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1.0 INTRODUCTION 

This report presents the results of the Alternate Source Demonstration for 
Trichloroethene conducted for Hazardous Waste Management Unit 5 (HWMU-5) at the Radford 
Army Ammunition Plant (Radford AAP) in Radford, Virginia. Trichloroethene (TCE) has been 
detected repeatedly at concentrations exceeding the USEPA Maximum Contaminant Level 
(MCL) of 5 pgll in four groundwater monitoring wells within the monitoring network for 
HWMU-5. In correspondence to Alliant Ammunition and Powder Company, L.L.C. (Alliant) 
dated September 27,2000, the Virginia Department of Environmental Quality (VDEQ) requested 
that Alliant implement a Corrective Action Program at HWMU-5 to address the TCE 
concentrations in groundwater which exceeded the USEPA MCL. During a teleconference 
between the VDEQ, Alliant, and the Army on October 31, 2000, Alliant stated that, based on 
historical information for HWMU-5, it was believed that the wastes handled at the Unit prior to 
closure did not contain TCE or other organic compounds. Furthermore, TCE concentrations 
below the USEPA MCL had been detected in the upgradient monitoring well for the Unit during 
previous monitoring events. Therefore, it was believed that HWMU-5 was not the source of the 
TCE detected in the groundwater. In accordance with VDEQ guidance and pursuant to 40 CFR 
264.99(i), Alliant has chosen to demonstrate that TCE was derived from a source other than 
HWMU-5. Accordingly, if it is demonstrated that TCE was derived fiom an alternate source, 
then any corrective action for the TCE would fall under the jurisdiction of Radford AAP's 
USEPA Region III Corrective Action Program instead of the VDEQ, and TCE would be removed 
from the list of the constituents of concern in the Permit for HWMU-5. 

This Alternate Source Demonstration for TCE provides a description of HWMU-5, 
including the Unit's historic operations and the wastes processed. In addition, the facility 
buildings and areas in the vicinity of HWMU-5 where TCE is andlor may have been used are 
identified. The Demonstration describes the hydrogeologic framework of the area of concern, 
including karst conduits that may facilitate TCE migration in groundwater, as it relates to the 
potential sources of TCE. Historic detections of TCE concentrations within the monitoring well 
network for HWMU-5 are evaluated, along with a discussion of the analysis of groundwater 
samples collected on December 12-14, 2000 in support of the TCE Alternate Source 
Demonstration. 
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2.0 SITE DESCRIPTION 

2.1 FACILITY DESCRIPTION 

The Radford AAP is located in the mountains of southwest Virginia within Pulaski and 
Montgomery Counties. A Site Location Map is presented as Figure 1. The facility is situated in 
one of a series of narrow valleys typical of the Valley and Ridge physiographic province of the 
Appalachian Highland Region of North America. Oriented in a northeast-southwest direction, 
the valley is approximately 25 miles long. The valley has a width of approximately eight miles at 
the southwest end and narrows to approximately two miles at the northeast end. Radford AAP 
lies along the New River in the relatively narrow northeast comer of the valley. The maximum 
elevation at Radford AAP is 2,225 feet above mean sea level (amsl) in the southeast comer and 
the minimum elevation is approximately 1,675 feet amsl along the New River at the northem 
property boundary. Radford AAP is divided by the New River into two sections. The southern 
section, which comprises approximately two-thirds of Radford AAP, is called the "Main Plant." 
The remaining northem one-third section is called the "Horseshoe Area." HWMU-5 is located in 
the Main Plant area. 

2.2 TCE AREA OF CONCERN 

2.2.1 Hazardous Waste Management Unit 5 

HWMU-5 is a former lined surface impoundment. As shown on the Site Location Map 
(Figure I), HWMU-5 is located approximately 3,000 feet southwest of the New River. The Unit 
is located on a river terrace which slopes gently downward to the north toward the New River. 
The Unit was put into operation as an unlined surface impoundment in 1970, and was retrofitted 
with a liner in 198 1. The dimensions of the Unit measured approximately 150 feet by 100 feet 
along the top of the berm, with a total embankment height of 10 feet above the base of the 
impoundment. The Unit was taken out of operation in 1986, and was closed in 1989 in 
accordance with the VDEQ-approved Closure Plan dated June 1985. 

During operation, the Unit received runoff, spill, and washdown waters fiom the acid 
tank f m  (nitric and sulfuric acids). Prior to 1983, the Unit also received process wastewater 
containing low concentrations of nitrocellulose. Based on historical information, the wastes 
handled at HWMU-5 did not contain TCE or other organic compounds. 

2.2.2 Cleaning Solvents Used in Facility Operations 

Several solvents are used for equipment cleaning purposes in certain areas of the Radford 
AAP facility. According to Alliant Procedure No. 4-27-078, Revision No. 5 (dated January 13, 
1999), the following cleaning solvents are approved for use at the facility: 

Stoddard Type Solvents (clear, colorless liquids of the kerosenenaptha class; used as 
an oil and grease remover); 
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1,1,1 -Trichloroethane (inhibited); 
DuPont Cleaning Solvent #49 (70% Stoddard Solvent, 25% methylene chloride, 5% 
perchloroethylene; used in electric motor cleaning); 
Acetone; 
Ethyl Alcohol; 
Inhibisol (colorless liquid of chlorinated solvents; chemical formula CC14); 
Nitroglycerin Remover (mixture of sodium sulfide, alcohol, acetone, and water); 
"Gunk" (degreasing-cleaning solvent; approximately 16% cresole; used in a vat or 
tank in the Degreasing Shop to clean and paint strip scales for overhaul); 
Butyl Alcohol (used by the Electronic Shop for strain gauge maintenance); 
Intex #I8793 - Paint Stripper (used in Degreasing Shop for paint removal); 
Intex #827 - Safety Solvent (used in Degreasing Shop for paint removal and cleaning 
purposes); 
Lectra Clean (used in Electric Shop for cleaning and degreasing electrical equipment); 
Voltz (used in Electric Shop motor cleaning vat). 

These solvents are used primarily for tasks involving operations and maintenance of 
motors, valves, and gauges. There is no record or operational indications that any of these 
solvents could have come into contact with wastewater influent to HWMU-5. 

2.2.3 Potential Source Areas for TCE 

As part of the TCE Alternate Source Demonstration, Alliant identified facility buildings 
in the vicinity of HWMU-5 where chlorinated solvents currently are used or have been used in 
the past. These buildings and their spatial relationships to HWMU-5 are illustrated in Figure 2. 

Building 1549 is an Area Maintenance Shop located approximately 300 feet southeast of 
HWMU-5. According to Area Mechanics who worked in facility B-Line Maintenance, the 
cleaning of equipment in the 1960's and 1970's involved the use of Varsol and WD-40. 
Disposal of the used solvents consisted of pouring the solvents down the nearest floor drain. 
This disposal practice was later discontinued; after that time, the spent solvents were collected in 
a barrel to be transported by the Roads and Grounds department to a collection area for disposal. 

Building 1034 formerly housed a facility laboratory. The building currently houses the 
Electric and Reiiigeration Shop. Building 1034 is located approximately 950 feet southeast of 
HWMU-5. DuPont Cleaning Solvent #49, one of the solvents commonly used in electric motor 
cleaning, contains perchloroethylene (PCE). TCE is a daughter product of the degradation of 
PCE. 

Building 1041 is the Degreasing Shop. The building is located approximately 980 feet 
southeast of HWMU-5. The building formerly contained a dip tank, which now is filled with 
concrete. Currently, a grate-covered pit in the floor drains to an outside underground storage 
tank. According to a Senior Instrument Mechanic, the Scale Shop used this building in the past 
for the cleaning of scales. At times, the scales would be taken outside of the building to be 
washed off; the wash liquids would be allowed to drain onto the ground surface. According to 
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the Radford AAP Sewers and Drains Atlas, a four-inch terra cotta pipe runs westward from the 
western end of Building 1041. 

Building 2549 is another Area Maintenance Shop. The building is located approximately 
450 feet southwest of HWMU-5. 

Building 2570 is an Area Cleaning Station. The building is located approximately 620 
feet west of HWMU-5. 

Building 525 is the Tractor Steaming Station. The building is located approximately 720 
feet southwest of HWMU-5. 
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3.0 HYDROGEOLOGIC FRAMEWORK 

3.1 TOPOGRAPHY 

The TCE Area of Concern is located approximately 3,000 feet southwest of the New 
River. The Area is located on a river terrace which slopes gently downward to the north toward 
the New River. Surface drainage boundaries are illustrated in Figure 2. As shown on Figure 2, 
a surface drainage divide separates Buildings 1034 and 1041 fiom the other potential source 
buildings in the TCE Area of Concern and HWMU-5. Surface drainage in the vicinity of 
Buildings 1034 and 1041 flows to the northeast, while the surface drainage in the vicinity of the 
other potential source buildings in the TCE Area of Concern and HWMU-5 flows to the north- 
northwest. 

3.2 GEOLOGIC SETTING 

The Valley and Ridge physiographic province consists of folded and thrust-faulted 
Paleozoic sedimentary rocks ranging in age from Cambrian to Mississippian. Post-deformation 
weathering of these thrust-faulted and overturned Paleozoic rocks has resulted in the formation of 
resistant sandstone and dolomite ridges separated by valleys underlain by more easily eroded 
shale and limestone. Well developed karst features such as sinkholes and caves are common in 
the Valley and Ridge. 

The general geology at Radford AAP consists of limestone/dolomite bedrock covered by 
weathered residual deposits andor alluvial deposits. The alluvial deposits consist of typical 
fluvial deposits of interbedded clay, silt, and sandgravel deposits with cobble lenses. The 
thickness of the alluvial deposits ranges fiom a few feet to approximately 50 feet, with an 
average thickness of 20 feet. The residual deposits consist of clay, silt, and clasts resulting fiom 
the physical and chemical weathering of the parent bedrock. The residual deposits typically 
underlie the alluvium, except in locations where the residuum has been eroded to bedrock and 
replaced by alluvium. The thickness of the residual deposits ranges fiom a few feet to 
approximately 40 feet. Underlying the alluvium and residuum throughout most of Radford AAP 
is a series of dolomite, limestone and shale strata known as the Cambrian-aged Elbrook 
Formation. The Elbrook Formation is the major outcropping formation as well as the 
predominant karstic formation below the facility. Sinkholes, solution channels, pinnacled 
surfaces, and springs are common to the Elbrook Formation. 

The Boring LogstWell Construction Diagrams for the monitoring network at HWMU-5 
are included in Appendix A. A Cross-Section Location Map for HWMU-5 is presented as 
Figure 3. Geologic cross-sections derived fiom the boring logs for the Unit's monitoring wells 
are presented as Figures 4, 5, and 6. The area surrounding HWMU-5 is underlain by 
unconsolidated alluvial sediments and weathered bedrock residuum, which are in turn underlain 
by carbonate bedrock of the Elbrook Formation. The bedrock beneath this area is generally 
encountered at depths ranging fiom approximately 28 feet to over 56 feet below ground level, 
although the soil/bedrock interface is gradational. In general, the bedrock in the vicinity of 
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monitoring wells 5W8B, 5WCl1, 5WC12, and S5W8 slopes downward to the north-northeast, 
while the bedrock in the vicinity of monitoring wells S5W6 and 5W9A slopes downward to the 
southwest. This appears to indicate the development of a karst solutional feature in the bedrock 
in the vicinity of monitoring wells 5W5B, SWCA, and well cluster 5WC21, 5WC22 and 5WC23. 

3.3 KARST HYDROLOGY 

3.3.1 Fracture Trace Analysis 

A total of 66 fracture traces were identified within and around Radford AAP in a 
photogeologic study conducted by the USEPA's Environmental Photographic Interpretation 
Center (EPIC) in 1992. Fracture traces are linear features identified in aerial photographs that 
represent the surface expression of primary joint sets, major fractures, and/or zones of fracturing 
in the subsurface. These features may be expressed as soil-tonal variations and vegetational and 
topographical alignments, and are significant in consideration of groundwater flow at Radford 
AAP. The fractures and joint sets can act as discrete conduits for groundwater flow, increasing 
flow rates, and in some cases, redirecting flow away from the expected flow direction. In karst 
terrains, such features are environmentally significant because solutionization and resulting 
conduits develop along bedding planes as well as fractures and joints (USEPA, 1992). 

The primary fracture traces identified by the 1992 USEPA EPIC study in the vicinity of 
the TCE Area of Concern are illustrated in Figure 2. The fracture lineations appear to be 
oriented radially, with trends ranging from northeast-southwest to northwest-southeast in the 
TCE Area of Concern. 

3.3.2 Sinkhole Delineation 

The locations of sinkholes at Radford AAP were also mapped during the 1992 USEPA 
EPIC study. In the vicinity of Radford AAP, the strike of bedding in the Elbrook Formation is 
roughly west/southwest to easthortheast, with dips to the southlsoutheast. Most of the sinkholes 
in the vicinity of Radford AAP are oval shaped and elongated with respect to the strike of 
bedding planes. In some instances, the sinkholes appear to align with respect to the fracture 
traces. The sinkholes most likely represent bedrock units with a greater carbonate content and 
lower shale content within the underlying Elbrook Formation (USEPA, 1992). 

As mapped by the 1992 USEPA EPIC study, the area surrounding the TCE Area of 
Concern is characterized by the development of sinkholes without any apparent alignment or 
preferred orientation (Figure 2). Many of these sinkholes were filled during historic site 
development; at present, several facility structures are now located on these historic sinkholes. It 
is probable that there are well developed karst conduits which connect these sinkholes and which 
convey groundwater as well as aerated surface water during precipitation events at relatively 
rapid velocities through solution-enhanced fractures and joints. 

- - -- 
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3.4 OCCURRENCE OF GROUNDWATER 

The general hydrogeologic setting for Radford AAP is characterized by porous alluvial 
sediments overlying weathered and unweathered dolomite and limestone. In areas where the 
porous alluvial sediments are the uppermost water-bearing zone, groundwater flow is generally 
from topographically high areas to topographically low areas. In some areas of Radford AAP, 
the uppermost water-bearing zone is within the limestone and dolomite bedrock. The karst 
features within the bedrock aquifer can provide conduits for rapid transport of groundwater to the 
New River, which is the discharge area for regional groundwater flow. 

Seasonal variations in precipitation can affect the direction of groundwater flow within 
the bedrock aquifer at Radford A M .  During wet seasons (high flow conditions), groundwater 
flow may occur in higher elevation conduits that are not normally saturated during dry seasons 
(low flow conditions). As a result, flow directions may change significantly as different conduits 
are accessed. Additionally, flow may short-circuit the predominant flow paths and be redirected, 
discharging in unexpected areas. 

In addition to seasonal variations, groundwater levels within the bedrock aquifer may 
fluctuate dramatically during heavy precipitation events. Groundwater levels in the karst bedrock 
aquifer generally respond to heavy precipitation within approximately 14 hours, and may rise 
several feet in a short time (Engineering-Science, 1994). This condition exists throughout 
Radford AAP, especially in areas where surface water infiltrates through sinkholes. Stormwater 
that flows into the sinkholes travels downward rapidly through conduits into the bedrock aquifer. 
Because groundwater may flow very quickly through these conduits, stormwater infiltrating in 
the uplands of the facility may discharge to the New River in a matter of a few days following a 
storm event. The turbulent flow created by these conditions aerates the infiltrating water. The 
increased O2 content can significantly affect the chemistry of the groundwater, increasing the 
concentration of many commonly occumng inorganic analytes. It is this direct connection 
between surface water and groundwater and the rapid movement of groundwater through the 
aquifer that is vital to interpreting the migration of both naturally occurring and released 
constituents in the groundwater at Radford AAP. 

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. Static water levels measured during the Fourth Quarter 2000 monitoring event ranged 
fiom 1754.07 feet to 1772.49 feet above mean sea level. As shown on the Potentiometric 
Surface Map (Figure 7), groundwater movement beneath the site is generally to the northeast. 
The groundwater contours and the topography in this area suggest that the TCE Area of Concern 
is located on a river terrace that contains several karst features and drains north toward the New 
River. 
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3.5 RELATION OF HYDROGEOLOGIC FEATURES TO POTENTIAL SOURCES 
OF TCE 

Area Maintenance Shop Building 1549 is located on a large historic sinkhole measuring 
approximately 430 feet by 200 feet (Figure 2). A smaller historic sinkhole (approximately 150 
feet by 130 feet) is located approximately 80 feet north of the large sinkhole. Monitoring wells 
SWCA, 5W5B, and nested wells 5WC21, 5WC22, and 5WC23 are located within this smaller 
sinkhole. It is likely that these two sinkholes are connected by well-developed karst conduits. 
According to facility personnel, past disposal practices at Building 1549 involved pouring used 
solvents into floor drains. Liquids released to the subsurface through floor drains or spilled on 
the ground surface in the vicinity of Building 1549 would percolate to the groundwater through 
the soil filling the large sinkhole. Karst conduits would convey groundwater from the larger 
sinkhole to the smaller sinkhole containing monitoring wells SWCA, 5W5B, and nested wells 
5WC21, 5WC22, and 5WC23. As discussed in Section 4.0, these are the wells that consistently 
exhibit TCE concentrations in exceedance of the USEPA MCL of 5 pgll. 

Electric and Refiigeration Shop Building 1034 and Degreasing Shop Building 1041 are 
separated from the TCE Area of Concern by a surface drainage divide. However, as shown on 
Figure 2, Buildings 1034 and 1041 are located near two fracture traces which trend through the 
large sinkhole upon which Building 1549 is located. As indicated by facility personnel, past 
practices at Building 1041 included cleaning scales by washing them outside of the building, 
with the wash liquids allowed to drain to the ground surface. Liquids released to the subsurface 
through floor drains, the UST system and/or the former dip tank associated with Building 1041, 
or spilled on the ground surface in the vicinity of Buildings 1034 and 1041 would flow 
northeastward and percolate through the soil to the groundwater. Any subsurface flow from the 
vicinity of these buildings possibly would be intercepted by the fracture trace located to the 
northeast and conveyed to the sinkhole underlying Building 1549, and be conveyed to the 
sinkhole containing monitoring wells SWCA, 5 W5B, and nested wells 5WC21, 5WC22, and 
5WC23. Furthermore, waste solvents could be conveyed by the four-inch terra cotta pipe 
running westward from the western end of Building 1041, released to the subsurface and 
intercepted by the fracture trace located to the west of the buildings. This fracture trace also 
would convey any liquids to the large sinkhole underlying Building 1549. 

Buildings 525, 2549, and 2570 are not expected to have contributed to the TCE 
concentrations detected at the site. The anticipated groundwater flow direction in the vicinity of 
these three buildings is to the north-northeast, away fiom HWMU-5. As shown on Figure 2, 
there are no karst conduits interpreted to be in the vicinity that would intercept groundwater flow 
fiom the area of these buildings. 
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4.0 GROUNDWATER ANALYTICAL RESULTS 

4.1 HISTORIC TCE CONCENTRATIONS 

Graphs of the historic TCE concentrations detected in the monitoring network for 
HWMU-5 are presented in Appendix B. The graphs were compiled using quarterly groundwater 
monitoring data from First Quarter 1995 through Fourth Quarter 2000. As shown on the graphs, 
TCE has been detected repeatedly at concentrations exceeding the USEPA MCL of 5 pg/l in 
downgradient monitoring wells 5 W5B, 5 WC2 1, 5 WC22, and 5WC23. During First Quarter 
1999, TCE was detected at a concentration of 7.4 pg/l in downgradient well 5W10A; however, 
this detection is considered to be an anomaly, as TCE has never been detected in well 5W10A at 
any other time. Minor detections of TCE at concentrations less than 1 pg/l have been observed 
occasionally in upgradient well 5W8B and in downgradient wells 5W7B and 5W9A. TCE has 
never been detected in monitoring wells S5W5, S5W7, or 5W11A; it should be noted that these 
three wells are located on the opposite sides of fracture traces from the remaining wells in the 
monitoring network (Figure 2). 

4.2 DECEMBER 12-14,2000 GROUNDWATER SAMPLING EVENT 

On December 12- 14,2000, groundwater samples were collected from nine (9) monitoring 
wells at HWMU-5 in support of the TCE Alternate Source Demonstration. Five of the 
monitoring wells sampled (upgradient well 5W8B, downgradient well 5W5B, and nested wells 
5WC21, 5WC22, and 5WC23) are part of the current monitoring network for the Unit. In 
addition, four observation wells (upgradient wells 5 WC 1 1, 5 WC22, and S5 W8 and sidegradient 
well 5WCA) were also sampled. These observation wells were included in this sampling event 
as part of the effort to determine whether the TCE concentrations detected in wells 5W5B, 
5WC21, 5WC22, and 5WC23 were from a source upgradient andlor sidegradient fiom HWMU- 
5. 

The groundwater samples were submitted to RE1 Consultants Inc. (REIC) in Beaver, 
West Virginia for analysis for volatile organic compounds using SW846 Method 8260B. 
Validation of the laboratory data by Draper Aden Associates revealed that the laboratory failed to 
meet mandatory instrument tuning and calibration requirements. The laboratory's failure to 
identify and address these deficiencies resulted in compromised data for the sampling event. As 
a result, the analytical data had to be rejected. Alliant plans to resample the nine wells in support 
of the TCE Alternate Source Demonstration in March 2001; the validated data fiom that event 
will be forwarded to the VDEQ when it becomes available. 

Although the analytical results for the December 12-14, 2000 sampling event were 
rejected, it was determined that the data could be used to provide a non-quantitative 
determination of the presence or absence of volatile organic compounds. Of the volatile 
compounds for which the samples were analyzed, only TCE was detected. TCE was detected in 
monitoring wells SWCA, 5W5B, and nested wells 5WC21, 5WC22, and 5WC23, all of which 
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are located in a historic sinkhole. TCE was not detected in upgradient wells 5W8B, 5WCl1, 
5WC12, and S5W8. 
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5.0 CONCLUSIONS 

Historic information regarding operations at HWMU-5 prior to closure indicates that the 
wastes processed through the Unit did not contain TCE. A review of Radford AAP cleaning and 
maintenance practices in the vicinity of HWMU-5 has identified areas in which chlorinated 
solvents have been used. An evaluation of historic waste disposal practices in these areas 
indicates the potential for groundwater impact from these operations. Hydrogeologic features 
such as fracture traces and sinkholes in this area would be conducive to the transport of impacted 
groundwater from these potential source areas to certain monitoring wells within the 
groundwater monitoring network for HWMU-5. Only these certain monitoring wells (5W5B, 
5WC21, 5WC22, and 5WC23) consistently exhibit TCE concentrations in exceedance of the 
USEPA MCL of 5 pgll. 

Based on these factors, it is Alliant's conclusion that the detected TCE concentrations are 
derived from a source other than HWMU-5. As a result, Alliant respectfully requests that TCE 
be removed from the list of constituents of concern in the Post-Closure Permit for HWMU-5. 
Remediation of TCE in groundwater in this area will fall under the jurisdiction of Radford 
AAP's USEPA Region III Corrective Action Program. With this TCE Alternate Source 
Demonstration, Alliant hereby provides USEPA Region III with notice of a new Area of Concern 
at Radford AAP. 
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APPENDIX A 

MONITORING WELL BORING LOGS/CONSTRUCTION DIAGRAMS 
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1761.82 



RAAP 
UNIT 5 

W8-6 
swc2-1 
W6-B 
W7-B 
6WC2-2 
6WC2-3 
SSW-6 
S6W-6 
S6W-7 
WIO-A 
W11-A 
W9-A 

- 
WELLS IGROUT IANNULAR SEALANVFILTER PACK (hydraulic conductivity 

TOP ]BASE ITOP ]BASE I TOP 1 BASE I TOP I BASE IK(ftlsec)lK(cm/sec) 



D r i l l i n g  Log 
Well tlunher R-8-B  

tl i en t Corps o f  ~ n q i  n e e r s l ~ a d f o r d  AAP P r o j e c t  No. 
Well Locat ion u ~ a r a d i e n t  from l a ~ o o n  No. 5 , 

D r i l l  e r / C ~ p a n y  Dean/Cunni nqham \ 

C r i l  l i n g  ttethod HX core  Hole Diarnetgr -rial 4" Date(s) D r i l l 2 d  115 - 
Sample T J Q ~  s p l i t  s oon/core Sample ~ n t e r v a r ;  I 140. Samples Rc-tai7ned 7 

/83 

Surface E leva t i on  1787.58' Casing Top E l e ~ a e . 5 5 ~  Tota l  Well Depth ~LS__ 
Casing )!ater ial  and S ize  1 0 1 ~ 5  Cased I n t e r v a l  ( s )  Q , I F ;  (; (+3 1. 

Grout ing Type d c e  -' G r o u t e d I n t e r v a l  
Scree-King t l a t e M  and Size 7. 1 ~ 7 9  o-~l lo"  clot5 Screened I n t e r v a  
P ~ c k i n g 4 l ~ ~ i i a l  and S ize  NO- 1 sG Packed I n t e r v a l  
Depth t o  Su-tit!c Water 1714w*  Date 2/18/83 Approx Well Yielld a 75 gpm - 
Development t lethod _air Developnent Time 3 hours 
Looged by: Pptpr  R. ,lArnh_znn 

, - 4 -  -- 
no c o w  rpcovpry 

._- - 

* measured from t o p  o f  

Fepth I Sample I Spoo" . 1 I Scale B1 ows 
- p~ 

[0 - 115 1 spoon 1 1-5-6 r med% brown t o  &ancje brown s i l  t v  c l d v  w i t h  anqu lar  

5 - 6.5 
1 0 - 1 1 . 5  

spoon 
spoon 

1-2-2 
3-6-14 

~ e b b l  es 
medium oranqe brown s i l t v  c l a y  w i t h  minor f i n e  sand 
s l i q h t l v  m o i s t  mo t t l ed  oranse brown clav;minor s i l t  and 



D r i l l i n g  Log 
Well Hmher W-58 

C l i e n t  - - Corps of Enqineers, RAAP, Radford, UA Pro ject  110. 00-0008-01 
Well 
D r i l l  
D r i l l  
Sampl 
Sur f  z 

L o E t i o n  E S t  o f  HWM 5 Laqoon 
er/Conpany I& Dean, Cunninqham Core DrSl 1 i n q  and Groutinq Corp Sal em, VA 
i n g  Method F i sh ta i l  Hole Dimeter,  4.5" Datels) o r i l l l ed  8/17-18/83 
e Type Spl i t  Spoon Sample I n te r va l  -. 5' !lo. Sanples Retained 4 
ce Elevat ion 1773.13 Casina TOD Elevat ion 1776 nRO* Total Well Deoth 77'  --  - - -  - - -  - - - - .. . -.-- 

Casing Mater ia l  and Size 2" I D  Sch. ~ O ' P V C  Cased ~ n t e r v a l ( s  
Grout ing Type Portland Cement w i t h  Sand Crou ted I n te r va l  

-Screening Material and Size 2" ID '0.01 Slot. ted PVC Screened I n  t e  rva  
Packinq Mater ia l  and Size Fine t o  Coarse S i l i c a  Sand Packed I n te r va l  . . . - - - - - - . - - - . . . - - - -. . - 
Depth b Sta t i c  Water 14.31 (T.O.C.)Date 8/-19/83 
Develooment Method A i r  - -  - r - ... . 
Logged by: J .  3 .  Varner 

Comnents 
0 r - - 

o b t a m ~ d  frouRAAP 
P 

ppl arps we1 1 W-5 
3 )  Rpatani tp p e l l e t  seal, 

i n  t h ~  8-1fl' annular 

r 
-- 

n f  t h e  Z ~ P P ~  r a z i n n  

Approx We1 1 
Devel opnen t 

- - -  
Y i e l d  < 1 gpm 
Tine 4 hours. 

Depth sample Spoon 
Scale 1 1 Blows 1 I 

Descr ipt ion o f  Mater ia ls i 
i 

I I I - 
5-6.5 ~ ~ o u a t  - - mottlrd ' b u f f  t o  oranap -brown f ine  sandy 

? 7 I I 1 Fnd o f  hnlb 
- 



u 
D r i l l i n g  Log 

h-?J3 

C l i e n t  Corps o f  Engineers, RAAP, Radford, 'GA P r o j e c t  110, 00-0008-01 
Well Locat ion North o f  HWMS Lagoon \ 

Dr i l l e r /Cmpany  M. Dean, Cunningham Core Qril 1 i n g  and Grout ing Corp, Sa lem, VA 
D r i l l  i n c  Method k i s h t a i l / C o r e  Hole Diameter 4.5" Date(s1 D r i l l e d  8/ 18/83 . -  . .  -, - -  - ~ ~ 

Gipl i i y p e  S ~ I  i t spoon Sample I n t e r v a l  5' NO. Saiples Reta>ned 4 
Surfzce E levat ion  1772.78 Casing Top E l e v a t i o n  1774. go8*  Tota l  We1 1  Dep,th 7 

.Casing Mater ia l  and Size 2" fD Sch. 80 PVC Cased I n t e r v a l  ( s )  - -. .- 
Grouted I n t e r v a l  0-6'  .. Grout ing  Type Port1 and- Cement w i  t h  Sand 

Screening Mater ia l  and Slze 7') ID 0.01 S l o t t e d  PVC Screened I n t e r v a l 3  s )  10-20' " 

Packing Mate r ia l  and Size  fin^ t o  coa rse  s.fl,jca sand Packed I n t e r v a l  8-20' 
Depth t o  S t a t i c  Water 13.58' (T.o.c. )Date 8/19/83 Approx We1 1  Y ie l  d  < 1  gpm 
Development Method ,. - A i r  Developnent Time 4  hours 
Logged by: D. J .  V a r n ~ r  

Comments 
1  ) D r i l l  i n g  water obtained 

from RAAP hydrants 
T) Replaces w e l l  W - / 
3 )  Bentoni te p e l l e t  seal i 

tne 6-8' annular i n t e r -  
va l 

4) Depth t o  water t a b l e  
- measured from the  t o p  

o f  the  s t e e l  casina 
5 )  Core size: HW 

*-cAcinrr 

Descr ip t i on  o f  Ma te r ia l s  

1 spoon 5-7-4 L i q h t  reddish-brown very s i l t y  f i n e  sand w i t h  mica, 
b lack  l i q n i t e .  and some c l a y  

spoon 2-3-4 L i q h t  reddish-brown very s i l t y  f ine  sand w i t h  
mica, b lack  l i q n i t e ,  and some c l a y  - - -  

and t a n  brecc i  ated d e c o r n p o g e d m  G i  
c l a v  m a t r i x  and some I i q n i  t e  

S ~ o o n  5-2-4 Oranqe-red and t a n  brecciated decomposed shal e  w i t h  a  -- 
c l a y  m a t r i x  and some l i q n i t e .  
End of ho le .  



Crill i ng Log 
Humber W-7B 

C l i e n t  Corps of Engineers, RAAP, Radford, VA P r o j e c t  Ilo. 00-0008-01 
Yell Location North o f  HWM5 Lagoon 
Crill er/Conpany M. Dean, Cunninqham Core Dri 11 i ng and Grouting Corp, Sa lem, YA 
D r i l l i n g  Meth0d. t - i shta i l lcore  Hole Diameter I1 Date ( s )  O r i l l e  
Sample Type S p l i t  Spoon Sample Interval  No. S m p l e s  Re:ain::18/b13 
Surface Elevation 1772.78 Casing. Top Elevation 1 774.908* Total Well Depth Z[r 
Casing Hater ia l  and S i z e  2" ID Sch. 80 PVC Cased Interval  ( s )  
Grouting Type Port land Cement wi th  Sand Grouted Interval  0-6' 
Screening Material and S ize  71' ID 0.0.1 Slo t t ed  PVC Screened Interval ' l  s )  10-20' 
Packing Material and S i z e  Fine t o  coarse  s . j . jca sand Packed In te rva l  8 - 2 ~ '  
Depth t o  S t a t i c  Water '- 13.58' (T.O.C. )Date 8/19/83 Approx We1 1 ~ i e l v  
Development Hethod ,' - Afr Oevelopnent Time 4 hours 
Logged by: D. J ;  Varnw 

Comnents , 
1 ) Drill ing water obtained 

from RAAP nydrants 
2 )  Replaces well W-/ 
3 )  Bentonite p e l l e t  sea l  i 

t n e  6-8' annular  i n t e r -  
val 

4)  Depth t o  water t a b l e  
measured from t h e  t o p  
o f  t h e  steel casfnq 

5 )  Core s ize :  H\il 

*-- 

Description of  Mate r i a l s  

Liqht  reddish-brown very si 1 t y  f i n e  sand with mica, 
black l i a n i t e ,  and some c l a y  
Liqht reddish-brown very s i l t y  f i n e  sand with 
mica, black l i q n i  te ,  and some c l a y  

t a n  b recc ia ted  d e c o m p ~ g e d s h a l e  wi th  a 
c l a v  matrix-and some l i a n i  t e  
Oranae-red -and t a n  breccia ted  decomposed s h a l e  wi th  a 
clay matrix and some l i a n i t e .  
End o f  hole. 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 
Army Pol lu t ion  Abatement Program Study, I n s t a l l a t i o n  o f  ~ O n i t o r i n g  WeIls, Radfbrd AT 
~ m n u n i t i o n  P l a n t ,  Ridford,  VA, 3-9 ~p gA rYtlfikutf"G" Control  No. 81-26-8251-81) 

PROJECT RAAP 81-26-8251-81 DATE 5 A p r i l  81  

LOCAT I ON S i t e  5 ,  nor th  of  lagoon next DRILLERS Smithson, Hoddinott  

t o  bu i ld ing  SR 1612 Craig,  Gates (logger) 

D R I L L  R I G  
Acker 11, w/ 4 i n  continuous 

BORE HOLE Mw 5 

f l i g h t  auger  

ph- 
DEPTH PER 6 1 DESCRIPTION 

B ~ O M  sandy s i l t  with  some grave  
wet, p l a s t i c  

Perched lense o f  water  

Yellowish b r o w  s i l t y  c l a y  w/ 
some mica f l a k e s  

material 

TDP 25ft .  

i n i t i a l  7' 5" 
24 hr. 8' 10" 

REMARKS 

10 f t  o f  
Concrete 
g rou t  

sand pack 

- 

13 f t  o f  
~ c h e d u l e  4 0 ,  
I i n  I D  PVC 
:as ing . 

s c r e e n  

US.4EILA Form 95,  12 Aug 74 

- 



US ARMY ENVIRONMENTAL HYGIENE AGENCY - 
Army Pollution Abatement Program Study, Installation of Monitoring ~ e l i r ,  Radford Army 
munition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81) 

D R I L L I N G  LOG 

R A A ~  81-26-8251-81 
PROJECT DATE 5 April 81 

LOCAT ION Site 5, north of lagoon next DRILLERS Smithson, HBddinott 

to building S. R. 1612 Craig, Gatea (logger) 

.DRILL RIG 
Achr 11, W/ 4 in continuous 

BORE HOLE m 5 

flight auger 

DESCRIPTION 

water at 20 ft yellow coarse lmed 
Ltlm sand - saturated 

change in engine pitch 
Elbrook m 

TD 25 feet 

REMARKS 

10 ft of 

ID, schedulc 

screen 
(O.OC8-0.01' 

I 

2 ft of trap 

Depth of 
well 23 ft 

USAEEA Form 95, 12 Aug 74 



Army Pollution Abatement Program Study, Installation of Honitoring Uells, Radford Army 
 munition Plant, Padford, V A ,  3-9 April 1981, (USAEHA Control No. 81--26-8251-81) 

US ARMY ENV I RONMENTAL HY G I ENE AGENCY 

DRILLING LOG 

RAAP 81-26-8251-81 
DATE 

5 April 81 
PROJECT 

~ i t e A '  Grthwest of lagoon 
DRILLERS 

Smi thson , Hoddino t t 
LOCAT I ON - -  - 

next to building S.R. 1602 Craig, Gates (logger) 

SAMF iE 
,TYPE 
BLOWS 

IEPTH PER 6 I1 

- 
- 
- 
- 

I5 ft- 31 
DESCRIPTION 

Brown silty clay, damp plastic 

softer drilling, same material, 
getter wetter 

saturated 

TD= 25.5 ft 

Water lev21 
initial 9.5 ft 
24 hr. 9' 7" 

7 ft of con 
:rete grout 

Reddish broun silty clay--slightly 
damp, tight drilling 

4.5 ft of L 

- 

Bentonite 
(may have a 
void above 
sand nest tc 
water table: 

11.5 ft of 
sand pack 

13.5 ft of 
schedule 40 
2 in ID PVC 
lasing 

screen 

HSE-ES Form 78. 1 Jun 80 

Replaces USAEHA Form 95, 12 Aug 74, which w i  11 be used. 



US ARMY ENVIRONMENTAL HYGIENE AGWCY - -  
Army Pol lu t ion  Abatement Program Study, I n s t a l l a t i o n  of Monitoring Wells, Radford Army 
Ammunition Plant ,  Radford, VA, 3-9 Apri l  1981 (USAEHA Control No. 81-26-8251-81) 

DRILLING LOG 

PROJECT W 81-26-8251-81 DATE 
LOCAT I ON 

S i t e  5,northeaet ; of lagoon DR I U R S  Smithson, Hoddinott 

next t o  bullding S.R. 1602 Craig, Gates (logger) 

DRILL RIG 
Acker I f ,  w/ 4 in. continuous 

BORE HOLE MW 6 

f l i g h t  Ayger 

Reddish brown s i l t y  coarse to 
medim sand- sa tura ted  (water i s  
flowing) 

Weathered Elbrook FM (red gray 
clay residuum over dolomite) 

Sand pack 

10 ft of 
slotted 

:hedule 40, 
2 i n  I D  PVC 
:reen 
:0.008-0.010 

! f t  of sedi ,  
ment t r a p  

Bottom of 
well 25.5 f t  

USAEIIA Form 95, 12 Aug 74 



US ARMY ENV IRONMWTAL HYGI  ENE AGENCY 
Army Pollut ion Abatement Program Study, I n s t a l l a t i o n  of Monitoring Wel-ls, Radford Arm, 
~mmunition Plant ,  Radford, V A ,  3-9 A p r i l  1981, (USAEHA Control No. 81-26-8251-813 - -  --. 

DRILLING LOG 

PROJECT DATE 
LOCAT I ON 

S i t e  5, ves t  a f  lagoon DRILLERS Smithson, Boddinott 

next t o  building S.R. 1603 Craig, Gates (logger) 

. DRILL R I G  
Acker 11, v/ 4 i n  continuous 

BORE HOLE MJ 7 

f l i g h t  Auger 

DESCRIPTION 

Reddish brown s i l t y  c l ay  damp- 
med p l a s t i c  

same material  ge t t ing  damper and 
more p l a s t i c  

saturated s i l t y  medium coarse sand 
return on Auger- may have hit a 
m e  of  gravel  

T@26 f t  

va t e r  l e v e l  
i n i t i a l = l 4 '  10" 
24 h r  = l O m l O "  

REMARKS 

Concrete 

Bentonite 

24.5 f t  of  
sand pack 

12 f t  of 
lchedule 40 ,  
1 i n  I D  ?VC 
:as ing 

0 f t  of 
l o t t e d  2 i n  
D schedule 

0 PVC scree  
USBEHA Form 95, 12 Aug 74 



US ARMY ENVIRONMENTAL HYGIENE AGENCY - -  
~ m y  Pollution Abatement Program Study, Installation of Monitoring Wells, Radford A- 
 munition Plant, 3-9 April 1981, (USAEBA Control No. 81-26-8251-81) 

DRILLING LOG 

R A A ~  61-26-8251-81 
PR0.I ECT DATE 5 April 81 

LOCAT ION 
Site 5, west of lagoon next 

DR I LLERS Smithson, Eoddinott 

to building S.R. 1603 Craig, Gates (logger) 

DRILL RIG 
Acker 11, w/ 4 in continuous 

BORE HOLE MJ 7 

flight Auger 

DEPTH PER 6 IK 

same material saturated 

screen 

3 ft of sed. 
ment trap 

Iepth of we] 
26 feet 

US= Form 9 5 ,  12 Aug 74 



~ r m y  Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army 
rmmunition Plant, itadford, VA, 3-9 April 1981, (USAEHA Control NO. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

I U A ~  81-26-8251-81 

PROJECT DATE 
5 April 81 

LOCAT ION Site 5, Background well, s o u t 9 ~ 1  LLERS Smithson Hoddinott 

. of lagoon Craig, Gates (longer) 

DRILL RIG Acker 11, w/ 4 in continuous BORE HOLE 
flight Auger 

DEPTH 

- 
- 
- 

5 ft 

- 

DESCRIPTION 

gravel fill for read 

Reddish brown sandy clay with som 

S M F  LE 
,TYPE 
BLOlJS 
PER 6 I 

small gravels 

same material, wet, med plastic 

same material, getting wetter 
& stickg 

HSE-ES F o n  78, 1 Jun 80 

TIP= 34ft 

water level 
initials24 ft 
24 hr-~14' 11" 

8 ft of 
concrete 
grout 

ft of Ben- 
mite 

~nd pack 

29 ft of 
~chedule 40 
! in ID PVC 
:asing 

Replaces USAEHA Form 95,  12 Aug 74, which nil1 be used. 



Army P o l l u t i o n  Abatenent Program Study, I n s t a l l a t i o n  of Monitoring U e l l s ,  Radford Army 
~mmuni t ion  P l a n t ,  aadford,  VA, 3-9 Apri l  1981, (uSAEHA Control  No. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT R A A ~  81-26-8251-81 DATE 5 A p r i l  81 

LOCATION S i t e  5, background sou th  DRI LLERS Smithson, Hoddinott  

- of  lagoon Craig,  Gates  ( logger)  

DRILL RIG Acker 11, w/ 4 i n  cdntinuous BORE HOLE MU 8 

f l i g h t  Auger 

DESCRIPTION IEPTH 

- 
- 
- 
- 

20 f :  

- 
- 
- 

25 f t  

- 
- 
- 
- 

30 f t  

- -  - -  

same m a t e r i a l  

SAMF LE 
,TYPE 
BLOWS 
PER 6 I 

MB 15- 
. 20 

0 

- 

eame material 

HSE-ES Form 78, 1 Jun 80 

21 f t  o f  
sandpack 

RKS 

WC casing 

Replaces USAEHA Form 95, 12 Aug 74, which will be used. 

.- 



Army Pollut ion Abatement Program Study, Ins t a l l a t ion  of Monitoring Wells, Radford A- 
~mmunition Plant ,  Radford, VA, 3-9 Apri l  1981, (USAEHA Control No. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

R A A ~  81-26-8251-81 5 Apr 81 

PROJECT DATE . - 
LOCAT I ON 

S i t e  5, backgrocind 
DRILLERS 

S+thson, Hoddinott 

south of lagoon Craig, Ga t ea  (logger) - 
DRILL RIG k k e r  11. VI 4 in continuous BORE HOLE * 

f l i g h t  Auger 

DESCRIPTION DEPTH 

- 
- 
- 
-. 

35 f t  

- 
- 
- 
- .  

40 f: 

- 
- 
- 
- 

same material  

SAMF LE 
,TYPE 
BLOWS 
PER 6 I 

Reiil6a.l Elbrook FM 

lote: ran shor t  o i  acreen, there- 
fore,  5 f t  of screerr was install 
in the saturated zone ins tead  of  
10 fee t .  

REMARKS I 

bottom oj 

40, 2 i n  ID 
PVC screen 

well 34 f t .  

' 5  i t  of s l o t  
ted schedule 

HSE-ES Fonn 78, 1 J u n  80 

Replaces USAEHA Form 95, 12 Aug 74, which w i l l  be used. 



Fgm N O  YIO 

3ORI.NG LOG. FROEHLING & ROBERTSON, INC. 
, . . i ..-.,. L 1 :.:+ .:XI *IIL 3 -  L:~L..:,~LGIPS. , .1 t t* .11 ,  .\I 
-ONE HUNORE0 YEARS ff SERVICE- 

- - 
n e w  NO RW-62085 7a. t  DATE November. 1985 

CW. Hercules. Inc. 

P m w i n g U e l l s  RadfordArny&nnunitionPlant Radford. Y i r p i n i  

I~ma0.ocn: 49.0' ~l.ruion: --- (wtm * . 
wng Hollow stem auger  and: 1 1-6-85 Cornoh 

~ I C r I O I I  of YIILI)I*LS 
t - u r a l  

- Asphalt and crushed stone - 
Loose t o  medium dense brown f i n e  sandy SILI 
l i t t l e  c l a y  

1 -ti - 
Su* 
mv 
IF- - 

4.5 

6.0 

3.5 

10. 

3.5 

5.0 

3.0 

a 

e plan 

. Y. S i m n s .  Sr. 

M U I A K S  

GROUNOWATER DATA 

. Water leve l  @ 16.0' 

kvelopment Data: 
iloshed f o r  2 hrs. 
laf led d m  t o  21'. 
later leve l  re-establ ished a t  
6.0' a f t e r  1.5 hrs. 

ger refusal @ 39.0' 



NO ROH-62085 ' 8 8 1  November. 1985 
I 

c ~ , m t .  Hercules. Inc. 

a o , ~  Monitoring Hells Radford Amy Amnunition Plant  Radford. Virginia 

~ ~ n n p  NO.: H -94  COnt- 1 TOW hom: 49.0' Ebuation: --- ILocmion: S t  

. Hollow stem auger Istanw: 1 1-6-85 ComW 
1 '  

Coring tenninated @ 49.0' 

I I 
I lot a 140 10 namme, a roooq  30 .n to arwo2,nO 0 .  I 375m I 0 samolorm Iota~Oll8~nChos~nlhree6 
he sum of Ihc last two mcrements of wnelrat~on or termed Ins standard ocnetrallon rulslancc N 

!e plan 

4 H. S fnwns.  Sr. 

RQO 2 
~ U A R K S  

02 GROUNDWATER DATA 

Scale 1"=5 unless Jtnerw~se noted 



6- .ro m 

'IORING LOG. 

WCRlPTlON OC M A T E l U U  

T o  1-1 

- Brown f l n e  sandy SILT; roots. organlcs 
1 .o 

Loose t o  medium-dense red brown f i n e  sandy 
SILT wi th  occasional cobble layers (ML) 

-ALLUVIUM- 

7.0 - H e d i m - s t l f f  gray-brown s i l t y  CLAY t o  c l a p :  - 
SILT, shale fragments, r e l l c t  s t ruc tu re  

- -RESIDUUH- - - - - - - - - - - - - - - - - - 
9 

D.D - -- 
a - Gray green brecciated LIUESTONE and - 

DOLOMITE, numerous calci te-healed fractures 

tor a ; 40 ID nammef aroppnq 30 In 10 awe Zm OD.. 1 375 In 1 . 0  a m p l e r  r 

r : . *ce  ~~~~~5 

Q FROEHLING & ROBERTSON, INC. 
j.. . -:';\a : :.!r ...i:o 4.w . trn.lrctturra. ,:tst MIS 41 

ONE nwmm YEARS OFSERVICE- 

~epon NO Ron-62085 IIII OAT€ Wovember. 1985 

crem: Hercules, Inc. 

* r a a l  Uonltoring Yel ls  Radford Amy Aamunition Plant  Radford. V i q l n l a  

eornpm.:c~-104, 1 r 

T o u ~ o e m :  45.0' E h m m -  --- (~ocation: k c  01 an - - 
rvpr  OI eonno: Hollow stem auger 1a.fl.d: 11-6-85 Comp - 

n 
-7 -- - 

4: 
C 

5 
B 
n 

Y. Simnons. Sr .  

RQD Z A E Y U I U  

GROUNDWATER OATA 

, Uater level  @ 14.8' 

kvelopnent Data: 

Joshed f o r  2 hrs. 
lai led down for 1/2 hr. 
lo change i n  water level .  



F m * O  YIO 

'IORING LOG 
FROEHLlNG & ROBERTSON, INC. . . i .  .,.m:. : . .:I+ ...-::.;f.at ..::l~..rittrtri.. . . a t  s.91. 2. 

O N E  H U N M E 0  YEARS Of SERVfCE- 

'>olcn M o n g  Yel ls  Radford Amy Amunition Plant  
- 

Radford. Vlrglnla  

M,,, r+, Q-lo-Qont lrot.10.pcn: 45.0' Ekvmion: --- 1 c - t ~ :  See plan 

1: Hollow stem auger 1-a: 11-6-85 . con 
OLSCltVlDll 06 YATERIAIS  

l;u.lhCmm"l 
- - 

Gray sandy LIMESTONE (Calcareni te)  

Boring terminated @ 45.0' 

GROUNDWATER 0ATA 

Scale 1":s. ,,noes, olnerruse noted 



Fa." u o  YD 

9ORING LOG. 

O E ~ ~ ~ I P T I O N  Of u A T m u c I  

T " 0  taawhuIon) - Brown f l n e  sandy SILT; roots. organlcs  
1 .o 

Hedlm-dense t o  dense brown f l n e  sandy SIL 
t o  s i l t y  f l n e  SAND (MUSH) 

? Very s o f t  yellow-brown coarse  t o  f l n e  sand) 

1 CLAY. some s i l t  (CL) r e l l c t  s t r u c t u r e  - - - -RESIDUUM- - - - - - - - - - - - - - 
28. of 

Gray-brown vuggy LIMESTONE. c a l c l t e  healed 
f r a c t u r e s  interbedded with gray-green 

-FAULT BRECCIA- 

~cr: Id. Slonons. Sr. 

!Qo 2 
REUARU 

GROUNOWATER OAT* 

Water level  P 14.8' 

levelopment Data: 
,loshed 2 hours. 
,a i led  down t o  19.0'. 
ecovered t o  14.8' a f t e r  1.5 h r  





BENTONITE PLUG 

~izm-2.0 ft. x 2 . 0  ft. CONCRETE PAD 

k .2.0 inch PVC RISER 

- 2 . 0  inch TEFLON R ISER.  lo ft. 

- - 
- - - - -2.0 inch, 0 .010 '  TEFLON SCREEN 

1 0  ft. 
- - 
- 

DATE: Hay, 1987 
FROEHLING 4 ROBERTSON, INC. 

a s m w x ~ r ~ ( ~ i r ~ l ~ a . ~ ~ ; n t t l c  CM~MISTS 
SCALE: Not  t o  Scale 

DRWN: CJS I 
I I 

RADFORD ARHY AHMUNITION PLANT IJRL. so. 

HERCULES. INC. TYPICAL WELL CONSTRUCTION DIAGRAM - 

FORM NO.103 



60.-w rn 

BORING LOG 

I 5-UCl-1 continued 

53.c - Boring terminated a t  53.5 ft. - - * --. -4- - - - - - 
- 
d - - 
- - - - - - 
- - - - 

- - - - - - - 



F C Y O  - 
BORING LOG 

No samllng conducted. see 5-UCl-2 for  
subsurface condl tlons 

- < --- - .- 

3 Cobbles encountered a t  13.0 R. and 17.0 ft. 

Auger refusal a t  33.5 ft. 

Hard l l q h t  gray doloelte. fractured and vugw 
abundant calcareous I n f i l l .  occaslonal shale 
Inflll: doloelte clasts I n  calcareous matrlx: 
Probable slum stmcturc 



S u b s u r f ~ c e  Condlt lons Summary 
fiH\\\ 9/&yll$ \\\3 e'z 

See 5-WCI-2 for Conditions 
Cobbles encountered at; 13 .0  ft,  16.0 f t .  

Casing St lckup (It,)= 3 . 0  f t .  

Elev. = 
R l s e t  S t l ckup  (tt.1 = 3 .0  ft. 

Elev. = 

Ground Elev.= 

I.-. . D e p t h  to Bentonite (It.)= - - - - - - - -  - 
1 

I Elev. 
F 

I 
- cn 

1 . . - . . .. .- . - . . - - - Depth  t o  Sand Fi l ter(ft . )= - - - - - - - - -  
Elev. - - E 

P 
rg 

9 
.I 

Depth t o  Well Rottom(f [.I=- 



r- m xm 

BORING LOG 

Very loose yellow brown s i l t y  medium t o  f i n e  
sm (m) 

-to- l11 

Loose tan t o  red brown clayey medim t o  f ine  
SAND. trace rounded coarse sand (K) 

227 

- - - - - - 1% - - - 
16.5- - 

--L 

Loose orange brown rd im 
trace angular coarse sand 
manganese stains (It) 

-to- 

Medim s t i f f  orange brown 
aedicrm t o  f ine  u n d  (rock 

t o  flm sandy SILT. 
(rock fragments). 

clayey SILT. l i t t l e  
fragments) (IQ/COo 

GROUNOWATER DATA 

Subsurface water a t  34.5 ft. 

d e ~ t h  a t  11:30 a.m. on Ray 

1. 1987 - 



BORING LOG Q FROEHLING & ROBERTSON, INC. 
CULL SERVICE -1WlES. EH(jlNLER1NCYCnEUlCC 
-ON€ M W W L O  T E A S  (Y SERVrtlr 

d 

d = Hard l ight  gray dolorite, vuggy. fractumd. 
1 4 t h  calcareous inf i l l ing ,  soac with aoderatel f - developtd crystals.  occasional shale i n f i l l :  - - o c c a s i o ~ l  do lmite  c l a s t s  i n  r calcareous = mtrlx:  probable flow structure - - - - - - 
a 

9 - - - 
a - - - 
a - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
-. - - - - - - 

1 Boring temfnated a t  76.8 ft. 

I 

RQD - 0 

RQO - 0 

RQD = 10 

RQD = 0 



-- 
'roje~t:  Radford Driller: Simmons 

\ 
Armv Ammunition Plant WELL No. 

,ocation: Radford, Virginia Ins-: Smith 

Zlient: Hercules Inc. Date Installed: 5/1/87 
5-WCI-2 

1. 

kreen Descr tption: 0.010'' slot. 2.0" I.D. Teflon Screen a d  &? D(10)= 0.45-0.55 mm 

ilser Descrlprion: 2,O"l.D. TeflonRiserandPVCRiser Bore/ Core Slze: 6 inch1 N X  

Subsurface Conditions Summary . 
&4\\ s//,q\\/l\ * \I\% 

3 
C,*les encountered at; 15.0 ft., 18.0 ft. 

+ 

Shswface water at 34.5 ft. 

Yellow &own silty medium to fine SAND (SM) 

to 

Orange Brown medium to fine sandy SILT (ML) 

Casing Stickup (ft.)= 3.0 ft. 

Elev. r 

Riser Stickup (ft.) = 3.0 f t .  . 
Elev. = 

Ground Elev.= 

Depth to Bentonite (ft.1: - - - - -  - -  - 
Elev. - - 

Depth to Sand Fllter(ft.)= - - - - -  - - -  - 
Elev: - - 

D q t h  to Well Rottom(ft.)= 72.8 ft. 

Elev. = 
Depth of  Hole (ft.) = 76.8 It, 

... - ...............--.-..,..- Elev. = 



BORING LOG 
FROEHLING & ROBERTSON, INC. 
FULL SEhlCS L*B6W*TmlES. ENWMERINC~CHCUIC 
-mJ€ m*uDNo WARS OC SERVICT 

Location Plan 
* w . m  

WClYTYYI OI MATLlllUS 

&dim dense red b r i m  s i l t y  f ine SAND, 
trace mica (yl) 

GROUNOWAT rn DATA 

-to- 

Very loose to medim dense yellow brown s i l t ]  
medim to fine UND (SH) 

Hedim dense to very loose p l l o w  brown s i l t y  
coarse to fine U W O  (angular rock Fragments) = (W - - - - - - - 
. - -RESIWUCC 

4 

Subsurface water a t :  22 f t .  
?lay 5. 1987 a t  4:00 p.m. 

29 ft. Ihy 5. 1967 6:10 p.m. 

Boring temfnated a t  31.8 ft. 

h. rum 



-- -. 
Drlller: \ 

'roject: m f o r d  Armv Ammunition Plant WELL No. 1 
.ocatlon: Radford, Virginia 1-r: Smith 5- WC2- 1 

:Ilent: Hercules Inc. I Date Installed: 5/6/87 I 
kieen Description: 0.010" slot, 2.0" 1.0. Teflon Screen  and D0(10)= 0.45-0.55 mm . 

titer Description: 2.0n 1.0. Teflon Riser and PVC Riser ~ o t e l  core size: 6 inch1 N X  

Subsurface Condltlons Summary 

Cobbles encountered at 8.0 f t. 1 1 

Subsurface water at; 22.0 ft. at 4 : W  5/5/67 
29.0 f t. at 4: 10p 5/5/87 t .. 

. . . - .  Casing Stickup (ft.)= 3.0 ft. 

Elev. = 
.- .I--- Rlser Stlckup (It.) = 3.0 ft. 

I Elev. = 

~ t h  to Bentonl 

Elev. 

xe (It.)= 14.8 ft. 

I 
- I 

Depth to Well Rotcom(ft.)= 29.3 ft. 
.., i.----- Elev. - 
I .  ! 



GnOVNOWATER OAT* 



Subsurface Condltlons Summarv 
fi4 \ \ 3/A\\b 1 g \I\% +'z 

See 5-WCZ-I for Conditions 5 

Cobbles enco,untered at; 15.0 ft., 40.0 ft. 2 

Casing Stickup (ft.)= 3.0 f t, 
Elev. = 

Riser Stickup (It.) = 3.0 f t ,  

Elev. = 

Ground Elev.= 

Depth to Bentonite (ft.)= 28.0 f t .  

Elev. - 
Depth to Sand Filter(ft.)= """- 

Elev. - - 

Depth to \Veil f\ottom(ft.)= 40.5 f t .  

Elev. - - 
Depth of Hole (ft.) = 43.5 ft. 



2 No s 6 l l n g  conducted. see 5-UC2-1 for  = subsurface conditions - 
I - - - 

... . 

Cobbles encountered a t  15.0 ft. 

- 
1 Olf f lcu l t  augering a t  53.0 ft. - 55.0 ft. - - - - - - - - - - - 
- - - - - - - 
m - - - 
4 - - - - - - - - 
9 4 b r i n g  temfnated a t  51.1 ft. , 

GROUNDWATER DATA 



Subsurface Condltlonr Sumrnarv 

'roject: Radford Armv Ammunition Plant 
.ocatlon: Radford, Virginia 

:Ilent: Hercules Inc. 

Cobbles encountered at 15.0 ft. 

! Elev. t 

Driller: Simmons 

-or: Smith 

Date Installed: 5/6/87 

.-.- f ---- Rlser Stickup (It.) = 3.0 ft. 

i 
WELL No. 

5-WC2-3 

krcen Descrlptlon: 0.010" slot. 2.0" 1.0. Teflon Screen 

tlser Description: 2.0" 1.0. Teflon Riser and PVC Riser 

Elev. o 

 and DD(10)- 0.45-0.55 mm 

Bard c o t e  m: 6 inch/ NX 

I Ground Elm.= 

--.----- I.. ..-.,. Depth to Bentonite (fr.)= 

Elev. - 
.. --. ..-.------ Depth to Sand Filter(ft.)= .------- - 

Elev. - - 
10' % R e w  

Depth to Well Rottom(ft.)= 53.6 f t .  

Elev. - 
........ - . Depth of Hole (It.) 3= 

-. . .  .----- ..._E&. - .. .... ...... - 



ve.-m *lo 

BORING LOG 

Very loose gray b& r d l u  to f ine sandy 
SILT. trace coarse submunded sand (a) 

3 Very loose gray braom f ine sandy SILT (Ml) 

Medium s t i f f  gray to tan claycy SILT. - 

manganese stains (a) - - - - - - 
m - - - - = ~ ~ d i u a n  s t i f f  to s t i f f  m t t l e d  to gray s i l t y  
j f ine %NO (W) manganese stalns - - - - - -grading to- 

S t i f f  mottled to gray s i l t y  CUY/claycy SILT 

d - 
- - - - - - - 
.I - - - - 

FROEHLING & ROBERTSON, INC. 
f lAL  '&W L ~ ~ O ~ N W E S *  ENDNEERIN(LCnEulD 
W E  MWMEO vans OF s ~ n v c r  

GAOUNDWATEA OAT* 

- 
Weight of Hammer 



Subsurface Condltlons Summary I -=mmEq 
Gray Brown medium to fine sandy SILT1 

sllty medium to fine SAND (ML/SM) 

Caslng Stickup (f I.)= 3.0 f t 

Elev. = 
Rlser Stlckup (ft.) = 3.0 ft ,  

Elev. = 

Ground E1ev.r 

Depth to Bentonite (It.)= 4.0 f t ,  

Elev. - - 
Depth to Sand Flltet(ft.)= . 25.8 ft, - 

Elev. - - 

Depth to Well Rottorn(fr.)= 37.1 f t .  

Depth of Hole (ft.) =mL 



Vertical Scak= Horizontal Scale 
L 

$1 .......... 
I:.:.-:..:.: .... HWM 5 L a w n  

Water Table Measured Nov..1982 Well 8 8  Measured Feb..1983 

HORIZONTAL SCALE 

L E G E N D  
........ ................. ................. ......... ........ Sandy Silt ......... ......-. Monitoring 

Well Profrk 0 Sand with Silt and Gravel 1 
Sand. Gravel and cobbles 

m' Bedrock 
Interval 

- 
Screened - 

Water Table 

[=I aecr Converse-Murdosh- Inc 
Engneers. Planners ana Scientists 

RAAP HWM 5 

Geology a n d  Groundwater 
Prof i le  





APPENDIX B 

TRICHLOROETHENE HISTORIC CONCENTRATION GRAPHS 



Trichloroethene Concentrations @pb) 

1st Qtr 97 

3rd Qtr 97 

1st Qtr 98 

3rd Qtr 98 

3rd Qtr 95 ,, 
- 

1 st Qtr 96 ,, 
- 
1 

3rd Qtr 96 ,, 
- 

4 )  

+ 

1st Qtr 99 7, 
- 
I 

3rd Qtr 99 ,, 
- 
4 

1st Qtr 00 ,, 
- 
4 

3rd Qtr 00 ;, 
7 

, 

b 

b 



HWMU-5 Well 5W5B Trichloroethene Concentrations 

Sample Collection Dates 



HWMU-5 Nested Wells 5WC21,5WC22, and 5WC23 
Trichloroethene Concentrations 

+-Well 5 WC2 1 
+ Well 5WC22 

+ Well 5WC23 

Sample Collection Dates 



HWMU-5 Well 5W7B Trichloroethene Concentrations 

I -+ Well 5 W7B 

Sample Collection Dates 



HWMU-5 Well S5W5 Trichloroethene Concentrations 

Sample Collection Dates 



HWMU-5 Well S5W7 Trichloroethene Concentrations 

-t Well S5W7 

Sample Collection Dates 



HWMU-5 Well 5W9A Trichloroethene Concentrations 

I+ Well 5W9A 

Sample Collection Dates 



HWMU-5 Well 5WlOA Trichloroethene Concentrations 

Sample Collection Dates 



HWMU-5 Well 5WllA Trichloroethene Concentrations 

Sample Collection Dates 
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