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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 pg/l 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 from 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 and/or 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 corner and
the minimum elevation is approximately 1,675 feet amsl along the New River at the northern
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 northern one-third section is called the "Horseshoe Area." HWMU-S is located in
the Main Plant area.

2.2 TCE AREA OF CONCERN
2.2.1 Hazardous Waste Management Unit 5

HWMUS-5 is a former lined surface impoundment. As shown on the Site Location Map
(Figure 1), 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 1981. 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 from the acid
tank farm (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:

e Stoddard Type Solvents (clear, colorless liquids of the kerosenenaptha class; used as
an oil and grease remover);
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e 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 CCly);
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);
e Intex #8793 - 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 Refrigeration 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 Concemn 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 from 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 and/or alluvial deposits. The alluvial deposits consist of typical
fluvial deposits of interbedded clay, silt, and sand/gravel deposits with cobble lenses. The
thickness of the alluvial deposits ranges from a few feet to approximately 50 feet, with an
average thickness of 20 feet. The residual deposits consist of clay, silt, and clasts resulting from
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 from 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 Logs/Well 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 from 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 from 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 SW8B, SWC11, SWC12, and SSW8 slopes downward to the north-northeast,
while the bedrock in the vicinity of monitoring wells SSW6 and SW9A 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 SW5B, SWCA, and well cluster SWC21, SWC22 and 5SWC23.

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 east/northeast, with dips to the south/southeast. 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 1s characterized by the development of sinkholes without any apparent alignment or
preferred onentation (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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34 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 AAP. 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 O, content can significantly affect the chemistry of the groundwater, increasing the
concentration of many commonly occurring 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
from 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 SWC21, 5SWC22, and SWC23 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 pg/l.

Electric and Refrigeration 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, 5W5B, and nested wells SWC21, 5SWC22, 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 from HWMU-5. As shown on Figure 2,
there are no karst conduits interpreted to be in the vicinity that would intercept groundwater flow
from the area of these buildings.
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40 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 SW5B, 5WC21, 5WC22, and 5WC23. During First Quarter
1999, TCE was detected at a concentration of 7.4 pg/l in downgradient well SW10A; however,
this detection is considered to be an anomaly, as TCE has never been detected in well SW10A at
any other time. Minor detections of TCE at concentrations less than 1 pg/l have been observed
occasionally in upgradient well SW8B and in downgradient wells SW7B and 5SW9A. TCE has
never been detected in monitoring wells SSWS5, SSW7, or 5SW11A; 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).

42 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 SW8B, downgradient well SW5B, and nested wells
5WC21, 5WC22, and 5WC23) are part of the current monitoring network for the Unit. In
addition, four observation wells (upgradient wells SWC11, 5SWC22, and S5W8 and sidegradient
well SWCA) 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 SWS5B,
5WC21, 5WC22, and 5SWC23 were from a source upgradient and/or sidegradient from HWMU-
5.

The groundwater samples were submitted to REI 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
aresult, 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 from 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, SWS5B, and nested wells SWC21, SWC22, and SWC23, all of which
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are located in a historic sinkhole. TCE was not detected in upgradient wells SW8B, SWCl11,
S5WC12, and S5WS8.
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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 (SW5B,
5WC21, 5WC22, and 5SWC23) consistently exhibit TCE concentrations in exceedance of the
USEPA MCL of 5 pg/l.

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



AW MU 5

RAAP

UNIT § __02/07/95 _

WELLS | TYPE [STATUS | 1D DAT—I_E BORING [COMPLETIO [DATUM SCREEN
DRILLED| LOG | DIAGRAM [GL.  |T.O.C. |LENGTH]SIZE | SLOT [TYPE |

we-8 UP/BG  ACTIVE 31.50 02/18/83 YES  YES 1787.58 178055 1500 200  0.01 PVC

SWC21 POC  ACTIVE 177210 1774.43

Ws-B POC  ACTIVE YES  YES 177313 177508  10.00 200  0.01 PVC .

W7-B POC  ACTIVE 20.00 YES  YES 177278 177480  10.00 200  0.01 PVC

EWC2-2 ASMT  ACTIVE 1771.90 177445

EWC23  ASMT  ACTIVE 1771.28 1773.84

S6W-5  ASMT  ACTIVE 2500 04/05/81 YES  YES 1760.81 177174  10.00 2.00 PVC40

SEW-8  ASMT  ACTIVE 1769.42 1771.43

SSW.7  ASMT  ACTIVE 26.00 04/05/81 YES  YES 1773.08 177508  10.00 2.00 PVC40

W10-A  ASMT  ACTIVE YES 176842 177079  20.00 TEFLON

Wi1-A  ASMT  ACTIVE YES 1764.70 1765.90

WS-A  ASMT  ACTIVE YES 1761.07 1761.82

EWC1-2 SWL 1787.43 178089

SWCA  POC  SWL 1777.37  1770.96

sWC14  UP SWL 1787.55 1789.99

SsWs  UP SWL 34.00 04/05/81 YES 1783.51 178477  5.00 2.00 PVC40

SsW-8 -~ UP SWL 1787.02 1785.28



RAAP

UNIT 5

WELLS GROUT ANNULAR SEALANTIFILTER PACK hydraulic conductivity
[__TOP__|BASE | TOP | BASE | TOP_| BASE | TOP | BASE |K (fsec)]K (cm/sec)

wse-B 16.50 31.50 3.84E-04  1.17E-02

SWC2-1  (1749.80) 3.14E-06  9.58E-05

W5-B 1000 2000 000 600 800 1000 800  20.00

wr-8 10.00 20.00

BWC2-2  (1749.80) 2.52E-05  7.89E-04

§WC2-3  (1725.39) 2.76E-05  8.42E-04

SEW-5 13.00 23.00

SEW-6  (1755.42)

SEW-7 12,00 22.00

W10-A  (1745.77)

Wi1-A  (1735.90)

W9-A (1720.85)

5WC1-2  (1721.83) 1.10E-06  3.36E-05

BWCA  (1747.27) 237607  7.23E-06

BWC1-1  (1745.25) 9.60E-06  2.93E-04

S5W-8 29,00 34.00 |

SEW-8 - (1757.52)




tel1l Humber

Client Corps of Eﬁ ineers/Radford AAP

Well Location iﬂEHEQJﬁﬂI_IIQm:lBQOOH No. 5 .
Priller/Company Dean/Cunningham

Hﬂe D1 ameter

W-8-8B

Betz-Converse-Murdoch-lnc.‘ BO\A i ul\)lT S

Drilling Log lo-9T

Project lo. 00-0008-01

DPrilling Method NX core
Sample Type split

Surface Elevation 1787.58'
Casing Material-an

Grouting Type

Screening !

Sample IntervaTl-
Casing Top Elevatlon

315
mﬁ—zm PVC threaded couples « ___ Cased Interval(s)gq _ ¢ ¢ (2

anma] 4" Date(s) Drilied _
No. Samples Retames 7

1789 55 Total Well Depth

Grouted Interval g.16°5 incl 1°

1ater1ai and S1ze

Packing{faterial and Size Ng. 1 sand

Y Screened Interval(s) 16,5 - 31.¢
. Packed Interval 15 ¢ _ 31 5

Pepth to Static Water j7'g"* Date 2/18/83 Approx Well Yield
Developmient Method ,ir Development Time 3 hours .
Loaged by: Peter R. .lacohson
Comments SKETCH MAP WELL DETAIL 7!
no core recovery 7 FgEE:LJLI GRADPE
. - R NN AST T ) EE ] [
* measured from top of ! :I!ﬂ J.“T éu T
casing R EETY L P AT
| 2\YY i EH [l M § ! CAiAMC
! f M ' o NN
- T i STy ; €
-z~ ) 11 [ ] : b ek
‘- i W o - . S‘z“‘e“‘""
- i ] i AL -F 12T ID
T - [ i [ - a.pt 'slot
| RN T 1 < = PV —STreEn
[ i : [ ; i = S
_ T : iy l= F.Lb YT
[ i - il ; i 2 N Pt
W8T P T (0 1 | Bl Cap_
} . .
Pepth Spoon . y qal
Scale Sample 81 ows Description of Materials
0 - 175 _spoon 1-5-6 medium brown to oranae brown silty cldy with anqular
pebbles
5 - 6.5 spoon 1-2-2 medium orange brown silty clay with [m'nor fine sand
10 - 11.5] spoon 3-6-14 slightly moist mottled orange brown clay, minor silt and
. fine sand
14'4" coarse sand and gravel layer
15 - 16.5| spoon 11-17-45] poorly sorted mix of sand silt gravel clay; coarsening
_downwardsqravel ends at 17.5°'
P0 - 21.5-{ spoon 5-5-8 moist
5 - 26.5] spoon 1-2-2 wet soft brown clay with silt and fine sand
- 31.5| spoon | 1-3-2 wet medium orange brown silty clay, minor sand
end of holle at 31.5°




Betz'Converse-Murdoch-lnc.' BO\/I ' LN\'T 5
- Drilling Log lo-58B
Well Mumber W-5B

Client _ Corps of Englneers, RAAP, Radford, VA Project lo. 00-0008-01
Well Location East of HWM 5 Lagoon
Driller/Company M. Dean, Cunningham Core Drﬂhnq and Grouting Corp, Salem, VA

Drilling Method Fishtail Hole Diameter 4.5" Date(s) Drilled 8/17-18/83
Sample Type Split Spoon Sample Interval ™ §7 No. Samples Retained 4
Surface Elevation 1773.13 Casing Top Elevation 1775.08'* Total Well Depth ~ 22’
Casing Material and Size 2" D Sch. 80 PVC Cased Interval(s) 0-10°
Grouting Type Portland Cement with Sand Grouted Interval 0-6'
~Screening Material and Size 2" ID 0.01 Slotted PVC Screened Interval{s] 10-20'
Packing Material and Size Fine to Coarse Silica Sand Packed Interval 8-20'
Depth to Static Water 14.31 (T.0.C.)Date _ 8419/83 Approx Well Yield < 1 gpm
Development Method Air Developnent Time 4 hours.
Logged by: D. J. Varper
IR
Commen-ts - : SKETCH MAP_ TR WELL DETAIL PR TECTINE
1} Drilling water _+ 5 akbi J ETEEIC
___obtained from RAAP ¥ id CAS IV
bydrants ] ] § A ek ldy
] ] ]] —5 - m T - R - A.& ¥ G
3} E [ -I ]] I ] rs v\l T 1 l
interval ¥ ~ il i ‘ .
4) Depth to water tahle . 1 = J T
—measured from the top Wy — ] M
- o —F (=8 -
—of the steel] casing = 3 K YCTSTRESY”
- [ i
i | ] | Cob
' N = i
. - . 1 - j
*Top of steel casing __ - 1 | 1B omTelm :
. ‘ ] . ] [ 1 il
Depth Spoon » D i ; i
Scale Sample Bl ows escription of Materials l

5-6.5 _Spoon 2-3-4 Somewhat mottled buff to orange-brown fine sandy

and silty clay

0-11.5 Spoon 4-7-9 Tan Clay with fine to coarse sand
18-16.% Spoon 4-5-7 Tan clay with scattered sand
20-21 5§ Spoon 2-2-4 Brown sanry-clay-

22 EFnd of hale




Betz-Converse-Murdoch-inc. Ut S
Drilling Log lo-33B

Well Humber W-7B

Client Corps of Engmeers, RAAP, -Radford, VA Project to. 00-0008-01
Well Location North of HWMS Lagoon
Driller/Conpany M. Dean, Cunningham Core Drilling and‘Grout1ng Corp, Salem, VA

Drilling Method Fishtail/Core Hole Diameter 4.5" Date(s) Drilled 8/18/83
Sample Type Split Spoon Sample Interval 5T Ho. Samples Retained 4
Surface Elevation 1772.78__ Casing Top Elevation _1774.90'* Total Well Depth ~20°
Casing Material and Size 2" ID Sch. 80 PVC Cased Interval(s) U-T0—
Grouting Type Portland Cement with Sand Grouted Interval 0-6' _
Screening Material and Size 2" [D 0.01 Slotted PVC Screened Interval({s) 10- 20r -
Packing Material and Size Fine to coarse silica sand Packed Interval 8-20' . .
Depth to Static Water _13.58'(T.0.C.)Date 8/19/83 Approx Well Yield < 1 gpm
Development Method . - Air Developnent Time 4 hours
Logged by: _ p, J. Yarner
Comments VLI ST
1) Drilling water obtained SKETCH MAB WELL DETAIL V) ¥
from RAAP hydrants ) = | oY.| 9TEE
7] Replaces well W=7 BT > : 1 1QAlSING
3) Bentonite pellet seal in 71778 1 Y op
tne 6-8' annular inter-. Hwri R Il 'c‘“.:’v 2
val Ro vT-'Fa d T
4) Depth to water table = BIENTHM ITE
" measured from the top_ : : .= Sleat
of _the steel casing [ =I: N | Dlal’
5) Core size: HW )1 ST = . aTlng
- : =- SREE A
*Top of steel casing , 'Y e :
| Y1 11 ]
Ec;1t2 Sample gqg:: Description of Materials
5-6.5 Spoon 5-7-4 Light reddish-brown very silty fine sand with mica,
» black lignite, and some clay
10-11.5 Spoon 2-3-4 Light reddish-brown very silty fine sand with
mica, black lignite, and some clay — -
15-16.5 Spoon 6-9-19 Orange-red and tan brecciated decomposed shale w1th a
clay matrix and some_lignite
0-21.5 | Spoon 5-2-4 Orange-red and tan brecciated decomposed shale w1th a_

clay matrix and some lignite.
0 End of hole.




W-3R
Betz-Ccnverse-Murdoch-lnc.| BG\/‘ i

' Drilling Log
Well Humber W-7B

Client Corps of Engineers, RAAP, Radford, VA Project llo. 00-0008-01

Well Location North of HWM5 Lagoon

Oriller/Conpany M. Dean, Cunningham Core Drilling and Grouting Corp, Salem, VA

Drilling Method Fishtail/Core ﬁole Diameter Z.§ﬁ Date(s) Dritled 8/18783

Sample Type Split Spoon Sample Interval 57 MNo. Samples Retained &
Surface E’Ievaglon 1772.78 _ Casing Top Elevation 1774.90'* Total Well Depth 200

Casing Material and Size 2" ID Sch. 80 PVC Cased Interval(s) o1
Grouting Type Porrlang Cement with Sand ] Grouted Interval (-6'
Screening Material and Size 2" [D 0,01 Slotted PVC Screened Interval(s) 10-20’
Packing Material and Size _Fjipne to coarsesilica sand Packed Interval 8-20°
Depth to Static Water ~13.58'(7.0.C.)Date 8/19/83 Approx Well Yield < 1 gpm
Development Method . - Ajr Development Time 4 hours
Logged by: _ p, J. Varner
Comments
1) Drilling water obtamed TC}I TAE. WELL DETAIL V2V
from RAAP hydrants P2 = L PAOT. 9TEL
2] Replaces well W-7 ~ INEEE) T"’ : i
3) Bentonite pellet seal i’q ) XY | 77y o-\y
55 6-8' annular inter-. } XY VAl

S
A
R

|

4) Depth to water table

measured from the top =N
of the steel casinq : ' L " 2n " i
5) Core s1ze' HW 1 d= LoT [ Pve
Ny = $ch pk'
_ _ £ ;
*Top of steel casing - : - P2l :
| ! !
Depth : Spoon c s .
Scale Sample Blows . Des;m ption of Materials
-6.5 Spoon 5-7-4 " | Light reddish=brown very uﬂthine sand with mica,
— 1 black lignite, and some clay -
10-11.5 Spoon 2-3-4 | light reddish-brown very silty fine sand with

: | mica, black lignite, arnd some clay
15-1A.5 Spaon 6-9-19 Orange-red and tan brecciated degomposed shale with a
‘ - - lclay matrix-and some tignite - -
-21.5 Spoon 5-2-4 | Orange-red -and tan brecciated decomposed shale with a
- . lelay matrix-and some 11qn1te. .
0 . _1End of hole.” -




S5WS
Mw-5

US ARMY ENVIRONMENTAL HYGIENE AGENCY

Army Pollution Abatement Program Study, Installation of MOnitoring Wells, Radférd Army

Ammunition Plant, Radford, VA, 3-9 Apﬁjkllﬁft"

G

(UftﬁfA Control No. 81-26-8251-81)

RAAP 81-26-8251-81 5 April 81
PROJECT DATE £
Site 5, north of lagoon next Smithson, Hoddinott
LOCATION ‘ DRILLERS 2
to building SR 1612 Craig, Gates (logger)
Acker II, w/ 4 in continuous MW 5
DRILL RIG " BORE HOLE
flight auger TD= 25ft.
water lever
SAMFLE initial 7' 5"
TYPE 24 hr. 8' 10"
8LOWS
DEPTH (PER 6 IN DESCRIPTION REMARKS
Brown sandy silt with some gravel
— wet, plastic 13 ft of
schedule 40,
- 10 ft of 2 in ID PVC
sin
Perched lense of water Concrete casing
e 8:0“:
— .
5 fe.
_ Yellowish brown silty clay w/
— MB 5-10 |. some mi;e flakes
v
—
10 ftL
Bentonite
same material
MB 10-15 sand pack
screen
15 ft

USAEHA Form 95, 12 Aug 74




US ARMY ENVIRONMENTAL HYGIENE AGENCY

Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army
Ammunition Plant, Radfqrd, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81)

DRILLING LOG

RAAP 81-26-8251-81 5 April 81
PROJECT DATE
Site § th of 1 t Smith , Heddinott
LOCATION e 5, north of lagoon nex DRILLERS son, Haddino
to building S.R.1612 . Craig, Gates (logger)
Acker II w/ 4 in c‘bntinuous MG S5
DRILL RIG u — BORE HOLE
flight auger
SAMPLE
TYPE
BLOWS '
CEPTH |[PER 6§ IN DESCRIPTION REMARKS
10 ft of
. slotted 2 in
— e ID, schedule
10-20 . 140, PVC
w— screen
(0.0C8-0.01")
20 ft water at 20 ft yellow coarse _med-
— ium sand - saturated
T change in engine pitch . FO—
_ Elbrook FM 2 ft of trap
25 fe
Depth of
™ 25 feet : well 25 ft
30 ft

USAEHA Form 95, 12 Aug 74



S5W0
MW -6

Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army
Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. B81-26-8251-81)

US ARMY ENVIRONMENTAL HYGIENE AGENCY
DRILLING LOG

RAAP 81-26-8251-81

PROJECT

Site §, northwest of lagoon

LOCAT ION

_next to building S.R. 1602

DATE

5 April 81

DRILLERS

Smithson, Hoddinott

Craig, Cates (logger)

Acker II w/ 4 in continuous

w5 (-
DRILL RI6  prropracees BORE HOLE
. TD= 25.5 ft
SAMFLE : . Water level
TYPE initial 9.5 ft
BLOWS | 246 hr. 9' 7"
DEPTH |[PER 6 IN DESCRIPTION REMARKS
. . 7 ft of con-
— Brown silty clay, damp plastic crete grout
-
13.5 ft of
— séhedule 40,
2 in ID PVC
casing
5 ft
—IMB 5-10
‘] Reddish brown silty clay--slightly
b damp, tight dp1111ng 4.5 £t of
Bentonite
] . (may have a
void above
— _ sand next to
1 4 : water table)
10 £t '
softer drilling, same material,
— getter wetter
11.5 ft of
sand pack
saturated
15 fe- screen

HSE-ES Form 78, 1 Jun 80
Replaces USAEHA Form 95, 12 Aug 74, which will be used.

N



US ARMY ENVIRONMENTAL HYGIENE AGENCY

Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army

Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81)
- "DRILLING LOG ‘
RAAP 81-26-8251-81 5 April 81
PROJECT DATE
Site 5,northeast : of lagoon Smithson, Hoddinott
LOCATION - 5 DRILLERS 2
next to building S.R. 1602 Craig, Gates (logger)
. Acker II, w/ 4 in continuous MW 6
-DRILL RIG . BORE HOLE
flight Auger
SAMFLE
TYPE ‘
BLOWS '
DEPTH |PER 6 IN DESCRIPTION REMAKKS
" "Reddish brown éilty coarse to
— medium sand, saturated (water is 1o £t of
fl 0 to
owing) slotted
chedule 40,
Sand pack FZ in ID PVC
- bcreen
'(0.008-0.010"
20 fc
| Weathered Elbrook FM (red gray
— clay residuum over dolomite)
— 2 ft of gedi-
ment trap
25 ft
e 25.5 fv 1D Bottom of
well 25.5 ft
30 £t
USAEHA Form 95, 12 Aug 74



SSW7

Mw-7F
US ARMY ENVIRONMENTAL HYGIENE AGENCY

Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army
Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81)

DRILLING LOG

RAAP 81-26-8251-81 5 April 81
PROJECT : DATE
£ Smith » Hoddi
LOCATION Site 5, west of lagoon DRILLERS mithson, Hoddinott
next to building S.R. 1603 Craig, Gates (logger)
Acker II, w/ &4 in continuous MW 7
. DRILL RIG - BORE HOLE
flight Auger TD=26 ft
SAMPLE . water level
TYPE initial=14"'10"
BLOWS 1 24 hr =10'10"
CEPTH |PER 6 IMN DESGCRIPTION REMARKS
- Reddish brown-silty clay daﬁxp— Concrete
med plastic Bentonite
12 ft of
p— schedule 40,
24,5 ft of (2 in ID PVC
— sarnd pack |c€a51ng
oty
Sfe

MB 5-10| same material getting damper and

— more plastic
10 ft
v :
v saturated silty medium coarse sand lg ft :fz .
return on Auger- may have hit a ;no t: d 'm
15 ft lense of gravel i

. 0 PVC screen
USAFHA Form 95, 12 Aug 74



US ARMY ENVIRONMENTAL HYGIENE AGENCY -.

Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army
Ammunition Plant, 3-9 April 1981, (USAEHX Control No. 81-26-8251-81)

DRILLING LOG

RAAP Y1-26-8251-81

PROJECT DATE 5 April 81

Site 5, west of lagoon next DR“ LERS Smithson, Hoddinott

LOCATION ,
to building S.R. 1603 Craig, Gates (logger)
Acker II, w/ 4 in continuous MW7
‘DRILL RIG _ BORE HOLE
flight Auger
SAMFLE
TYPE _
BLOWS
DEPTH |PER 6 IN DESCRIPTION REMARKS
=] MB same material saturated
15-20
— screen
20 ft
7 [3 £t of sedid
ment trap
25 ft ‘ Elbrook FM (weathered gray clay
residuum) . epth of we
26 feet
26 £t TD
30 €t

USAEHA Form 95, 12 Aug 74



S5U0F

Mk -8

Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army

Ammunition Plant, Radford, VA, 3-9 aApril 1381, (USAEHA Control No. 81-26-8251-81)

US ARMY ENVIRONMENTAL HYGIENE AGENCY
DRILLING LOG

81-26-8251-81 5 April 81

RAAP
PROJECT _ DATE
LOCATION Site 5, Background well, southDR[LLERS Smithson Hoddinott
of lagoon Craig, Gates (logger)
DRILL RIG Acker 11, w/ 4 in continuous BORE HOLE MW 8
flight Auger TD= 34ft
SAMFLE water level
TYPE initiali=24 ft
—-Ws-—BL 24 hr.=14'11"
DEPTH |PER 6 IN DESCRIPTION REMARKS
gravel f111 for read
- 29 ft of
8 ft of schedule 40,
Reddish brown sandy clay with some conﬁrete 2 in ID PVC
small gravels . grout casing
5 ft
—
: 5 ft of Ben-
— same material, wet, med plastic tonite-
10 ft
" —
— same material, getting wetter |
15 ft & sticky sand pack

* HSE-ES Form 78, 1 Jun 80
Replaces USAEHA Form 95, 12 Aug 74, which will be used.

N



Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army
Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81)

US ARMY ENVIRONMENTAL HYGIENE AGENCY
DRILLING LOG

P’ROJEC‘[ RAAP 81-26-8251-81 DATE 5 april 81

LOCATION Site S, background south = ppf||fRS Smithson, Hoddinott
of lagoon Craig, Gates (logger)

DR“.L RIG Acker II, w/ 4 in cdntinuousBORE HOLE MW 8

flight Auger

SAMFLE
TYPE

BLOWS
DEPTH |[PER 6 IN DESCRIPTION REMARKS

— MB 15-
20 same material .
21 ft of

sandpack

PVC casing

same material

25 _ftf B

]

I

A

30 £

HSE~ES Form 78, 1 Jun 80
Replaces USAEHA Form 95, 12 Aug 74, which will be used.



Army Pollution Abatement Program Study, Installation of MOnitoring Wells, Radford Army
Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Contrél No. 81-26-8251-81)

US ARMY ENVIRONMENTAL HYGIENE AGENCY
DRILLING LOG

' RAAP 81~26-8251-81 5 Apr 81
PROJECT P : DATE - m —
t » backgroand Smithson, Hoddinott
LOCATION - 2 backerosn DRILLERS *=
south of lagoon Craig, Gates (logger)

DRILL RIG Acker II. w/ 4 in contingous BORE HOLE MW 8

flight Auger

SAMFLE
TYPE
BLOWS . v
DEPTH |PER 6 IN DESCRIPTION REMARKS
5 £t of slot}
— same material ted schedule
40, 2 in ID
a— PVC screen
N Refusal Elbrook FM bottom of!well 34 ft.
33 £ . ﬁote: ran short of screen, there-
fore, 5 ft of screem yuq inst'alleﬁi
— in the saturated zone instead of
10 feet. ’
—
40 f}

HSE-ES Form 78, 1 Jun 80 .
Replaces USAEHA Form 95, 12 Aug 74, which will be used.



LA A
. Hwmu-s

JORING LOG FROEHLING & ROBERTSON, INC.

P.li onevure B e eSATUHOE e Lliimt g b mitae s o bab Pl L
“ONE HUNDRED YEARS OF SERVICE™

S NCE

€]
Aeport No. ROM-62085 1881 oatre November, 1985
| Cuient. Hercules, Inc.
{eropt _ Moniforing Wells  Radford Army Ammunition Plant Radford, Virginia
8orng o H—9-A7 h’mu Deptn: 49.0° IEnmion-. -=- Eocniom See plan
‘lyp'o' gBoring. Hollow stem auger Emd: 11-6-85 . Compietes: 11-6-85 Dritesr. W. Simmons, Sr.
I L . Semote
- OESCRIPTION OF MATERIALS « Core
€levation 0-8':0 (Classiiceson) :::c m |ecovery REMARKS
| ~] Asphalt and crushed stone GROUNOWATER DATA
1.5 -
— Loose to medium dense brown fine sandy SILT
| 3 ittle clay
. 4.5
- -ALLUVIUM- 57
| ] 9 l6.0
. 8.5
- 3
' - 8 0.0
| 3
13.0 13.5
] soft orange-brown silty CLAY to clayey SILT 2]
I —1 (CL/ML} Relict structure 1 {1s.0
- V. Water level .0’
= [TT— S_ ater level @ 16.0
- Development Data:
-] Sloshed for 2 hrs.
l . Bailed down to 21°'.
. Water level re-established at
-] 16.0* after 1.5 hrs.
| s
| 3
| E
o
| =
| =
| E
39.0 39.0 Auger refusal @ 39.0'
40.0

“NOo o'blows req @ tor 3 140 10 hammer aropping 30 v todrive2in O D. 1 375in 1 D sampler ato1al of 18nches inthree 6 Scale 17:5" ynless dtnerw:se noted

«n ncrements Trhe sum oOf the 1ast twO increments of penetration s termed the stancard penetranon resistance N




Eorm Mo 300 S:nCE

JORING LOG FROEHLING & ROBERTSON, INC.

Poae il L ABUKRATOKIL S e ENGINEERIFG Uitk PABLAL
“ONE HUNDRED YEARS OF SERVICE™

aeport No  ROM-62085 ree pate November, 1985
[cuent.  Hercules, Inc.
Forolect  Monitoring Wells  Radford Army Ammunition Plant Radford, Virginia
Bonng No.: W-9~A Contolfmalm: 49.0° lEma«ion: -——- jLocﬂion: See plan
rryp.uaom-g. Hollow stem auger [s:moc: 11-6-85 Compieted: ]1-6-85 IDn’ilor. W. Stmmons, Sr.
! . Sample
. DESCRIPTION OF MATERIALS % Core
Etevarion 40'?5.“ © ) :::u :.7:::: Recovery RQD 1 AEMARKS

| —{ 8rown fine to medium grafned SANDSTONE, 201 | o2 GROUNOWATER DATA

— changing to blue-gray fractured saccharoidal

— LIMESTONE and DOLOMITE
I = 0.0
| j 30% | 0%

-

49.0

I 49.0

Coring terminated @ 49.0°

. 20" TEFLON SCReens
1o _Puc. ba g

- RoArTER L
as Pread > cuT o)

b o b o bt o bl b biiboa L

“NO D! DIOWS req'd for 4 140 10 nammer dropping 30 v to drive2:n O D .1 375.1n 1 D sampleratotalof 18inches nthree b Scale 1735 untess Otnerwise nated

~ increments The sum of the (a3t two increments of penelration s termed the standard penetration resisiance N




LIIOA
HWMw -5

Form No SO0 . - ~CE
JORING LOG:
o _ FROEHLING& ROBERTSON, INC.
SR EING B B scAToTE e ENUMER HITaG it Mik Ay
ONE HUNDRED YEARS OF SERVICE”
]
Report No  ROM-~62085 ree oaTe November, 1985
| Cuent: Hercules, Inc, .
'a.o,.a Monitoring Wells Radford Army Ammunition Plant Radford, Virginia
BonogNo.:(H—lOTAj ]Toult)opm: 45.0° |Enmion: -—- jLocalion: See plan
[Typtol Bonng: Hollow stem auger |Sunod: 11-6-85 Completed:  11-6-85 Ocuter: W, Simmons, Sr.
t § - g Semoie
DESCRIPTION OF MATERIALS ~ Core
Cianon 0'6':'0 (Ciassification) :f'.:' m [Recovery| RQD % REMARKS
I ' 1.0 —| Brown fine sandy SILT; roots, organics GROUNDWATER DATA
] Lloose to medium-dense red brown fine sandy
| ] SILT with occasional cobble layers (ML)
— 4.5
=1 -aLLuvium- %10
' . 1016.0
3 8
- 7 -5
| E s
= 2_110.0
I 3
3 13.5
— 12 .
I = 1112]5'0 _g: Water level @ 14.8
- Development Data:
17.0__ Sloshed for 2 hrs.
I —{ Medium-stiff gray-brown silty CLAY to clayey 18.5 Bailed down for 1/2 hr,
] sILt, shale fragments, relict structure 33 * No change in water level,.
_ 3 Je0.0
I —~{ -RESIDUUM-
3
| -
——
| -
3 8.5 | 28.5
| = -
30. * I30.0 * 50/0.5'
- Gray green brecciated LIMESTONE and
j DOLOMITE, numerous calcite-healed fractures
| — 207 | 0%
| — 35.0 \
__: 122 0%
| -
40.0 40.0
"NO OfDiows req'@ 10 2 140 ID Rammer aropping 30 1n 10 drive 20 O.D.. $.375n 1.0 sampler a total of 18nches inthree b Scale 1735 yniess Jlherwise noted

'~ .ncrements The sum of the 1ast twO increments Of penetrgtion 13 termed the standard penetration resistance. N

Ly



Form No 500 SINCE
YORING LOG-
‘ FROEHLING & ROBERTSON, INC.
sl Bl L it el hait v @ LSRR HIR g S 3
ONE HUNORED YEARS OF SERVICE-
®
leport No  ROM-62085 188 oate November, 1985
| Chent: Hercules, Inc.
I’vmeﬂ. "922'5:‘\"9 Hells Radford Army Ammunition Plant Radford, Yirgintia
sorng No_ C¥-10-4 Yont | toral Oepen:_45.0* [ Erevation: --- [Location:  See plan
[ v0e ot Borng: Hollow stem auger [startea  11-6-85 _ Completed: 11-6-85 Ortter . Stmmons, Sr.
L . w
OESCRIPTION OF TEAIALS % Core
Elovation 4&06"‘ ‘:‘-"M.:::' . :l:‘ '0:.:: A REMARKS
| Gray sandy LIMESTONE (Calcarenite) \\\ GROUNDWATER DATA
I 42 16%
45, 50 ¥ @ O OO O O OO0 0]

Boring terminated @ 45.0'

<)o' Pve.-8°

. AQAP'T&R
.|s’' PVC-4R

mlnnulnulnulunlunlunlnullnulnnlnulm1I111111m NENAEEEY

220" TEFLAN SCreen

"No of blows ceg g tor 3 401D hammer 0rOpong 30 1o drve 2:00.D..1.3751n 1 D sampter atotalof 18 1nches inthree

Scale 17:5 yniess O1nherwise noted

« ncrements Tne sum Of the 1ast Twp increments of penetralon s termed the standard Penelranion resistance. N



WILA
HwmMu-5

Form Mo 500 . s ~NCE
30RING LOG:
FROEHLING & ROBERTSON, INC.
’ MUz vees LA S AT WLy 0 Lt IRE <18 ¢ HILMICAL
‘ONE HUNDREO YEARS OF SERVICE™
®
Report No  ROM-62085 ‘e oaTe November, 1985
| Chem: - Hercules, Inc.
Fom.m. Monitoring Wells Radford Army Ammunitfon Plant Radford, Virginia
Bonng No.{_ W-11-A ) [Tota: Deptn: 48.0° [eiovation. - [Locstion:  See plan
|ryp.otaounq: Hollow stem auger Is:-noa: 11-6-85 Completed:  11-6-85 Ioﬂu«: W. Stmmons, Sr.
3 - . N Semple
OESCRIPTION OF MATERIALS % Core
Etevaton 1:«0 ) (Slassihcaton :o'mo‘n m Recovery RQD < REMARKS
I 1.0 Brown fine sandy SILT; roots, organics GROUNOWATER DATA
—] HMedium-dense to dense brown fine sandy SILT
] to silty fine SAND (ML/SM)
l —
~ -ALLUVIUM- 3 4.5
| - Mile.0
i 8.5
— 4
I — %22 [10.0
3 13.5
— 12
I = £ 15.0 | S Water level @ 14.8"
. Development Data:
17.L Sloshed 2 hours.
I -] Very soft yellow-brown coarse to fine sandy 18.5 Bailed down to 19.0°.
3 CLAY, some silt (CL) relict structure i * Recovered to 14.8' after 1.5 hrs
1
— 1
I 1 -restouun- 20.0
| 3
28.0 28.0
l —] Gray-brown vuggy LIMESTONE, calcite healed
— fractures interbedded with gray-green 721 | 30%
-4 -FAULT BRECCIA-
I = 33.0
| = ‘
= 33 | 7%
I 7 38.0
40.0 7
‘NQ Ot Dlows req'd for 3 140D ha— e’ 2r000g 30 todrve2:n O.0 . 1 3751 1.0 sampier a totat of 18:nches intnree b Scale 1715 yniess olherwise noted

noncrements The sum of Ine :ast iwo «ncrements of penetration s termed The standard penetration resistance N




form No 500

30RING LOG

Report o ROM-62085

3-nCE

FROEHLING & R

[
‘ONE
(]
R Al

BN

HUNDRED YEARS OF SERVICE™

OBERTSON, INC.

R LA AT et s ERRIMEE RING « cap e A

pATe November, 1985

| cuene.  Hercules, Inc.
Vecorect. Mogitaring Hells Radford Army Ammunition Plant Radford, Virginia

See plan

Bonng No (“‘”'A)Ct)ﬂtl,fom Deptn.  48.0° |Eloutioﬂ: -—- Location:
lrymueounq- Hollow stem auger |sunod: 11-6-85 Completea  11-6-85 [om«; W. Simmons, Sr.
T : Samole
DESCRIPTION OF ' 4 % Core
Elevenion "0 'cc-mmm. crss :‘o':‘:" m |Recovery [RQD % REMARKS
| 231 | 0%
GROUNDWATER DATA
I Oark gray saccharoidal LIMESTONE 43,0
53% [0
: 48.0

¢ '}D’

ol onr b b beee b e e b borse bcan bocad b o boondbr o e

Coring terminated @ 48.0°

- 20" PVC Screed
Prc Riser

“NO Ot biows req d for a 140 10 hammer dropong 30 :n 1
\r .ncrements The sum of ne !asf Iwo ncrements of

odrve2mOD 1375: 1 D sampler atolalof 18inchesinthree
t penetration 3 termed (Ne standard penetratuon resistance. N

Scate ¢ 7:5 Lness Jiterwise noled




-

HlWMmus

PROTECTIVE CASING

2.0 ft. x 2.0 ft. CONCRETE PAD

RADFORD ARMY AMMUNITION PLANT
HERCULES, INC.
RADFORD, -VIRGINIA

TYPICAL WELL CONSTRUCTION DIAGRAM

-:'Qz_-':-‘f;.‘;
J
7
GROUT L 2.0 inch PVC RISER
_J
/:
F KA
| A
= 2.0 inch TEFLON RISER, 10 ft.
ATy :
BENTONITE PLUG %
R
AN Pl
Y i
=— 2.0 inch, 0.010* TEFLON SCREEN
, 10 ft.
SAND FILTER =
y _—
) DATE: May, 1987
FROEHLING § ROBERTSON. INC. [ SCatE: yot to Scale
. DRWN: CJS
DWG.NO.

3

FORM NO.103




Form Mo %0

BORING LOG

Repont No._(f. £ 90184

Himu s\ s-we)-

FROEHLING & ROBERTSON, INC.

FULL SERVICE LABOHATORIES » ENGINEERING :CHE MICA
~ONE HUNORED YEARS OF SERVICE™

e OATE  May 1987

/
crent: Hercules Inc.

eroect:  Radford Arm

Bonng No:  T-WC1-1

Ammunition Plant Radford, Virginia
Towi-Oeoth:  53.5 ft.lzmm: ------ -- Itouw-fSe

e Location Plan _

i W.
Tyoe of Boring: Hollow Stem Auger - Isun.a: 5/5/87 Completec: 5/5/87 Dritter: Siemons
OECSCRIFTION OF MATERIALS “M"“ « Covre AErAAKS
Crevation Deon Sampie A ,
400 " Biows Fast)
. 45.0 GROUNOWATER DATA
RQD = 23

5-4C1-1 continued 43.5

36.7 RQD = 7
48.5

61.7 RQD = 0
8 53.5

siitdoabmtonab oo bl oo bbb oo b g

Boring terminated at S3.5 ft,

b= RN

"NQ 0f Diows rea d for 4 140 1D, Nammaec aroppng 30 . 10 rwe 2 0.D.. 1.375n.1.0D. sem|

n increments. The sum of e

tast two ot p % termed ine sian

Dier g 1018l O 18:NChes intnree b
GerG Denetrstion rensisncs N.

Scale 1738 uniess Olner = 3¢ ~“0led

XA



Sorm No 300

BORING LOG

senCl
FROEHLING & ROBERTSON, INC.
FULL SERVICE LABOKATORIES » ENGINEERING /CHEMIC.
“ONE HUNDRED YEARS OF SERVICE™
(]
1881

0ATE May 1987

Recono. (7.62084

cien:  Hércules Inc.
somet. Radford Army Ammunition Plant Radford, Virginia
Bormg No.:  5-NWC1-1 Totsl Deptn: €3 6 ft.JEkv-W': ------- luwionr See Location Plan
Type of Bong' Hollow Stem Auger JSW $/5/87 Comoleted: ¢ /c/ay Dtiler: ¥. Sismons
* Sampue
OESCAISTION OF MATERIALS - Core
Se Ooomn |-
£wvairon %:'6 (Claserhcatont nple by REMARKS
pu GROUNDWATER DATA
] %o sampling conducted, see S5-WC1-2 for
7] subsurface conditions
——
‘ =
-
—
—
: -
= Cobbles encountered at 13.0 ft. and 17.0 ft,
=
=
pn
m——nl
3
=
-
3
—
-
-
]
33.5 33.%
—
—] Auger refusal at 33.5 ft.
s =] Hard 1ight gray doloafte, fractured and vuggy a7 Rep - 0
= abundant calcareous infill, occasional shale
— Infi11: dolomite clasts in calcareous matrix: 8.5 h
1 Probable slump structure . -
Scate 1% uniess Othe’w se¢ noled

*INO. Of DIows req'd. 1or 8 140 1b. hammer Bropng 30 M.
w increments. The sum of the tast two m ts of p

Wamll\o-o..IJ75~\.LD.W.I@UO".MM"\(WG
is termed the $180a8a penetreton (eeistence. N.

D



—
Project: Radford Armvy Ammunition Plant Driller: _Simmons WELL No.
Location: Radford, Virginia Inspector; Smith 5-WC1-1
Client: Hercules Inc, N\ Date Installed; 5/5/87
» { )
Screen Description:  0,010" slat, 2.0" 1.0, Teflon Screen a\e_) Sand Size; D(10)= 0.45-0.55 mm

Riser Description:  2,0" I.D. Teflon Riser and PVC Riser

Bore/ Core Size: 6 inch/ NX

%—_—

Subsurface Conditions Summary

o ——— e —

1
|
1
H

L

ZANSTIRSN ZNZ
See 5-WC1-2 for Conditions

Cobbles encountered at; 13.0 ft, 16,0 ft.

[/

R\ ///| n

\

7,

PRI TNGE & 22
R J;T,I""VTL

S rREN

e

e i —— = = ——— e ]

!

e e ¢ e = s ¢ —

i}

— e
.
t

|

Casing Stickup (ft.)=

Elev.

Riser Stickup ((t.)

Elev.

Ground Elev.=

3.0 ft.

3.0 ft.

—e e Depth to Bentonite {ft.)=

Elev.

Depth to Sand Filter(ft.)=

Elev.

---------

Depth to Well Rottom(ft.)=__49.3 fy

Flev,

Depth of Hole (ft.) =_ 53,5 {1

Elev,

)=19M4 S MW

N



Borm Mo 300

BORING LOG

Aepon No._(f. £ONR4

Hiomu s\ S-wet=2

FROEHLING & ROBERTSON, INC.

FuLL SERVICE LABOHATORIES » ENGINEERING -CHEMICA
“ONE HUNDRED YEARS OF SERVICE™

AR R 3

CATE May 1987

rs
crem:  Hercules Inc,

prowa. Radford Army Ammunition Plant

inia

Radford, Vir
6-WC1-2 [vowi Depen:  76.8 ¢, ] Elevaton: = —---=- jg

Locetion: See Location Plan

Boring No.:
Tyoe of Bonng: Hollow Stem Auger Tsw: §/1/87 Compieea: 5/1/87 Jom-r W. Simmons
* Sampie
OESCAFTION OF MATEAIALS « Covre
€ o c n ' Sempie Deotn ACUMARKS
- -0 ‘: ! Biows | (Fean |00V «
= GROUNDWATER DATA
- Very loose yellow brown silty medium to fine
] saxD (SM)
3 4.5
— -to- I,
= 6.0
=] loose tan to red brown clayey medium to fine
—] sAND, trace rounded coarse sand (SC)
— .
- 8.5
bu 227 ‘
pa— 10.0
. ~ALLUVIUM-
3
—
—-1
3 12.6
3 13,4
- 15.0
16.52]
—
5 Loose orange brown medium to fine sandy SILT. [6, 18.5
— trace angular coarse sand (rock fragments), 3 20.0
—] manganese stains (ML)
—] -to-
- 23.5
] Medium stiff orange brown clayey SILT, little 213
] medium to fine sand (rock fragments) (ML/MH) 25.0
- .
pn
3 2.5
= -RES IDUUM- Sq
o 30.0
-
3 33.5
- "z
e 35.0 Subsurface water at 34.5 ft.
T depth at 11:30 a.m. on May
- 1, 1987
El ;
39.3 39.3 N
Auger refusal at 39.3 ft.
Scale 1755 uniess Otherw:se roted

"NQ. 0f blows req'd_for 8 140 Ib. Nemmer Gro0owng J0 in. 1o Grve 2:n 0 D 1.375 . L0 e
. increments. The sum Of the Llast two increments of penetralion o lermed the sis

moier atotalof 18incnetinthireed
naard DeNetguUON resmtanca, N,



Forem o 300 S.nC

LO
BORING LOG FROEHLING & ROBERTSON, INC.

FULL SERVICE LABORATORIES « ENGINEE RING/CHEMICS
-ONE HUNDRED YEARS OF SERVICE™

®
Repo Mo 2084 ' e 0ATEMay 1987
Cuent. Hercules Inc. : )
proect. Radford Army Ammunition Plant Radford, Virginia
Bonag No.:  5-NC1-2 Totsl Deotn: 76.8  ft. ltnv-m: . eee=e== - |L°w'-°ﬂ: See Location Plan
Type ot Boring: Hollow Stem Auger  |Sunee: 5/1/87 Compieted:  §/1/87 locuer  y, _Simmons
i Semaie
OESCRAWNTION OF MATERIALS « Core
Cievateon Deotn (Clasaehcanon) Sampes | Ceewm | v AEMARKS
Alg_n-“ Biows Font) -
- . 35.8 GROUNDWATER DATA
71 Hard 1ight gray dolomite, vuggy, fractured, RQD = ©
1 with calcareous infilling, some with moderatel}y
=] developed crystals, occasfonal shale fnfill:
1 occasional dolomite clasts fn a calcareous 4.3
—] matrix: probable flow structure
- 4.7} RQD =7
- 49.3
3 34.9 RQD = 0
. 54.8
—_: 33.3 RQD = O
—
-
= 59.8
—
—] 25.8 RQO - O
3
-
] 64.8
.
-
= 19.2 RQD = 0
L
— 69.8
_: 88.3 RQD = 10
-
— 74.8
-~ 33.3 RQD = 0
76.8 76.8
E Boring terminated at 76.8 ft. =
—‘

*NO 0f DIows 16q'd. 1or 8 140 1. Aammer droppeng X in 10 dnve 2m 0.0 1.375m.1.D. sampier & tots! ot 18 mchesin three 6 Scale 1725 ynigss otner= 1& ~OteC

n -ncrements.-The sum of 1D 1835 TwO MCTeMeNts Of PENErBlion B 1ermMec the S1Andard PENEIrBLION resislence. N.




- Peoject: Radford Army Ammunition Plant

2
o~

Drilleg; Simmons e

Location: Radford, Virginia

WBLL No.
inspector; Smith

Client: Hercules inc,

Date Installed: 5/1/87 5-WC1-2

Screen Desceiption:  0.010" slot, 2.0" 1.D: Teflon Screen

_Sand Size: D(10)= 0.45-0.55 mm

Riser Descrlption: 2.0" 1.D. Teflon Riser and PVC Riser

ng/ Core Size: 6 inch/ NX

Subsurface Conditlons Summary .

ZANEINSI ZWMEE,

R

' N\

p/

Cobbles encountered at; 15.0 ft., 18.0 ft. z

Subsurface water at 34.5 ft.

Yellow Brown siity medium to fine SAND (SM)

to

Orange Brown medium to fine sandy SILT (ML)

Thraie

e .-—.. Casing Stickup {ft)= 3.0 fr.

. -'ﬁ"'&‘f\"‘?

Elev. =
-‘--—— ——— Riser Stickup (ft.) = 3.0 ft.
Elev. =
‘ Ground Elev,=
I
!
!
' |
' {
' i
i
RIS Depth to Bentonite (ft.)z__ =~----u-
l |' Elev, =
| | .
i 1 ‘ .. .___ Depth to Sand Filter(ft.)z_-=~-----
‘. Elev, =

Depth to Well Roteom{ft.)=__72.8 (1,

. Elev. =
Dapth of Hote (ft.)

. =__768ft,
Elev, =




Form Mo 500

BORING LOG

Recont No._ (62084

HIWMU S\ S-Wez-

FROEHLING & ROBERTSON, INC.

FULL SERVICE LABOHATORIES + ENGINEERING, CHEMIC
“ONE MUNDRED YEARS OF SERVICE™

[}
e DATE May 1987

chem:  Hercules inc.

prowa  Radford Army Ammunition Plant

Bonng No.:  5-N(C2-1 ]romooo«r. 31.8 ft.J Elevation:

p—
o
.
(V4
Ll

Tyve of Bonng: Hollow Stem Auger rswud: 5/5/87 Compisted: 5/5/87 Jom«, ¥, Simmons
" Sampie
DESCAIPTION OF MATERIALS ~Core
Elevaron mn ICimstencateony :::h m - y REWARKS
] Medium dense red brown silty fine SAND, 1.5 SROUNOWATER BATA
_—] trace mica (SM) 610
. 3.0
= T 4.5
pu -to- 59
4 6.0
—
-4 Very loose to medium dense yellow brown silty 8.5
] medium to fine SAND (SM) 22, '
— 10.0
. ~ALLUVIUM-
- 13.5
- Tus
—] 15,0

(sM)

T 7T <RES

W
-
.

Medfum dense to very loose yellow brown silty
coarse to fine SAND (angular rock Fragments) Tig 18.5

I0UUM-

| Subsurface water at: 22 ft.
20.0 May §, 1987 at 4:00 p.m.
29 ft, May 5, 1967 4:10 o.m.

.. 23.5
1 *Weight of hammer
25.0
I 28.5
2
3 30.0

Boring terminated

. ]
pdoclonbi ol tuadbidan bl

at 31.8 ft.

*NG of biows req ¢. 10r 8 140 10. Rammer 9roppeng 30 i, 10 Grive 2in 0.0, 1.375in. 1.D. sampier s 10181 0 18 inches in three 8

Scate 17¢S Ln.ess DImera sz “27EC

W ncrements. The sum of the last two ncrements Of Penetration la 1ermed NG JENTErd Denelration fesisiance. N.



Sctreen Description: Q.010" slot, 2,0" 1.D. Teflon Screen

- Y
Project: A munition Plant Deillers ‘;ELL No
Location; Radford, Virginia lnspector; Smith 5-WC2-1
‘Client: _Hercules Inc, Date Installed; 5/6/87

; _D(10)= 0.45-0.55 mm

Bore/ Core Size; 6 inch/ NX

Subsurface Conditions Summary

Yellow to Red Brown silty medium to fine

SAND (SM)
Cobbles encountered at 8.0 ft.

Subsurface water at; 22,0 ft. at 4:00p 5/5/87
29.0 ft. at 4:10p 5/5/87

Riser Description:  2.0" 1.D. Teflon Riser and PVC Riser

ZANVETNNAL ZMES

NE,

>

(A
i
n
:-) T
Rk
P“ T
bl
o] [N
e
- L]

c——eemeee_. Casing Stickup {ft.)= 3.0 ft.

"Blev, =

- ':"—‘—“‘— Riser Stickup (ft.) = 3.0 ft,

! Elev. =
‘ .l Ground Elev.=
| .
Lo
b
L

!

|

fo e

.
-——— o ——

Elev.

Elev.
10! Scres

Depth to Vell Bottom(ft.)=__ 29.3 ft.

Elev,

-=—e—-—— Depth of Hole (ft.)

Cam— i Elev,

Depth to Bentonite (ft.)=__14.8 f¢.

JE esacacws

=

:
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BORING LOG

Bomus\ S-weaz-2

FROEHLING & ROBERTSON, INC.

FrLL SERVICE LABOHATORIES » ENGINEERING -CHEMICA
~ONE NUNDRED YEARS Of SERVICE

1.8

1

OATE May 1987

Aeson v (§- 62084
Cuant: i-ferrcules Inc.

eroect:  Radford Army

Ammunition Plant

Radford, Virginia

Bonng No:  5-WC2-2

Totst Deptn: 43,5 fg,lsbnuoa:

Iwnm See Location Plan

Tyos of Borng: Hollow: Stem Auger lsuma: $/6/87 Comoieea: 5/76/87 Iom.c W. Stamons
DESCAWTION OF MATERIALS s ::': « Core A€scans
Eioverron 00-1:\6 {Clasarheaton) Siows (Feot} |Recovery

laboudobodoo oo bt oo b b b b Lo

No sampling conducted, see 5-WC2-1 for
subsurface condictions

Cobbles encountered at 15 ft,

Difficult augering at 35 ft. - 40 ft.

Boring terminated at 43.5 ft.

GROUNOWATER DATA

“NQ O1DIows reQ § 10¢ 8 140 Ib. Rammer aroppunng 30 ;. 1o Brive 2 O.0.. 1375in 1.0 sam
 mcrements. The sum DO ING 183t Iwp nCrements of Penetralion & termed the StANG

pler 810181 01 18 ncnesintnroe 8
813 DENAIrALON resislancs. M.

Scate 17:5 unkeis OINgrw e nOted




-~ 2

Screen Description: __0,010" slot, 2,0" 1.D, Teflon Screen

Date Installed; 5/6/87

j ~=
Project: Radford Army Ammunition Plant Driller; Simmons WELL No.
. Radford, Virginia Inspector: Smith
Location £ ] Lec 5-WC2-2
Client: Hercules Inc,

_Sand Size: D(10)= 0.45-0.55 mm

Riser Description: 2.0" I.D. Teflon Riser and PVC Riser

Bore/ Core Size: 6 inch/ NX

Subsurface Conditions Summary

IR ZWENE]
See 5-WC2-1 for Conditions * — M ZWZSL

>
Cobbles encountered at; 15.0 ft., 40.0 ft. z

Z

)

r

LY
i
”'_v L]
N
< o "A
~ 7

e v i Casing Stickup (ft.)= 3.0 ft.

Elev. =

"""“——"—“' Riser Stickup (ft.) = 3.0 ft,

-

e emmm e = ——————

i v ——— -+

Elev. =

Ground Elev.=

Depth to Bentonite (ft.)=__ 28,0 ft

Elev, =

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

l

Depth to Well Bottom(ft.)=_ 40.5 ft.
Elev.

Dzpth of Hole (ft.)
_Elev,

43.5 ft.
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BORING LOG

Himu s\ s-Wcz-3

FROEHLING & ROBERTSON, INC.

FuLL SCRVICE LABOHATORIES « ENGINEERING/CHEMICK
-ONE HUNORED YEARS OF SERVICE™

®
Revon Mo () .62084 e DATE  May 1987
Cien: Hgrcules lac, - ' '
proect  Radford Army Ammunition Plant Radford, Virginia
Bonng N0 5-HC2-3 Totsl Deptn:sc 3 ft. lElovwon: ccweao-= thmﬂ: See Location Plan
Type of Bonng: Hollow Stem Auger JSW“O: 5/6/87 Comawstes:  5/6/87 ION“" N. Simmons
N Sempe .
OESCAIPTION OF MATERIALS % Core
ownn | g g | o e
3 GROUNDWATER DATA
— .
-
—{ No sampling conducted, see S-WC2-1 for
-
—] subsurface condftfons
—
-
—
-
1 cobbles encountered at 15.0 ft.
—
=
-
—] oifficult augering at 53.0 ft. - 55.0 ft.
]
—
—
-
3
p
=
-
= .
p—
e
-
-
<y
—
-
=
- Boring terminated at 55.3 ft. =
-
1018 0 Y8 1nCINES ININTES 6 Scate 1755 untess Otre’ = se ~dled

*NO 0f DiOwsS f0Q G 10 8 140 1D. NAMMEr S10pDING 30 . 10 arwve2in 0.0..1.373 . 1.O sampera

v ncraments. Tne sum Of the Last twG NCTOMEnts of PENeIaLioN is 16Med (he SIeNGSIC Denet 810N resisiance. N.



[ Project: Radford Army Ammunition Plant

P

Driller; Simmons W\I!I.L No
Locatlon: Radford, Virginia Inspector: Smith S W23
Client: Hercules inc, Date Installed; _5/6/87

Screen Description:  0,010" slot, 2.0" I.D. Teflon Screen

h

Sand Size: D(10)= 0.45-0.55 mm

Riser Description:  2.0" 1.D, Teflon Riser and PVC Riser

Bore/ Core Size; 6 inch/ NX

Subsurface Conditions Summary

AN ZME NS ]
See 5-WC2-3 for Conditions " — A A ZWER 3
Zz
Cobbles encountered at 15.0 ft. | |
™
2
E:L

R RE]

i .em—. Casing Stickup(ft.)= 3.0 ft.

‘Elev. =
T T Riser Stickup (fr.) = 3.0 ft.
i Elev. =
[ ‘ Ground Elev,=
Lo
i
b
| N Depth to Bentonite {ft.)=__~"""""""
|
1 } Elev, =
H i
E | . DepthtoSand Filter(ft.)z wecon-.. .
i Elev. =—_____-_—.__
[
| ‘0‘ Sireen
|
i l Depth to Well Bottom(ft.)=__ 53,6 ft.
- o Rlev, = —5E=Ifr

— - Elev, = .

-—  Depth of Hole (f1.) =—_5S I
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BORING LOG

Aecon No. (3. 6IOR4

HLAMR S\ S=WEA

FROEHLING & ROBERTSON, INC.

FULL SERVICE LABORATORIES + ENGINEERING. CHEMICA
“ONE HUNORED YEARS OF SERVICE™

1900

DATE May 1987

Chent: F}ércules Inc.
proect.  Radford Army Ammunition Plant Radford, Virginia
Boring No.:  S-WCA Total Deptn 40 ft.JE'mﬁon: ----- - ]Locmﬂi See Location Plan
Tyoe of Bomg: Hollow Stem Auger ]S*-Mi S/1/87 Comopimea  §/11/87 ID"“* W. Simmons
. N Sempre
Erevaton %m OESCRWPTION OF IA"ERMLS Samase Deomn I\CON REMAAKS
.0 {Clasemcanon| ows | (Feenr [
- . GROUNDWATER DATA
] very loose gray brown medfum to fine sandy 1.8
] SILT, trace coarse subrounded sand (ML) 32,
- 3.0
3 as
- 2
Tj-' Yery loose gray braown fine sandy SILT (ML) 2 6.0
7 -ALLUVIUM-
- 8.%
- 2
— 10.0
]
11.§
: 13.5
=
- v : : 234
.5 Medium stiff gray to tan clayey SILT, _ 15.0
=] manganese stains (ML)
3
.
- 18.5
- 22
e 31 20.0
—] Medium stiff to stiff mottled to gray silty
] fine SAND (SM) manganese stains 3.5
3 23
— 25.0
p -grading to-
- _ )
—_j Stiff mottled to gray silty CLAY/clayey SILT
3 ) : 2.5
3 5
— , 30.0
= -RES10UUM-
3
- 33.9
- 359
— ) 35.9
— -
3 38.5
0 0:‘ Boring terminated at 40.0 ft. e an a *Weight of Hammer

“NG. Of DIOWS 186G G. 107 8 140 16 hammer Droppng 30 in. 10 drve 2 0.D_1.378in. 1.D. samoprer
0 increments. The sum of 1ng 185t two MCrements of PENQITATION is termed tNe StANOArQ Denelralon r

at0tel of 18inChes mninieed

esrstenca. N.

Scaia 1775° uniess C:ne/w:se niied




=
Project: A Ammunition Plant Driller: Simmons ﬁLL No
Location: Radford, Virginia _Inspector: Smith 5-WCA
Client: Hercules lnc. Date Installed:  5/11/87

| Scteen Description:

Riser Description:

0,010"

0" 1.D, Teflon Screen

Sand Size; D(10)= 0.45-0.55 mm

2.0" 1.D. Teflon Riser and PVC Riser

Bore/ Core Sizes 6 inch/ NX

Subsurface Conditions Summary

L ARSI ZWENE

Cray Brown medium to fine sandy SILT/
silty medium to fine SAND (ML/SM)

——— . —— — ——

v ——eee—. Casing Stickup (ft.)=

3.0 ft,
- EBlev, = :
————=—""_ Riser Stlckup (ft.) =__ 3.0 ft,

>\\

%
|| |
Sl 12
| |
al ey
(1A
[ :
< & }_:‘_‘
G
M 1S .
L
el
]

SENR—

@ cm m—

Elev. =

Ground Elev.=

Depth to Bentonite {ft.)=___ 4,0 ft,

Elev. =

———— e

Depth to Sand Fittec(ft,)=__ 25,8 ft,

Elev. = '

Depth to Well Rottom(ft.)=_ 37.1 ft.
_ Elev. =
Depth of Hole (ft.) =__ 40.0 ft

Elev, =




1790

1780

1

1770

Vertlcal Elevatlon (feet)

1760

1

1750

11740

1770r

1760

1750

1740

Water Table Measured Nov.,1982 Waealil 8B Measured Feb.,1983

HORIZONTAL SCALE

C —
o] 200°
- ' Betz:Converse-Murdoch-inc.
LEGZ=ND EQ\/I Engineers, Planners and Scientists

Sandy Siit

Bedrock

——— Water Table

DSand with Silt and Gravel

Sand, Gravel and Cobbles

Monitoring
Well Profile

Scresened ¥
Interval

RAAP HWM S

Geology and Groundwater
Profile
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APPENDIX B

TRICHLOROETHENE HISTORIC CONCENTRATION GRAPHS



saje(q wonddfjo)) Idureg

1st Qtr 95 T

3rd Qtr 95
1st Qtr 96
3rd Qtr 96
1st Qtr 97
3rd Qtr 97
1st Qtr 98
3rd Qtr 98
1st Qtr 99
3rd Qtr 99
1st Qtr 00

3rd Qtr 00

o

Trichloroethene Concentrations (ppb)

[u—
w o

—
wn

MG TIPM —-
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HWMU-5 Well 5W5B Trichloroethene Concentrations

|——Well 5W5B

Aﬁv | 00 10 pIg
\ | 00 1O 15T
k/r | 66 DO PIg
|
ZW | 66D0IST B
fr=
k [ m
| 86 1O PIE o
ﬂ g
86 DO ST &
| =
| L6 10 PI¢ w
I =
g
L6DOIST &
i 75
A | 96 10 pIg
Vo i
S
\\/\\Jj\\\r\\\\ ! 96 10 151
— ] i
[ | 66 B0 PIg
I $6 80 ST
Ve () W () w ()
()] ()] oy —

(qdd) suonesuaduo)) auayxI0I0[YILL ],




HWMU-5 Nested Wells SWC21, SWC22, and SWC23

Trichloroethene Concentrations

—— Well SWC21
- Well SWC22
—— Well 5WC23

AN

| 00 8O PIg

| 00 DO IST

| 66 10O PIE
i
| 66 BO 18]

ﬁ 86 B0 PIg
| 86 1O 18]
| L6 D0 PIg

| L6 D0 ST

Sample Collection Dates

| 96 00 PIE

v. 96 10 15

S6 B0 PIg

66 DO IST

v o v o
— —

(qdd) suonesuddu0)) JUIYII0IOYILI ],




HWMU-5 Well SW7B Trichloroethene Concentrations

—— Well SW7B|

i {
s o v o
— —

(qdd) suonenuaduo)) 3UIYI0.I0[YIL L,

00 1O PIg
00 BO 18T
66 10 PIg
66 1O 151
86 10 Pi¢
86 10O 15T
L6 1O PpIg
L6 DO 18T
96 1O PIg
96 DO 18T
§6 1O PIg

$6 1O 1]

Sample Collection Dates




HWMU-5 Well S5W5 Trichloroethene Concentrations

—— Well S5W5

00 10O pIg
00 8O 181
66 1O PIg
66 DO IST
86 10 PI¢
86 DO IST
L6 BO PIg

L6 0O I1S]

Sample Collection Dates

96 10 PIg
96 1O 18]

¢6 10 pIg

G6 0O 18]

L
_| _
5 0 5 0
— —

(qdd) suoneuadu0)) JUIYII0I0[YILL],




HWMU-5 Well SSW7 Trichloroethene Concentrations

|——Well S5W7

00 1O PIg
00 1O 18]
66 10O PIg
66 1O ST
86 1O PIg
86 1O 18T
L6 1O PIg

L6 DO ST

Sample Collection Dates

96 1O PIE
96 10 181

S6 10 pIg

S6 DO 18T

|
-

i
vy O v o
— —

(qdd) suonexuaduo)) IUIYI0IO[YILL]L,

N



HWMU-5 Well 5W9A Trichloroethene Concentrations

——Well 5SWOA

00 1O Pig
00 DO 18T
66 DO PIg
66 10 15T
| 86110 pI
| 8610 15T
| 1610 pig

| L6 10 ST

Sample Collection Dates

| 96 1Q PIg
| 96 10 151

| G610 Pig

| | 5610 151

W O v <
— —

(qdd) suone)uddIuo)) IUIYII0I0[YILL],

\/..



HWMU-5 Well SW10A Trichloroethene Concentrations

——Well 5SWI10A

1
| 00 1O PIg

00 BO 18T

66 10O PIg
— 66 DO 1]
86 10 Pig
86 10 151
L6 10 PIg

L6 00 18]

Sample Collection Dates

96 1O pig
96 10 18]

S6 10 PIg

S6 1O 15T

W O W <o
— —

(qdd) suoneijuladuo)) IuIY}I0ICIYIIL],




HWMU-5 Well SW11A Trichloroethene Concentrations

——Well SW11A

00 B0 Pig
00 BO 18]
66 8O PIg
66 1O 18T
86 10 pig
86 10 151
L6 10 PIg

L6 DO 18T

Sample Collection Dates

96 10 PIg
96 10 18]
S6 1O PIg

S6 O 18T

U'e]
—

1

) ) O
—

(qdd) suone3uadIU0)) SUIYIIOIOYILL],
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