{(.-}.Q& (3)82he¢, ,{,vzsi?,zzob,,ﬂjrm




il bip Kﬁfy;cq&'ﬁm“é‘
7; 6\"@\\%&:&1 \




/27 ik ﬂF%#Puﬂﬂﬂb
T S A .
@WC‘% (Qcm“‘vé\\)
e eyl Gl W gt 0o} TN b e
{6%5’\ 1333 Y3y ;@“55” Lol -Soll 3T B3V e
(0‘\"\5\ gﬁ,&é\\\ﬁ\b S,TC«‘—;\Q Hre— - %1334(,_ | _
Uoedd 1392 W31 .55 .04 ~S522 4. 3”i 38\ (lewr
Scwvm\L Time (@aigo')‘ | R D
S\\M?\Q&( Collected:? () %zbei ("\\Cb 27004.,
() focm,sc;L,‘ (1) Tt .
QWG A - Comdeol Raxd 43 Ps|
CDTW LM% Rew Pergo liges) /
- ?og+ furjg bj;.“(c"\ 9) 1”\}1‘\m\ Po rge s Cleuy
O TTmE TEMPEY Cond (s Qﬁ‘_("“"f_,_ *W% CJE?( y) \vv’bl:wﬁﬂ BT ek
(o) 42330 Teo 122 waTU -26-5 (%3 GY478  ciéar
Gess'y w33e 713 0793 43 -Sel  f4b (Y4l ew.
(1ezo) 1333 TR  0.LM (.57 -353.4 o2  GYIT g
Gozs 1 1337  ¥UT 0.5 oS =M% 124 (46 <ear
Uoze) 1345 935 €.47 Gy ‘7_7;38}.2 1.3} S5 Cleay
{1e35) 1Yol 39 039 Y6 -23.7 38 4488 Clea
QQHG}}\WJS Ho i%@ &S -24.9 Ba A FETD Cear
(045) 2o S99 635 (.52 -227 L6 GoST  clear
(‘%“’5') Eéﬁ\é;s‘,n%_g Stabic T
(3o} 1941 @z 065 6.63  -235  VHL .81 ciee
gc\mm\e TW\ (‘050\ | L -
;\um“)\?'i Ce\\ecé@{,» (%) $ ZwC (12) §7 70D
'(%\c_wwaé. (3)T™WA |
u,.;\Lavd“DuP ( Taken from jQwern)
| ji‘»w,,p,\e FThime \3“3\) ~
Seum ples Cgiaeaiea;Jcé)%zQ@c;; (4)927 D
W) Syanide, (1)TM) ‘
PN

QS




WL@ NN Ww@,
3 -
i E)@.FC !7K @

T \,; . o
s, | DTWIG2.23

;: ,Péééf:P&xM 2 ”\)"‘U&/’ Cg% L,

$c ) b\vw\'b’\‘g
|
Lot - ‘ |

; JDess
rar waw), liks2 64 1"’5‘4 éﬁ‘"???!@ “‘“ 1 clew
ar  250) 1383 991 12 Gz Tum | ) F6.0F tiew
C o (ess) 84 85T (982 ese 337 31| 69T cleer
s (309) 1235 Gbe 061 Gy H4R | 163 4604 clews
T ses) 1243 ees 05263y avd st feod
) 2i5) 1396 S¥S | 049 35 MIE | VKT Y60V cpe
(13)5) 159% STe | 0.4 633 SIS 163 HooT clew
() Mew 70 oMU gy o LS ke
. ‘ﬁli) iEE’-;“';j—\wq 5*“'\\:\{ : | L
B 335 ) \M.2e | 573 “?“93[673&: 185 480 | 6.0 dren
B [l ﬂq&g\es (oneueé (G}ZZ(DOL;, (82D ‘
_____ i WD awide, QY O ABERNEEERS RERRERENY
B Q‘)

’\EW\?(vu C,ML(

\3 ‘69

\ )Q‘
g Li 5’ ‘

(3.6S

loos | O

312

00G

\3 50

5 o

\383‘

lah%ﬁ

\m:-ﬁf ‘ 0. |

Qecﬁéi-mi
) \\1 3‘}‘ !

l %CAU\_»\Die

Gl

W

*%a%

Pesit
Tl W\i

"Tz:MP(@ Ca.\ACu ) Dot

&K
,

mv




'jq/;

Ji6

 Genciol Nobdss

i «Weo&\vxev - | Fee “3;1

— ‘ é P@t -

?,\chx\\ el

¥e (uvﬁs

wns? YS1-

505~'

;ﬁe

%wtgseksw

pht:

b@ﬂA\AC\‘\V i

'—\ 00T oo 700 »:f?vcc/ /0 oca~ /#09

] Pfxxib
DO%= laz 9, |

IR @é&x 0&*&4 Wﬁ\\, 3&-\;

,, ‘ 7 Aj\\ qu@mw"‘r Aﬁm;héé \%el:a \‘{W«A Oil\‘kew

WAM

wesA e ch ecxc,k

I3

a \L\\SMS‘ g\x\w\o\w( |

.___../\‘Sj,,:

CHACH 2ioP T\m\m& Md;—ef mv\qe 0.0

2-\( 60 a\;m

-3 G\"C\Jﬁ&\ﬂi\"}/ U\St-cl a\" eqﬁ;} |

@\ﬁ \ﬁ)

— LA puge weder ol cu\spmeg\;mgg&gm\@(,

— oS o * REREEN A‘

, ‘ ] \mwvn\eg m\\ecﬁeﬁ V\Q k*s‘\a&\m\‘tﬂ?ﬁr\@&f\f
RN _vww\'é Cc:“‘ei\‘m\ G"“t\t\i”“ ?‘é 0t ¢ ‘Tﬁ | ‘ n
oA W’e\\g ?"\‘{ g W~\ \ﬁww’)\e;\ oX ¢ QZSL a\mMQ B

SN Samople ¢ oy E(C‘Q‘C‘V”Vcr\‘\‘\\(’e 3

L T e ﬁMc;—; i

- ‘@’\@A RS kﬁ\\etjte JPI‘@M cm& Jj\r\\Sﬁ—P«\@fwlx b\u\\&_« (j\;\w.,@ i
ENNL Blodde: ‘{va S )

IC“\SG

ISS'EC \ ;ﬂ’;PbT]t

& X eydeg/hn

"\ sf \/\‘ +L\(:\ 4[

s

j%rﬁm‘

ATV e

1l

i’e&" \ﬁu\\za\: i)’Tw

\Ne\\, '

! (E,“"S b

|2C{H | ‘}

4%
"75i 1S

gl as

zn;;ﬁ
|

96

S e

B ?'wqf“’

- {SwileF

SR

T Cl ]

oy Y

‘SM‘, (g

S\}W&:

33wT

o F

[0.00

Sawq’

AT

(,] -

K‘_;/‘




_Q/

CorRew E:EﬁSt

Po:x ?&M’lt\(: D‘W 36 15

Time TEMPO) M

(c%o\ 54T ,;,?3,3,*“,,@03,,,_, 4Jo
(0965 5% 9 “okz

(esio) s, 43’”933&7 ngﬁ, '-{S?

(e Y 15 531 45e
533 Yse

(eq20) 1555 ”i__:,,,,,,,»;ﬁ_

0425 ) 1555 ®7 ,Hoaq,,
0425) Q&uum < Seble
kGIBS)\SSS %71 S§z HSS’ 134,

Smm‘) Y T Vv\t (C’q‘OX

1372

‘%S ?)

5.3

%i{r ORPw) Twsze(m@
2
AN
144G
Iy

icil

_ERHL

xNG 2o psi B«t&\ﬂfﬂz@[\g (a@g;z}

INm A PuRCE~cicn-

Fw Qese
1574
576 Gean
58 ey
Sxr
s QR

1575 -

_ o clees
0z

elear

e~

7,3?L,Lg Cell eured C%)%Zboc} cn) Tia

Sw«zﬂ o
bjw \2 CM N
P<=$+ ? vy @ J)'W' L'Z. q(‘i i

(,cvf\ el baj( i

.

v
%

Bejm P .jtt?ifﬁg,)

‘m{—nc\l PU!”(,L{)EQJ'

fim CV,J&‘W{ g4 C‘md(ms\ Nelrd D \Jr C\&ﬁﬁw\
(o450) 1Sey  S%C 238 (o Te.z
(095%) e 54 *,J,‘,‘f‘,_L,,,,,,l:?u,é?,__f"?’*2—
() 1433595 V) gad S67
C(es) S98 110 638 des
S" ﬂik, 319 7;7
B 5“1‘137 105 34 2_
(102) TT S99 103 Gsd 3
- (to2e) _Readines Sdabie
Lese) M7 oo .99 - b
gt&mp ke Time (i025) B
e SNaugizs CclfedixL G)gze% U) fm

,L M,fL‘th

F2.99

,,2:,&(2,, |-
787
25¢ 245
L7 129y
o9 D
Loy

7 ,.F:,'G‘

,@iﬁ,&v’; .

. Clear

—

M1

1) 1475

015 SIS

¢l€a

{leav

2‘7 Ly




LA -UNITS

|
|
I

ﬁ‘z; 4@7\’5&:#&-&

%&Hm ?un.e(‘m‘fjg?)
J J nE

Cew}-\fs\ Em« < Fj" P5ﬁ

—

5 it ORPw) |

.92 06}

u.,.'bm.-m DT Dese.

j)m Fid ”P\.vc,e; <-(ézz;.

| Qf% ‘?Sto ) ((éa}».

—

415 109:3

0(52 ‘ Q ‘%" c_lﬁw

4

Hq 103.%

rEs C/“7Cf 16(”;3.:,_,

4.8 100§ hoe 98I | qew
z.80 | W71 173 108 479
2.9 - 78 %761 B Ci( | "’i ‘3; | daan

298

Lq"rz,“—

093

o
i
[(]
.

Y

!

e~ rr; -
— = | . = \

R

mples | (I Q‘Q\"e d: ( f}) 8‘ &O(q

'5W§t>

\\0"\/\;' A é};{é"

TimE 1T‘ﬁm >( d

Qm\:h:\s\ @u&dgl‘fs’ B

’Pjes;{ P rm: D:\;v

‘msm .03

@R

T

'\\%} \"707‘ 1432

O

\Hs) \'r‘
,\!SM \‘1‘0"'

$ | 30

‘ \@sffe; n @2‘

( \Leoj [(o _;q

299

lZ,OC,) g’iuéw«j§ .

Wle '5




W 9,4y

_t 03} ‘\)‘, v\)( ‘)TW C(E\q

o TM Tewel)  Cendlug) WX
A%k
1457

a4

(o415) s, AT
COql@} 1476
(oqu") \"\Cﬂ

Loqzs) m pz
(e‘Ho)

( 0445 H 60

<°‘?SO) M6l
C“"‘S‘S) iL’i (oei

U?EP),J&,&S
Ciore) 1443
;MO‘)

v,;,RCV-\AHA
(tozo ) m q5

948
5q 4§

9%
e

—1

98 0.2 b0 s
949 o 2T S 1.5

“'HCI

,,‘.*WQLMPL{)_ Ty e C CiO -
S%Plﬁt& Loileo}ec(, CS)%Zeec cr)“rm

[ASep2ae
l‘ 1’(«

oty
wi

7

2.00

s i'{é 053

by
i‘\%
CJ%
OHO
0.3

g 01 ot

1S SH\\;L&,

Weo\wu
?
Cﬁk\\\:m\-\0h§
PH Moo =
C,nv‘iv" *\-\vﬁ\-\‘
DO = 100‘7
H-HLH UocP

\I%L 53 (o m“bs
x_‘

?'f f%um\«? SO ! "-703

Kmﬁes € I

00

Qweaéc_. \‘-\\34@

\urb é\me+er (c.\\mje, C«QZ"LQ&G NTU
% gﬁe Puai U3 -LO(,aéé\+(omw\

-.10:€0

RFW ANTTS s

2498 C> 2 538
133 ,@9,?;5,3

2.;3
e l“i EpA%C’J )
20

“?—"i

15)

S

8
q

g

0 = 10,00

Y% ¢ mdewcl/

) WS
|
3y

‘le,,

037 o

N 996 clea,

BQ«D “ ?u wnjd (

44s
447

i 196

s

h,, el %w}t decz,
___Eﬁm umq) W Dese
.90
‘%,3
ES
‘5‘1 ,,,,,,, !
Q.2
a7,

192 ey
tlear
Uy
CQlea
g,
qj‘? _ Cley
447

994

_ Wy
(e

9 6 e




LA -u7’
m&: wﬂ-fﬂ—




‘ REARP ~ Unit S
%O'Z'Zoﬁi\lbﬂ :
S Wb EFC -

S’vvcz\) o T
B AN Hme(i\%o) ?7 |
o  Sanples Gllesked ! (I8¢, TM

; S s - o
~_appROVEDBY_ I
T - pATE_ 219010 o




; ? -n"t:s&cj\\!{ é

| D@7v = 100 O ‘7

I ’—\DO' “l OC '7&:@ j79°

1(9_@‘ ‘-’— ?C 0¢

\\’H; J/\B imR \L\\PS//L)

sﬂwl\wc;(

i

i
\
O

[

e e e et el

AACH 2100 P Tae bAM“e«* (‘cqufe o. o‘z \00@ H—ru\‘
: ‘D&X\tﬁé\&& m\\ X';'JV_S i nsed et e |

wem vu}c oﬂ‘m\f\ é—auuv\b\é \OCQM(* INER i
"‘A\\ *que, b‘uélt\ef Co \\ec“\%\oma CUSPBWA & ":‘Y C)\ \\C“\ 2
cv\*s“*elc@&“” i
° /Jv\\ Sonifes el \teﬂtu\ “lyfawsﬂ‘?ﬁ?i andh ¥ j‘}’“@l 4 e Tl
. 55"‘“?9\%\\&' ¢ §260C S2IODATA
u ‘ H\\ \\« ‘D\Av )Tcy\ C«\nc\ ‘Se‘w\%ﬂ\ @5\‘ C’;ZS L*/"“’“‘“\ B}
i | S/c'»v‘-\ﬂ\ M\\\/Sl) L ‘i (‘fsﬁ‘(Vc« VAN |
20N s2c0c e T
I Cg20Dd v\m"fwiéf@%ﬂ
i | ‘wmuwﬂ%w o oHre
‘ ‘ \/”\A’S c@\\% C\'éol v g e DV\\S E‘_L\C cm.b\bMGV’ ()w"‘\o
7: @ %\\9‘0\; Q\I\WL{} fc‘""‘\*ﬁv & ‘_k € e / G
< Qc:L . \Sé\l\oﬁf ~Q,, % <
i ST‘VLTLC ATl
’Wie\i frrw %ﬁ pw,\g___(}} w | |
Vol 6’5'7’0 B 55 Cfc] |

hd 5{(:
Uo‘S |

e 2}3

43T G278
t’bwczg 54, C;‘ ford 7( i BERER
‘\Jom,g T3 Hq Top
“laWC\ﬁ ©%.33 3‘3779 | ;
fbwuﬂ wés ;p ffff% | /J\




RFAA - w\rru.

R

EE‘)SZCL\’
. CVECwMD
b5 ,
- DT q %e( @m’kv \ E&k ,,,,,, %eq\ vy P“\qu (O‘ivﬁ'\
POS\‘Fpuwﬁf, DTvw 2. 7‘3 St 3o Psi x \IL\J("E\O\\ T:D"Wﬁe o

‘e ) Lo

”CX Cw@\ :s\ Mgﬁ

T ORPGs) Tueshind HTW Bese

laio) 1409 SHe 286 6. @S Hqo4 2.4 G8E dear
Ceqis) a4 ss5|( 208 68 388 bl 6.25 cleay-
C(ome\ 14,07 S51 zer @93 290 uze 157 ¢lear
i (qz;\ 1448 650 (.97 "lncéﬁrrr’tu‘-i e w75 g,
{430\ 1997549 190 TS 250 083 D3F clew
‘ cﬁs'\,u, 5¢  S4% L85 7.7 228 ©6.97 1258 (lear
(0955)  Readivns Siable. T .
(e?as) 4o s%/ (.99 T 192 1% 1278 lear

Ssbgvv» ()]Q Taﬂne ( qu{O)
,,,Bamptes Colfected s (Z)gw’dtc) (2)82 700, (r)Tn,

. Ey_@c),m@)mﬂ%m _ORPims)  Turh (4

1333 59) .10 =7 -5§ .95

o - SmmPle Time (1000)

- | Scw\,\?\/as Cof(ected:! (5‘)8260 (Z)S?Jznb ()T
bWwc ZE o

Dw 549358 Condrel ;ggx,:,,,\,i,;;zs,g_mP;ejm Pme Gors )

' ‘ OST Purqe DTWiE2 1) S imij&l ij_t (lear
TIME Itm_mw Qﬁﬁ%ﬁ)ﬂ 0EP(nd Torblond DPIW. Dese

(iow ) 1435 353 276 744 %3 0.7 5669 eay

(1025 )i435 354 7 753 42 036 5%0 (iear
Cieze V1428  3S% - i00 759 -18 071 58971 e
(io3s )84 354 047 76l -4Z 074 &% Geas
(19490 ) (969 352 098 762 =56 077 G5 e
(ios)15.43 352 o4 767 1T 0Te  Glze e
(‘ﬂ§ig€£phf\§:< quUL | _J
(1057 )i534 385 Ldo _76% 19 0.93 C1eas

IQU







=N

DTW:iSE @g

Conteot BoxtMOPS| Begiy Purge 1315 )
S \“dr\n\L P»mzaev e

,»)' H%w

ERUCINRS

] ,Ja:,‘og,,

.53

o5

QKKW_L Tuchlun) BTW.
AS

2.2

5949
_Glod

Cl €y

M3 2,,7,1 o

»u%‘to) 493 27

U?HS) 49y 269
(1356) 14492 269

(‘35‘0) heo\vm S S:h?‘;Le L L
(s0) 1524 11 ISe TNY M g9
o ‘gmmpm lame(%%) -

Swvnles (ollecked s CZ)%ZQOQ CZ)

(,%301 482
mss)

> 2).8
- Z28

Z2z. 5
[.3% 244
Hl Ze.]

_his
696
e ¢
695 "‘Uﬁ, _clear
%9 6

wz.0\
@m;

_ tleer

(v(c Z? - ,gjg—:.i

%z?o) (’ () TM




(«,C’

e §1“E€c¥x\m <

Sé MBS
2 :‘3 _19.“. Ib
e %ﬂc\\m{&l wv k r"(}*‘\—u,\a\ﬂg US'CTX &*@tc ‘ We\\ ‘
if | eq\,u < > 7 |
| \Oé\ﬁ_, ‘ f\ﬁeo\c\r: sauwg \awfh VVVVV
Ml poyevter cllededl o S
L 6 %‘&M\SPD\F\EA O\W\(;‘;

, a{% 0.25 L{ww\,

'P{e&e WC*\\-\ Ve




|
i
1
i
i
i
1

(leis)

W '\’5
b’\m

f oSt \uij \’\N%U‘é 7"7

TME - T () Condliw) bO("J)

(o9zs> i3.03%

(e4s) 13.05

Ceq95 ) 13.40
( ©950) ) 13. 17

_}:(cﬂigs) 138

( iocc ) ‘327

l"bﬁ) 327
Cove).
343
< 102¢) 3.4y

('{0'45) 1358
L‘l‘%) !-) (GZ

,!5‘,&19,;

~H19

M3

s B

4
(o25) 336 4
(o) i3.37
(1035) 1350

‘-H‘i

S‘-‘,J\PLQ' T m&( ]OS%) - o
- Suw\?\hs Celfe cfed (§)€s2tcca LZJSHOD (r)“rrvx

Seble

H30
M3

L 379
L3497
2 G
2.7¢
239
2.6%
135
e

g

He

.33
2y

31

L3S @S
H45
q.28

G322 42 LTS
1495

Neo .

/?,FA,A.,& UNIT
520"?!6#3 —

= Sy

¥

) i\ﬁ Fra ) nga eleg

‘Fﬁ 5\\?(MV) Tvr H('ML

636 et oﬁ,

‘2,’1}3), 75 -z
.78
.36 723
9.0 157
@32 2.2]
D63 %0

(0_@3 _Hed =97

N T
Gax_

e

630 oy

@35 492 Gz

H9%3 &34 o
KTz g
RT3

,‘,:,3,,?.—, 6873

%1y
3 ,(,c,;i zes
25T

19SS 2N

O Dese.
&%L8  ciear
tear

Uléry

6372 e

&y

e

8Ty Vclzzgr

@872 e
G372

Cleay-
AtV
GR35 eey
687 eleqy
(%73 e




POy
o2 )




o 3 B

P R L

We Tsmﬁl)/
j nm\w NETINS M;A \ "“’
(1325 ) 13,2 ©

i’: P(é'x ((owd(.@—/,j if( )

] 0 vv.}(‘r%\

ERPlw) Turblvry DI D;g-;

~’ i

Sawp \\i | T,;, we. (J 3ec)

Sawaples (silected ¢ (28260, (2)R2700, (1

b(ﬁm) 5"%’ Desc

'\j_

ERAEVER

AR
o

|
|

A
AN
& |

NN _,,«“'3 G «»‘i )
| 77(0 ZQCI()@
T8 2.5 5T 2.
T bl @57

L’-Li A5 (e

R
,,,,,‘,J‘ L[,b - C !eqw

L’? g Z ‘_}(C’/‘

“!te' ’

18 31 65 0% ,,,ﬁzﬁ,%,_,fle,ar
I sy 066 9953 dear
782 L.43 & O6S  H9SY e

T8 G719 6sY - 1953 tieac
\-lqu C‘CCt(‘

ki"fSL Cleewr

59‘5‘1 4 fﬁ‘tr

47,52 (lear

R 08T Y48 e

655 -y
e Time CFL{ o)
:)wmpks LD“(?C*HJ (;)ﬂgwoc cz)%;zc} (,) T

j“‘iﬁz l~l

—
bL Ana)

’r‘

~APPROVED BY—
 DATE fZ FZO(U




REART lu..';a

Boz 04
WMV W‘T’U

T Gf!

bfeert

GENERQAL NOTES:
- \l\‘fﬁm‘\‘“\/\; p '%s§° %:5 ﬁuu' ‘\'\\4 ¢ \muéu\f
M;PPE:_ nitnle a,{weg eY& Pym*{'eg."’\oa\ steei *oed heets
_Caliboalions YSi |

pH 400 = Yoo j1o0= 199 , . 0or  Jo. ¥e)
,,Qem&wx %\{ y‘aaé 14 \é___m 1 a }H]g AL 5@*&&@@
~_Do=_j0® 9, | | |
_ BALE 2160 P Torbidimeter! 0.0271000 VT Rang.e '
“Vedicated el skints gnd tobind uied af each wel(
= AL éq/ﬂmezw«% deconned behuzain \ﬁﬁl‘s and afier epgnt

7(% ?JVL])& water lollected ami dis %wsec‘ o*fj at dedicied

- “’C-a tio e @v\fi((‘@, |
"gcwvn\ei Stored  cnd Mg_(;crk& g jce fwn toolens
Ewmv ie_CGHé'Q-‘—\eh v*ci.c_r'_de;. veserve Hues |

- 3 @ 82e0% Heo
- © Cyamde NeOH
® . | HA,

"-A“ wr:“s ‘})arﬁael Cla s scwmké ud' ¢.25 /“"H\

X
3 § Second o g =4
~ B o\ii ‘PJVV\'F Sedd; mw:}j ‘Y Q\/dé5 /e\mv\ /0 Sfe?mw_ D;ESZQ&;L

emWg | Contval Box 50 75!
_DTw: T2 B eqin Purge (1012 )
t‘e%‘l' Dorrj? j"'\,\/ _’5 qL\ i Vait i i*vr‘ic’ D eleed

TimP Templ) (oed(ue) DOCP). pH  ORPm WES DTw.  Dese.
Gois Y i50  AtT 04T 595 je5q 30 T35 clear
Givge) 150 196.9 0,30 505 9.1 z-b 44.00 cleay
(j025) 15| 99,1 0.i8 54 (eS.e 186  F447 dea”
(i030) 15:b ooz 0F 50 AT 0& 74,50 dews
(io35) 1% 1102 0,5 519 0 080 J4FS e

toqe) 2@ 13,5 04V L[b wnT sYL 1350l lead

Gods) 15.5 i~ 0l 545 3044 067 TS53 du/

(bge) 153 [ib b gu? 52 (¥ -9 0.6+ 35,54 S
s s s ol s 1160 e 3518 ‘?“"3‘(




o [ N A 1 NG
e ’ N e X . ; i vy
R e B 3 Eo 33
g AR DI ITAs [N i A S T U
A A S NAL W O -~
X o 3Y INET BN AL
1o ~ - B NG —e L) A hll -
- mx i) . f..\\_‘.(Jm.V‘ 5 ~ = N Y i PPN Y /Cﬁ,“\
21 o V7 . RS = RIS
R/ e B W ) N \ ST e 1N
N M Y e v ) ) i A ) A} LY
% mm = z .w. S Q S im = /ﬂﬂx ) ¢ A
PN T W = = g .35 N o NS
R =I S TM\T. , NI I e O
v T =X =" I I A
I ANNY - =\ 2 I ,
oty " < W e - \‘\D " b; e Y} / -~
2T Rk e I D as M B AN YRAIRN =
* S . ~ el ~ o~ P i~ Ay EAIRICTAY) ™
SN ® Dol R RN
ENR Sy AN SR C R N NN BN
oo~ = = ~ e R BT 2 S S
LA el o} v O™ 2833 5 x
Ernscp ™ A e IECR I R
n w3 s J..lu ~y L | 8 4.- o \/,v B ﬂﬂu
ol REENE 1A K 3 = - ) D ) ~ b
o hr »/ O © e & < mw M A RS,
2 yr! oo T Ol—= 3l ol N e
=\ = il eI i
. 5 F I \
= b N 2 O \ - ;
<. _see o Mﬁ ANE JE
Yo AP A R AR SR TR Z IDAE AP
[ ¥ < 8| \3 - W Q N EY & w0 X (9 NNE
T de [ ~ ~ = P Y) bt D
< N _p 3 u«:, =
= < N\ b L.Wd LN
. AN oen N ~T o2 T el ea NS P )
w2l = Y I A e (A= L PSP
S s IS s L T A - ¥ N7 dP Fon ]| I B Y M B
JHAe T oA e e T e
3| 912 T > L
8ol O3 TWM,W\; QEAYRWE SIF £\® NN
i R RERY Slo % b2 @8y
2 | = = L\\_D\A =X = v‘[v%y N 2T TG Ll [ w2 [0
= S I e A L = A=) s == AR R R N b N =R
t Ay




Foid B 1}

REAAP/ o
L BerZed -l
,“_,*ML;\,;D}nM .

Sumpie Time (1100)

Seuiles cellected: ((YFLLOC, (2 ¢y

oW A

\ %uwa\)"ﬁ Time (1215 )
es Collerted?

(o) 820

go\wo\
\

VWbt

SQMWIIW\C 3(‘2?35 )

colleched Fronn bW A

| Sowmples Collected: (L) 8T60C

lotaw 4 | }

Sample Time (13490 ) o

Sawapies Colletted ™ (12) §260C, {2) eyunlae,
] | (2) T
M |
‘w\w DUPL | (Tuken Lrona) }QW\WC{) i

_ Sample Time {1350) .

Sqmé\)\es cellected: (2) tyanide , (2) TN




APPENDIX E

CORRESPONDENCE (PDF ONLY)































































Lisa Kitchens

From: Kochan, Kurt (DEQ) <Kurt.Kochan@deq.virginia.gov>

Sent: Thursday, September 29, 2016 7:42 AM

To: Stewart, Jay (US)

Cc: McKenna, Jim; Patton, Mark (US); Hawks, Jody (US); Mike Lawless; Janet Frazier
Subject: RE: Cobalt ASD Report HWMU 16

Mr. Stewart-

The proposed timeline is acceptable to the Department. Please call with any questions. Thanks.

Kurt W. Kochan

Corrective Action Project Manager

Virginia Department of Environmental Quality
Office of Remediation Programs

P.O. Box 1105

Richmond, VA 23218

(703) 583-3825

From: Stewart, Jay (US) [mailto:jay.stewart@baesystems.com]

Sent: Tuesday, August 30, 2016 2:08 PM

To: Kochan, Kurt (DEQ); Farahmand, Aziz (DEQ); Fisher, Brett (DEQ)

Cc: McKenna, Jim; Patton, Mark (US); Hawks, Jody (US); Michael D. Lawless (mlawless@daa.com); Janet Frazier
Subject: Cobalt ASD Report HWMU 16

Mr. Kochan,
Attached please find the response from RFAAP concerning the Cobalt Alternative Source Determination for HWMU 16.

A complete certified copy of this letter will follow in 10 to 15 days.

(]a-/ Stowart

Environmental Manager

BAE SYSTEMS, Ordnance Systems Inc.
Radford Army Ammunition Plant
4050 Peppers Ferry Road

Radford, Virginia 24141

Phone (540) 639-7785

Cell (540) 200-9536



COMMONWEALTH of VIRGINIA

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

Molly Joseph Ward Mailing address: P.O. Box 1105, Richmond, Virginia 23218 David K. Paylor
Secretary of Natural Resources www.deq.virginia.gov Director

(804) 698-4020
July 19, 2016 1-800-592-5482

Mr. Jay Stewart

Environmental Manager

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

Radford, Virginia 24141

VIA ELECTRONIC MAIL

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

Dear Mr. Stewart:

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

It appears that no new targeted constituents were detected during the groundwater monitoring
activities conducted during the Second Quarter of 2016 for HWMUs 5. However, total cobalt was
detected in Point of Compliance (POC) monitoring wells 16WC1B and 16WC9 at concentrations of 35
micrograms per liter (ug/L) and 5.5 ug/L, respectively. These concentrations are greater than the
Groundwater Protection Standard (GPS) of 5 ug/L for total cobalt for this unit. RAAP had previously
submitted an Alternate Source Demonstration (ASD) to the Department indicating that the detections of
cobalt in this well were due to natural variation. As the report points out, the Department requested a
minimum of one year of additional monitoring of this well prior to making a decision on this ASD
request.  Further, tetrahydrofuran and cyanide were detected in POC monitoring well 16WCS8 and
tetrahydrofuran, vinyl chloride, and cyanide were detected in POC monitoring well 16WCIA.



EPA ID#: VA1210020730
Radford Army Ammunitions Plant
Radford, Virginia

July 19, 2016

Tetrahydrofuran was detected in the verification sample from 16WCIA at an estimated
concentration of 2.2 ug/l, which is greater than the detection limit of 2.0 ug/1; therefore, the original
estimated tetrahydrofuran concentration of 4.6 ug/1was confirmed. A Class 1 Permit Modification to add
tetrahyrofuran to the Groundwater Compliance Monitoring List for the Unit is required. The Department
concurs with RFAAP that the background value for tetrahydrofuran is the permit specified QL of 25 ug/l
and that the Groundwater Protection Standard (GPS) be the May 2016 USEPA Regional Screening Level
(RSL) of 3,400 ug/l since there is no USEPA Maximum Contaminant Level (MCL) or VDEQ Alternate
Concentration Limit (ACL) for tetrahydrofuran.

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

RFAAP should continue to collect data as previously discussed for the Alternate Source
Demonstration (ASD) for the cobalt detected above the applicable Groundwater Protection Standard in
point of compliance well Il6WC1B at HWMU-16 and now 16MWO.

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



EPA ID#: VA1210020730
Radford Army Ammunitions Plant
Radford, Virginia

July 19, 2016

If you have any additional technical questions, you may contact me at 703-583-3825 or by
email at Kurt.Kochan@deq.virginia.gov.

Sincerely,

Kurt W. Kochan
Corrective Action Project Manager
Office of Remediation Programs

cc: RFAAP Correspondence File
Brett Fisher, VDEQ-CO
Russ McAvoy, VDEQ-CO
Cassie McGoldrick, EPA Region 3
Jim McKenna, ACO Staff
Matt Albers, BAE
Aziz Farahmand, VDEQ-BRRO
Mike Lawless, DAA
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Corrective Action Project Manager
Office of Remediation Programs

cc: RFAAP Correspondence File
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Jim McKenna, ACO Staff
Matt Albers, BAE
Aziz Farahmand, VDEQ-BRRO
Mike Lawless, DAA
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