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EXECUTIVE SUMMARY 
 
 This document presents the Annual Groundwater Monitoring Report for calendar year 
2013 for Hazardous Waste Management Units (HWMUs) 5, 10, and 16 located at the Radford 
Army Ammunition Plant (Radford AAP) in Radford, Virginia.  The Annual Groundwater 
Monitoring Report was compiled in accordance with the requirements specified in the Final 
Hazardous Waste Post-Closure Care Permit dated October 4, 2002, for HWMUs 5, 7, 10, and 16.  
This Annual Groundwater Monitoring Report evaluates the analytical data from Second Quarter 
2013 and Fourth Quarter 2013 for each Unit.   
 
 In correspondence dated June 26, 2013, the Virginia Department of Environmental 
Quality (VDEQ) issued approval of clean closure for groundwater at HWMU-7.  As a result, 
groundwater monitoring is no longer required for HWMU-7; therefore, Radford AAP did not 
conduct semiannual groundwater monitoring for HWMU-7 during calendar year 2013. 
 
HWMU-5 
 
 The calendar year 2013 groundwater monitoring events served as the seventh and eighth 
semiannual Corrective Action (CA) groundwater monitoring events for HWMU-5 conducted in 
accordance with Permit Module VI – Groundwater Corrective Action & Monitoring Program for 
Unit 5, which was approved by the Virginia Department of Environmental Quality (VDEQ) in 
the Final Class 3 Hazardous Waste Permit Modification dated November 5, 2009.   
 
 During Second Quarter 2013 and Fourth Quarter 2013, TCE was detected in point of 
compliance well 5WC21 at concentrations greater than the GPS of 5 µg/l, and in point of 
compliance wells 5W5B, 5WC22, and 5WC23 at concentrations less than the GPS of 5 µg/l.  
However, no daughter products of TCE were detected in any of the wells comprising the CA 
monitoring network during the 2013 monitoring events.  The TCE concentrations observed in the 
point of compliance wells during calendar year 2013 are consistent with historical TCE 
concentrations observed in those wells.  TCE was not detected at concentrations greater than the 
QL in any other wells comprising the CA monitoring network during the calendar year 2013 
monitoring events, and no daughter products of TCE were detected in the wells comprising the 
CA monitoring network.  In accordance with the Permit, a long-term concentration plot of the 
natural-log concentrations of TCE in well 5WC21 versus time was constructed.  A linear 
regression line shows a decreasing trend in TCE concentration in well 5WC21 over time.  Based 
on the data collected to date, the current calculated compliance timeframe for corrective action 
(monitored natural attenuation [MNA]) is mid-2014 which is less than the MNA remedial 
timeframe goal of 2019 as presented in the Permit, and less than the 2026 MNA ineffective date 
as specified in the Permit.  Therefore, the current remedial measure (MNA) is performing 
effectively in addressing the TCE concentrations in groundwater at the Unit, and no additional 
action is required.   
 
 Total cobalt was detected at concentrations greater than the revised GPS of 7 µg/l in point 
of compliance well 5WC21 during Second Quarter 2013 and Fourth Quarter 2013.  However, 
total cobalt was not detected at concentrations greater than the GPS in the other wells comprising 
the CA monitoring network.   
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 Overall, evaluation of calendar year 2013 data for the CA Targeted Constituents and 
comparison with historical data indicates effective progress of groundwater CA through natural 
attenuation.  No changes to the continuation of the groundwater CA program are anticipated at 
this time. 
 
HWMU-10 
 
 Based on an evaluation of the groundwater analytical data and additional information for 
HWMU-10, no constituents were detected at concentration greater than their respective GPSs 
during Second Quarter 2013.  Additionally, initial detections of additional Permit Attachment 1, 
Appendix I constituents during Second Quarter 2013 were refuted by subsequent verification 
sampling; therefore, no changes to the Groundwater Compliance Monitoring List for the Unit 
were required.   
 
 In correspondence dated July 30, 2013, a teleconference on September 5, 2013, and 
subsequent correspondence dated November 15, 2013, Radford AAP presented information to 
the VDEQ to support clean closure for groundwater at HWMU-10 (Radford AAP previously 
received VDEQ approval for clean closure for soils at HWMU-10 in December 1998).  In 
correspondence dated December 4, 2013, Radford AAP requested a 60-day extension to the 
semiannual groundwater monitoring deadline for HWMU-10 (December 31, 2013, extended to 
March 1, 2014) and reporting deadline (March 1, 2014, extended to April 30, 2014) for HWMUs 
5, 10 and 16.  The 60-day extension request was based on the discussion between Radford AAP 
and VDEQ during the September 5, 2013 teleconference and in anticipation of the pending 
approval for termination of post closure care groundwater monitoring at HWMU-10.  The VDEQ 
granted approval of the 60-day extension in correspondence dated January 6, 2014.  In 
correspondence dated April 2, 2014, the VDEQ granted approval for clean closure for 
groundwater at HWMU-10 with immediate cessation of groundwater post-closure related 
activities at the Unit.  As a result, Radford AAP did not conduct semiannual groundwater 
monitoring for HWMU-10 during Fourth Quarter 2013. 
 
HWMU-16 
 
 Based on an evaluation of the groundwater analytical data and additional information for 
HWMU-16, total cobalt was detected at a concentration greater than the GPS of 5 µg/l during 
Fourth Quarter 2013.  In accordance with Permit Condition V.J.4.i.(3)(c) and as directed in 
VDEQ correspondence dated January 21, 2014, Radford AAP will conduct an Alternate Source 
Demonstration (ASD) to evaluate whether the total cobalt concentration detected in well 
16WC1B was due to 1) a source other than the Unit; 2) errors in sampling, analysis, and 
evaluation; or 3) natural variation in groundwater.  The ASD will consist of collecting four (4) 
independent samples from point of compliance well 16WC1B at a frequency of one sample per 
calendar quarter to evaluate the effect of seasonal variation upon the total cobalt concentrations 
in groundwater.  If the total cobalt concentrations detected in the independent samples remain 
above the GPS, Radford AAP will evaluate additional monitoring wells in the Horseshoe Area of 
the Facility (the area containing HWMU-16) for natural variability of total cobalt within the 
aquifer.  The ASD data results will be submitted to the VDEQ within 90 days following 
completion of the collection of the quarterly independent samples.   
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Second Quarter 2013 verification sampling confirmed the presence of the additional 
Appendix IX constituent diethyl phthalate in HWMU-16 point of compliance well 16MW9 and 
diethyl phthalate was added to the Groundwater Compliance Monitoring List for the Unit .   No 
additional Permit Attachment 1, Appendix I constituents were confirmed in the point of 
compliance wells during Second Quarter 2013; therefore, no other changes to the Groundwater 
Compliance Monitoring List for the Unit are required.  The permit requires collection of four 
quarters of monitoring data from a Unit’s upgradient well(s) to establish background values for 
newly detected Appendix IX constituents.  However, Radford AAP has collected diethyl 
phthalate data from HWMW-16 upgradient monitoring well 16C1 during the previous 11 annual 
Appendix IX groundwater monitoring events (2003-2013).  Diethyl phthalate has never been 
detected at or above the LOQ in upgradient well 16C1; therefore, in lieu of quarterly background 
monitoring, Radford AAP proposes to use these data to set the background value for diethyl 
phthalate at the LOQ of 5 µg/l and the GPS at the VDEQ alternate concentration limit (ACL) of 
12,480 µg/l." 
 
 Evaluation of the plume monitoring well data indicated that the concentrations of total 
barium in upgradient well 16C1 and in plume monitoring wells 16-1, 16-2, and 16-3 and in 
spring sampling location 16SPRING were greater than the site-specific background 
concentration.  As stated previously, higher total barium concentrations in downgradient plume 
monitoring wells relative to background are likely due to natural variations in trace element 
distribution in groundwater.  Upgradient well 16C1 is screened in limestone while downgradient 
plume monitoring wells 16-1, 16-2, 16-3, and 16-5 are screened in shale and fault breccia.  Such 
differing lithologic formations would be expected to contain very different trace element 
distributions.  Therefore, no further action regarding the 2013 total barium concentrations 
detected in plume monitoring wells 16-1, 16-2, and 16-3 and in spring sampling location 
16SPRING is recommended at this time.   
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1.0 INTRODUCTION 
 
 This document presents the Annual Groundwater Monitoring Report for calendar year 
2013 for Hazardous Waste Management Units (HWMUs) 5, 10, and 16 located at the Radford 
Army Ammunition Plant (Radford AAP) in Radford, Virginia.  The Annual Groundwater 
Monitoring Report was compiled in accordance with the requirements specified in the Final 
Hazardous Waste Post-Closure Care Permit dated October 4, 2002, for HWMUs 5, 7, 10, and 16.   

 
 In correspondence dated June 26, 2013, the Virginia Department of Environmental 
Quality (VDEQ) issued approval of clean closure for groundwater at HWMU-7.  As a result, 
groundwater monitoring is no longer required for HWMU-7; therefore, Radford AAP did not 
conduct semiannual groundwater monitoring for HWMU-7 during calendar year 2013. 
 

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

 
Please note that the sampling frequency for the Units was changed from quarterly to 

semiannual in the VDEQ-approved Class 1 Permit Modification dated June 14, 2007.  Therefore, 
this Annual Groundwater Monitoring Report evaluates the analytical data from Second Quarter 
2013 and Fourth Quarter 2013 for each Unit.  Additionally, the Compliance Monitoring 
Constituent Lists and Groundwater Protection Standards (GPS) for HWMUs 10 and 16 were 
revised in the VDEQ-approved Class 3 Permit Modification dated September 27, 2011; the 
groundwater samples collected at HWMUs 10 and 16 during the calendar year 2013 semiannual 
monitoring events were analyzed and evaluated in accordance with the VDEQ-approved Class 3 
Permit Modification.  Copies of correspondence relating to groundwater monitoring activities 
conducted at HWMUs 5, 7, 10, and 16 during calendar year 2013 are included (on CD-ROM) in 
Appendix G.   
 
1.1 HWMU-5 
 
 HWMU-5 is a closed lined neutralization pond.  The Unit received certification for 
closure in 1989.  As stated in Permit Condition I.K.1 of the Final Post-Closure Care Permit, the 
Compliance Period during which the Groundwater Protection Standard applies to HWMU-5 is 
19 years, beginning on the effective date of the original Post-Closure Care Permit for HWMU-5 
(October 28, 2001) and continuing until October 28, 2020.  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, which was approved by the 
VDEQ in the Final Class 3 Hazardous Waste Permit Modification dated November 5, 2009.  
This report is the twelfth complete Annual Groundwater Monitoring Report submitted to the 
Virginia Department of Environmental Quality (VDEQ) for this Unit during the Compliance 
Period, and the fourth complete Annual Groundwater Monitoring Report submitted to the VDEQ 
under the Groundwater Corrective Action & Monitoring Program.   
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1.2 HWMU-10 
 
 HWMU-10 is a closed equalization basin for the biological treatment system.  The Unit 
received certification for closure in 1998.  As stated in Permit Condition I.K.3, the Compliance 
Period during which the Groundwater Protection Standard applies to HWMU-10 is 18 years, 
beginning on the effective date of the Final Hazardous Waste Post-Closure Care Permit for 
Hazardous Waste Management Units 5, 7, 10, and 16 (October 4, 2002) and continuing until 
October 4, 2020.  This report is the twelfth Annual Groundwater Monitoring Report submitted to 
the VDEQ for this Unit during the Compliance Period.   
 
1.3 HWMU-16 
 
 HWMU-16 is a closed hazardous waste landfill.  The Unit received certification for 
closure in 1993.  As stated in Permit Condition I.K.4, the Compliance Period during which the 
Groundwater Protection Standard applies to HWMU-16 is 13 years, beginning on the effective 
date of the Final Hazardous Waste Post-Closure Care Permit for Hazardous Waste Management 
Units 5, 7, 10, and 16 (October 4, 2002) and continuing until October 4, 2015.  This report is the 
twelfth Annual Groundwater Monitoring Report submitted to the VDEQ for this Unit during the 
Compliance Period.   
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2.0 HWMU-5 ANNUAL GROUNDWATER MONITORING REPORT 
 
2.1 Waste Management Unit Information 
 

Unit Name: Hazardous Waste Management Unit 5 (HWMU-5) 
Owner/Operator: United States Army/BAE Systems, Ordnance Systems Inc. 

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

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

 
2.2 Groundwater Monitoring Plan 
 

Monitoring Network: 
Upgradient Well: 5W8B 
Point of Compliance Wells: 5W5B, 5W7B, 5WC21, 5WC22, 5WC23 
Plume Monitoring Wells: 5W12A 
Observation Wells: S5W5, S5W7, 5W9A, 5W10A, 5W11A, 5WCA, S5W6, 

S5W8, 5WC11, 5WC22 
 

Monitoring Status: Corrective Action Monitoring Program 
 

CY 2013 Monitoring Events: 
 Second Quarter 2013:  April 29-30, 2013 

 Fourth Quarter 2013:  October 28-29, 2013 
 
 The calendar year 2013 groundwater monitoring events served as the seventh and eighth 
semiannual Corrective Action (CA) groundwater monitoring events for HWMU-5 conducted in 
accordance with Permit Module VI – Groundwater Corrective Action & Monitoring Program for 
Unit 5, which was approved by the Virginia Department of Environmental Quality (VDEQ) in 
the Final Class 3 Hazardous Waste Permit Modification dated November 5, 2009.   
 
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 2013 semiannual monitoring 
events are summarized in Table 1.  Groundwater fluctuations ranged from 0.12 to 4.41 feet 
during the 2013 groundwater monitoring events.  As shown on the HWMU-5 Potentiometric 
Surface Maps (Appendix A-1), groundwater movement beneath the site is generally to the 
northeast.   
 
 Darcian flow conditions were assumed for the alluvium, residuum, and carbonate 
bedrock beneath HWMU-5.  As a result, the groundwater velocities were calculated by 
multiplying the hydraulic conductivity (determined from previously conducted slug tests) by the 
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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 
2013 groundwater elevations was calculated to be 0.031 ft/ft.  Historical slug test data for the site 
yielded an average hydraulic conductivity of 5.25 x 10-5 ft/second.  This value is consistent with 
literature values for carbonate rock and for clayey, silty sand and gravel alluvium and residuum 
(Domenico and Schwartz, 1990).   
 
 The estimated groundwater velocity across the site was calculated to be approximately 
0.35 ft/day or 128 ft/year based on the following: 

• Average hydraulic conductivity of 5.25 x 10-5 ft/second. 

• Average hydraulic gradient of 0.031 ft/ft. 

• 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.   
 
2.4 Groundwater Analytical Data Evaluation 
 
 The calendar year 2013 groundwater monitoring events served as the seventh and eighth 
semiannual Corrective Action (CA) groundwater monitoring events for HWMU-5 conducted in 
accordance with Permit Module VI – Groundwater Corrective Action & Monitoring Program for 
Unit 5, which was approved by the VDEQ in the Final Class 3 Hazardous Waste Permit 
Modification dated November 5, 2009.  Specifically, the Second Quarter 2013 and Fourth 
Quarter 2013 events served as the seventh and eighth semiannual monitoring events in which 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 2013 event also 
served as the annual monitoring event in which the point 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 2013 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 2013 monitoring events are included on CD-ROM 
in Appendix D.  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.  
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Data validation reports are included in Appendix D.  Copies of field notes recorded during sample 
collection are included on CD-ROM in Appendix E.   
 
2.4.1 Semiannual Monitoring for Corrective Action Targeted Constituents 
 
 During the Second Quarter 2013 and Fourth Quarter 2013 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 (cDCE), trans-1,2-dichloroethene (tDCE), and vinyl chloride 
(VC).  In addition, the VDEQ added total cobalt to the list of CA Targeted Constituents during a 
meeting with Radford AAP on May 4, 2011.  The laboratory analytical results for the CA 
Targeted Constituents are summarized in Appendix A-2.   
 
 During Second Quarter 2013, TCE was detected in point of compliance well 5WC21 at a 
concentration of 6.8 µg/l, which is greater than the GPS of 5 µg/l (Appendix A-2).  TCE was 
detected in point of compliance well 5WC22 at a concentration of 3.2 µg/l, which is less than the 
GPS of 5 µg/l, and in point of compliance well 5WC23 at a concentration of 5.0 µg/l, which is 
equal to the GPS of 5 µg/l.  TCE was detected in point of compliance well 5W5B at a 
concentration less than the quantitation limit (QL) of 1 µg/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 in any of the wells comprising the CA groundwater 
monitoring network.   
 
 During Fourth Quarter 2013, TCE was detected in point of compliance well 5WC21 at a 
concentration of 5.9 µg/l, which is greater than the GPS of 5 µg/l (Appendix A-2).  TCE was 
detected in point of compliance wells 5WC22 and 5WC23 at concentrations of 3.7 µg/l and 3.7 
µg/l, respectively, which are less than the GPS of 5 µg/l.  TCE was detected in point of 
compliance well 5W5B at a concentration less than the quantitation limit (QL) of 1 µg/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 in any of the 
wells comprising the CA groundwater monitoring network.   
 
 During Second Quarter 2013, total cobalt was detected in point of compliance well 
5WC21 at a concentration of 70.3 µg/l, which is greater than the GPS of 7 µg/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 2013.   
 
 During Fourth Quarter 2013, total cobalt was detected in point of compliance well 
5WC21 at a concentration of 90.5 µg/l, which is greater than the GPS of 7 µg/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 Fourth Quarter 2013.   
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2.4.2 Annual Monitoring List - Comparison to Groundwater Protection Standards 
 
 During Second Quarter 2013, 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 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 2013 (Appendix A-3).   
 
2.4.3 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 their associated GPSs are 
1) based on background values equal to the QL, and 2) 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 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 
constitutent.  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 2013, nitrobenzene (which has a GPS based on a background 
value equal to the QL) was initially detected in point of compliance well 5WC21 at a 
concentration less than the QL of 10 µg/l.  As a result, a sample aliquot for point of compliance 
well 5WC21 which had been collected during the original Second Quarter 2013 sampling event, 
prepared by the laboratory, and held pending the initial analytical results was analyzed by the 
laboratory using an alternate low-level analytical method to confirm or refute the observed initial 
detection.  Using the alternate low-level analytical method, nitrobenzene was detected in the 
sample collected from point of compliance well 5WC21 at a concentration of 1.2 µg/l, which is 
greater than the low-level analytical method QL of 1 µg/l.  Therefore, on June 18, 2013, Radford 
AAP collected a verification sample from point of compliance well 5WC21 for analysis for 
nitrobenzene using a low-level analytical method.  Nitrobenzene was not detected at a 
concentration greater than the low-level analytical method QL of 1 µg/l in the verification 
sample from point of compliance well 5WC21; therefore, no further action is 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 Final Class 3 Hazardous Waste Permit Modification dated November 5, 2009, Radford AAP 
performed an annual evaluation of the effectiveness of the Corrective Action Program (CAP) 
(monitored natural attenuation [MNA] program) for calendar year 2013.  MNA is the current 
remedial measure implemented at the Unit to address TCE in groundwater at concentrations 
greater than the GPS.  In accordance with the applicable sections of the Permit, the evaluation 
includes the following: 
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• Construction of long-term concentration plots of constituents of concern (COCs) detected 
at concentrations greater than their respective GPS. 

• Calculation of a Point Attenuation Rate for each detected COC and determination of an 
updated compliance (MNA remedial) timeframe prediction based on revised point 
attenuation rates determined from concentration versus time graphs using the principles 
and methods presented in Section 7.4 of Permit Attachment 2, Appendix I (CAP). 

• Comparison of updated MNA remedial timeframe to the 2019 MNA remedial timeframe 
(MNA goal per CAP). 

• Determination of the effectiveness of the Current Remedial Measure. 
 
2.5.1 Construction of Long-term Concentration Plots of COCs 
 
 In accordance with the Permit, graphs of natural-log concentration versus time for 
monitoring wells exhibiting current detections of TCE and degradation products at 
concentrations greater than their respective GPS values were constructed (Appendix A-4).  
During Second Quarter 2013 and Fourth Quarter 2013, TCE was detected in point of compliance 
well 5WC21 at concentrations greater than the GPS of 5 µg/l.  TCE was not detected at 
concentrations greater than the GPS in any other wells comprising the CA monitoring network 
during the calendar year 2013 monitoring events.  The TCE concentrations observed in point of 
compliance well 5WC21 are consistent with historical TCE concentrations observed in that well.  
In accordance with the Permit, a long-term concentration plot of the natural-log concentrations of 
TCE in well 5WC21 versus time was constructed.  A linear regression line shows a decreasing 
trend in TCE concentration in well 5WC21 over time (Appendix A-4).  An isoconcentration 
map illustrating TCE concentrations detected in groundwater during the Fourth Quarter 2013 
event is included in Appendix A-4.   
 
 TCE was detected in point of compliance wells 5W5B, 5WC22, and 5WC23 during both 
2013 monitoring events at concentrations equal to or less than the GPS of 5 µg/l.  Therefore, 
concentration plots were not required for TCE in those wells.  The TCE concentrations in 5W5B, 
5WC22, and 5WC23 continue to show consistent decreases in comparison with historical data 
(Appendix A-4).   
 
 To date no daughter products of TCE (i.e., other COCs) have been detected in the 
groundwater samples collected at from the wells comprising the CA monitoring network at 
HWMU-5. 
 
 Overall, the above evaluation shows that concentrations of TCE are decreasing in the 
groundwater at the Unit.  Therefore, the current remedial measure (MNA) is performing 
effectively in addressing the TCE concentrations in groundwater at the Unit.   
 
2.5.2 Calculation of Point Attenuation Rates and Updated Compliance (MNA Remedial) 

Timeframe 
 
 TCE is the only current COC detected at concentrations greater than its GPS at the Unit 
(specifically, in well 5WC21).  Therefore an updated point attenuation rate was calculated for 
TCE concentration in well 5WC21.  The updated point attenuation rate is 0.0006, which is based 
on a linear regression, where the slope of the regression represents the attenuation rate, kpoint (see 
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attached MNA Effectiveness Evaluation Concentration Trend Graph and Point Attenuation Rate 
Constant Calculation for TCE in Well 5WC21; Appendix A-4).  The data set used to calculate 
the point attenuation rate encompasses TCE concentrations detected in well 5WC21 from the last 
20 monitoring events beginning with November 18, 2005 to the present (October 28, 2013). 
 
 The updated MNA Compliance timeframe was calculated using the following equation: 
 

t = -[ln(Cgoal/Cstart)]/kpoint 
 
whereas: 

t = predicted GPS remedial time frame 
Cgoal = GPS concentration (5 µg/l) 
Cstart = current constituent concentration (5.9 µg/l) 
kpoint = natural attenuation rate (0.0006) 

 
 t = -[ln(5/5.9)]/0.0006 
 t = 0.76 years 
 
The calculated current MNA timeframe (date) is mid-2014. 
 
 The current MNA timeframe is less than the 2019 MNA goal (MNA remedial timeframe 
presented in the CAP) and less than the 2026 MNA ineffective date (as specified in the CAP). 
Therefore, the current remedy is considered effective and no additional action is required. 
 
2.6 Recommendations 
 
 During Second Quarter 2013 and Fourth Quarter 2013, TCE was detected in point of 
compliance well 5WC21 at concentrations greater than the GPS of 5 µg/l, and in point of 
compliance wells 5W5B, 5WC22, and 5WC23 at concentrations less than the GPS of 5 µg/l.  
However, no daughter products of TCE were detected in any of the wells comprising the CA 
monitoring network during the 2013 monitoring events.  The TCE concentrations observed in the 
point of compliance wells during calendar year 2013 are consistent with historical TCE 
concentrations observed in those wells.  TCE was not detected at concentrations greater than the 
QL in any other wells comprising the CA monitoring network during the calendar year 2013 
monitoring events, and no daughter products of TCE were detected in the wells comprising the 
CA monitoring network.  In accordance with the Permit, a long-term concentration plot of the 
natural-log concentrations of TCE in well 5WC21 versus time was constructed.  A linear 
regression line shows a decreasing trend in TCE concentration in well 5WC21over time.  Based 
on the data collected to date, the current calculated compliance timeframe for corrective action 
(monitored natural attenuation [MNA]) is mid-2014, which is less than the MNA remedial 
timeframe goal of 2019 as presented in the Permit, and less than the 2026 MNA ineffective date 
as specified in the Permit.  Therefore, the current remedial measure (MNA) is performing 
effectively in addressing the TCE concentrations in groundwater at the Unit, and no additional 
action is required.   
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 Total cobalt was detected at concentrations greater than the revised GPS of 7 µg/l in point 
of compliance well 5WC21 during Second Quarter 2013 and Fourth Quarter 2013.  However, 
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 2013 data for the CA Targeted Constituents and 
comparison with historical data indicates effective progress of groundwater CA through natural 
attenuation.  No changes to the continuation of the groundwater CA program are anticipated at 
this time. 
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3.0 HWMU-10 ANNUAL GROUNDWATER MONITORING REPORT 
 
3.1 Waste Management Unit Information 
 

Unit Name: Hazardous Waste Management Unit 10 (HWMU-10) 
Owner/Operator: United States Army/BAE Systems, Ordnance Systems Inc. 

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

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

 
3.2 Groundwater Monitoring Plan 
 

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

 
Monitoring Status: Compliance Monitoring Program (Second Quarter 2013) 

Clean Closure for Groundwater Approved April 2, 2014, with 
immediate cessation of post-closure activities. 

 
CY 2013 Monitoring Events: 
 Second Quarter 2013:  April 25, 2013 

 
 The Compliance Monitoring Constituent List and Groundwater Protection Standards 
(GPS) for HWMU-10 were revised in the VDEQ-approved Class 3 Permit Modification dated 
September 27, 2011.  Therefore, the groundwater samples collected at HWMU-10 during the 
Second Quarter 2013 semiannual monitoring event were analyzed and evaluated in accordance 
with the VDEQ-approved Class 3 Permit Modification.   
 
 In correspondence dated July 30, 2013, a teleconference on September 5, 2013, and 
subsequent correspondence dated November 15, 2013, Radford AAP presented information to 
the VDEQ to support clean closure for groundwater at HWMU-10 (Radford AAP previously 
received VDEQ approval for clean closure for soils at HWMU-10 in December 1998).  In 
correspondence dated December 4, 2013, Radford AAP requested a 60-day extension to the 
semiannual groundwater monitoring deadline for HWMU-10 (December 31, 2013, extended to 
March 1, 2014) and reporting deadline (March 1, 2014, extended to April 30, 2014) for HWMUs 
5, 10 and 16.  The 60-day extension request was based on the discussion between Radford AAP 
and VDEQ during the September 5, 2013 teleconference and in anticipation of the pending 
approval for termination of post closure care groundwater monitoring at HWMU-10.  The VDEQ 
granted approval of the 60-day extension in correspondence dated January 6, 2014 (Appendix 
F).  In correspondence dated April 2, 2014, the VDEQ granted approval for clean closure for 
groundwater at HWMU-10 with immediate cessation of groundwater post-closure related 
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activities at the Unit.  As a result, Radford AAP did not conduct semiannual groundwater 
monitoring for HWMU-10 during Fourth Quarter 2013. 
 
3.3 Groundwater Movement 
 
 The monitoring wells at HWMU-10 are screened either across the alluvium/limestone 
bedrock interface or entirely within bedrock.  The static water level measurements gathered 
during the Second Quarter 2013 semiannual monitoring event are summarized in Table 2.  As 
shown on the HWMU-10 Potentiometric Surface Map (Appendix B-1), groundwater movement 
beneath the site is generally to the north towards the New River.   
 
 Darcian flow conditions were assumed for the alluvium and limestone bedrock beneath 
HWMU-10.  As a result, the groundwater velocities were calculated by multiplying the hydraulic 
conductivity (determined from previously conducted slug tests) by the average hydraulic 
gradient across the site and dividing by an assumed effective porosity for the aquifer materials.  
The average hydraulic gradient was determined by superimposing three evenly spaced flow line 
vectors over the potentiometric surface map, measuring their lengths, calculating the head 
differential over the distances measured, and dividing the head differential by the length of the 
flow line vectors.  The three calculated gradients were then averaged to a single value.  Using 
this method, the average groundwater hydraulic gradient across the site based on Second Quarter 
2013 groundwater elevations was calculated to be 0.010 ft/ft.  Historical slug test data for the site 
yielded an average hydraulic conductivity of 4.9 x 10-4 ft/second.  This value is consistent with 
literature values for limestone and for clayey, silty sand and gravel alluvium (Domenico and 
Schwartz, 1990).   
 
 The estimated groundwater velocity across the site was calculated to be approximately 
1.06 ft/day or 387 ft/year, based on the following: 

• Average hydraulic conductivity of 4.9 x 10-4 ft/second. 

• Average hydraulic gradient of 0.010 ft/ft. 

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

 
 The actual groundwater flow velocities in the carbonate bedrock may vary as much as 
one to two orders of magnitude from the velocity presented above depending on water level 
conditions and the distribution of solution features.   
 
3.4 Groundwater Analytical Data Evaluation 
 
 The groundwater samples collected from the compliance monitoring network during the 
Second Quarter 2013 semiannual monitoring event were analyzed for the constituents listed in 
Appendix E to Attachment 4 of the Final Post-Closure Care Permit, as revised in the VDEQ-
approved Class 3 Permit Modification dated September 27, 2011.  In addition, groundwater 
samples were collected from the upgradient well and the point of compliance wells for the 
annual monitoring for the constituents listed in Permit Attachment 1, Appendix I.  The laboratory 
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analytical results for the Second Quarter 2013 monitoring event are included in Appendix B-2.  
The laboratory analytical results for the Second Quarter 2013 monitoring event also are included 
in electronic format in Appendix D.  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 D.  Copies of field notes recorded 
during sample collection are included on CD-ROM in Appendix E.   
 
3.4.1 Comparison to Groundwater Protection Standards 
 
 As specified in Permit Condition V.J.3.i, the Second Quarter 2013 groundwater analytical 
data for the upgradient well and the point of compliance wells were compared to GPS for 
HWMU-10 listed in Appendix G of Permit Attachment 4, as revised in the VDEQ-approved 
Class 3 Permit Modification dated September 27, 2011.  In accordance with Permit Condition 
V.I.2, Radford AAP performed a simple empirical comparison of the upgradient well and the 
point of compliance well data to the GPS (Appendix B-2).  No constituents were detected at 
concentrations greater than their respective GPSs in the upgradient well and the point of 
compliance wells during Second Quarter 2013. 
 
3.4.2 Comparison to Background Concentrations 
 
 Only the analytical data from plume monitoring wells are compared to background 
concentrations.  However, the compliance monitoring network at HWMU-10 is composed 
entirely of point of compliance wells.  Therefore, the analytical data from HWMU-10 is not 
compared to background concentrations. 
 
3.4.3 Annual Monitoring for Constituents Listed in Permit Attachment 1, Appendix I 
 
 Upon receipt of the Second Quarter 2013 analytical data, Radford AAP notified the 
VDEQ of the detection of one additional Appendix IX constituents (bis(2-ethylhexyl) phthalate) 
that is not listed in Appendix E of Permit Attachment 4 (Unit 10 – Groundwater Compliance 
Monitoring Constituent List).  Bis(2-ethylhexyl)phthalate was initially detected in point of 
compliance well 10MW1.  In accordance with the Permit, Radford AAP resampled point of 
compliance well 10MW1 for bis(2-ethylhexyl)phthalate in order to confirm or refute the 
additional Appendix IX constituent detection in the point of compliance well.   
 
 Bis(2-ethylhexyl)phthalate was not confirmed in point of compliance well 10MW1 at a 
concentration greater than the detection limit; as a result, no changes to the Groundwater 
Compliance Monitoring List for the Unit were required.   
 
3.5 Recommendations 
 
 Based on an evaluation of the groundwater analytical data and additional information for 
HWMU-10, no constituents were detected at concentration greater than their respective GPSs 
during Second Quarter 2013.  Additionally, initial detections of additional Permit Attachment 1, 
Appendix I constituents during Second Quarter 2013 were refuted by subsequent verification 
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sampling; therefore, no changes to the Groundwater Compliance Monitoring List for the Unit 
were required.   
 
 In correspondence dated July 30, 2013, a teleconference on September 5, 2013, and 
subsequent correspondence dated November 15, 2013, Radford AAP presented information to 
the VDEQ to support clean closure for groundwater at HWMU-10 (Radford AAP previously 
received VDEQ approval for clean closure for soils at HWMU-10 in December 1998).  In 
correspondence dated December 4, 2013, Radford AAP requested a 60-day extension to the 
semiannual groundwater monitoring deadline for HWMU-10 (December 31, 2013, extended to 
March 1, 2014) and reporting deadline (March 1, 2014, extended to April 30, 2014) for HWMUs 
5, 10 and 16.  The 60-day extension request was based on the discussion between Radford AAP 
and VDEQ during the September 5, 2013 teleconference and in anticipation of the pending 
approval for termination of post closure care groundwater monitoring at HWMU-10.  The VDEQ 
granted approval of the 60-day extension in correspondence dated January 6, 2014.  In 
correspondence dated April 2, 2014, the VDEQ granted approval for clean closure for 
groundwater at HWMU-10 with immediate cessation of groundwater post-closure related 
activities at the Unit.  As a result, Radford AAP did not conduct semiannual groundwater 
monitoring for HWMU-10 during Fourth Quarter 2013. 
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4.0 HWMU-16 ANNUAL GROUNDWATER MONITORING REPORT 
 
4.1 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: Radford AAP Main Plant Area, Radford, Virginia 

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

 
4.2 Groundwater Monitoring Plan 
 

Monitoring Network: 
Upgradient Well: 16C1 
Point of Compliance Wells: 16WC1A, 16WC1B, 16MW8, 16MW9 
Plume Monitoring Wells: 16-1, 16-2, 16-3, 16-5, 16WC2B, 16SPRING 
Observation Wells: 16WC2A, 16C3, 16CDH3 

 
Monitoring Status: Compliance Monitoring Program 

 
CY 2013 Monitoring Events: 
 Second Quarter 2013:  April 23-24, 2013 
 Fourth Quarter 2013:  October 21-23, 2013 

 
 The Compliance Monitoring Constituent List and Groundwater Protection Standards 
(GPS) for HWMU-16 were revised in the VDEQ-approved Class 3 Permit Modification dated 
September 27, 2011.  Therefore, the groundwater samples collected at HWMU-16 during the 
calendar year 2013 semiannual monitoring events were analyzed and evaluated in accordance 
with the VDEQ-approved Class 3 Permit Modification.   
 
4.3 Groundwater Movement 
 
 The monitoring wells at HWMU-16 are screened entirely within either carbonate bedrock 
or weathered carbonate bedrock residuum, or across the residuum/bedrock interface.  The static 
water level measurements gathered during the 2013 semiannual monitoring events are 
summarized in Table 3.  Groundwater fluctuations ranged from 0.01 to 9.63 feet annually.  As 
shown on the HWMU-16 Potentiometric Surface Maps (Appendix C-1), groundwater 
movement beneath the site is generally to the northeast.   
 
 Darcian flow conditions were assumed for the weathered residuum and carbonate 
bedrock beneath HWMU-16.  As a result, the groundwater velocities were calculated by 
multiplying the hydraulic conductivity (determined from previously conducted slug tests) by the 
average hydraulic gradient across the site and dividing by an assumed effective porosity for the 
aquifer materials.  The average hydraulic gradient was determined by superimposing three 
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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 2013 groundwater elevations was calculated to be 0.091 ft/ft.  Historical 
slug test data for the site yielded an average hydraulic conductivity of 7.87 x 10-5 ft/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 
1.55 ft/day or 565 ft/year based on the following: 

• Average hydraulic conductivity of 7.87 x 10-5 ft/second. 

• Average hydraulic gradient of 0.091 ft/ft. 

• 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.   
 
4.4 Groundwater Analytical Data Evaluation 
 
 The groundwater samples collected from the compliance monitoring network during the 
2013 semiannual monitoring events were analyzed for the constituents listed in Appendix E to 
Attachment 5 of the Final Post-Closure Care Permit, as revised in the VDEQ-approved Class 3 
Permit Modification dated September 27, 2011.  In addition, groundwater samples were 
collected from the upgradient well and the point of compliance wells for the annual monitoring 
for the constituents listed in Permit Attachment 1, Appendix I.  The laboratory analytical results 
for the 2013 monitoring events are included in Appendix C-2 (point of compliance wells) and in 
Appendix C-3 (plume monitoring wells).  The laboratory analytical results for the 2013 
monitoring events also are included in electronic format in Appendix D.  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 D.  Copies of field notes recorded during sample collection are included on CD-ROM in 
Appendix E.   
 
4.4.1 Comparison to Groundwater Protection Standards 
 
 As specified in Permit Condition V.J.4.i, the 2013 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 5, as revised in the VDEQ-approved Class 3 Permit 
Modification dated September 27, 2011.  In accordance with Permit Condition V.I.2, Radford 
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AAP performed a simple empirical comparison of the upgradient well and the point of 
compliance well data to the GPS (Appendix C-2).   
 
 Upon receipt of the Second Quarter 2013 analytical data, Radford AAP notified the 
VDEQ of the initial detection of total cobalt at a concentration greater than the GPS in point of 
compliance well 16WC1A, and of 1,1-dichloroethane (1,1-DCA) at a concentration greater than 
the GPS in upgradient well 16C1.  On June 18, 2013, verification samples were collected from 
wells 16WC1A and 16C1 to confirm or refute these initial detections.  Total cobalt and 1,1-DCA 
were not detected at concentrations greater than their respective GPS in the verification samples 
collected from point of compliance well 16WC1A and upgradient well 16C1; therefore, no 
further action was required.  No other constituents were detected in the upgradient well or in the 
point of compliance wells at concentrations greater than their respective GPSs during Second 
Quarter 2013 (Appendix C-2).   
 
 During Fourth Quarter 2013, total cobalt was detected in point of compliance well 
16WC1B at a concentration greater than the GPS of 5 µg/l (Appendix C-2); Radford AAP 
confirmed the total cobalt concentration in subsequent verification samples collected on 
December 5, 2013 (total cobalt) and on December 20, 2013 (total and dissolved cobalt).  In 
accordance with Permit Condition V.J.4.i.(3)(c) and as directed in VDEQ correspondence dated 
January 21, 2014 (Appendix F), Radford AAP will conduct an Alternate Source Demonstration 
(ASD) to evaluate whether the total cobalt concentration detected in well 16WC1B was due to 1) 
a source other than the Unit; 2) errors in sampling, analysis, and evaluation; or 3) natural 
variation in groundwater.   
 
4.4.2 Comparison to Background Concentrations 
 
 As specified in Permit Condition V.O, the 2013 groundwater analytical data for the 
plume monitoring wells were compared to the background concentrations for HWMU-16 listed 
in Appendix F of Permit Attachment 5.  In accordance with Permit Condition V.I.2, Radford 
AAP performed a simple empirical comparison of the plume monitoring well data to the 
background concentrations (Appendix C-3).   
 
 As shown in Appendix C-3, total barium concentrations detected in upgradient well 
16C1 and plume monitoring wells 16-2 and 16-3 and in spring sampling location 16SPRING 
during both 2013 semiannual monitoring events as well as in plume monitoring well 16-1 duirng 
Second Quarter 2013 were greater than the background concentration of 175.4 µg/l.  However, 
all of the total barium concentrations detected in the plume monitoring wells were well below the 
USEPA MCL for barium of 2,000 µg/l.  Furthermore, higher barium concentrations in 
downgradient plume monitoring wells relative to background may be the result of natural 
variations in trace element distribution in groundwater.  As illustrated in the boring logs for the 
compliance network monitoring wells (Appendix H of Permit Attachment 5), upgradient well 
16C1 is screened in limestone while downgradient plume monitoring wells 16-1, 16-2, 16-3, and 
16-5 are screened in shale and fault breccia.  Such differing lithologic formations would be 
expected to contain very different trace element distributions.   
 
 No other constituent concentrations detected in the plume monitoring wells were greater 
than their respective background concentrations.  In accordance with the requirements of Permit 

DAA JN:  B03204-11 19 April 2014 



 

Condition V.K.3, the established background values and the computations used to determine the 
background values are included in Appendix C-4.  The background values and associated 
computations are taken from the Groundwater Quality Assessment Report for HWMU-16 dated 
August 1999.   
 
4.4.3 Annual Monitoring for Constituents Listed in Permit Attachment 1, Appendix I 
 
 Upon receipt of the Second Quarter 2013 analytical data, Radford AAP notified the 
VDEQ of the detection of seven additional Appendix IX constituents (acetone, delta-BHC, 1,1-
dichloroethene, diethyl phthalate, gamma-BHC, heptachlor, and tetrahydrofuran) that were not 
listed in Appendix E of Permit Attachment 5 (Unit 16 – Groundwater Compliance Monitoring 
Constituent List). 1,1-Dichloroethene, alpha-BHC, gamma-BHC, heptachlor, and 
tetrahydrofuran were detected in upgradient well 16C1.  Additionally, tetrahydrofuran was 
initially detected in point of compliance well 16WC1B.  Acetone and diethyl phthalate were 
initially detected in point of compliance wells 16MW8 and 16MW9, respectively.  In accordance 
with the Permit, Radford AAP resampled well 16MW8 for acetone, well 16MW9 for diethyl 
phthalate, and well 16WC1B for tetrahydrofuran in order to confirm or refute the additional 
Appendix IX constituent detections in the point of compliance wells.   
 
 Sampling of well 16C1 for Appendix IX constituents is not required per the Post-Closure 
Care Permit for the Unit; therefore, 1,1-dichloroethene, delta-BHC, gamma-BHC, and heptachlor 
will not be added to the Groundwater Monitoring List for the Unit.  Acetone was not confirmed 
in point of compliance well 16MW8, and tetrahydrofuran was not confirmed in point of 
compliance well 16WC1B; as a result, acetone and tetrahydrofuran will not be added to the 
Groundwater Monitoring List for the Unit.   
 
 The verification sample results confirmed the presence of diethyl phthalate in point of 
compliance well 16MW9; as a result, diethyl phthalate will be added to the Groundwater 
Monitoring List for HWMU-16.  The permit requires collection of four quarters of monitoring 
data from a Unit’s upgradient well(s) to establish background values for newly detected 
Appendix IX constituents.  However, Radford AAP has collected diethyl phthalate data from 
HWMW-16 upgradient monitoring well 16C1 during the previous 11 annual Appendix IX 
groundwater monitoring events (2003-2013).  Diethyl phthalate has never been detected at or 
above the LOQ in upgradient well 16C1; therefore, in lieu of quarterly background monitoring, 
Radford AAP proposes to use these data to set the background value for diethyl phthalate at the 
LOQ of 5 µg/l and the GPS at the VDEQ alternate concentration limit (ACL) of 12,480 µg/l. 
 
4.5 Recommendations 
 
 Based on an evaluation of the groundwater analytical data and additional information for 
HWMU-16, total cobalt was detected at a concentration greater than the GPS of 5 µg/l during 
Fourth Quarter 2013.  In accordance with Permit Condition V.J.4.i.(3)(c) and as directed in 
VDEQ correspondence dated January 21, 2014 (Appendix F), Radford AAP will conduct an 
ASD to evaluate whether the total cobalt concentration detected in well 16WC1B was due to 1) a 
source other than the Unit; 2) errors in sampling, analysis, and evaluation; or 3) natural variation 
in groundwater.  The ASD will consist of collecting four (4) independent samples from point of 
compliance well 16WC1B at a frequency of one sample per calendar quarter to evaluate the 
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effect of seasonal variation upon the total cobalt concentrations in groundwater.  If the total 
cobalt concentrations detected in the independent samples remain above the GPS, Radford AAP 
will evaluate additional monitoring wells in the Horseshoe Area of the Facility (the area 
containing HWMU-16) for natural variability of total cobalt within the aquifer.  The ASD data 
results will be submitted to the VDEQ within 90 days following completion of the collection of 
the quarterly independent samples.   
 

Second Quarter 2013 verification sampling confirmed the presence of the additional 
Appendix IX constituent diethyl phthalate in HWMU-16 point of compliance well 16MW9 and 
diethyl phthalate was added to the Groundwater Compliance Monitoring List for the Unit .   No 
additional Permit Attachment 1, Appendix I constituents were confirmed in the point of 
compliance wells during Second Quarter 2013; therefore, no other changes to the Groundwater 
Compliance Monitoring List for the Unit are required.  The permit requires collection of four 
quarters of monitoring data from a Unit’s upgradient well(s) to establish background values for 
newly detected Appendix IX constituents.  However, Radford AAP has collected diethyl 
phthalate data from HWMW-16 upgradient monitoring well 16C1 during the previous 11 annual 
Appendix IX groundwater monitoring events (2003-2013).  Diethyl phthalate has never been 
detected at or above the LOQ in upgradient well 16C1; therefore, in lieu of quarterly background 
monitoring, Radford AAP proposes to use these data to set the background value for diethyl 
phthalate at the LOQ of 5 µg/l and the GPS at the VDEQ alternate concentration limit (ACL) of 
12,480 µg/l." 
 
 Evaluation of the plume monitoring well data indicated that the concentrations of total 
barium in upgradient well 16C1 and in plume monitoring wells 16-1, 16-2, and 16-3 and in 
spring sampling location 16SPRING were greater than the site-specific background 
concentration.  As stated previously, higher total barium concentrations in downgradient plume 
monitoring wells relative to background are likely due to natural variations in trace element 
distribution in groundwater.  Upgradient well 16C1 is screened in limestone while downgradient 
plume monitoring wells 16-1, 16-2, 16-3, and 16-5 are screened in shale and fault breccia.  Such 
differing lithologic formations would be expected to contain very different trace element 
distributions.  Therefore, no further action regarding the 2013 total barium concentrations 
detected in plume monitoring wells 16-1, 16-2, and 16-3 and in spring sampling location 
16SPRING is recommended at this time.   
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TABLES 

 



MONITORING ELEVATION
WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV

5W8B 1789.58 13.90 1775.68 14.02 1775.56
5W5B 1775.13 8.42 1766.71 9.36 1765.77
5W7B 1774.78 8.61 1766.17 9.08 1765.70

5WC21 1774.43 8.77 1765.66 9.32 1765.11
5WC22 1774.45 8.70 1765.75 9.19 1765.26
5WC23 1773.84 8.10 1765.74 8.62 1765.22
5W12A 1772.46 10.28 1762.18 11.65 1760.81
S5W5 1772.31 7.56 1764.75 8.26 1764.05
S5W7 1776.08 10.90 1765.18 11.07 1765.01
5W9A 1762.20 0.85 1761.35 2.48 1759.72

5W10A 1771.40 12.27 1759.13 14.88 1756.52
5W11A 1766.20 8.87 1757.33 13.28 1752.92
5WC11 1788.92 15.42 1773.50 15.85 1773.07
5WC12 1788.96 15.13 1773.83 15.40 1773.56
5WCA 1779.05 12.27 1766.78 13.22 1765.83
S5W6 1771.43 6.40 1765.03 7.15 1764.28
S5W8 1783.68 11.35 1772.33 10.97 1772.71

NOTES:
DTW: Depth to water from top of casing.
GW ELEV: Groundwater elevation.
All elevations in feet above mean sea level.

APRIL 29, 2013 OCTOBER 28, 2013

RADFORD, VIRGINIA

TABLE 1
HWMU-5

GROUNDWATER ELEVATIONS - 2013
RADFORD ARMY AMMUNITION PLANT



MONITORING ELEVATION
WELL ID TOP OF WELL DTW GW ELEV

10D4 1714.38 22.61 1691.77
10DDH2R 1704.38 17.66 1686.72

10D3 1702.95 16.24 1686.71
10D3D 1702.64 16.40 1686.24
10MW1 1703.62 16.33 1687.29

NOTES:
DTW: Depth to water from top of casing.
GW ELEV: Groundwater elevation.
All elevations in feet above mean sea level.

TABLE 2
HWMU-10

GROUNDWATER ELEVATIONS - 2013
RADFORD ARMY AMMUNITION PLANT

RADFORD, VIRGINIA

APRIL 25, 2013



MONITORING ELEVATION
WELL ID TOP OF WELL DTW GW ELEV DTW GW ELEV

16C1 1840.14 49.55 1790.59 48.31 1791.83
16MW8 1815.82 71.22 1744.60 73.41 1742.41
16MW9 1808.88 61.79 1747.09 65.51 1743.37
16WC1A 1812.61 64.66 1747.95 67.86 1744.75
16WC1B 1812.95 64.96 1747.99 68.08 1744.87

16-1 1815.82 52.58 1763.24 42.95 1772.87
16-2 1810.99 55.81 1755.18 55.80 1755.19
16-3 1824.77 57.37 1767.40 55.95 1768.82
16-5 1742.60 4.02 1738.58 3.00 1739.60

16WC2B 1818.71 53.60 1765.11 52.89 1765.82
16WC2A 1820.05 DRY DRY DRY DRY

16C3 1822.22 64.59 1757.63 67.13 1755.09
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.

APRIL 23, 2013 OCTOBER 22, 2013

RADFORD, VIRGINIA

TABLE 3
HWMU-16

GROUNDWATER ELEVATIONS - 2013
RADFORD ARMY AMMUNITION PLANT
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HWMU-5 POTENTIOMETRIC SURFACE MAPS 
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APPENDIX A-2 
 

HWMU-5 2013 LABORATORY ANALYTICAL RESULTS 
GROUNDWATER CORRECTIVE ACTION TARGETED CONSTITUENTS 

GPS AND SEMIANNUAL MONITORING LIST 

 



5W8B  Q 5W5B  Q 5W7B  Q 5WC21  Q QL GPS

Summary of Semiannual Target Analyte Monitoring Results Appendix J

Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 5W8B

Method5WC22  Q 5WC23  QAnalyte/Quarter

Hazardous Waste Management Unit 5

Corrective Action Monitoring Plan - Targeted Constituents

UNITDLPermit QL Permit DL5W12A Q

Cobalt 7440-48-4CAS #

Second Quarter 2013 U U 2.94 J 70.3 5 6020A7J4.52 J2.38 UG/L5 11U

Fourth Quarter 2013 1.01 J U 2.23 J 90.5 5 6020A76.87 J2.13 ug/l5 11U

1,1-Dichloroethene 75-35-4CAS #

Second Quarter 2013 U U U U 1 8260C7U U ug/l1 0.440.4U

Fourth Quarter 2013 U U U U 1 8260C7U U ug/l1 0.440.4U

cis-1,2-Dichloroethene 156-59-2CAS #

Second Quarter 2013 U U U U 1 8260C70U U ug/l1 0.10.1U

Fourth Quarter 2013 U U U U 1 8260C70U U ug/l1 0.10.1U

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

Second Quarter 2013 U U U U 1 8260C100U U ug/l1 0.80.8U

Fourth Quarter 2013 U U U U 1 8260C100U U ug/l1 0.80.8U

Trichloroethene 79-01-6CAS #

Second Quarter 2013 U 0.5 J U 6.8 1 8260C53.2 5.0 ug/l1 0.1770.2U

Fourth Quarter 2013 U 0.5 J U 5.9 1 8260C53.7 3.7 ug/l1 0.1770.2U

Vinyl chloride 75-01-4CAS #

Second Quarter 2013 U J U J U J U J 1 8260C2JU JU ug/l1 0.10.1U J

Fourth Quarter 2013 U U U U 1 8260C2U U ug/l1 0.10.1U

Page 1 of 2
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5W8B  Q 5W5B  Q 5W7B  Q 5WC21  Q QL GPS

Summary of Semiannual Target Analyte Monitoring Results Appendix J

Radford Army Ammunition Plant, Radford, Virginia

Upgradient well = 5W8B

Method5WC22  Q 5WC23  QAnalyte/Quarter

Hazardous Waste Management Unit 5

Corrective Action Monitoring Plan - Targeted Constituents

UNITDLPermit QL Permit DL5W12A Q

 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 listed in Appendix J of  Module VI-Groundwater  

   Corrective Action & Monitoring Program for Unit 5 (approved by the VDEQ in the   

   Final Class 3 Hazardous Waste Permit Modification dated November 5, 2009 and modified Sept 27, 2011) which was incorporated into the  

   Final Hazardous  Waste Post-Closure Care Permit for Hazardous Waste Units 5, 7, 10, and 16 (October 4, 2002). The first Corrective Action  

   Monitoring Event occurred Second Quarter 2010.   
    “–“ denotes not sampled. 
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Comprehensive Data Validation Report  Draper Aden Associates 
Engineering � Surveying � Environmental Services 

Fourth Quarter 2013Monitoring Event:HWMU-5Facility:

Validation Notes

Laboratory 

Result

Validated 

Result

 (ug/L)(ug/L)  (ug/L)

QL

Sample IDAnalyte Q Q

Sample/Blind Field Duplicate Results Greater Than the Quantitation Limit

CompuChem, a Division of Liberty Analytical, Cary, NCLaboratory:

6020AMethod:

5WC21 90.5 90.5 No action taken.Cobalt 5

5WDUP 86.3 86.3 No action taken. Field duplicate of 5WC21. RPD 4.8.5

Eurofins Lancaster Labortories Environmental, Lancaster, PALaboratory:

8260CMethod:

5WC21 5.9 5.9 No action taken.Trichloroethene 1

5WDUP 5.8 5.8 No action taken. Field duplicate of 5WC21. RPD 1.7.1

   Definitions: 
  Data Validation Qualifiers: 

  QL  Denotes permit quantitation l imit.    Q Denotes data qualifier.  

   J  Denotes analyte reported at   or above quantitation limit and associated result is estimated.   
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APPENDIX A-3 
 

HWMU-5 2013 LABORATORY ANALYTICAL RESULTS 
GROUNDWATER CORRECTIVE ACTION ANNUAL MONITORING LIST 

 





5W8B  Q 5W5B  Q 5W7B  Q 5WC21  Q QL GPS

Summary of Annual Target Analyte Monitoring Results - Appendix K

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

Method5WC22  Q 5WC23  QAnalyte/Quarter

Hazardous Waste Management Unit 5

Corrective Action Monitoring Plan - Targeted Constituents

UNITDLPermit QL Permit DL

Antimony 7440-36-0CAS #

Second Quarter 2013 - U U U 2 6020A6U U UG/L1 0.40.4

Arsenic 7440-38-2CAS #

Second Quarter 2013 - U U U 10 6020A10U U UG/L10 22

Barium 7440-39-3CAS #

Second Quarter 2013 - 29.8 29 13.1 10 6020A2,00026.4 22.7 UG/L10 11

Beryllium 7440-41-7CAS #

Second Quarter 2013 - U U 1.09 1 6020A4U U UG/L1 0.20.2

Cadmium 7440-43-9CAS #

Second Quarter 2013 - U U 0.583 J 1 6020A5J0.244 U UG/L1 0.20.2

Chromium 7440-47-3CAS #

Second Quarter 2013 - U U 3.86 J 5 6020A100U U UG/L5 11

Cobalt 7440-48-4CAS #

Second Quarter 2013 U U 2.94 J 70.3 5 6020A7J4.52 J2.38 UG/L5 11

Copper 7440-50-8CAS #

Second Quarter 2013 - 1.99 J 3.02 J 5.18 5 6020A1,300U U UG/L5 11

Lead 7439-92-1CAS #

Second Quarter 2013 - 0.24 J 0.884 J U 1 6020A15U U UG/L1 0.20.2

Mercury 7439-97-6CAS #

Second Quarter 2013 - U U U 2 7470A2U U UG/L2 0.20.2

Nickel 7440-02-0CAS #

Second Quarter 2013 - U 2.32 J 33.2 10 6020A313J5.88 J4.24 UG/L10 22

Selenium 7782-49-2CAS #

Second Quarter 2013 - 3.85 J U U 10 6020A50U U UG/L10 33

Silver 7440-22-4CAS #

Second Quarter 2013 - U U U 2 6020A78.25U U UG/L2 0.20.2

Thallium 7440-28-0CAS #

Second Quarter 2013 - U U U 1 6020A2U U UG/L1 0.20.2

Vanadium 7440-62-2CAS #

Second Quarter 2013 - U U U 10 6020A109.55U U UG/L10 11
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5W8B  Q 5W5B  Q 5W7B  Q 5WC21  Q QL GPS

Summary of Annual Target Analyte Monitoring Results - Appendix K

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

Method5WC22  Q 5WC23  QAnalyte/Quarter

Hazardous Waste Management Unit 5

Corrective Action Monitoring Plan - Targeted Constituents

UNITDLPermit QL Permit DL

Zinc 7440-66-6CAS #

Second Quarter 2013 - 7.38 J 8.98 J 31 10 6020A4,695U U UG/L10 33

Acetone 67-64-1CAS #

Second Quarter 2013 - U U U 10 8260C8,750.2U U ug/l10 33

bis(2-Ethylhexyl)phthalate 117-81-7CAS #

Second Quarter 2013 - U U U 5 8270D10U U UG/L6 1.50.57

2-Butanone 78-93-3CAS #

Second Quarter 2013 - U U U 10 8260C2,667.6U U ug/l10 11

Chloroform 67-66-3CAS #

Second Quarter 2013 - 0.7 J 6.1 0.8 J 1 8260C80J0.6 J0.9 ug/l1 0.10.1

Dichlorodifluoromethane 75-71-8CAS #

Second Quarter 2013 - U J U J U J 1 8260C142.27JU JU ug/l1 0.280.3

1,2-Dichloroethane 107-06-2CAS #

Second Quarter 2013 - U U U 1 8260C5U U ug/l1 0.1470.1

Diethyl ether 60-29-7CAS #

Second Quarter 2013 - U J U J 4.4 J 12 8260C7,300J4.8 J16 ug/l12 0.390.4

Diethyl phthalate 84-66-2CAS #

Second Quarter 2013 - U U U 5 8270D12,520U U UG/L10 0.50.52

2,4-Dinitrotoluene 121-14-2CAS #

Second Quarter 2013 - U U 0.98 J 5 8270D31.3U U UG/L10 0.60.84

2,6-Dinitrotoluene 606-20-2CAS #

Second Quarter 2013 - U U U 5 8270D15.65U U UG/L10 0.70.75

Methylene chloride 75-09-2CAS #

Second Quarter 2013 - U U U 1 8260C5U U ug/l1 0.1820.2

o-Nitroaniline 88-74-4CAS #

Second Quarter 2013 - U U U 10 8270D110U U UG/L10 0.71.5

p-Nitroaniline 100-01-6CAS #

Second Quarter 2013 - U J U J U J 10 8270D20JU JU UG/L20 1.32.7

Nitrobenzene 98-95-3CAS #

Second Quarter 2013 - - - 1 1 8270D10- - UG/L10 0.81

Second Quarter 2013 - U U - 5 8270D10U U UG/L10 0.81.3
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5W8B  Q 5W5B  Q 5W7B  Q 5WC21  Q QL GPS

Summary of Annual Target Analyte Monitoring Results - Appendix K

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

Method5WC22  Q 5WC23  QAnalyte/Quarter

Hazardous Waste Management Unit 5

Corrective Action Monitoring Plan - Targeted Constituents

UNITDLPermit QL Permit DL

Toluene 108-88-3CAS #

Second Quarter 2013 - U U U 1 8260C1,000U U ug/l1 0.10.1

Xylenes (Total) 1330-20-7CAS #

Second Quarter 2013 - U U U 3 8260C10,000U U ug/l3 0.2080.2

 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.   

 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 in the Final Class 3 Hazardous Waste Permit Modification  

 dated November 5, 2009) which was incorporated into the Final Hazardous Waste Post-Closure Care Permit for  

 Hazardous Waste Units 5, 7, 10, and 16 (October 4, 2002).   
 “–“:  Denotes not sampled. 
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APPENDIX A-4 
 

MNA EFFECTIVENESS EVALUATION 
(CONCENTRATION TREND GRAPH, POINT ATTENUATION RATE 

CALCULATION, DATA TREND GRAPHS, TCE ISOCONCENTRATION MAP) 

 



TCE Detections in Groundwater, Radford Army Ammunition Plant HWMU 5 (RAAP-042)

Date 5W8B 5W5B 5WC21 5WC22 5WC23 5W7B S5WS S5W7 5W9A 5W10A 5W11A

1st Qtr 1996 ~ 2.3 ~ 2.2 2.9 ~ ~ ~ 0.6 J ~ ~

2nd Qtr 1996 ~ 5.7 0.4 J 3.8 4.5 ~ ~ ~ 0.7 J ~ ~

3rd Qtr 1996 TC 4.3 0.4 J 5 5.8 ~ ~ ~ 0.8 J ~ ~

4th Qtr 1996 ~ 2.4 0.9J 6.2 5.3 ~ ~ ~ 0.6 J ~ ~

1st Qtr 1997 ~ 2.5 1.8 7.4 6.6 0.2 J ~ 0.1 J 0.3 J ~ ~

2nd Qtr 1997 0.3 J 7.8 2.7 7.4 6.8 0.1 J 0.4 J ~ 0.8 J 0.1 J ~

3rd Qtr 1997 ~ 6 2.4 8.4 8.7 ~ 0.2 J ~ 0.5 J ~ ~

4th Qtr 1997 0.8 J 9.4 1.2 8.9 2.8 0.3 J 0.3 J ~ 0.3 J ~ ~

1st Qtr 1998 ~ 3.2 0.5 4.5 5.6 ~ ~ ~ 0.2 J ~ ~

2nd Qtr 1998 ~ 12.8 1.3 4.7 4.7 ~ 0.2 J ~ 0.2 J ~ ~

3rd Qtr 1998 ~ 12.8 2 4.7 5.1 ~ ~ ~ 0.5 J ~ ~

4di Qtr 1998 ~ 7.5 4.6 5.4 5.6 ~ ~ ~ ~ ~ ~

1st Qtr 1999 ~ 9.5 6.7 7.5 7.5 ~ ~ ~ ~ 7.4 ~

2nd Qtr 1999 ~ 15.9 5.6 6.7 6 ~ ~ ~ 0.2 J ~ ~

3rd Qtr 1999 ~ 20.5 7.8 9.9 7.8 ~ ~ ~ 0.5 J ~ ~

4th Qtr 1999 ~ 19.5 4.06 6.68 6.98 ~ ~ ~ ~ ~ ~

1st Qtr 2000 ~ 15.8 3.1 6.3 6.3 ~ ~ ~ ~ ~ ~

2nd Qtr 2000 ~ 13.2 3.9 5.7 5.5 ~ ~ ~ ~ ~ ~

3rd Qtr 2000 ~ 16.3 5.42   DRY   DRY ~ ~ ~ ~ ~ ~

4th Qtr 2000 ~ 14.9 6.55 5.33 5.41 ~ ~ ~ ~ ~ ~

1st Qtr 2001 ~ 18.8 7.32 5.81 4.98 ~ ~ ~ ~ ~ ~

2nd Qtr 2001 ~ 1.67 12.1 9.33 9.11 ~ ~ ~ ~ ~ ~

3rd Qtr 2001 ~ 6.06 20.4 13.2 11.8 ~ ~ ~ ~ ~ ~

4th Qtr 2001 ~ 9.91 19.2 7.78 7.83 ~ ~ ~ ~ ~ ~

1st Qtr 2002 9.13 ~ 19.1 6.63 6.33 ~ ~ ~ ~ ~ ~

2nd Qtr 2002 ~ 9.84 16.6 7.03 6.25 ~ ~ ~ ~ ~ ~

3rd Qtr 2002 ~ 6.36 8.46 1.94 2.13 ~ ~ ~ ~ ~ ~

4th Qtr 2002 ~ 5.84 11.3 2.54 2.69 ~ ~ ~ ~ ~ ~

2nd Qtr 2003 ~ 4.2 26 7.4 7.6 ~ ~ ~ ~ ~ ~

3rd Qtr 2003 ~ 1.9 22 8 7.9 ~ ~ ~ ~ ~ ~

4th Qtr 2003 ~ 6 23 7.1 7.1 ~ ~ ~ ~ ~ ~

1st Qtr 2004 ~ 7.4 23 7.4 6.8 ~ ~ ~ ~ ~ ~

2nd Qtr 2004 ~ 8 22 6.2 6.8 ~ ~ ~ ~ ~ ~

3rd Qtr 2004 ~ 7 17 4.8 4.9 ~ ~ ~ ~ ~ ~

4st Qtr 2004 ~ 9.4 20 6.2 6.6 ~ ~ ~ ~ ~ ~

1st Qtr 2005 ~ 7.9 24 5.9 5.9 ~ ~ ~ ~ ~ ~

2nd Qtr 2005 ~ 13 16 5.5 5.8 ~ ~ ~ ~ ~ ~

3rd Qtr 2005 ~ 12 10 4.2 5.1 ~ ~ ~ ~ ~ ~

4th Qtr 2005 ~ 12 6.8 4.4 4.3 ~ ~ ~ ~ ~ ~

1st Qtr 2006 ~ 8.5 3.9 3.7 4.5 ~ ~ ~ ~ ~ ~

2nd Qtr 2006 ~ 17 4 4 4 ~ ~ ~ ~ ~ ~

3rd Qtr 2006 ~ 11 3.7 3.3 3.7 ~ ~ ~ ~ ~ ~

4th Qtr 2006 ~ 9.4 3.5 4.7 3.5 ~ ~ ~ ~ ~ ~

1st Qtr 2007 ~ 9 5.6 3.3 3.6 ~ ~ ~ ~ ~ ~

2nd Qtr 2007 ~ 10 5.5 3.5 3.5 ~ ~ ~ ~ ~ ~

4th Qtr 2007 ~ 8.9 2.5 3.4 3.5 ~ ~ ~ ~ ~ ~

2nd Qtr 2008 ~ 7.8 ~ ~ 2.9 ~ ~ ~ ~ ~ ~

4th Qtr 2008 ~ 14 1.3 3 3 ~ ~ ~ ~ ~ ~

2nd Qtr 2009 ~ 1.3 ~ 2.5 2.5 ~ ~ ~ ~ ~ ~

4th Qtr 2009 ~ 7 1.9 3.3 3.3 ~ ~ ~ ~ ~ ~

2nd Qtr 2010 ~ 2.6 4.2 4.4 4.3 ~

4th Qtr 2010 ~ 7.3 4 4 3.9 ~

2nd Qtr 2011 ~ 0.9 J 4.9 5.2 5.3 ~

4th Qtr 2011 ~ 0.9 J 7.3 4.9 4.9 ~

2nd Qtr 2012 ~ 0.3 J 5.8 4.3 4.6 ~

4th Qtr 2012 ~ 2.4 6.2 3.7 3.8 ~

2nd Qtr 2013 ~ 0.5 J 6.8 3.2 5 ~

4th Qtr 2013 ~ 0.5 J 5.9 3.7 3.7 ~

Notes:

DRY - Monitoring wells 5WC22 and 5WC23 were dry during 3rd Quarter 2000. No samples were collected.

~ - TCE not detected above laboratory detection limit

J - Trichloroethene was detected at a concentration greater than the detection limit but less than the quantitation limit. These results are estimates only.
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MNA Effectiveness Evaluation - Concentration Trend Graph and Point Attenuation Rate Calculation

Sample Date TCE (ug/L) ln TCE (ug/L)

11/18/2005 6.80 1.92

2/14/2006 3.90 1.36

4/18/2006 4.00 1.39

8/18/2006 3.70 1.31

11/18/2006 3.50 1.25

2/14/2007 5.60 1.72

4/18/2007 5.50 1.70

10/30/2007 2.50 0.92

4/28/2008 0.50 -0.69

10/27/2008 1.30 0.26

4/20/2009 0.50 -0.69

10/26/2009 1.90 0.64

4/21/2010 4.20 1.44

10/26/2010 4.00 1.39

5/4/2011 4.90 1.59

11/1/2011 7.30 1.99

4/24/2012 5.80 1.76

10/29/2012 6.20 1.82

4/29/2013 6.80 1.92

10/28/2013 5.90 1.77

#NUM!

Rate Rate Time

ug/L (per day) (per year) (years)

11/18/2005 10/28/2013 5.000 0.0006 0.219 0.76 July-2014 October-2019 December-2026

Effectiveness Evaluation for MNA Remedy Status Condition

yes

yes
2) Is the current MNA remedial timeframe prediction less than the 2026 MNA 

ineffective date?

If 'yes', the remedy will be considered effective.  If 'no' for three consecutive monitoring 

years, then an alternate remedial approach will be implemented as defined in the CAP. 

Last 20 rounds TCE GPS Estimated Rate and Time Required Current MNA 

Timeframe 

Prediction

MNA Goal (per CAP)
MNA Ineffective Date 

(per CAP)
First Event Last Event

1) Is the current MNA remedial timeframe prediction less than the 2019 MNA Goal?

If 'yes', then the remedy is considered effective and no additional action is required. If 'no' for 

three consecutive years, then contingency measures will be implemented as defined in the 

CAP.

y = 0.0002x - 6.5257
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HWMU-10 POTENTIOMETRIC SURFACE MAP 
SECOND QUARTER 2013 
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HWMU-10 2013 LABORATORY ANALYTICAL RESULTS 
POINT OF COMPLIANCE WELLS 

 



10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

Antimony 7440-36-0CAS #

Second Quarter 2013 U U U U 1 6020A-U

Arsenic 7440-38-2CAS #

Second Quarter 2013 U U U U 10 6020A10U

Barium 7440-39-3CAS #

Second Quarter 2013 78.9 105 52.9 63.5 10 6020A200069.9

Beryllium 7440-41-7CAS #

Second Quarter 2013 U U U U 1 6020A-U

Cadmium 7440-43-9CAS #

Second Quarter 2013 U U U U 1 6020A-U

Chromium 7440-47-3CAS #

Second Quarter 2013 2.68 J 2.04 J 1.08 J 1.47 J 5 6020A100J3.12

Cobalt 7440-48-4CAS #

Second Quarter 2013 U U U U 5 6020A5U

Copper 7440-50-8CAS #

Second Quarter 2013 1.37 J U 1.17 J U 5 6020A1300U

Lead 7439-92-1CAS #

Second Quarter 2013 0.381J U U U 1 6020A15U

Mercury 7439-97-6CAS #

Second Quarter 2013 U U U U 2 7470A2U

Nickel 7440-02-0CAS #

Second Quarter 2013 2.23 J U U U 10 6020A313U

Selenium 7782-49-2CAS #

Second Quarter 2013 U U U U 5 6020A50U

Silver 7440-22-4CAS #

Second Quarter 2013 U U U U 1 6020A78.25U

Thallium 7440-28-0CAS #

Second Quarter 2013 U U U U 1 6020A-U

Tin 7440-31-5CAS #

Second Quarter 2013 U U U U 50 6010C-U

Vanadium 7440-62-2CAS #

Second Quarter 2013 U U U U 10 6020A109.55U

Zinc 7440-66-6CAS #

Second Quarter 2013 9.41 J U 4.03 J 3.26 J 10 6020A4695U

Sulfide 18496-25-8CAS #

Second Quarter 2013 U U U U 3000 9034-U

Cyanide 57-12-5CAS #

Second Quarter 2013 U U U U 20 9012B200U

Total Recoverable Phenolics CAS #

Second Quarter 2013 U U U U 40 9066-U

Acenaphthene 83-32-9CAS #

Second Quarter 2013 U U U U 5 8270D-U

Acenaphthylene 208-96-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

Acetone 67-64-1CAS #

Second Quarter 2013 U U U U 10 8260C8750.2U

Acetonitrile 75-05-8CAS #

Second Quarter 2013 U U U U 100 8260C-U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

Acetophenone 98-86-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

2-Acetylaminofluorene 53-96-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

Acrolein 107-02-8CAS #

Second Quarter 2013 U J U J U J U J 25 8260C-JU

Acrylonitrile 107-13-1CAS #

Second Quarter 2013 U U U U 10 8260C-U

Aldrin 309-00-2CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

Allyl chloride 107-05-1CAS #

Second Quarter 2013 U U U U 10 8260C-U

4-Aminobiphenyl 92-67-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

Aniline 62-53-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

Anthracene 120-12-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

Aramite 140-57-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

Benzene 71-43-2CAS #

Second Quarter 2013 U U U U 1 8260C-U

Benzo[a]anthracene 56-55-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

Benzo[b]fluoranthene 205-99-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

Benzo[k]fluoranthene 207-08-9CAS #

Second Quarter 2013 U U U U 5 8270D-U

Benzo[ghi]perylene 191-24-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

Benzo(a)pyrene 50-32-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

1,4-Benzenediamine 106-50-3CAS #

Second Quarter 2013 U J U J U J U J 7.5 8270D-JU

Benzyl alcohol 100-51-6CAS #

Second Quarter 2013 U U U U 5 8270D-U

alpha-BHC 319-84-6CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

beta-BHC 319-85-7CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

delta-BHC 319-86-8CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

gamma-BHC 58-89-9CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

bis(2-Chloroethoxy)methane 111-91-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

bis(2-Chloroethyl)ether 111-44-4CAS #

Second Quarter 2013 U U U U 5 8270D-U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

bis(2-Chloro-1-methylethyl)ether 108-60-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

bis(2-Ethylhexyl)phthalate 117-81-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

Bromobenzene 108-86-1CAS #

Second Quarter 2013 U U U U 1 8260C-U

Bromochloromethane 74-97-5CAS #

Second Quarter 2013 U U U U 1 8260C-U

Bromodichloromethane 75-27-4CAS #

Second Quarter 2013 U U U U 1 8260C80U

Bromoform 75-25-2CAS #

Second Quarter 2013 U U U U 1 8260C-U

4-Bromophenyl phenyl ether 101-55-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

2-Butanone 78-93-3CAS #

Second Quarter 2013 U U U U 10 8260C2667.6U

n-Butyl alcohol 71-36-3CAS #

Second Quarter 2013 U U U U 50 8260C-U

tert-Butyl alcohol 75-65-0CAS #

Second Quarter 2013 U U U U 200 8260C-U

n-Butylbenzene 104-51-8CAS #

Second Quarter 2013 U U U U 1 8260C-U

sec-Butylbenzene 135-98-8CAS #

Second Quarter 2013 U U U U 1 8260C-U

tert-Butylbenzene 98-06-6CAS #

Second Quarter 2013 U U U U 1 8260C-U

Butyl benzyl phthalate 85-68-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

Carbon disulfide 75-15-0CAS #

Second Quarter 2013 U U U U 10 8260C-U

Carbon tetrachloride 56-23-5CAS #

Second Quarter 2013 U U U U 1 8260C-U

Chlordane 57-74-9CAS #

Second Quarter 2013 U U U U 0.8 8081B-U

p-Chloroaniline 106-47-8CAS #

Second Quarter 2013 U U U U 10 8270D-U

Chlorobenzene 108-90-7CAS #

Second Quarter 2013 U U U U 1 8260C-U

Chlorobenzilate 510-15-6CAS #

Second Quarter 2013 U U U U 5 8270D-U

p-Chloro-m-cresol 59-50-7CAS #

Second Quarter 2013 U U U U 10 8270D-U

Chloroethane 75-00-3CAS #

Second Quarter 2013 U U U U 1 8260C-U

Chloroform 67-66-3CAS #

Second Quarter 2013 14 3.4 4.3 U 1 8260C803.2

2-Chloroethyl vinyl ether 110-75-8CAS #

Second Quarter 2013 U J U J U J U J 20 8260C-JU
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

2-Chloronaphthalene 91-58-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

2-Chlorophenol 95-57-8CAS #

Second Quarter 2013 U U U U 10 8270D-U

4-Chlorophenyl phenyl ether 7005-72-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

Chloroprene 126-99-8CAS #

Second Quarter 2013 U U U U 10 8260C-U

2-Chlorotoluene 95-49-8CAS #

Second Quarter 2013 U U U U 1 8260C-U

4-Chlorotoluene 106-43-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

Chrysene 218-01-9CAS #

Second Quarter 2013 U U U U 5 8270D-U

Cyclohexane 110-82-7CAS #

Second Quarter 2013 U U U U 1 8260C-U

2,4-Dichlorophenoxyacetic acid 94-75-7CAS #

Second Quarter 2013 U U U U 5 8151A-U

4,4'-DDD 72-54-8CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

4,4'-DDE 72-55-9CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

4,4'-DDT 50-29-3CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

Diallate 2303-16-4CAS #

Second Quarter 2013 U U U U 10 8270D-U

Dibenz(a,h)anthracene 53-70-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

Dibenzofuran 132-64-9CAS #

Second Quarter 2013 U U U U 5 8270D-U

Dibromochloromethane 124-48-1CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,2-Dibromo-3-chloropropane 96-12-8CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,2-Dibromoethane 106-93-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

Di-n-butyl phthalate 84-74-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

1,2-Dichlorobenzene 95-50-1CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,3-Dichlorobenzene 541-73-1CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,4-Dichlorobenzene 106-46-7CAS #

Second Quarter 2013 U U U U 1 8260C-U

3,3'-Dichlorobenzidine 91-94-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

trans-1,4-Dichloro-2-butene 110-57-6CAS #

Second Quarter 2013 U J U U U J 10 8260C-JU
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

Dichlorodifluoromethane 75-71-8CAS #

Second Quarter 2013 U J U J U J U J 1 8260C-JU

1,1-Dichloroethane 75-34-3CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,2-Dichloroethane 107-06-2CAS #

Second Quarter 2013 U J U J U J U J 1 8260C-JU

1,1-Dichloroethene 75-35-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

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

Second Quarter 2013 U U U U 1 8260C-U

2,4-Dichlorophenol 120-83-2CAS #

Second Quarter 2013 U U U U 10 8270D-U

2,6-Dichlorophenol 87-65-0CAS #

Second Quarter 2013 U U U U 10 8270D-U

1,2-Dichloropropane 78-87-5CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,3-Dichloropropane 142-28-9CAS #

Second Quarter 2013 U U U U 1 8260C-U

2,2-Dichloropropane 594-20-7CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,1-Dichloropropene 563-58-6CAS #

Second Quarter 2013 U U U U 1 8260C-U

cis-1,3-Dichloropropene 10061-01-5CAS #

Second Quarter 2013 U U U U 1 8260C-U

trans-1,3-Dichloropropene 10061-02-6CAS #

Second Quarter 2013 U U U U 1 8260C-U

Dieldrin 60-57-1CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

Diethyl ether 60-29-7CAS #

Second Quarter 2013 U J U J U J U J 13 8260C-JU

Diethyl phthalate 84-66-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

O,O-Diethyl O-2-pyrazinyl 297-97-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

Dimethoate 60-51-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

Dimethyl ether 115-10-6CAS #

Second Quarter 2013 U U U U 13 8260C-U

p-(Dimethylamino)azobenzene 60-11-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

7,12-Dimethylbenz[a]anthracene 57-97-6CAS #

Second Quarter 2013 U U U U 5 8270D-U

3,3'-Dimethylbenzidine 119-93-7CAS #

Second Quarter 2013 U J U J U J U J 5 8270D-JU

a,a-Dimethylphenethylamine 122-09-8CAS #

Second Quarter 2013 U J U J U J U J 15 8270D-JU

2,4-Dimethylphenol 105-67-9CAS #

Second Quarter 2013 U J U J U J U J 10 8270D-JU
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

Dimethyl phthalate 131-11-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

m-Dinitrobenzene 99-65-0CAS #

Second Quarter 2013 U U U U 5 8270D-U

4,6-Dinitro-o-cresol 534-52-1CAS #

Second Quarter 2013 U J U J U J U J 10 8270D-JU

2,4-Dinitrophenol 51-28-5CAS #

Second Quarter 2013 U U U U 10 8270D-U

2,4-Dinitrotoluene 121-14-2CAS #

Second Quarter 2013 U U U U 5 8270D31.3U

2,6-Dinitrotoluene 606-20-2CAS #

Second Quarter 2013 U U U U 5 8270D15.65U

Dinoseb 88-85-7CAS #

Second Quarter 2013 U U U U 2.5 8151A-U

Di-n-octyl phthalate 117-84-0CAS #

Second Quarter 2013 U U U U 5 8270D-U

1,4-Dioxane 123-91-1CAS #

Second Quarter 2013 U U U U 200 8260C-U

Diphenylamine 122-39-4CAS #

Second Quarter 2013 U U U U 5 8270D-U

Disulfoton 298-04-4CAS #

Second Quarter 2013 U U U U 5 8270D-U

Endosulfan I 959-98-8CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

Endosulfan II 33213-65-9CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

Endosulfan sulfate 1031-07-8CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

Endrin 72-20-8CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

Ethyl acetate 141-78-6CAS #

Second Quarter 2013 U U U U 10 8260C-U

Endrin aldehyde 7421-93-4CAS #

Second Quarter 2013 U U U U 0.05 8081B-U

Ethanol 64-17-5CAS #

Second Quarter 2013 U U U U 250 8260C-U

Ethylbenzene 100-41-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

Ethyl methacrylate 97-63-2CAS #

Second Quarter 2013 U U U U 10 8260C-U

Ethyl methanesulfonate 62-50-0CAS #

Second Quarter 2013 U U U U 5 8270D-U

Ethylene oxide 75-21-8CAS #

Second Quarter 2013 U J U J U J U J 100 8260B-JU

Famphur 52-85-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

Fluoranthene 206-44-0CAS #

Second Quarter 2013 U U U U 5 8270D-U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

Fluorene 86-73-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

Heptachlor 76-44-8CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

Heptachlor epoxide 1024-57-3CAS #

Second Quarter 2013 U U U U 0.025 8081B-U

Hexachlorobenzene 118-74-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

Hexachlorobutadiene 87-68-3CAS #

Second Quarter 2013 U U U U 1 8260C-U

Hexachlorocyclopentadiene 77-47-4CAS #

Second Quarter 2013 U U U U 5 8270D-U

Hexachloroethane 67-72-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

Second Quarter 2013 U U U U 10 8260C-U

Hexachlorophene 70-30-4CAS #

Second Quarter 2013 U J U J U J U J 100 8270D-JU

Hexachloropropene 1888-71-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

2-Hexanone 591-78-6CAS #

Second Quarter 2013 U J U U U J 10 8260C-JU

Indeno[1,2,3-cd]pyrene 193-39-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

Isobutyl alcohol 78-83-1CAS #

Second Quarter 2013 U U U U 200 8260C-U

Isodrin 465-73-6CAS #

Second Quarter 2013 U U U U 5 8270D-U

Isophorone 78-59-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

Isopropylbenzene 98-82-8CAS #

Second Quarter 2013 U U U U 1 8260C-U

Isopropylether 108-20-3CAS #

Second Quarter 2013 U U U U 10 8260C-U

4-Isopropyltoluene 99-87-6CAS #

Second Quarter 2013 U U U U 1 8260C-U

Isosafrole 120-58-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

Kepone 143-50-0CAS #

Second Quarter 2013 U U U U 5 8270D-U

Methacrylonitrile 126-98-7CAS #

Second Quarter 2013 U U U U 100 8260C-U

Methapyrilene 91-80-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

Methoxychlor 72-43-5CAS #

Second Quarter 2013 U U U U 0.25 8081B-U

Bromomethane 74-83-9CAS #

Second Quarter 2013 U U U U 1 8260C-U

Chloromethane 74-87-3CAS #

Second Quarter 2013 U U U U 1 8260C-U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

3-Methylcholanthrene 56-49-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

Iodomethane 74-88-4CAS #

Second Quarter 2013 U U U U 10 8260C-U

Methyl methacrylate 80-62-6CAS #

Second Quarter 2013 U U U U 10 8260C-U

Methyl methane sulfonate 66-27-3CAS #

Second Quarter 2013 U J U J U J U J 5 8270D-JU

2-Methylnaphthalene 91-57-6CAS #

Second Quarter 2013 U U U U 5 8270D-U

Methyl parathion 298-00-0CAS #

Second Quarter 2013 U U U U 5 8270D-U

4-Methyl-2-pentanone 108-10-1CAS #

Second Quarter 2013 U U U U 10 8260C-U

2-Methylphenol 95-48-7CAS #

Second Quarter 2013 U U U U 10 8270D-U

3 & 4-Methylphenol 106-44-5CAS #

Second Quarter 2013 U U U U 10 8270D-U

Methyl tert-butyl ether 1634-04-4CAS #

Second Quarter 2013 U U U U 10 8260C-U

Dibromomethane 74-95-3CAS #

Second Quarter 2013 U U U U 1 8260C-U

Methylene chloride 75-09-2CAS #

Second Quarter 2013 U U U U 1 8260C-U

Naphthalene 91-20-3CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,4-Naphthoquinone 130-15-4CAS #

Second Quarter 2013 U U U U 5 8270D-U

1-Naphthylamine 134-32-7CAS #

Second Quarter 2013 U J U J U J U J 5 8270D-JU

2-Naphthylamine 91-59-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

o-Nitroaniline 88-74-4CAS #

Second Quarter 2013 U U U U 10 8270D-U

m-Nitroaniline 99-09-2CAS #

Second Quarter 2013 U U U U 10 8270D-U

p-Nitroaniline 100-01-6CAS #

Second Quarter 2013 U U U U 10 8270D-U

Nitrobenzene 98-95-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

o-Nitrophenol 88-75-5CAS #

Second Quarter 2013 U U U U 10 8270D-U

p-Nitrophenol 100-02-7CAS #

Second Quarter 2013 U U U U 10 8270D-U

4-Nitroquinoline-1-oxide 56-57-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosodi-n-butylamine 924-16-3CAS #

Second Quarter 2013 U U U U 5 8270D-U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

N-Nitrosodiethylamine 55-18-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosodimethylamine 62-75-9CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosodiphenylamine 86-30-6CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosodipropylamine 621-64-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosomethylethylamine 10595-95-6CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosomorpholine 59-89-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosopiperidine 100-75-4CAS #

Second Quarter 2013 U U U U 5 8270D-U

N-Nitrosopyrrolidine 930-55-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

5-Nitroso-o-toluidine 99-55-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

Parathion 56-38-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

Pentachlorobenzene 608-93-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

Pentachloroethane 76-01-7CAS #

Second Quarter 2013 U U U U 10 8260C-U

Pentachloronitrobenzene 82-68-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

Pentachlorophenol 87-86-5CAS #

Second Quarter 2013 U U U U 10 8270D-U

Phenacetin 62-44-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

Phenanthrene 85-01-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

Phenol 108-95-2CAS #

Second Quarter 2013 U U U U 10 8270D-U

Phorate 298-02-2CAS #

Second Quarter 2013 U U U U 5 8270D-U

2-Picoline 109-06-8CAS #

Second Quarter 2013 U U U U 5 8270D-U

Pronamide 23950-58-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

1-Propanol 71-23-8CAS #

Second Quarter 2013 U J U J U J U J 100 8260B-JU

2-Propanol 67-63-0CAS #

Second Quarter 2013 U U U U 100 8260C100U

Propionitrile 107-12-0CAS #

Second Quarter 2013 U U U U 100 8260C-U

n-Propylbenzene 103-65-1CAS #

Second Quarter 2013 U U U U 1 8260C-U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

Pyrene 129-00-0CAS #

Second Quarter 2013 U U U U 5 8270D-U

Pyridine 110-86-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

Safrole 94-59-7CAS #

Second Quarter 2013 U U U U 5 8270D-U

Silvex 93-72-1CAS #

Second Quarter 2013 U U U U 1 8151A-U

Styrene 100-42-5CAS #

Second Quarter 2013 U U U U 1 8260C-U

Sulfotep 3689-24-5CAS #

Second Quarter 2013 U U U U 5 8270D-U

2,4,5-Trichlorophenoxyacetic acid 93-76-5CAS #

Second Quarter 2013 U U U U 1 8151A-U

1,2,4,5-Tetrachlorobenzene 95-94-3CAS #

Second Quarter 2013 U U U U 5 8270D-U

1,1,1,2-Tetrachloroethane 630-20-6CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,1,2,2-Tetrachloroethane 79-34-5CAS #

Second Quarter 2013 U U U U 1 8260C-U

Tetrachloroethene 127-18-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

Tetrahydrofuran 109-99-9CAS #

Second Quarter 2013 U U U U 25 8260C-U

2,3,4,6-Tetrachlorophenol 58-90-2CAS #

Second Quarter 2013 U U U U 10 8270D-U

Toluene 108-88-3CAS #

Second Quarter 2013 U U U U 1 8260C-U

o-Toluidine 95-53-4CAS #

Second Quarter 2013 U U U U 5 8270D-U

Toxaphene 8001-35-2CAS #

Second Quarter 2013 U U U U 2.5 8081B-U

1,2,3-Trichlorobenzene 87-61-6CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,2,4-Trichlorobenzene 120-82-1CAS #

Second Quarter 2013 U U U U 1 8260C-U

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

Second Quarter 2013 U U U U 1 8260C-U

1,1,2-Trichloroethane 79-00-5CAS #

Second Quarter 2013 U U U U 1 8260C-U

Trichloroethene 79-01-6CAS #

Second Quarter 2013 U U U U 1 8260C5U

Trichlorofluoromethane 75-69-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

2,4,5-Trichlorophenol 95-95-4CAS #

Second Quarter 2013 U U U U 10 8270D-U

2,4,6-Trichlorophenol 88-06-2CAS #

Second Quarter 2013 U U U U 10 8270D-U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

1,2,3-Trichloropropane 96-18-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,1,2-Trichloro-1,2,2-Trifluoroethane 76-13-1CAS #

Second Quarter 2013 U U U U 1 8260C-U

O,O,O-Triethyl phosphorothioate 126-68-1CAS #

Second Quarter 2013 U U U U 5 8270D-U

1,2,4-Trimethylbenzene 95-63-6CAS #

Second Quarter 2013 U U U U 1 8260C-U

1,3,5-Trimethylbenzene 108-67-8CAS #

Second Quarter 2013 U U U U 1 8260C-U

sym-Trinitrobenzene 99-35-4CAS #

Second Quarter 2013 U U U U 5 8270D-U

Vinyl acetate 108-05-4CAS #

Second Quarter 2013 U U U U 10 8260C-U

Vinyl chloride 75-01-4CAS #

Second Quarter 2013 U U U U 1 8260C-U

Xylenes (Total) 1330-20-7CAS #

Second Quarter 2013 U U U U 3 8260C10000U
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10D4 10D3  Q 10D3D  Q QL GPS

Target Analyte Monitoring Results - HWMU-10 Point of Compliance Wells

Radford Army Ammunition Plant, Radford, Virginia
Upgradient well = 10D4

Method

All Results in ug/L.

10MW1  QAnalyte/Quarter Q 10DDH2R  Q

    

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 at or 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  detection limit.    

   R  Denotes result rejected.   

   Q Denotes data validation qualifier.   

   CAS# Denotes Chemical Abstract Services registration number.     

   GPS  Denotes Groundwater Protection Standards listed in Appendix G  to Attachment 4 in the Final Hazardous Waste 

 Post-Closure Care Permit for Hazardous Waste Units 5, 7, 10, and 16 (October 4, 2002) (revised September 27, 2011) 

   NS denotes not sampled.    

   NA denotes not analyzed. 

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

 

    Appendix IX Monitoring Events:   

    First Quarter 2003,  

    Second Quarter: 2004, 2005, 2007, 2008, 2009, 2010, 2011, 2012 

   Third Quarter 2006 
 

    For Appendix IX monitoring, compliance well results reported/evaluated to detection limit.  See data validation  
   Qualifier definitions noted below. 

 

The following definitions apply to results reported for Appendix IX monitoring events.    

 All Appendix IX monitoring results for compliance wells are reported to the detection limit.  
 QL Denotes permit required quantitation limit.   

 U denotes not detected at or above the 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 or adjusted QL  

          and adjusted detection  limit and adjusted 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.  
 
    Verification events:   12/12/03, 06/17/04, 7/25/2005. 

    6/17/04.  Verification event.  Acetone: 10D3D was not detected during verification event.  Verification event result reported. 

    7/25/05.  Verification event.      All wells:  ethyl acetate.  10D3D:  alpha-BHC, acetone and 2-propanol.  All verification results: Not detected 

    except for acetone and 2-propanol.  Verification results presented in table. 

    7/17/2008.  Verification event.  10MW1.  Technical chlordane, diethyl phthalate.  Verification results reported-all not detected. 

    6/11/2009 – Verification event, 10DDH2R, Diethyl ether, Verification results reported in table-all not detected. 

    6/27/2012- Verification event, 10MW1, Benzo[ghi]perylene. Verification results reported in table-all not detected. 

  

Page 12 of 12

See last page of this report for definitions.  Draper Aden Associates 
Engineering � Surveying � Environmental Services 





 

APPENDIX C 
 

HWMU-16 

 



 

APPENDIX C-1 
 

HWMU-16 POTENTIOMETRIC SURFACE MAPS 
SECOND QUARTER 2013 
FOURTH QUARTER 2013 

 







 

APPENDIX C-2 
 

HWMU-16 2013 LABORATORY ANALYTICAL RESULTS 
POINT OF COMPLIANCE WELLS 

 



16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

Antimony 7440-36-0CAS #

Second Quarter 2013 U U U U 1 6020AU 6

Arsenic 7440-38-2CAS #

Second Quarter 2013 U U U U 10 6020AU 10

Fourth Quarter 2013 U U U U 10 6020AU 10

Barium 7440-39-3CAS #

Second Quarter 2013 194 127 536 263 10 6020A133 2000

Fourth Quarter 2013 171 121 560 262 10 6020A110 2000

Beryllium 7440-41-7CAS #

Second Quarter 2013 U 0.263 J U U 1 6020AU 4

Fourth Quarter 2013 U U U U 1 6020AU 4

Cadmium 7440-43-9CAS #

Second Quarter 2013 U 0.245 J U U 1 6020AU 5

Fourth Quarter 2013 U U U U 1 6020AU 5

Chromium 7440-47-3CAS #

Second Quarter 2013 U U U U 5 6020AJ1.54 100

Fourth Quarter 2013 U U U U 5 6020AU 100

Cobalt 7440-48-4CAS #

Second Quarter 2013 U 1.13 J 3.59 J 4.5 J 5 6020AU 5

Fourth Quarter 2013 U U U U 5 6020A33.4 5

Copper 7440-50-8CAS #

Second Quarter 2013 U 5.28 U U 5 6020AJ1.52 1300

Fourth Quarter 2013 U 10.8 U U 5 6020AU 1300

Lead 7439-92-1CAS #

Second Quarter 2013 U 0.522 J U U 1 6020AU 15

Fourth Quarter 2013 U U U U 1 6020AU 15

Mercury 7439-97-6CAS #

Second Quarter 2013 U U U U 2 7470AJ0.6 2

Fourth Quarter 2013 U J U J U J U J 2 7470AJU 2

Nickel 7440-02-0CAS #

Second Quarter 2013 3.25 J 3.66 J 13.6 8.37 J 10 6020AU 313

Fourth Quarter 2013 U U 13.8 U 10 6020A11.6 313

Selenium 7782-49-2CAS #

Second Quarter 2013 U U U U 5 6020AU 50

Silver 7440-22-4CAS #

Second Quarter 2013 U U U U 1 6020AU 78.25

Thallium 7440-28-0CAS #

Second Quarter 2013 U U U U 1 6020AU -

Tin 7440-31-5CAS #

Second Quarter 2013 U U U U 50 6010CU -

Vanadium 7440-62-2CAS #

Second Quarter 2013 U U U U 10 6020AU 151

Fourth Quarter 2013 U U U U 10 6020AU 151

Zinc 7440-66-6CAS #

Second Quarter 2013 U 28 U 7.15 J 10 6020AJ5.21 4695

Fourth Quarter 2013 U 36.2 U U 10 6020AU 4695

Sulfide 18496-25-8CAS #

Second Quarter 2013 U U U U 3000 9034U -

Cyanide 57-12-5CAS #

Second Quarter 2013 U U U U 20 9012BU -

Acenaphthene 83-32-9CAS #

Second Quarter 2013 U U U U 5 8270DU -

Acenaphthylene 208-96-8CAS #

Second Quarter 2013 U U U U 5 8270DU -

Acetone 67-64-1CAS #

Second Quarter 2013 U U U U 10 8260CU 223.57
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

Acetonitrile 75-05-8CAS #

Second Quarter 2013 U U U U 100 8260CU -

Acetophenone 98-86-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

2-Acetylaminofluorene 53-96-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

Acrolein 107-02-8CAS #

Second Quarter 2013 U J U J U J U J 25 8260CJU -

Acrylonitrile 107-13-1CAS #

Second Quarter 2013 U U U U 10 8260CU -

Aldrin 309-00-2CAS #

Second Quarter 2013 U U U U 0.025 8081BU -

Allyl chloride 107-05-1CAS #

Second Quarter 2013 U U U U 10 8260CU -

4-Aminobiphenyl 92-67-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

Aniline 62-53-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

Anthracene 120-12-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

Aramite 140-57-8CAS #

Second Quarter 2013 U U U U 5 8270DU -

Benzene 71-43-2CAS #

Second Quarter 2013 0.3 J U 0.2 J U 1 8260CU 5

Fourth Quarter 2013 U U U U 1 8260CU 5

Benzo[a]anthracene 56-55-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

Benzo[b]fluoranthene 205-99-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

Benzo[k]fluoranthene 207-08-9CAS #

Second Quarter 2013 U U U U 5 8270DU -

Benzo[ghi]perylene 191-24-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

Benzo(a)pyrene 50-32-8CAS #

Second Quarter 2013 U U U U 5 8270DU -

1,4-Benzenediamine 106-50-3CAS #

Second Quarter 2013 U J U J U J U J 7.5 8270DJU -

Benzyl alcohol 100-51-6CAS #

Second Quarter 2013 U U U U 5 8270DU -

alpha-BHC 319-84-6CAS #

Second Quarter 2013 U U U U 0.025 8081BU -

beta-BHC 319-85-7CAS #

Second Quarter 2013 U U U U 0.025 8081BU -

delta-BHC 319-86-8CAS #

Second Quarter 2013 0.0034J U U U 0.025 8081BU -

gamma-BHC 58-89-9CAS #

Second Quarter 2013 0.0020J U U U 0.025 8081BU -

bis(2-Chloroethoxy)methane 111-91-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

bis(2-Chloroethyl)ether 111-44-4CAS #

Second Quarter 2013 U U U U 5 8270DU -

bis(2-Chloro-1-methylethyl)ether 108-60-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

bis(2-Ethylhexyl)phthalate 117-81-7CAS #

Second Quarter 2013 U U U U 5 8270DU 10

Bromobenzene 108-86-1CAS #

Second Quarter 2013 U U U U 1 8260CU -
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

Bromochloromethane 74-97-5CAS #

Second Quarter 2013 U U U U 1 8260CU -

Bromodichloromethane 75-27-4CAS #

Second Quarter 2013 U U U U 1 8260CU -

Bromoform 75-25-2CAS #

Second Quarter 2013 U U U U 1 8260CU -

4-Bromophenyl phenyl ether 101-55-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

2-Butanone 78-93-3CAS #

Second Quarter 2013 U U U U 10 8260CU 2667.6

Fourth Quarter 2013 U U U U 10 8260CU 2667.6

n-Butyl alcohol 71-36-3CAS #

Second Quarter 2013 U U U U 50 8260CU -

tert-Butyl alcohol 75-65-0CAS #

Second Quarter 2013 U U U U 200 8260CU -

n-Butylbenzene 104-51-8CAS #

Second Quarter 2013 U U U U 1 8260CU -

sec-Butylbenzene 135-98-8CAS #

Second Quarter 2013 U U U U 1 8260CU -

tert-Butylbenzene 98-06-6CAS #

Second Quarter 2013 U U U U 1 8260CU -

Butyl benzyl phthalate 85-68-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

Carbon disulfide 75-15-0CAS #

Second Quarter 2013 U U U U 10 8260CU -

Carbon tetrachloride 56-23-5CAS #

Second Quarter 2013 U U U U 1 8260CU 5

Fourth Quarter 2013 U U U U 1 8260CU 5

Chlordane 57-74-9CAS #

Second Quarter 2013 U U U U 0.8 8081BU -

p-Chloroaniline 106-47-8CAS #

Second Quarter 2013 U U U U 10 8270DU -

Chlorobenzene 108-90-7CAS #

Second Quarter 2013 U U U U 1 8260CU -

Chlorobenzilate 510-15-6CAS #

Second Quarter 2013 U U U U 5 8270DU -

p-Chloro-m-cresol 59-50-7CAS #

Second Quarter 2013 U U U U 10 8270DU -

Chloroethane 75-00-3CAS #

Second Quarter 2013 5 U 2.4 0.7 J 1 8260CU 1293.39

Fourth Quarter 2013 4.9 U 2.9 1 1 8260CU 1293.39

Chloroform 67-66-3CAS #

Second Quarter 2013 U U U U 1 8260CU 80

2-Chloroethyl vinyl ether 110-75-8CAS #

Second Quarter 2013 U J U J U J U J 20 8260CJU -

2-Chloronaphthalene 91-58-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

2-Chlorophenol 95-57-8CAS #

Second Quarter 2013 U U U U 10 8270DU -

4-Chlorophenyl phenyl ether 7005-72-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

Chloroprene 126-99-8CAS #

Second Quarter 2013 U U U U 10 8260CU -

2-Chlorotoluene 95-49-8CAS #

Second Quarter 2013 U U U U 1 8260CU -

4-Chlorotoluene 106-43-4CAS #

Second Quarter 2013 U U U U 1 8260CU -
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

Chrysene 218-01-9CAS #

Second Quarter 2013 U U U U 5 8270DU -

Cyclohexane CAS #

Second Quarter 2013 U U U U 1 8260CU -

2,4-Dichlorophenoxyacetic acid 94-75-7CAS #

Second Quarter 2013 U U U U 5 8151AU -

4,4'-DDD 72-54-8CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

4,4'-DDE 72-55-9CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

4,4'-DDT 50-29-3CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

Diallate 2303-16-4CAS #

Second Quarter 2013 U U U U 10 8270DU -

Dibenz(a,h)anthracene 53-70-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

Dibenzofuran 132-64-9CAS #

Second Quarter 2013 U U U U 5 8270DU -

Dibromochloromethane 124-48-1CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,2-Dibromo-3-chloropropane 96-12-8CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,2-Dibromoethane 106-93-4CAS #

Second Quarter 2013 U U U U 1 8260CU -

Di-n-butyl phthalate 84-74-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

1,2-Dichlorobenzene 95-50-1CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,3-Dichlorobenzene 541-73-1CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,4-Dichlorobenzene 106-46-7CAS #

Second Quarter 2013 U U U U 1 8260CU -

3,3'-Dichlorobenzidine 91-94-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

trans-1,4-Dichloro-2-butene 110-57-6CAS #

Second Quarter 2013 U J U J U J U 10 8260CU -

Dichlorodifluoromethane 75-71-8CAS #

Second Quarter 2013 0.3 J U J U J U J 1 8260CJU 142.3

Fourth Quarter 2013 U J U J U J U J 1 8260CJU 142.3

1,1-Dichloroethane 75-34-3CAS #

Second Quarter 2013 8.6 0.3 J 8 2.3 1 8260CJ0.2 9.5

Fourth Quarter 2013 8.9 U 8.8 3.1 1 8260CU 9.5

1,2-Dichloroethane 107-06-2CAS #

Second Quarter 2013 U J U J U J U 1 8260CU 5

1,1-Dichloroethene 75-35-4CAS #

Second Quarter 2013 0.4 J U U U 1 8260CU -

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

Second Quarter 2013 U U U U 1 8260CU -

2,4-Dichlorophenol 120-83-2CAS #

Second Quarter 2013 U U U U 10 8270DU -

2,6-Dichlorophenol 87-65-0CAS #

Second Quarter 2013 U U U U 10 8270DU -

1,2-Dichloropropane 78-87-5CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,3-Dichloropropane 142-28-9CAS #

Second Quarter 2013 U U U U 1 8260CU -
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

2,2-Dichloropropane 594-20-7CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,1-Dichloropropene 563-58-6CAS #

Second Quarter 2013 U U U U 1 8260CU -

cis-1,3-Dichloropropene 10061-01-5CAS #

Second Quarter 2013 U U U U 1 8260CU -

trans-1,3-Dichloropropene 10061-02-6CAS #

Second Quarter 2013 U U U U 1 8260CU -

Dieldrin 60-57-1CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

Diethyl ether 60-29-7CAS #

Second Quarter 2013 48 J 8.3 J 39 J 11 J 13 8260CJ1.5 7300

Fourth Quarter 2013 39 U 48 13 12.5 8260CU 7300

Diethyl phthalate 84-66-2CAS #

Second Quarter 2013 U U 0.62 J U 5 8270DU 11000

Fourth Quarter 2013 U U U U 5 8270DU 11000

O,O-Diethyl O-2-pyrazinyl 297-97-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

Dimethoate 60-51-5CAS #

Second Quarter 2013 U U U U 5 8270DU -

Dimethyl ether 115-10-6CAS #

Second Quarter 2013 U N U N U N U N 13 8260CNU 17

Fourth Quarter 2013 U U U U 12.5 8260CU 17

p-(Dimethylamino)azobenzene 60-11-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

7,12-Dimethylbenz[a]anthracene 57-97-6CAS #

Second Quarter 2013 U U U U 5 8270DU -

3,3'-Dimethylbenzidine 119-93-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

a,a-Dimethylphenethylamine 122-09-8CAS #

Second Quarter 2013 U J U J U J U J 15 8270DJU -

2,4-Dimethylphenol 105-67-9CAS #

Second Quarter 2013 U J U J U J U J 10 8270DJU -

Dimethyl phthalate 131-11-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

m-Dinitrobenzene 99-65-0CAS #

Second Quarter 2013 U U U U 5 8270DU -

4,6-Dinitro-o-cresol 534-52-1CAS #

Second Quarter 2013 U J U J U J U J 10 8270DJU -

2,4-Dinitrophenol 51-28-5CAS #

Second Quarter 2013 U U U U 10 8270DU -

2,4-Dinitrotoluene 121-14-2CAS #

Second Quarter 2013 U U U U 10 8270DU 31.3

Fourth Quarter 2013 U U U U 10 8270DU 31.3

2,6-Dinitrotoluene 606-20-2CAS #

Second Quarter 2013 U U U U 10 8270DU 15.65

Fourth Quarter 2013 U U U U 10 8270DU 15.65

Dinoseb 88-85-7CAS #

Second Quarter 2013 U J U J U J U J 2.5 8151AJU -

Di-n-octyl phthalate 117-84-0CAS #

Second Quarter 2013 U U U U 5 8270DU -

1,4-Dioxane 123-91-1CAS #

Second Quarter 2013 U U U U J 200 8260CJU -

Diphenylamine 122-39-4CAS #

Second Quarter 2013 U U U U 5 8270DU -

Disulfoton 298-04-4CAS #

Second Quarter 2013 U U U U 5 8270DU -
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

Endosulfan I 959-98-8CAS #

Second Quarter 2013 U U U U 0.025 8081BU -

Endosulfan II 33213-65-9CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

Endosulfan sulfate 1031-07-8CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

Endrin 72-20-8CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

Ethyl acetate 141-78-6CAS #

Second Quarter 2013 U J U J U J U J 10 8260CJU -

Endrin aldehyde 7421-93-4CAS #

Second Quarter 2013 U U U U 0.05 8081BU -

Ethanol 64-17-5CAS #

Second Quarter 2013 U U U U 250 8260CU -

Ethylbenzene 100-41-4CAS #

Second Quarter 2013 U U U U 1 8260CU 700

Fourth Quarter 2013 U U U U 1 8260CU 700

Ethyl methacrylate 97-63-2CAS #

Second Quarter 2013 U U U U 10 8260CU -

Ethyl methanesulfonate 62-50-0CAS #

Second Quarter 2013 U U U U 5 8270DU -

Ethylene oxide 75-21-8CAS #

Second Quarter 2013 U J U J U J U J 100 8260BJU -

Famphur 52-85-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

Fluoranthene 206-44-0CAS #

Second Quarter 2013 U U U U 5 8270DU -

Fluorene 86-73-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

Heptachlor 76-44-8CAS #

Second Quarter 2013 0.0029J U U U 0.025 8081BU -

Heptachlor epoxide 1024-57-3CAS #

Second Quarter 2013 U U U U 0.025 8081BU -

Hexachlorobenzene 118-74-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

Hexachlorobutadiene 87-68-3CAS #

Second Quarter 2013 U U U U 1 8260CU -

Hexachlorocyclopentadiene 77-47-4CAS #

Second Quarter 2013 U U U U 5 8270DU -

Hexachloroethane 67-72-1CAS #

Second Quarter 2013 U U U U 10 8260CU -

Second Quarter 2013 U U U U 5 8270DU -

Hexachlorophene 70-30-4CAS #

Second Quarter 2013 U J U J U J U J 100 8270DJU -

Hexachloropropene 1888-71-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

2-Hexanone 591-78-6CAS #

Second Quarter 2013 U J U J U J U 10 8260CU -

Indeno[1,2,3-cd]pyrene 193-39-5CAS #

Second Quarter 2013 U U U U 5 8270DU -

Isobutyl alcohol 78-83-1CAS #

Second Quarter 2013 U U U U 200 8260CU -

Isodrin 465-73-6CAS #

Second Quarter 2013 U U U U 5 8270DU -

Isophorone 78-59-1CAS #

Second Quarter 2013 U U U U 5 8270DU -
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

Isopropylbenzene 98-82-8CAS #

Second Quarter 2013 U U U U 1 8260CU -

Isopropylether 108-20-3CAS #

Second Quarter 2013 U U U U 10 8260CU -

4-Isopropyltoluene 99-87-6CAS #

Second Quarter 2013 U U U U 1 8260CU -

Isosafrole 120-58-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

Kepone 143-50-0CAS #

Second Quarter 2013 U U U U 5 8270DU -

Methacrylonitrile 126-98-7CAS #

Second Quarter 2013 U U U U 100 8260CU -

Methapyrilene 91-80-5CAS #

Second Quarter 2013 U J U J U J U J 5 8270DJU -

Methoxychlor 72-43-5CAS #

Second Quarter 2013 U U U U 0.25 8081BU -

Bromomethane 74-83-9CAS #

Second Quarter 2013 U U U U 1 8260CU -

Chloromethane 74-87-3CAS #

Second Quarter 2013 U U U U 1 8260CU 1.4

Fourth Quarter 2013 U U U U 1 8260CU 1.4

3-Methylcholanthrene 56-49-5CAS #

Second Quarter 2013 U U U U 5 8270DU -

Iodomethane 74-88-4CAS #

Second Quarter 2013 U U U U 10 8260CU -

Methyl methacrylate 80-62-6CAS #

Second Quarter 2013 U U U U 10 8260CU -

Methyl methane sulfonate 66-27-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

2-Methylnaphthalene 91-57-6CAS #

Second Quarter 2013 U U U U 5 8270DU -

Methyl parathion 298-00-0CAS #

Second Quarter 2013 U U U U 5 8270DU -

4-Methyl-2-pentanone 108-10-1CAS #

Second Quarter 2013 U U U U 10 8260CU -

2-Methylphenol 95-48-7CAS #

Second Quarter 2013 U U U U 10 8270DU -

3 & 4-Methylphenol m 108-39-4   p 106-44-5CAS #

Second Quarter 2013 U U U U 10 8270DU -

Methyl tert-butyl ether 1634-04-4CAS #

Second Quarter 2013 U U U U 10 8260CU -

Dibromomethane 74-95-3CAS #

Second Quarter 2013 U U U U 1 8260CU -

Methylene chloride 75-09-2CAS #

Second Quarter 2013 4.7 U U U 1 8260CU 13.95

Fourth Quarter 2013 4.2 U U U 1 8260CU 13.95

Naphthalene 91-20-3CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,4-Naphthoquinone 130-15-4CAS #

Second Quarter 2013 U U U U 5 8270DU -

1-Naphthylamine 134-32-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

2-Naphthylamine 91-59-8CAS #

Second Quarter 2013 U U U U 5 8270DU -

o-Nitroaniline 88-74-4CAS #

Second Quarter 2013 U U U U 10 8270DU -
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

m-Nitroaniline 99-09-2CAS #

Second Quarter 2013 U U U U 10 8270DU -

p-Nitroaniline 100-01-6CAS #

Second Quarter 2013 U U U U 10 8270DU -

Nitrobenzene 98-95-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

o-Nitrophenol 88-75-5CAS #

Second Quarter 2013 U U U U 10 8270DU -

p-Nitrophenol 100-02-7CAS #

Second Quarter 2013 U U U U 10 8270DU -

4-Nitroquinoline-1-oxide 56-57-5CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosodi-n-butylamine 924-16-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosodiethylamine 55-18-5CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosodimethylamine 62-75-9CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosodiphenylamine 86-30-6CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosodipropylamine 621-64-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosomethylethylamine 10595-95-6CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosomorpholine 59-89-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosopiperidine 100-75-4CAS #

Second Quarter 2013 U U U U 5 8270DU -

N-Nitrosopyrrolidine 930-55-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

5-Nitroso-o-toluidine 99-55-8CAS #

Second Quarter 2013 U U U U 5 8270DU -

Parathion 56-38-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

Pentachlorobenzene 608-93-5CAS #

Second Quarter 2013 U U U U 5 8270DU -

Pentachloroethane 76-01-7CAS #

Second Quarter 2013 U U U U 10 8260CU -

Pentachloronitrobenzene 82-68-8CAS #

Second Quarter 2013 U U U U 5 8270DU -

Pentachlorophenol 87-86-5CAS #

Second Quarter 2013 U U U U 10 8270DU -

Phenacetin 62-44-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

Phenanthrene 85-01-8CAS #

Second Quarter 2013 U U U U 5 8270DU -

Phenol 108-95-2CAS #

Second Quarter 2013 U U U U 10 8270DU -

Total Recoverable Phenolics CAS #

Second Quarter 2013 U U U U 40 9066U -

Phorate 298-02-2CAS #

Second Quarter 2013 U U U U 5 8270DU -

2-Picoline 931-19-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

Pronamide 23950-58-5CAS #

Second Quarter 2013 U U U U 5 8270DU -
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

1-Propanol 71-23-8CAS #

Second Quarter 2013 U J U J U J U J 100 8260BJU -

2-Propanol 67-63-0CAS #

Second Quarter 2013 U U U U 100 8260CU -

Propionitrile 107-12-0CAS #

Second Quarter 2013 U U U U 100 8260CU -

n-Propylbenzene 103-65-1CAS #

Second Quarter 2013 U U U U 1 8260CU -

Pyrene 129-00-0CAS #

Second Quarter 2013 U U U U 5 8270DU -

Pyridine 110-86-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

Safrole 94-59-7CAS #

Second Quarter 2013 U U U U 5 8270DU -

Silvex 93-72-1CAS #

Second Quarter 2013 U U U U 1 8151AU -

Styrene 100-42-5CAS #

Second Quarter 2013 U U U U 1 8260CU -

Sulfotep 3689-24-5CAS #

Second Quarter 2013 U U U U 5 8270DU -

2,4,5-Trichlorophenoxyacetic acid 93-76-5CAS #

Second Quarter 2013 U U U U 1 8151AU -

1,2,4,5-Tetrachlorobenzene 95-94-3CAS #

Second Quarter 2013 U U U U 5 8270DU -

1,1,1,2-Tetrachloroethane 630-20-6CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,1,2,2-Tetrachloroethane 79-34-5CAS #

Second Quarter 2013 U U U U 1 8260CU -

Tetrachloroethene 127-18-4CAS #

Second Quarter 2013 0.4 J U U U 1 8260CU 5

Fourth Quarter 2013 U U U U 1 8260CU 5

Tetrahydrofuran 109-99-9CAS #

Second Quarter 2013 18 J U U U 25 8260CU -

2,3,4,6-Tetrachlorophenol 58-90-2CAS #

Second Quarter 2013 U U U U 10 8270DU -

Toluene 108-88-3CAS #

Second Quarter 2013 U U U U 1 8260CU 1000

Fourth Quarter 2013 U U U U 1 8260CU 1000

o-Toluidine 95-53-4CAS #

Second Quarter 2013 U U U U 5 8270DU -

Toxaphene 8001-35-2CAS #

Second Quarter 2013 U U U U 2.5 8081BU -

1,2,3-Trichlorobenzene 87-61-6CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,2,4-Trichlorobenzene 120-82-1CAS #

Second Quarter 2013 U U U U 1 8260CU -

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

Second Quarter 2013 0.8 J U U U 1 8260CU 200

Fourth Quarter 2013 U U U U 1 8260CU 200

1,1,2-Trichloroethane 79-00-5CAS #

Second Quarter 2013 U U U U 1 8260CU -

Trichloroethene 79-01-6CAS #

Second Quarter 2013 0.3 J U U U 1 8260CU 5

Fourth Quarter 2013 U U U U 1 8260CU 5

Trichlorofluoromethane 75-69-4CAS #

Second Quarter 2013 U U U U 1 8260CU 469.5

Fourth Quarter 2013 U U U U 1 8260CU 469.5
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

2,4,5-Trichlorophenol 95-95-4CAS #

Second Quarter 2013 U U U U 10 8270DU -

2,4,6-Trichlorophenol 88-06-2CAS #

Second Quarter 2013 U U U U 10 8270DU -

1,2,3-Trichloropropane 96-18-4CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,1,2-Trichloro-1,2,2-Trifluoroethane 76-13-1CAS #

Second Quarter 2013 U U U U 1 8260CU 59000

Fourth Quarter 2013 U U U U 1 8260CU 59000

O,O,O-Triethyl phosphorothioate 126-68-1CAS #

Second Quarter 2013 U U U U 5 8270DU -

1,2,4-Trimethylbenzene 95-63-6CAS #

Second Quarter 2013 U U U U 1 8260CU -

1,3,5-Trimethylbenzene 108-67-8CAS #

Second Quarter 2013 U U U U 1 8260CU -

sym-Trinitrobenzene 99-35-4CAS #

Second Quarter 2013 U U U U 5 8270DU -

Vinyl acetate 108-05-4CAS #

Second Quarter 2013 U U U U 10 8260CU -

Vinyl chloride 75-01-4CAS #

Second Quarter 2013 U U U U 1 8260CU -

Xylenes (Total) 1330-20-7CAS #

Second Quarter 2013 U U U U 3 8260CU 10000

Fourth Quarter 2013 U U U U 3 8260CU 10000
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16C1 16MW8 16MW9 16WC1A QL GPS

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

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

Method

All Results in ug/L.

16WC1BAnaltye/Quarter

 Definitions:  

 The following definitions apply to results reported for Appendix IX 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 
 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, 7, 10, and 16 (October 4, 2002), 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, 7, 10, and 16 (October 4, 2002) (revised September 27, 2011).  

   NS denotes not sampled.   NA denotes not analyzed.    

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

 

The following definitions apply to results reported for non-Appendix IX 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.    

 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, 7, 10, and 16 (October 4, 2002), (revised September 27, 2011), 

 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, 7, 10, and 16 (October 4, 2002) (revised September 27, 2011).  

 

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. 

Second Quarter 2009: 

Verification event 6/11/2009 - 16MW8 for acetone.  Verification result reported as not detected. 

4/ 2010 event -Per DEQ, tin analyzed by Method 6010B instead of Method 6020. Verification event:  16MW9 1,1-

dichloroethene and benzene.  16WC1B 4,4-DDD. Verification result reported as not detected. 

Verification event 6/27/2012 – 16WC1A for cobalt. Verification result reported. 
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Engineering � Surveying � Environmental Services 

Fourth Quarter 2013Monitoring Event:HWMU-16Facility:

Validation Notes

Laboratory 

Result Result

 (ug/L)(ug/L)  (ug/L)

QL

Sample IDAnalyte Q Q

Sample/Blind Field Duplicate Results Greater Than the Quantitation Limit

Validated 

CompuChem, a Division of Liberty Analytical, Cary, NCLaboratory:

6020AMethod:

16WC1A 262 262 No action taken.Barium 10

16WDUP 263 263 No action taken. Field duplicate of 16WC1A. RPD <10.10

Eurofins Lancaster Laboratories Environmental, Lancaster, PALaboratory:

8260CMethod:

16WC1A 1 1 No action taken.Chloroethane 1

16WDUP 1 1 No action taken. Field duplicate of 16WC1A. RPD <10.1

16WC1A 3.1 3.1 No action taken.1,1-Dichloroethane 1

16WDUP 3.2 3.2 No action taken. Field duplicate of 16WC1A. RPD <10.1

16WC1A 13 13 No action taken.Diethyl ether 12.5

16WDUP 14 14 No action taken. Field duplicate of 16WC1A. RPD <10.12.5

   Definitions: 
  Data Validation Qualifiers: 

  QL  Denotes permit quantitation limit.    Q Denotes data qualifier.  

   J  Denotes analyte reported at  or above quantitation limit and associated result is estimated.   
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APPENDIX C-3 
 

HWMU-16 2013 LABORATORY ANALYTICAL RESULTS 
PLUME MONITORING WELLS 

 



16C1  Q 16-1  Q 16-2  Q 16-3  Q 16-5  Q QL Background

Target Analyte Monitoring Results At Or Above Permit Quantitation Limit

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

Method

All Results in ug/L.

16WC2B  Q 16SPRING  QAnaltye/Quarter

HWMU-16 Plume Monitoring Wells

Arsenic 7440-38-2CAS #

Second Quarter 2013 U U U U U 10 6020A1U U

Fourth Quarter 2013 U U U U U 10 6020A1U U

Barium 7440-39-3CAS #

Second Quarter 2013 194 220 240 728 165 10 6020A175.4114 234

Fourth Quarter 2013 171 167 232 763 174 10 6020A175.4117 208

Beryllium 7440-41-7CAS #

Second Quarter 2013 U U U U U 1 6020A0.7U U

Fourth Quarter 2013 U U U U U 1 6020A0.7U U

Cadmium 7440-43-9CAS #

Second Quarter 2013 U U U U U 1 6020A0.2U U

Fourth Quarter 2013 U U U U U 1 6020A0.2U U

Chromium 7440-47-3CAS #

Second Quarter 2013 U U U U U 5 6020A6.2U U

Fourth Quarter 2013 U U U U U 5 6020A6.2U U

Cobalt 7440-48-4CAS #

Second Quarter 2013 U U U U U 5 6020A5U U

Fourth Quarter 2013 U U U U U 5 6020A5U U

Copper 7440-50-8CAS #

Second Quarter 2013 U U U U U 5 6020A13U U

Fourth Quarter 2013 U U U U U 5 6020A13U U

Lead 7439-92-1CAS #

Second Quarter 2013 U U U U U 1 6020A10U U

Fourth Quarter 2013 U U U U U 1 6020A10U U

Mercury 7439-97-6CAS #

Second Quarter 2013 U U U U U 2 7470A0.2U U

Fourth Quarter 2013 U J U J U J U J U J 2 7470A0.2U J U J

Nickel 7440-02-0CAS #

Second Quarter 2013 3.25 J U U U U 10 6020A16U U

Fourth Quarter 2013 U U U U U 10 6020A16U U

Vanadium 7440-62-2CAS #

Second Quarter 2013 U U U U U 10 6020A151U U

Fourth Quarter 2013 U U U U U 10 6020A151U U

Zinc 7440-66-6CAS #

Second Quarter 2013 U U U U U 10 6020A51U U

Fourth Quarter 2013 U U U U U 10 6020A51U U

Benzene 71-43-2CAS #

Second Quarter 2013 0.3 J U U U U 1 8260C1U U

Fourth Quarter 2013 U U U U U 1 8260C1U U

2-Butanone 78-93-3CAS #

Second Quarter 2013 U U U U U 10 8260C1.1U U

Fourth Quarter 2013 U U U U U 10 8260C1.1U U

Carbon tetrachloride 56-23-5CAS #

Second Quarter 2013 U U U U U 1 8260C0.2U U

Fourth Quarter 2013 U U U U U 1 8260C0.2U U

Chloroethane 75-00-3CAS #

Second Quarter 2013 5 U U U U 1 8260C20.7U U

Fourth Quarter 2013 4.9 U U U U 1 8260C20.7U U
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16C1  Q 16-1  Q 16-2  Q 16-3  Q 16-5  Q QL Background

Target Analyte Monitoring Results At Or Above Permit Quantitation Limit

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

Method

All Results in ug/L.

16WC2B  Q 16SPRING  QAnaltye/Quarter

HWMU-16 Plume Monitoring Wells

Dichlorodifluoromethane 75-71-8CAS #

Second Quarter 2013 0.3 J U J U J U J U J 1 8260C46.5U J U J

Fourth Quarter 2013 U J U J U J U J U J 1 8260C46.5U J U J

1,1-Dichloroethane 75-34-3CAS #

Second Quarter 2013 8.6 U U U U 1 8260C9.5U U

Fourth Quarter 2013 8.9 U U U U 1 8260C9.5U U

Diethyl ether 60-29-7CAS #

Second Quarter 2013 48 J U J U J U J U J 13 8260C75.5U J U J

Fourth Quarter 2013 39 U U U U 12.5 8260C75.5U U

Diethyl phthalate 84-66-2CAS #

Second Quarter 2013 U - - - - 5 8270D5- -

Fourth Quarter 2013 U U U U U 5 8270D5U U

Dimethyl ether 115-10-6CAS #

Second Quarter 2013 U N U U U U 13 8260C17.0U U

Fourth Quarter 2013 U U U U U 12.5 8260C17.0U U

2,4-Dinitrotoluene 121-14-2CAS #

Second Quarter 2013 U U U U U 10 8270D10U U

Fourth Quarter 2013 U U U U U 10 8270D10U U

2,6-Dinitrotoluene 606-20-2CAS #

Second Quarter 2013 U U U U U 10 8270D10U U

Fourth Quarter 2013 U U U U U 10 8270D10U U

Ethylbenzene 100-41-4CAS #

Second Quarter 2013 U U U U U 1 8260C0.1U U

Fourth Quarter 2013 U U U U U 1 8260C0.1U U

Chloromethane 74-87-3CAS #

Second Quarter 2013 U U U U U 1 8260C0.3U U

Fourth Quarter 2013 U U U U U 1 8260C0.3U U

Methylene chloride 75-09-2CAS #

Second Quarter 2013 4.7 U U U U 1 8260C13.95U U

Fourth Quarter 2013 4.2 U U U U 1 8260C13.95U U

Tetrachloroethene 127-18-4CAS #

Second Quarter 2013 0.4 J U U U U 1 8260C0.7U U

Fourth Quarter 2013 U U U U U 1 8260C0.7U U

Toluene 108-88-3CAS #

Second Quarter 2013 U U U U U 1 8260C0.1U U

Fourth Quarter 2013 U U U U U 1 8260C0.1U U

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

Second Quarter 2013 0.8 J U U U U 1 8260C9.2U U

Fourth Quarter 2013 U U U U U 1 8260C9.2U U

Trichloroethene 79-01-6CAS #

Second Quarter 2013 0.3 J U U U U 1 8260C0.1U U

Fourth Quarter 2013 U U U U U 1 8260C0.1U U

Trichlorofluoromethane 75-69-4CAS #

Second Quarter 2013 U U U U U 1 8260C11.3U U

Fourth Quarter 2013 U U U U U 1 8260C11.3U U

1,1,2-Trichloro-1,2,2-Trifluoroethane 76-13-1CAS #

Second Quarter 2013 U U U U U 1 8260C1.2U U

Fourth Quarter 2013 U U U U U 1 8260C1.2U U
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16C1  Q 16-1  Q 16-2  Q 16-3  Q 16-5  Q QL Background

Target Analyte Monitoring Results At Or Above Permit Quantitation Limit

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

Method

All Results in ug/L.

16WC2B  Q 16SPRING  QAnaltye/Quarter

HWMU-16 Plume Monitoring Wells

Xylenes (Total) 1330-20-7CAS #

Second Quarter 2013 U U U U U 3 8260C0.2U U

Fourth Quarter 2013 U U U U U 3 8260C0.2U U

 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 this event, results for the upgradient well are reported to the detection limit. 

 
 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 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 compliance  

          well results are reported to at or above the project detection  limit.  

    R  Denotes result rejected.   

    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, 7, 10, and 16 (October 4, 2002), revised September 27, 2011.       
   CAS# Denotes Chemical Abstract Services registration number.     

   GPS Denotes groundwater protection standard. 
 

   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. 

Page 3 of 3
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APPENDIX C-4 
 

ESTABLISHED BACKGROUND VALUES AND COMPUTATIONS FOR HWMU-16

 

















Unit
Quarter Initially 

Detected
Constituent

Background--                          
Calculated or QL?

Background (ug/L)
GPS Required?                             

(261 Appendix VIII)
Proposed GPS (ug/L) Source

Chromium QL 5 yes 100 USEPA MCL
Diethyl Ether QL 12 no NA NA
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
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
Acetone QL 10 no NA NA

2-Propanol QL 50 no NA NA
Chloroethane Calculated 20.7 yes 20.7 Background/QL
Diethyl Ether Calculated 75.5 no NA NA

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.g.), 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 VIII 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.  

HWMU-16

HMWU-5 Fourth Quarter 2003

HWMU-7

Second Quarter 2003

Appendix IX Constituents Detected Since Permit Issuance
HWMUs 5, 7, 10, and 16

Radford Army Ammunition Plant

Second Quarter 2005
HWMU-10



Statistical Computations RAAP HWMU-I6 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-T,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 VH'WMR (40 CFR 264.97(h)).
Background data for this target parameter consisted of all data for the background well
16C1 collected from 2"o quarter 2004 through 3'o 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 analfiical 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
I,1,2-Tnchloro-1,2,2-Tnfluoroethane is non-normally dishibuted. Non-parametric llPL
(NIIPL) was constructed on the background data for this parameter. The confidence levels
ofNUPLs are typically approximate and estimated to be around 91%.

Summary of UPL

P:\803V00\B03204\803204-04\REPORTS\UNIT l6 BACKGROUND FOR 1.1.2-TRICHLORO-1.2.2-TRIFLUOROETHANE\RPT
- 05 O2O2 - HWMUI6ADDPARAMETERSUPL - SN.DOC

Parameter Background
Data Distribution

Type
of UPL

Multiple
Comnarisons/vear

UPL (pgll)

I,1,2 -T nchlor o - 1,2,2 -
Trifluoroethane

Non-Normal NUPL N/A 1.2



Statistical Computations - RAAP HWMU-I6

ln 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'd quarter 2003 monitoring event. Inter-well
upper prediction limits (UPL) were calculated on the background data for the target
parameters in accordance with the facilify 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'o quarter 2003 through 3'o 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 analfiical 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 IJPL CNUPL) was constructed on the
background data for dimethyl ether, and parametric IIPLs (PUPL) were constructed on the
background data for chloroethane, diethyl ether and methylene chloride. No adjustments to
the error rates were made to the NtlPLs 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 NtIPLs are well less than 95%. Any statistically significant increase
(SSI) must be confirmed by verification sampling.

E:\ROSS WORK\RADFORD AAP ARCHTVESVIWMU-I6\RPT -050202 - HWMUl6ADDPARAMETERSUPL- SN.DOC



Summary of UPLs

Parameter Background
Data Distribution

Type
of UPL

Multiple
Comparisons/year

UPL (pgll)

Chloroethane Normal PUPL 1 0 20.7
Diethyl ether Normal NL]PL 1 0 75.5
Dimethvl ether Non-normal PUPL NiA t7 .0
Methylene Chloride Normal PUPL t 0 13.95

E:\ROSS WORK\RADFORD AAP ARCHTESUIWMU-16\RPT - 05 0202 - HWMUI6ADDPARAMETERSUPL - SN.DOC



RAAP-HWMU-16 - Statistical Analysís - Notes

1)Y2KCorrection dates are as shown in table below.
Actual Event Date Used in Stat Software
2U00-Qtr1
2000-Qtr2
2000-Qt13
2000-Qt14
2001-Qtr1
2003-Qt13
2003-Qt14
2004-Qtr1
2004-Qtr2
2004-ok3

1¿t1ót1V99

12t14t1999
12t15t1999
12J16t1999
12t17t1999
12t18t1999
12t19t1999
12t20t1999
12t21t1999
12t22rt999

Interwell Tests:
2) Background data for target parameters chloroethane, diethyl ether, dimethyl ether and methylene chloride were evaluated
using Shapiro-Wilk test. Background data showed normal distribution for chloroethane, diethyl ether and methylene chloride.
Parametric interwell 99% confidence upper prediction limits were computed for parameters with normally distributed background data.
Dimethyl ether 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 (SSl) must be confìrmed by verification sampling.

ElRoss Work\Radford AAP Archives\HWMU-l6VHWMUl6StatDate correction.xlslSheetl



Normality Tests

Report Printed: 02-02-2005 13:49

Facility:RAAPHWMUI6 Haz. Waste Unit 16 - RAAP

Address:

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

Contact:
Phone:( ) -

Permit Type:Detection

Constituent: ClEthane Chloroethane

CAS Number: 75-00-3
MCL: 0.000 ppb
ACL: 0.000 ppb

Detect Limit: 2.000 ppb

Start Date:Mar 31 1996
End Date:Dec221999

Normality Test on Observations for wells listed below:

Well:16C1 Position:Upgradient Observations:S

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 -L296*
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 I% Critical
Scale Statistic Value Value

Original: 0.9037 0.7620 0.6860



Log: 0.7615* 0.7620 0.6860

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



Parametric Prediction Interval
Report Printed February 2,2005

Page I
Facility:Haz. Vy'aste Unit 16 - RAAP

Parameter: Chloroethane(CAS Number: 75-00-3)

ONE.TAILED TJPPER PARAMETRIC PREDICTION INTERVAL

Observations (n): 5
Shapiro-V/ilk (W): 0.9037

Critical W,cY:0.01: 0.6860
Mean: 4.34O ppb

Std Dev: 2.078þþb
DF: 4

Conf. Level (1-a): Þ9@0 O'Îq
Future Samples (k): 10

t ¡ 1 - d - 1  , :  7 . 1 7 3 2

L  ¡ I
Kappa: 7.8579

UL: 20.669 ppb
LL: -oo

Report Produced by GRITS/STAT 5.01



Normality Tests

Report Printed: 02-02-2005

Facility:RAAPHWMUl6

Address:

City:Radford
counry:PULASKI

Contact:
Phone:( )

Permit Type:Detection

Scale
Original:

Log:

13:49

Haz. \ù/aste Unit 16 - RAAP

ST:VA Zip:24141

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:Dec221999

Normality Test on Observations for wells listed below:

Well:16C1 Position:Upgradient Observations:5

Minimum Maximum Mean Std Dev
12.000 30.000 2r.200 6.907
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: -I.I40 -1.024
Minimum: 12.000 2.485
Maximum: 30.000 3.401

CV: 0.326 0.118

Shapiro-Wilk Statistics

Test 5 Vo Critical l% 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 T]PPER PARAMETRIC PRBDICTION INTERVAL

Page I

Observations (n):
Shapiro-V/ilk (W):

Crit ical 
'W,c:0.01:

,.0 #T1n'
DF:

Conf. Level (1-cv):
Future Samples (k):

a f l - o . , '

L  k r  
I

Kappa:

UL:
LL:

5
o.9768
0.6860

21.200 ppb
6.907 ppb

4

wo"1q
10

7.1732

7.8579

75.470 ppb
- æ

Report Produced by GRITS/STAT 5.01



Normality Tests

Report Printed: 02-02-2005 13:53

Facility:RAAPHWMUl6 Haz. Waste Unit 16 - RAAP

Address:

City:Radford ST:VA Zip:24I41
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:}lfar 31 1996
End Date:Dec221999

Normality Test on Observations for wells listed below:

Well:16C1 Position:Upgradient Observations:5

Scale Minimum Maximum Mean Std Dev
Original: 12.000 17.000 13.000 2.236-Log: 

2.485 2.833 2.555 0.156

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale

Mean: 13.000 2.555
Std Dev: 2.236 0.156

Skewness: 1.500* 1.500x
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 Vo Critical L% 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):
Conf. Level (1-a): 33.330%

UL: 17.000 ppb
LL: 0.000

Page I

Report Produced by GRITS/STAT 5.01



Normality Tests

Report Printed: 02-02-2005 13:54

Facility:RAAPHWMUl6 Haz. Waste Unit 16 - RAAP

Address:

City:Radford ST:VA Zip:24I41
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 3I 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: l .4 l l  1.917 1.743 0.197

Pooled Statistics
Observations: 5

Statistic Original Log
Scale Scale

Mean: 5.800 1.743
Std Dev: I.037 O.I97

Skewness: -0.925 -1.088*
Kurtosis: -0.436 -0.263
Minimum: 4.100 L41l
Maximum: 6.800 1.917

CV:  0 .179 0 .113

Shapiro-Wilk Statistics

Test 5 Vo Critical l% 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. V/aste Unit 16 - RAAP
Parameter : D ichloromethane (Methylene chloride( CAS Numbe r7 5 -09 -2)

ONE.TAILED T.IPPER PARAMETRIC PREDICTION INTERVAL

Observations (n): 5
Shapiro-Wilk (W): 0.8964

Critical 
'W.a:0.01:

0.6860

,,0 #"T* i:339fii
DF: 4

Conf. Level (1-a): .WO,11
Future Samples (k): 10

, T 1 - o . , ,  7 . 1 7 3 2

L  k - - , '
Kappa: 7.8579

UL: 13.947 ppb
LL: -æ

Page I

Report Produced by GRITS/STAT 5.01



Target Anølyte Monitoring Results - HWMU-16 Point of Contpliunce lUells
Radford Army Ammunition Plant, Rødford, Virginia
Upgrudient well -- I6CI AII Results itt ug/L.

Chloroethane
Third Quarter 2003

Fourlh Quarter 2003

First Quarter 2004

Second Quarter 2004

Third Quarter 2004

Fourlh Quarter 2004

F¡rst Quarter 2005

Second Quarter 2005

Third Quarter 2005

Fourth Quarter 2005

First Quarler 2006

Second Quarter 2006

Third Quarter 2006

Fourth Quarter 2006

First Quarter 2007

Second Quarter 2007

Diethyl ethàr
Th¡rd Quarter 2003

Fourth Quarter 2003

First Quarter 2004

Second Quarter 2004

Th¡rd Quarter 2004

Fourth Quarter 2004

F¡rst Quarter 2005

Second Quarter 2005

Third Quarter 2005

Fourth Quarter 2005

Fìrst Quarter 2006

Second Quarter 2006

Th¡rd Quarter 2006

Fourth Quarter 2006

F¡rst Quarter 2007

Second Quarter 2007

ôi'"ir'vi"ih;i 
-

Third Quarter 2003

Fourlh Quarter 2003

F¡rst Quarter 2004

Second Quarter 2004

Th¡rd Quarter 2004

Fourth Quarter 2004

F¡rst Quarter 2005

Second Quarter 2005

Third Quarter 2005

Fourth Quarter 2005

First Quarter 2006

Second Quarter 2006

Th¡rd Quarter 2006

Fourth Quarler 2006

F¡rst Quarter 2007

Second Ouarter 2007

U

U

U

U

U

U

6 . 1

5 .2

6.4

5 .7

U J

4.4

4 .2

4 .9

7 .6  J

U J

4.7  J

4.6 J

5.3

5 J

5

5.8

1 2 J

30

24

2 3 J

1 7

24

29

20

30

25

1 9

1 7

33

20

21

1 7 J

6.6 J

U

1 7 J

U J

U J

1 6 J

26

1 5

1 3

U

U

U

1 1  J

U

U

1' t  J

U

U

U J

U

u
U

U J

U

U J

U

4.8

2.6

U J

2.4

2

2.5

1 a  I

U J

U

2.6  J

U

o.7 J

I

1

1 . 4

1 2 J

1 4

U
1 3 J

U

U

14

9.2

1 5

1 8

U

U

4.3 J

U

U

5.7 J

9.9 J

U

1 3 J

6.6 J

U J

1 2 J

25
't4

U

U

U

U

3.2 J

U

U

7 J

U

1. ' l

U J

0.63 J

U

U

U J

U

U J

U

U

U

0.7 J

U

U

U

U

U

u
U J

U

U

U

U J

U

U

U

4,6 J

U

U

2.1 J

U

U

U J

U J

U J

U

U

U

U

U

U

U

2.4 J

U

U

2.6 J

CAS t 75-00-3
U 1

U 1

U J 1

U 1

U 1

U 1

U J ' I

U 1

U J l

U 1

U 1

U 1

U 1

U 1

U 1

u t
c'cit ao-ig'z

U

U

U

U J

U

U J

U

U J

U

U

U

U

U

U

U

U J

1 2

1 2

1 2 . 5

1 2 . 5

1 2 . 5

1 2 . 5

12.5

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

20.7 82608

U

U

U

U J

U

U J

U

U J

U

U

U

U

1 .5  J

U

U

1 .5  J

U

U

U J

U J

U J

U J

U

U

U

U

U

U

U J

U

U

U

U

U

U J

U J

U J

U J

U

U

u
U

U

U

U J
t l

U

1.2  J

a t

' t2

12 .5

12.5

't2.5

12.5

12.5

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82ô08

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

82608

CÁS # 115-10-6

See hst pøge oflhis reportfor definitions.
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Tørget Analyte Monitoring Results - HWMU-16 Point of Contpliance úVells
Radford Army Ammunition Plant, Radþrd, Virginiø
Upgrødient well: 16Cl All Results irt ttg/L.

Ánøtù-e/oi lar tet  I  l tc t  l t tuw'a I  tñ¡ tø 'c l t í lvc l¿ : taø,ctn ot- .  GPS lMethod

Methylene chloride
Third Quarter 2003

Fourth Quarter 2003

First Quarter 2004

Second Quarter 2004

Third Quarter 2004

Fourth Quarter 2004

Firsl Quafer 2005

Second Quarter 2005

Third Quarter 2005

Fourth Quarter 2005

F¡rst Quarter 2006

Second Quarter 2006 7

Th¡rd Quarter 2006 U N

Fourth Quarter 2006 U A

F¡rst Quarter 2007 6.3

Second Quarter 2007 3.4

t,t,Z-fi icntoro¡,2,2-Trif luoroethane
Third Quarter 2003 U

Second Quarter 2004 1.2

Th¡rd Quarter 2004 U

Fourlh Quarler 2004 U

4 . 1

6 .8

6.4

5.7

6

6.4

6 .8  J

6 .3

6.2

4 .7

4 .9

'l

U

U

U

U

U

U

U

U

U

U

U

U

U

U A

U

U

U

U

U

U

U

U N

U

U

U

U

U J

U

U
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Tørget Anølyte Monitoring Results - HWMU-I6 Point of Compliance ll/ells
Rødford Army Ammunitiott Plønt, Radford, Virginíø
Upgradient well: 16CI AII Results irt ug/L.

,4natm-douarler I r6cl I líiulws I t6vu'9 | IírvciA | 16H'ctB oI- 
'. 

GPS 1 Meiltod

Definit ions'.QLDenotespemìitrequiredquntitationlimit. U Denotãsã;älyte;otãAectedatõiãUì"eqL. UA Dqntes
analyte not detected at or above adjusted sample QL. J Denotes associated result is estinrated. 'ir'hen ued with "U" (i.e., "UJ"),
denotes analyte not detected at or above QL and QL is estinnted. When Bed with "UA" (i.e., "UAJ"), denotes analyte not detected
at or above adjusted QL and adjusted QL is estinlated. UN Denotes analyte concentration is less than the quantiation limit and five
times the blank concentration. Not reliably detected due to blank contanri¡ration. This qualifier used only for Appendix IX nronitoring
event when results are reported to at or above the project detection linút. R Denotes result rejected. Q Denotes data validation qualifier.

CAS# Denotes Chemical Abstract Services resistration nunlber. X Denotes mass sDectral confirmation not obtained-result sNDect.

GPS Denotes Grouììdwater Protection Standards listed ir Appeudix G to Attaclrment 5 in the Fìnal Hazardou Waste Post-Closue Care
Pemit for Hazardous 'Waste Units 5, 7, 10, and l6 (October 4, 2002).
NS denotes not sampled. NA deuotes not analyzed. 'r-r' denotes not detected (pre-2nd Qmrter 2003) or not available / not sâmpled
(begirrning 2nd Quarter 2003).

Notes:
-Appendix IX Groundrvater Monitoring Events:
Irird Quarter 2003, Second Qurter 2004, Second Qurter 2005, Third QLurter 2006, Second Quafer 2007
For Appendix iX monitorìng events, all results evaluted to detection linit. See laboratory data deliverable for detection limit.

-9/3012003: Verificatiou sampling event for l6C l (heptachlor) and l óCl B (Endrin). Verifìcation results: all results reported

not detected to detection limit. Original results 0.067 pg/l and 0.39 pgll, respectively. Confimìation results reported in this table.
-9/30/2003: Verification sanrpling event for l6Cl (chloroethane, ethyl ether, methyl etlìer, methylene chloride) and
l6MW9 (chloroethane, ethyl etlìer, methyl ether). Verification results: all results confimred original analysis. Original results
reported in this table.

-June 21,2004: Verif ication event for 82608 l6Cl (l, l-dichloroethene and I,1,2-trichloro-1,2,2-trif luoroethane).
Verificationresults: âll not detected except 1,1,2-trichloro-1,2,2-trifluoroethane added to qurterly analyte listbeginning 3Q 2004.
Due to labomtory enor, Appendix IX results for semivolatiles (Method 8270C) will be presented in 3Q 2004. Verification event results
for 16WC1B and I 6Cl (808 I A) - all verification results were not confimred.

7-2812OO5. Verification event for l6WC1B (Mercurv Method 74704.) Not detected in verification sanrple
Also,verif icationeventforl6Cl, l6WCl8-808lA.andl6Cl, l6MW9, l6WClA-ethanol. All verif icationresults notdetected.
Verifi cation results used.

l9/200T.Verifrcationeventforl6WClBandl6MW9thall iumNotdetectedinverif icationsample. Verif icationresultsused.

See last pøge of this report for definitions.
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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 
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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) �
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APPENDIX D 
LABORATORY ANALYTICAL RESULTS – YEAR 2013 
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CORRESPONDENCE  
 

 



COMMONWEALTH of VIRGINIA
DEPARTMENT OF ENVIRONMENTAL QUALITY

Street address: 629 East Main Street, Richmond, Virginia 23219
Mailing address: P.O. Box 1105, Richmond, Virginia 23218

TDD (804) 698-4021
www.deq.virginia.gov

Douglas W. Domenech
Secretary of Natural Resources

David K. Paylor
Director

(804) 698-4000
1-800-592-5482

June 26, 2013

VIA ELECTRONIC MAIL
Mr. Jay Stewart
Environmental Manager
Radford Army Ammunition Plant
4050 Pepper’s Ferry Road
Radford, Virginia 24141

Re: Radford Army Ammunition Plant, Radford, VA
EPA ID No.VA1210020730, Post-Closure Care Permit (Units 5, 7, 10, and 16)
Approval of Closure of Hazardous Waste Management Unit 7 (former Surface
Impoundment)

Dear Mr. Stewart:

The Virginia Department of Environmental Quality (DEQ) is in receipt of the Closure Report
Addendum for Hazardous Waste Management Unit (HWMU) 7 by Draper Aden Associates on
behalf of Radford Army Ammunition Plant (RAAP) that was received on February 11, 2013.
This February 11, 2013, document presents the results of additional closure activities performed
in support of closure of Unit 7 since the DEQ’s receipt of the Closure Report for HWMU 7 on
February 15, 2012.

The DEQ has determined that Unit 7 meets the criteria for closure of soils and groundwater, This
finding is based on reviews by the DEQ staff (groundwater specialist – Vince Maidens (see
memorandum attached), risk assessor – Sonal Iyer (see memorandum attached), statistician –
Hasan Keceli (see memorandum attached) and Hazardous Waste Permit Writer - Russell
McAvoy ), of the Closure Report, the Closure Report Addendum, and the hazardous waste Post-
Closure Care Permit language inclusive of the Closure Plan Amendment. Closure activity
results were compared to the requirements of the Closure Plan Amendment that became a part
of the hazardous waste Post-Closure Care permit as a result of the Class 3 modification to that
permit effective October 27, 2011.



Mr. Jay Stewart June 26, 2013
Radford Army Ammunition Plant
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The implications of clean closure of Unit 7 for soils and groundwater are as follows:

1. Upon re-issuance, permit conditions addressing HWMU 7 are removed from the
hazardous waste Post-Closure Permit – that is currently in the renewal process. The
expired permit is continued in accordance with 40 CFR § 270.51, since RAAP submitted
a timely renewal permit application.

2. In conjunction with 1, the deed restriction in accordance with 40 CFR § 264.116 (Survey
Plat) and 40 CFR § 264.119 (Post-Closure Notices) and currently in force addressing
Unit 7 may be disregarded and voided.

3. Groundwater monitoring addressing Unit 7 may be discontinued immediately upon your
receipt of this letter, and specifically; the compliance period is discontinued in
accordance with the hazardous waste Post-Closure Permit – Module I, Section I.K.2 and
Module V, Section V.F.2.c which state:

“… . The compliance period (for Unit 7) during which the GPS (Appendix G of Permit
Attachment 3) applies is eighteen (18) years. The original permit for unit 7 was issued
on October 30, 1999, and became effective on November 30, 1999. The compliance
period, therefore, continues until November 30, 2017 or until the Director approves clean
closure in accordance with the closure plan amendment.”

4. Non-Groundwater, Post-Closure related activities involving Unit 7 may be discontinued
immediately upon your receipt of this letter, and specifically; these may be discontinued
in accordance with the hazardous waste Post-Closure Permit – Module I, Section I.I.2
which states:

“… . The hazardous waste surface impoundment (Unit 7) was closed in accordance with
the closure plan on January 4, 1990, the post-closure care period shall extend to January
4, 2020, and the facility is required to manage this unit under a Post-Closure Permit until
January 4, 2020 or until the Director approves clean closure in accordance with the
closure plan amendment.”

A closure verification inspection is not required by the Closure Plan Addendum under the
hazardous waste Post-Closure Permit and, therefore, one was not performed. The DEQ’s Blue
Ridge regional Office did not have any comments with respect to the Closure Report and
Closure Report Addendum as noted in correspondence dated June 20, 2013.

The Closure Plan Amendment is contained within the hazardous waste management permit that
was issued to US Army Radford Army Ammunition Plant Facility for the post-closure care of
four hazardous waste management units of one hazardous waste disposal facility located in
Montgomery and Pulaski Counties, Virginia. HWMU 7 is located in Montgomery County,
Virginia at north latitude 37° 11’ 12’’ and west longitude 80° 33’ 21’’. The permit became
effective on November 4, 2002.
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Based upon the Department's administrative and technical reviews of the above Closure Report,
Closure Report Addendum, the Closure Certifications, and the supplemental information
submitted, the Department has determined the information submitted demonstrates closure for
the HWMU 7. The demonstration of closure is in accordance with the closure performance
standards in the DEQ approved Closure Plan Amendment, the VHWMR, and the RCRA
Regulations under 40 CFR § 264.111. The Department approves the Closure Certifications, the
above the Closure Report, and the Closure Report Addendum, for the US Army Radford Army
Ammunition Plant, Radford facility under EPA ID No. VA1210020730. Please note, however,
that the Environmental Protection Agency retains the authority to address possible corrective
action of continuing releases pursuant to the Hazardous and Solid Waste Amendments of 1984.

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

David K. Paylor, Director
Department of Environmental Quality
629 East Main Street
PO Box 10009
Richmond VA 23240-0009

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

If you have any questions or comments concerning this matter, please contact Russell L.
McAvoy, P.E., of my staff 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: DEQ Staff Memorandums - 3
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cc: Andrea Barbieri, EPA, Region III (3LC50)
Aziz Farahmand, DEQ, Blue Ridge Regional Office
Beth Lohman, DEQ, Blue Ridge Regional Office
Ann Regn, DEQ, CO
Sonal Iyer, DEQ, CO
Pat McMurray, DEQ, CO
Hasan Keceli, DEQ, CO
Jutta Schneider, DEQ, CO
Vince Maiden, DEQ, CO
Julia King–Collins, DEQ, CO
Central Hazardous Waste Files
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TO:   Russ McAvoy    

 

Thru:   Pat McMurray 

    

FROM:        Sonal Iyer 
 

DATE:   June 08, 2012 

 

SUBJECT:  

 

        

 

 
 

Per our internal meeting on May 24, 2012, this memorandum provides 
review comments for risk assessment portion of the closure report 
mentioned above. This review does not include comparing protocols and 
approaches for evaluating the unit against those in approved closure plan. 
The review also does not include list of HCOCs analyzed in soils and 
groundwater, facility-wide background concentrations, Laboratory data 
validation, statistical evaluation, groundwater data and evaluation, permit 
conditions and/or exemptions, and any other information besides risk 
assessment calculations. Furthermore, the method detection limits for soil 
and groundwater samples is assumed to be below applicable risk based 
levels. If such is not the case, the risk assessment outcomes may be different 
than discussed herein and may need to be revisited. The risk assessment is 
carried out to demonstrate that ‘the unit no longer meets the definition of 
waste.’ 
 
Comments: 
 
1. Section 3.3.2. Soil Sample Collection and Analytical Results, page 13: 

The 2004 samples show Aroclor in a few samples and the facility has 
provided some rationale about possibility of overestimation. However, 
in absence of confirmatory samples DEQ will consider the results as 
reported for risk assessment. Over/underestimation of potential risk due 
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M 
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Technical Risk Assessment Review: Closure Report 

for HWMU 7 at Radford Army Ammunition Plant.  

Dated February 9, 2012 

EPA ID: VA1210020730 
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to data limitation may be discussed qualitatively in the uncertainties 
section. 

 
2. It is noted that the chromium analysis in soils is only for total chromium 

and data for hexavalent chromium is not available. 
 

3. Section 4.3.2.1. Comparison to Risk-Based Concentrations (residential 
Screen), page 17: DEQ does not understand the purpose of including this 
section, corresponding tables, and any conclusions because risk based 
screening is not considered to demonstrate closure. All detected 
chemicals above the background must be included in quantitative risk 
assessment for residential receptor and for fate-and-transport evaluation. 
The facility has included all detected chemicals in risk assessment. To 
avoid confusion, please remove this section and corresponding table.   

 
4. Table 6: This table uses maximum detected concentration for all 

chemicals, except Aroclor. Only for this chemical, average concentration 
is used. If 95% UCL of the mean cannot be calculated due to data set 
limitation, maximum detected concentrations must be used. The facility 
is advised to either exclude this table or recalculate using 95% UCL of 
the mean for Aroclor-1254. 

 
5. Section 4.3.2.5. Uncertainty Analysis, page 19: Please remove the 

statements relating to Radford’s intention to leave the soil ‘in-place’ 
unless Radford AAP is willing to develop a deed restriction that will 
prohibit any surface disturbance of the soil in future.  

 
6. Section 4.4. Results of Clean Closure Evaluation for Residual Material 

and Soil, page 20: This evaluation does not include fate-and-transport 
assessment. However, please see comment # 7 below.  

 
7. Section 5.0. Clean Closure Evaluation for Groundwater, pages 22 

through 26: For a land based unit with interrupted bottom liner, ideally, 
the groundwater data would be included in quantitative risk assessment 
for residential receptor using same protocols as described in REAMS 
user’s manual and cumulative risk would be calculated from soil and 
groundwater. Also, all the detected HCOCs in soils must be evaluated 
via fate-and-transport modeling.  However, the unit has had a post-
closure groundwater monitoring permit for many years and based on 
internal DEQ discussion, this review takes the position that groundwater 
water data evaluation per permit conditions may be sufficient to meet 
clean closure requirements for groundwater as well as fate-and-transport 
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evaluation. Therefore current review does not include this entire section 
and potential for impact to surface water or vapor intrusion and 
Groundwater/ Permitting Staff may provide comments/decisions 
regarding groundwater condition, monitoring requirements, and clean 
closure status.  

 
8. Appendix E. Chronic Daily Intake Calculations, Toxicity Factors: The 

facility has not used REAMS software to calculate risk and hazard even 
though the closure plan clearly required the use of it. However, the 
information provided by the facility reflects REAMS methodology, 
assumptions, default values, and calculation protocols. Therefore these 
calculations are deemed acceptable. The facility needs to add 
carcinogenic risk-adults and carcinogenic risk-child to obtain life-time 
cancer risk (in line with REAMS methodology). Please add the risk for 
each chemical, each pathway, and cumulative risk. For non-carcinogenic 
hazard index, please use assessment results for child receptor.  Please 
provide a summary table showing these calculations.  

 
Based on the information provided in the above submittal and review 
conducted as specified in the opening paragraph, the soil/stabilized waste 
mass, bottom clay liner and soils beneath the HWMU 7: 

 Fail current individual risk based performance criteria-residential 
receptor for Aroclor 1254; 

 Pass current risk based performance criteria-residential receptor of 
cumulative risk within 1E-4 to1E-6 and hazard index at or below 1. 

 
This report and review did not include results of fate-and transport 
evaluation. 
 
If there are any questions pertaining to this memorandum, I can be contacted 
at 698-4259.  
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TO:   Russ McAvoy 

 

THROUGH:       Pat McMurray 

 

FROM:        Hasan Keceli  

 

DATE:   July 24, 2012 

 

CC:   Leslie Romanchik 

 

SUBJECT:          Background Development for 

                         for Radford AAP Permit # 

                         VA12100270730  
 
 
 

The facility has developed background for the site as suggested by the 
Department in 2001. The background limits are acceptable. Please let me know if 
you have any questions. 
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VIRGINIA DEPARTMENT OF ENVIRONMENTAL QUALITY

LAND PROTECTION & REVITALIZATION DIVISION

OFFICE OF REMEDIATION PROGRAMS

MEMORANDUM

TO: Russ McAvoy
Office of Waste Permitting and Compliance

THROUGH: Jutta Schneider
Office of Remediation Programs

FROM: Vincent Maiden
Office of Remediation Programs

DATE: March 5, 2013

SUBJECT: Radford Army Ammunition Plant, Radford, VA – EPA ID No. VA1210020730
Closure Report & Addendum for HWMU-7 – Post Closure Care Permit
Clean Closure Evaluation of Groundwater – Technical Review Comments

The purpose of this memorandum is to document the review of the groundwater related sections of the
Closure Report for HWMU-7 dated February 2012, Closure Report Addendum for HWMU-7 dated
January 2013, and Closure Plan approved September 27, 2011. Please accept the following
observations and comments.

Closure Report for HWMU-7 (February 2012)

1. Section 5.0 Clean Closure of Groundwater

 The report indicates that the clean closure evaluation for groundwater was carried out as
stipulated in the approved Closure Plan Amendment for HWMU-7 dated July 2010, which
was incorporated in to the permit on September 27, 2011 as part of a Class 3 permit
modification.

 A review of the approved Closure Plan Amendment for HWMU-7 was conducted to
confirm. The Closure Plan Amendment states in Section 2.2 that “In the event that the
residual material and underlying soils at HWMU-7 meet the clean closure standards
specified by the VDEQ, Radford AAP will attempt to demonstrate clean closure for
groundwater at HWMU-7 as well. Clean closure for groundwater at HWMU-7 will be
demonstrated by comparing the most recent groundwater sample analytical results at the
time that the Closure Report is prepared to the Groundwater Protection Standards (GPSs)
for the Unit.” This was also described in Section 7.0 and Section 8.3 of the Closure Plan
Amendment.
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 The groundwater clean closure evaluation focused on data collected during the 4th Quarter
2011 Semi-Annual Compliance Monitoring Event and the 2nd Quarter 2011 Annual
Groundwater Monitoring Event. This would be the most recent data and is acceptable for
this evaluation.

 For the purpose of this evaluation the groundwater data was compared to the current
Groundwater Protection Standards (GPS) for the facility, last revised September 27, 2011,
and presented in Appendix H of the report.

2. Section 5.2 Constituents Detected Above Quantitation Limits & Section 5.3 Comparison
to Groundwater Protection Standards.

 The report indicated that no organic Hazardous Constituent of Concern (HCOC) were
detected and concentrations equal to or greater than their respective QLs in the groundwater
at HWMU-7 during the Second Quarter 2011 and Fourth Quarter 2011 monitoring events.
Please note that Chloroform was observed but this exceedance was resolved by a June,
2007 ASD approval (details provided in item 3).

 The report did reveal that five inorganic HCOC were detected at concentrations above their
respective QLs in the Second Quarter 2011 and Fourth Quarter 2011 monitoring events.
These detections include barium, chromium, cobalt, nickel, and zinc.

 The facility compared the monitoring results, as discussed above, against the approved GPS
(Appendix H) for the unit. This comparison is consistent with the approved Closure Plan.

 Cobalt was the only detected constituent observed at concentrations above its approved
GPS. The cobalt GPS for the Unit is a site-specific background GPS of 5µg/l. Cobalt was
detected in plume well 7W13 at a concentration of 11.7µg/l during the events evaluated.
This concentration is consistent with the historical cobalt concentrations in this well
(5.3µg/l to 16.4µg/l).

 Radford AAP submitted an Alternate Source Demonstration (ASD) for Cobalt to the
Department on December 15, 2011. The results of the ASD concluded that the total cobalt
concentrations observed in groundwater at HWMU-7 are derived from ambient, naturally-
occurring and naturally variable sources. The Department approved the ASD in
correspondence dated January 5, 2012. Based on the ASD approval the facility was not
required to remediate cobalt in groundwater at HWMU-7 and no additional action was
required in response to the observed exceedance.

3. Section 5.4 Alternate Source Demonstration for Additional Detected Constituents

 Chloroform, which is not an HCOC for HWMU-7, was detected during the Second Quarter
2011 monitoring event and in historical monitoring events at concentrations ranging from
below the QL of 1µg/l to a maximum of 3µg/l. These detections are orders of magnitude
below the drinking water MCLG of 70µg/l for Chloroform and the Total Trihalomethanes
MCL of 80µg/l.
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 Radford AAP prepared an ASD for chloroform at HWMU-7 which was received by the on
January 31, 2007 and approved by the Department in a letter dated June 14, 2007.

 Chloroform is not a HCOC for HWMU-7 and the Department approved an ASD resolving
the noted exceedances. Therefore, the detection of chloroform does not impact the
eligibility for groundwater clean closure at this unit.

4. Section 5.5 Evaluation of Potential for Aroclor-1254 Migration to Groundwater

 The Post Closure Care Permit for HWMU-7 did not require that the facility analyze
groundwater for Aroclor-1254. Therefore, this constituent is not a listed as a groundwater
HCOC and groundwater data was not collected or submitted for consideration in the closure
report. In subsequent discussions with the Department the facility agreed to further evaluate
Aroclor-1254 with additional soil and groundwater sampling and present information in a
closure report addendum.

5. Section 5.6 Results of Clean Closure Evaluation for Groundwater

 The report concludes that the results of the clean closure evaluation reveal that HCOCs are
not currently present in groundwater at HWMU-7 at concentrations greater than their
respective GPS or the exceedances have been demonstrated (through ASD approval) to be
consistent with site-wide background (cobalt) or derived from a source other than HWMU-
7 (chloroform).

 The report states that Radford AAP has met the criteria, detailed in the approved Closure
Plan Amendment, for clean closure of groundwater at HWMU-7.

Closure Report Addendum for HWMU-7 (January 2013)

6. Section 5.0 Clean Closure Evaluation For Groundwater & Section 5.1 Aroclor Evaluation

 Verification soil samples confirmed the presence of Aroclor 1254 in the soils underlying
HWMU-7. In lieu of fate-and-transport modeling the facility collected one round of
groundwater samples for Aroclor 1254. On November 28-29, Draper Aden Associates
collected groundwater samples for analysis for Aroclor 1254 from the permit specified
Compliance Monitoring wells for HWMU-7. The laboratory analytical results indicated
that Aroclor 1254 was not detected in any of the groundwater samples at concentration
greater than the laboratory MDL.

7. Section 5.2 Calendar Year 2012 Groundwater Compliance Monitoring

 The Closure Report Addendum updated the clean closure evaluation for groundwater
presented in the February 2012 report. The semi-annual groundwater compliance
monitoring date for 2012 was presented and evaluated.

 Based on the data presented, hazardous waste constituents are not present in groundwater at
HWMU-7 at concentrations greater than their respective GPS or have been demonstrated to



Russ McAvoy
March 5, 2012
Page 4 of 4

be derived from a source other than the Unit as approved by the Department.

In conclusion, a review of the Closure Report for HWMU-7 (February 2012) and Closure Report
Addendum (January 2013) revealed that the facility appears to have met the groundwater clean
closure standards set forth in the Amended Closure Plan dated July 2010. However, please note that
as described in Section 2.2 of the Closure Plan, the clean closure of groundwater is contingent on the
facility meeting clean closure requirements for the residual material and the underlying soils at
HWMU-7.
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Mr. Jay Stewart 
Environmental Manager 
BAE Systems 
Ordnance Systems Inc. 
4050 Pepper’s Ferry Road 
Radford, Virginia 24141 

VIA ELECTRONIC MAIL          
  
Re: Extension Request for HWMU-10                                                                 
Radford Army Ammunitions Plant  
4050 Pepper’s Ferry Road, Radford, Virginia 24141 
EPA ID#: VA1210020730 

Dear Mr. Stewart: 
 

The Department of Environmental Quality, Office of Remediation Programs (the Department) 
has reviewed the extension request for the Radford Army Ammunitions Plant (Facility) located in 
Radford, Virginia. The Department understands that BAE Systems, Ordnance Systems Inc. (BAE), in a 
letter dated December 5, 2013 is requesting a60-day extension to the semiannual groundwater monitoring 
deadline for Hazardous Waste Management Unity (HWMU) 10 (currently December 31, 2013) and 
reporting deadline (currently March 1, 2014) for HWMUs 5, 10 and 16.  The Department further 
understands that this extension request is based on previous conversations with the Department in regard 
to a request for clean closure on HWMU-10.  Based upon a review of the letter and file for the Facility, 
this extension request is approved. 
 

The new reporting deadline will now be April 30, 2014.  Please note that the Department is 
currently reviewing the clean closure request for HWMU-10.  If, as indicated in your letter, the approval 
is received by January 14, 2014, then the Department would expect the report to be submitted by March 
1, 2014 as proposed.   

 
 

 
 



EPA ID#: VA1210020730 
Radford Army Ammunitions Plant     
Radford, Virginia  
January 6, 2014 

The Department also notes that the total cobalt detection at Point of Compliance well 16WC1B 
(33.9 ug/L) was greater than the revised Groundwater Protection Standard for total cobalt (5 ug/L).  The 
Department understands that verification sampling has been conducted.  Please contact the Department 
when the results of the verification sampling are received from the laboratory.   

You may contact me to discuss any questions or issues that arise. I can be reached at 703-583-
3825 or by email at Kurt.Kochan@deq.virginia.gov. 

Respectfully,                                                            
 

 

 
    Kurt W. Kochan 

                                Corrective Action Project Manager 
 
 
 

cc: RAAP Correspondence File 
 Jutta Schneider, VDEQ-CO  
 Aziz Farahmand, VDEQ-BRRO 

Matt Albers, BAE 
Jim McKenna, ACO Staff 
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                    January 21, 2014 
 

Mr. Jay Stewart 
Environmental Manager 
BAE Systems 
Ordnance Systems Inc. 
4050 Pepper’s Ferry Road 
Radford, Virginia 24141 

VIA ELECTRONIC MAIL          
  
Re: Extension Request for Alternate Source Demonstration                                                                
Radford Army Ammunitions Plant  
4050 Pepper’s Ferry Road, Radford, Virginia 24141 
EPA ID#: VA1210020730 

Dear Mr. Stewart: 
 

The Department of Environmental Quality, Office of Remediation Programs (the Department) 
has reviewed the extension request for the Radford Army Ammunitions Plant (Facility) located in 
Radford, Virginia. The Department understands that BAE Systems, Ordnance Systems Inc. (BAE), in a 
letter dated January 14, 2014 is requesting an extension for the submittal of the Alternate Source 
Demonstration (ASD) for total Cobalt, which was verified in well 16WC1B in December 2013.  

 
Based on Permit Condition V.J.4.i.(3)(c), the Facility must collect four independent samples at a 

frequency of one per calendar quarter,.  Therefore, the submittal of the ASD data results within 90 days 
following completion of the collection of the quarterly samples in approved.  
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EPA ID#: VA1210020730 
Radford Army Ammunitions Plant     
Radford, Virginia  
January 21, 2014 

 
 

The Department would request that the Facility provide a schedule for the required sampling.  
You may contact me to discuss any questions or issues that arise. I can be reached at 703-583-3825 or by 
email at Kurt.Kochan@deq.virginia.gov. 

Respectfully,                                                            
 

 

 
    Kurt W. Kochan 

                                Corrective Action Project Manager 
 
 
 

cc: RAAP Correspondence File 
 Jutta Schneider, VDEQ-CO  
 Aziz Farahmand, VDEQ-BRRO 

Matt Albers, BAE 
Jim McKenna, ACO Staff 
Janet Frazier, DAA 
Mike Lawless, DAA 
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                    February 27, 2014 
 

Mr. Jay Stewart 
Environmental Manager 
BAE Systems, Ordnance Systems Inc. 
4050 Pepper’s Ferry Road 
Radford, Virginia 24141 

VIA ELECTRONIC MAIL          
  
Re: Proposed Additional Monitoring                                                                  
Radford Army Ammunitions Plant  
4050 Pepper’s Ferry Road, Radford, Virginia 24141 
EPA ID#: VA1210020730 

Dear Mr. Stewart: 
 

The Department of Environmental Quality, Office of Remediation Programs (the Department) 
has reviewed the proposed evaluation of the 906-17 Bio lift station outlined in a letter dated November 7, 
2013 at the Radford Army Ammunitions Plant located in Radford, Virginia (Facility).  In 
addition, the Department is providing additional comments on the proposed groundwater 
monitoring at 10D3D. 

 
The Facility had previously submitted an Alternate Source Demonstration (ASD) for the 

detections of 2-propanol and acetone in monitoring well 10D3D above their respective 
Groundwater Protection Standards.  However, the Department approved an ASD for each of 
these recognizing that the impacts were not caused by the unit.   

 
As a condition of this approval, the Facility agreed to provide a report on the Bio Lift 

Station inspection that is scheduled to occur in July 2014 and to continue groundwater 
monitoring at 10D3D for 2-propanol and acetone independent of the requirements of the post 
closure care permit issued to the Facility to assure that groundwater conditions do not deteriorate 
and require further investigation in the future.   
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EPA ID#: VA1210020730 
Radford Army Ammunitions Plant     
Radford, Virginia  
February 27, 2014 

 
 

The implementation of the above-mentioned activities are sufficient to remove the groundwater 
post closure care requirements for HWMU-10 from the Post Closure Care Permit.   

 
 The Department approves the implementation of the evaluation and monitoring as proposed by 

the Facility.  You may contact me to discuss any questions or issues that arise during implementation. I 
can be reached at 703-583-3825 or by email at Kurt.Kochan@deq.virginia.gov. 

 
 

Respectfully,                                                            
 

 

 
    Kurt W. Kochan 

                                Corrective Action Project Manager 
 
 
 

cc: RAAP Correspondence File 
Andrea Barbieri, EPA Region 3 

 Jutta Schneider, VDEQ-CO  
 Russ McAvoy, VDEQ-CO 
 Aziz Farahmand, VDEQ-BRRO 

Matt Albers, BAE 
Jim McKenna, ACO Staff 
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