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Preface

This report provides administrative and technical staff responsible for environmental
planning and remediation at Aberdeen Proving Ground with the final results and conclusions from
geophysical studies conducted at the Bush River Peninsula beginning in April 1994. A
companion report entitled Environmental Geophysics at Kings Creek Disposal Site and 30th
Street Landjfill, Aberdeen Proving Ground, Maryland (Davies et al. 1995) provides additional
regional information concerning areas to the northwest of the sites described in this report. The
ground-penetrating radar and seismic studies for these two reports overlap. One technology not
listed in the workplan, downhole seismic velocity measurements, was added to the study to
assist in the interpretation of seismic reflection data. A detailed description of the methodology
and results of these measurements is presented in the companion report (Davies et al. 1995).
Resistivity sounding, originally proposed in the workplan, was deleted from the study because it
was considered redundant. Staff at Aberdeen Proving Ground, Directorate of Safety, Health, and
Environment, and at Argonne National Laboratory guided the work scope and its objectives.
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Environmental Geophysics at the Southern Bush River Peninsula,
Aberdeen Proving Ground, Maryland

by

B.E. Davies, S.F. Miller, L.D. McGinnis, C.R. Daudt, M.D. Thompson,
JE. Stefanov, M.A. Benson, and C.A. Padar

Abstract

Geophysical studies have been conducted at five sites in the southern
Bush River Peninsula in the Edgewood Area of Aberdeen Proving Ground,
Maryland. The goals of the studies were to identify areas containing buried
metallic objects and to provide diagnostic signatures of the hydrogeologic
framework of the site. These studies indicate that, during the Pleistocene Epoch,
alternating stands of high and low sea level resulted in a complex pattern of
channel-fill deposits. Paleochannels of various sizes and orientations have been
mapped throughout the study area by means of ground-penetrating radar and
EM-31 techniques. The EM-31 paleochannel signatures are represented onshore
either by conductivity highs or lows, depending on the depths and facies of the fill
sequences. A companion study shows the features as conductivity highs where
they extend offshore. This erosional and depositional system is environmentally
significant because of the role it plays in the shallow groundwater flow regime
beneath the site. Magnetic and electromagnetic anomalies outline surficial and
buried debris throughout the areas surveyed. On the basis of geophysical
measurements, large-scale (i.e., tens of feet) landfilling has not been found in the
southern Bush River Peninsula, though smaller-scale dumping of metallic debris
and/or munitions cannot be ruled out.

1 Introduction

An environmental geophysical study was conducted in the southern portion of the Bush
River Peninsula at Aberdeen Proving Ground (APG), Edgewood Area (Figure 1). The study area
includes five locations identified in the RCRA Facility Assessment (RFA) Report, Edgewood Area,
Aberdeen Proving Ground, Maryland (Nemeth 1989) as potential disposal sites. The five sites
have been referenced by various names and numbers in different reports. Nemeth (1989)
described the sites as the Tapler Point Dredge Material Site (TPDMS) and the four Chemical
Munitions Burial Sites (CMBS). Following the RFA, which was a base-wide assessment, the
study area was included as a portion of Cluster 18 of the Bush River Study Area Remedial
Investigation/Feasibility Study (Figure 1). Geophysical surveys were performed at the following
five sites within Cluster 18 (see Figure2): Site8 (TPDMS), Site 13 (CMBS-1), Site 14
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FIGURE 1 Site Features of the Bush River Peninsula, Aberdeen Proving Ground, Edgewood Area
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FIGURE 2 Sites and Features at Cluster 18, Southern Bush River Peninsu



(CMBS-2), Site 15 (CMBS-3), and Site 16 (CMBS-4). The original RFA numbering system,
using the acronyms TPDMS and CMBS-1 through CMBS-4, is used throughout the remainder of
this report to describe the five study sites.

CMBS-1 through CMBS-4 were identified on aerial photographs taken in 1929 and the
early 1940s and analyzed as part of the RFA. The aerial photographs show ground scars at these
locations, indicating activities that destroyed vegetation. The resolution of the aerial photographs
was not clear enough to determine whether materials were being buried at these sites. Munition
disposal procedures during the 1920s and 1930s included the burial of deteriorated or failed
munitions in unused portions of APG. No direct evidence of munitions burial at these four sites
is available.

The TPDMS is located onshore in the southeastern portion of the Bush River Peninsula,
outside the security fence (Figure 2). Dredge material was placed at this location in the early
1940s. The material was obtained when the area around the Bush River Dock was dredged for
shipping (Figure 2). No information was found to indicate that the dredged material was
contaminated; however, the Bush River Dock was used to ship and receive chemical munitions.

The objectives of the geophysical investigations (as outlined in the site workplans) are as
follows:

1. Determine whether the five study areas (CMBS-1 through CMBS-4 and
TPDMS) were used for munitions disposal and define the areal extent of
disposal;

2. Characterize the hydrogeologic framework beneath the sites to provide
information to support the current site monitor well installation program; and

3. Provide information on the geologic integrity and continuity of strata
underlying the five sites.

Field activities were conducted during the spring and summer of 1994. Geophysical
techniques used during this study to meet the objectives listed above included seismic reflection
and refraction, downhole seismic velocity measurements, magnetics, electromagnetics, and
ground-penetrating radar (GPR). Magnetic, electromagnetic, and GPR surveys were performed
to define the extent, if any, of chemical munitions disposal at the sites. This study was not
designed as an unexploded ordinance (UXO) survey; the geophysical metal detection surveys
were performed to determine whether landfilling occurred at the suspected sites. A wide variety
of metallic debris, often visible at the surface, was scattered throughout each site surveyed.
Listings of the larger magnetic and electromagnetic anomalies are provided in Sections 2 and 3.
Not every anomaly is listed or discussed. A discussion of the survey limitations is included in
Section 2.1.1.



1.1 Physiographic Setting and Site Survey

The Bush River Peninsula lies within the Atlantic Coastal Plain physiographic province
of Maryland. The study area is located in the southern end of the peninsula, which is bounded
by Lauderick Creek to the north, Bush River to the east, and Kings Creek to the south (Figure 1).
The peninsula is a remnant of subareal erosion that occurred during a low sea level stand followed
by a sea level rise and estuarine encroachment into Kings Creek and Lauderick Creek, which are
tributaries of Bush River. The river is one of the major tidal estuarine channels on the western
shore of Chesapeake Bay. Elevations of the Bush River Peninsula range from greater than 20 ft
above mean sea level (msl) in the central portion of the peninsula, to sea level at the shoreline
(Figure 2). The elevation of the study area ranges from sea level to greater than 15 ft above msl in
the northeastern portion of the survey area.

The surveyed sites cover approximately 15 acres of three separate areas in the southern
portion of the Bush River Peninsula. Trees occupy the major portion of each site. Portions of
the sites are covered by surface obstructions (i.e., fallen trees and heavy vegetation growth). A
large, low-lying phragmite marsh encompasses the area between CMBS-3 and the TPDMS and
extends northward to the security fence (Figure 3).

Geophysical survey grids were laid out by using 300-ft surveyor's tapes and a Brunton
compass. Three separate 50-ft grid systems of wooden stakes were used to guide the
geophysical surveys. The CMBS-3 and CMBS-4 study areas each have a separate grid system.
CMBS-1, CMBS-2, and the TPDMS were combined into one large grid because of their
proximity to one another (Figure 3). This combined grid is referred to in this report as Tapler
Point. The three grids are laid out along lines approximately 10° west of true north.

1.2 Geology and Hydrogeology

A late Precambrian crystalline basement platform lies approximately 450 ft beneath the
surface of the Bush River Peninsula (Davies et al. 1995). Basement lithologies are similar to
those found at the surface in the Piedmont Province, which is located northwest of the fall line
(Oliveros and Vroblesky 1989). The crystalline basement surface dips to the southeast at an
angle of less than 1° (Bennett and Meyer 1952; Dingman et al. 1956; Southwick et al. 1969;
Otton and Mandle 1984). Previous geophysical studies at Beach Point, located 1,200 ft south of
CMBS-3, revealed the Precambrian basement approximately 560 ft beneath the surface
(McGinnis et al. 1994a). In areas east of the fall line, including all of the areas discussed in this
report, unconsolidated Atlantic Coastal Plain sediments overlie Piedmont basement rocks.

Atlantic Coastal Plain sediments beneath the Edgewood Area of APG were deposited
during the Cretaceous Period and the Pleistocene Epoch (Oliveros and Vroblesky 1989;
Thurmond 1993). A thin layer of Holocene estuarine sediments covers the wetland areas at
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FIGURE 3 Geophysical Survey Grids, Southern Bush River Peninsula

APG. Most of the unconsolidated sediments, which comprise the Potomac Group, were
deposited during the Cretaceous Period. The Potomac Group units are continentally derived and
represent several depositional systems: mostly fluvial, channel, and overbank or levee deposits.
Cretaceous deposits in the area generally consist of interbedded clays and fine- to medium-

grained quartz sands. These Cretaceous sediments likely belong to the Patapsco Formation of
the Potomac Group.

The Pleistocene Talbot Formation, which rests unconformably on the Potomac Group,
contains minor amounts of Quaternary alluvium (Oliveros and Vroblesky 1989). The gravelly
sand, sand, and silty clay deposits are marginal marine in origin and consist primarily of fluvial
and estuarine deposits (Southwick et al. 1969). During the Pleistocene Epoch, the sea level
fluctuated and channels were cut into the Cretaceous sediments. The Talbot Formation is
commonly found as paleochannel-fill complexes deposited during subsequent rises in sea level
(Kehrin et al. 1988). Beneath the Bush River Peninsula, the Talbot Formation is thickest in these
paleochannel-fill complexes and reaches depths greater than 50 ft below msl (Davies et al. 1995).



Figure 4 presents a hydrogeologic cross section running northwest to southeast along the
Bush River Peninsula (adapted from Thurmond 1993). The location of the cross section is
shown in Figure 1. The sediments beneath the Bush River Peninsula are a complex mix of
interfingering clays, silts, sands, and gravels. Lorah and Vroblesky (1989) describe a similar
section as follows: "Hydrogeologic units were defined partly on the basis of hydrogeologic
characteristics of the units; therefore, the boundaries between the hydrogeologic units do not
necessarily correspond with the contacts between geologic units." The surficial aquifer sediments
are primarily composed of the Talbot Formation and appear to pinch out in the northwestern end
of the cross section (Figure 4). Aquifers beneath the surficial aquifer are composed of Potomac
Group sediments.

The Pleistocene disconformity is developed on a clay aquitard, which is a member of the
Potomac Group sediments. The disconformity, where the base of the Pleistocene sediments is
also clayey, is not readily discemnible in drill core or geophysical logs. In the discussions that
follow, the term “base of the surficial aquifer” refers to the contact between the sandy sediments
and the underlying clay, regardless of the relative ages of the two units.

On the basis of observations elsewhere on the Bush River Peninsula (Davies et al. 1995)
and studies conducted in other portions of the Edgewood Area, including Beach Point (McGinnis
et al. 1994a) and Canal Creek (Lorah and Vroblesky 1989; McGinnis et al. 1994b), it is evident
that a well-integrated Pleistocene tributary system was deeply incised into the Potomac Group
sediments as a result of successive lowering of the sea level. The tributary system provides the
framework for shallow groundwater flow and for potential recharge into the Potomac Group
aquifers. Mapping the configuration of this system is one of the objectives of the geophysical
studies conducted at the Bush River Peninsula sites.

1.3 Instrumentation and Software

Instruments used to collect geophysical data at the site included the following:

Magnetic gradiometer,

+ Cesium vapor magnetometer,

» EM-31 electromagnetic conductivity meter,

» EM-61 electromagnetic induction meter,

» SIR-2 and SIR-3 ground-penetrating radar, and

» Engineering seismograph.
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The following paragraphs describe each of the instruments listed above and the software used in
data processing.

The Model Mac-51B, a magnetic gradiometer and cable locator manufactured by
Schonstedt, Inc., is a dual-mode instrument designed to detect shallow buried iron and steel
objects and trace underground cables and pipes. The magnetic gradiometer was used during this
study to (1) clear survey areas prior to driving the wooden stake grid markers and geophones and
(2) perform magnetic surveys.

Total field magnetic data were acquired by using the Model G-822L cesium vapor
magnetometer manufactured by EG&G Geometrics. The magnetometer is a continuous-recording
(10 readings per second), total-field, microprocessor-based instrument capable of resolution of
anomalies to one nanotesla (1 nT).

Electrical conductivity measurements were made with a Model EM-31, an
electromagnetic instrument manufactured by Geonics Limited that provides mean values of
conductivity, in millisiemens per meter (mS/m), for soils from just beneath the land surface to a
depth of approximately 18 ft. Apparent conductivities measured by the EM-31 are weighted
mean values measured over the entire depth range, with greater weights applied to shallower
depths. Data were stored on an OMNI 720 data logger. Internal software permitted
downloading directly into a lap-top or desk-top computer.

The Geonics Limited Model EM-61, a portable, time domain, electrical induction
instrument that transmits an electrical pulse into the ground, was used to measure secondary
electromagnetic fields (in millivolts [mV]) caused by metallic objects beneath the instrument. The
coil arrangement allows the EM-61 to be relatively insensitive to surface interference and more
sensitive to buried metallic objects. EM-61 data are recorded on three channels (the response
from the upper coil, the lower coil, and the coil difference) and stored on an OMNI 720 data
logger. Data were collected at a rate of three readings per second.

Reduction of the electromagnetic and total field magnetic data was completed using digital
audio tape (DAT) 31 and DAT 61 software provided by Geonics. The United States Geological
Survey (USGS) minimum curvature gridding program, MINC (Cordell et al. 1992), was used to
plot the data on a grid. Color contour maps presenting the electromagnetic and total field
magnetic data were produced by using COLORMAP software developed by Argonne National
Laboratory (ANL).

GPR surveying was accomplished by using Geophysical Survey Systems, Inc. (GSSI)
models SIR-3 and SIR-2. The SIR-3 was equipped with a model 38 video display and DAT
recorder; data were recorded on DAT and downloaded to a personal computer in the field office.
Data from the SIR-2 system were downloaded directly to the personal computer. Continuous
profiling was performed with both the 100- and 300-megahertz (MHz)-frequency antennas being
used in the bistatic mode. The control/video display was mounted directly on an all-terrain
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vehicle, which was used to pull the different antenna arrays through the onshore survey area. An
IBM-compatible processing computer was located in a field office to download and check the
radar profiles and to allow preliminary data processing in the field. Radan III computer software
written by GSSI was used for processing the GPR data.

A 24-channel engineering seismograph (EG&G model ES-2401) was used to determine the
depths and seismic velocities of the sediments underlying the Bush River Peninsula. Seismic
refraction data of the entire sedimentary section were obtained by using a trailer-mounted elastic
wave generator (EWG) manufactured by Bison Instruments, Inc., for a source, and geophones
with a natural frequency of 16 hertz (Hz) for receivers. Shallow and deep high-resolution
reflection data were obtained by using the EWG and a 16-pound sledgehammer for sources, and
geophones with a natural frequency of 60 Hz for receivers. All geophones were manufactured by
Mark, Inc. Muiltiple EWG hits or hammer hits were stacked as needed to increase the signal-to-
noise ratio. Full 24-channel reflection data were obtained by using a Model RLS-120 roll-along
switch with common-depth-point (CDP) cables, manufactured by Input/Output, Inc.

Two shallow seismic refraction lines and downhole seismic data collection techniques
were used to further characterize the seismic velocities of the sediments underlying the Bush
River Peninsula. A Bison Instruments Model 5012, 12-channel engineering seismograph was
utilized to collect these data; a 12-pound sledgehammer served as a sound source. Surveyors
used 60-Hz geophones manufactured by Mark, Inc, to collect data from the two shallow
refraction lines and a Mark L-10, 8-Hz, three-component geophone to obtain the downhole
seismic data.

EAVESDROPPER reflection software, developed by the Kansas Geological Survey
(1993), was employed for reflection data processing. The seismic refraction data were processed
by using SIPT2 refraction programs, developed by RIMROCK Geophysics, Inc. (1992).



11

2 Magnetic Surveys

The objectives of the gradiometer and total field magnetic surveys performed at the Bush
River Peninsula were to (1) determine whether large-scale (i.e., greater than 30 to 40 ft) disposal
of ferromagnetic debris had occurred at the four potential chemical munitions burial sites and the
TPDMS, and (2) avoid shallow magnetic debris (UXO) during the placement of the geophones
and survey stakes. The results of these surveys are presented below.

2.1 Continuous Profiling Magnetometry

The southern Bush River Peninsula study area contains five study sites (CMBS-1
through CMBS-4 and the TPDMS). As previously discussed, sites CMBS-1, CMBS-2, and
TPDMS were combined to form a contiguous study area referred to as Tapler Point. Figure 3
shows the magnetic profile locations and indicates the grid numbering systems for Tapler Point
and for CMBS-3 and CMBS-4.

Initially, the Tapler Point area was surveyed along north/south and east/west traverses
spaced 50 ft apart (Figure 3). In-field analysis of the preliminary data indicated that the southern
portion of Tapler Point contained anomalies that required more detailed examination. Additional
surveys were conducted, with profiles spaced 10 ft apart, to further delineate the boundaries of
the detected anomalies. Gradiometer surveys were performed between the 50-ft survey profiles
outside of the security fence at Tapler Point to determine whether any smaller clusters or point
source ferrous features were missed during the total field magnetics survey (see Section 2.2).
Gradiometer surveys were not performed inside. the security fence at Tapler Point.

Like Tapler Point, CMBS-3 was surveyed along north/south and east/west traverses
spaced 50 ft apart. In-field data analysis indicated that the southwestern portion of CMBS-3
required more detailed examination. Additional east-west profiles spaced 10 ft apart were
collected in the southern portion of CMBS-3 (Figure3). Gradiometer surveys were also
performed to provide 100% coverage between the 50-ft survey profiles (see Section 2.2).

The size and relative openness of CMBS-4 allowed magnetic surveying along east-west
traverses spaced 10 ft apart. North-south tie lines were collected at 50-ft intervals (Figure 3).
No gradiometer surveys were performed at CMBS-4 because of the more closely spaced lines of
the total field magnetics survey.

Errors introduced into the magnetic data due to uncorrected diurnal variations and
insufficient response speed to changing signals were small compared with the amplitudes of the
anomalies detected. Therefore, the anomalies displayed on the magnetic maps are qualitatively
significant. Relatively small (10 to 100 nT) diumal variations in the earth’s magnetic field are
caused largely by the interaction of fluctuating solar radiation and the ionosphere. Larger changes
occur during solar storm events. Data from two areas, CMBS-3 and the east/west-trending,
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fine-grid profiles in the southern end of Tapler Point, were corrected for diurnal variations. Data
from identical positions where profiles crossed were compared with the time of data collection to
determine the diurnal trend. Data were corrected assuming a linear diurnal variation.

Some error can also be introduced through inadvertent changes in instrument position or
attitude relative to the ground surface. Moving around obstacles or changing walking pace may
also produce some positioning error. Marks were placed on the data at 50-ft intervals and at the
beginning and end of each survey line. Digital and graphic data readouts are included with the
data logging computer. If significant errors were noted while conducting the survey, the profile
was redone. Careful data acquisition and processing procedures kept errors to a minimum.

2.1.1 Tapler Point

The total field magnetics survey grid and site features for Tapler Point are indicated in
Figure 3. The survey area is divided by a security fence. The majority of the area is covered by
trees. Outside of the security fence, the survey area is accessible except near portions of the
southeastern shoreline that are covered by fallen trees and undergrowth. The survey area was
limited to the west by an extensive phragmite marsh. Inside the security fence, accessibility was
often limited by fallen trees and undergrowth.

A color-contoured magnetic map of the entire Tapler Point survey area is presented in
Figure 5. Magnetic anomalies detected in the survey area can, in many cases, be explained by
ferrous objects on the surface; however, others remain unexplained. The dominant magnetic
features shown in Figure 5 are associated with the security fence, the roadway system, and two
ammunition storage buildings (igloos). Table 1 lists 93 magnetic anomalies, their coordinates (at
the center of each anomaly), and a brief description of each. If the anomaly encompassed a larger
area, a coordinate range is listed. Anomalies associated with the roadway and security fence
systems are not listed.

Table 1 lists the significant anomalies in the Tapler Point area beginning in the northwest,
inside the security fence, and proceeding in a clockwise direction. Forty separate magnetic
anomalies inside the security fence, 23 caused by unknown sources, are listed in Table 1. Fifty-
three separate magnetic anomalies are listed for the area outside the security fence, where there is
less cultural interference; 25 of these 53 anomalies are caused by unknown sources. No large (i.e.,
greater than 50 ft) areas of contiguous unidentified magnetic anomalies were found during the
survey, either inside or outside of the security fence. Three areas, however, did contain a number
of isolated magnetic anomalies with unknown sources. Larger-scale total field magnetics maps for
these three areas are presented in Figures 6, 7, and 8. These areas generally correspond to
CMBS-1 and CMBS-2, previously identified by historic aerial photographs (Nemeth 1989).
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TABLE 1 Locations and Descriptions of Magnetic Anomalies Detected at Tapler Point

Coordinates

Number North East Anomaly Description

Inside Security Fence

1 1030 100 Source unknown
2 1150 120 Source unknown, small surface depression
3 1130 200 Drum on surface
4 1150 330 Canister fragment
5 1100 335 Fence debris
6 1085 350 Fence debris
7 1200 410 Source unknown, mound present
8 1200 440 Source unknown
9 1180 450 Partially buried metal debris
10 1265-1330 420-500 Igloo E-2654
11 1245 455 Culvert adjacent to Igloo E-2654
12 1250 510 Source unknown
13 1275 515 Source unknown, likely contour relic caused by large
field gradient from Igloo E-2654
14 1140 550 NE-8W-trending road culvert
15 1110 500 Source unknown
16 1000 525 Source unknown
17 1140 600 Source unknown
18 1260 650 Source unknown
19 1015 700 Source unknown
20 960 650 Light post with underground electric conduit
adjacent to Igloo E-2656
21 910-980 670-740 Igloo E-2656
22 900 560 Source unknown
23 925 600 Metal debris
24 885 600 Source unknown
25 870 600 Source unknown
26 885 650 Metal debris (steel culvert)
27 900 675 Source unknown, beneath road gravel
28 915 750 Source unknown, beneath road gravel
29 840 600 Source unknown
30 850 635 Source unknown
31 850 650 Source unknown
32 850 710 Metal debris
33 800 645 Fence debris
34 750 655 Fence debris
35 750 695 Source unknown
36 700 710 Source unknown
37 700 740-750  Large-diameter cable and mound
38 690 850 Source unknown, mound present
39 670 800 Electrical boxes with conduit and wires

40 650 845 Source unknown
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TABLE 1 (Cont.)

Coordinates

Number North East Anomaly Description

Outside Security Fence

41 570-580 855-885 NW-SE-trending old fenceline with fence debris
42 575 920 Old sign on ground

43 565 920 Old sign post in ground

44 560 910 Concrete rubble

45 565 900 Cut-off fencepost in ground

46 570 880 Tire with rim and debris

47 550 860 Source unknown, beach

48 555 850 Source unknown, top of erosion bank
49 540 850 Source unknown, beach

50 560 800 Source unknown, mound present
51 540 790 Source unknown, top of erosion bank
52 600-620 790 Wire and metal debris

53 510 740-760 Source unknown

54 530 760 Source unknown

55 580 755 Tire with rim

56 595 760 Tire with rim

57 630 760 Source unknown

58 560 730 Source unknown

59 615 710 Source unknown, top of mound
60 640 710 Pipe protruding from mound

61 650 710 Source unknown

62 660 720 Pipe protruding from mound

63 710 690 Source unknown

64 500 690 Metal drum

65 475 690 Tire with rim

66 655 690 Source unknown

67 630 680 Source unknown

68 600 650 Source unknown

69 480 620 Source unknown

70 488 602 Shell protruding from top of erosion bank
71 570 580 Source unknown

72 480 575 Tire with rim

73 480 550 Source unknown

74 470 520 Tire with rim and metal sign base
75 490 500 Source unknown

76 510 525 Tires with rims

77 505-520 480-490 Pile of cut-up shells

78 480 315 Tire with rim

79 480 285 Metal drum

80 600 540 Source unknown

81 600 620 Source unknown

82 700 530 Steel rebar

83 710 640-650 Fence debris
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TABLE 1 (Cont.)

Coordinates

Number North East Anomaly Description

Outside Security Fence

84 700 250 Source unknown, mounds present

85 750 300 Source unknown, mounds present

86 745 575 Metal drum

87 745 585 Fence debris

88 850 540 Argonne equipment trailer

89 870 500 Fence debris, mound present

90 940 450 Fence debris

91 1000 420 Source unknown

92 1015-1035 400 Three unknown anomalies, buried fencing(?)
93 1030 320 Source unknown, likely contour relic caused by

large field gradient from fenceline

Figure 6 presents a magnetic map of the wooded area north of Igloo E-2656. Areas
related to the security fence, igloo, and roadway appear as anomalous zones. Eight buried
anomalies of unknown origin (#7, #8, #12, and #15 through #19 on Table 1) are plotted on
Figure 6. Anomaly #9, located west of the roadway, correlates with partially buried metal debris
and may be associated with anomalies #7 and #8. Unknown buried anomalies #18 and #19 have
the largest total field gradient east of the roadway.

Figure 7 presents a magnetic map of the wooded area south of Igloo E-2656. Anomalous
zones related to the security fence are present to the east, south, and west. Other anomalous
zones are associated with the roadway surrounding the area and Igloo E-2656 to the north.
Nineteen specific magnetic anomalies are listed in Table 1 for this portion of the Tapler Point
survey. Twelve of these anomalies represent unknown buried sources and are plotted on
Figure 7. Visible metal debris was scattered throughout this section.

Figure 8 presents a magnetic map of the southeastern tip of Tapler Point, outside of the
security fence. This portion of Tapler Point was surveyed on a 10-ft profile spacing. The entire
southeastern tip of the area, east of the 870 East north/south profile, is anomalous. Old signs,
steel-reinforced concrete rubble riprap, old fence material, and other metal debris were observed
in this portion of Tapler Point. Some buried ferrous objects are also present. This area was
previously located inside the security fence, which has since been moved inland because of
shoreline erosion. The largest total field gradients are associated with the old fence material,
including the still-visible, concrete-encased, cut-off fenceposts.
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Isolated magnetic anomalies are scattered throughout the area between the 680 East and
870 East north/south profiles (Figure 8). Table 1 list 21 anomalies in this area (Anomalies #47
through #67), 14 from unknown buried sources. These 14 anomalies are plotted on Figure 8. A
number of mounds containing soil and some metallic debris are present in this area, although not
all of the anomalies are associated with mounds.

Compared with the areas presented on the large-scale maps (Figures 6, 7, and 8), the
remainder of the Tapler Point survey area is relatively quiet magnetically. Larger-magnitude
anomalies located in southern Tapler Point are caused by visible metallic sources, including old
tires with rims, a metal drum, and a pile of cut-up shells. Another anomalous area is located in
the vicinity of 750 North/300 East (Figure 5). These anomalies are associated with mounds of
soil at this location. In addition, small-magnitude magnetic anomalies with unknown sources are
present throughout the survey area (see Section 2.2).

The total field magnetics survey in the southern Bush River Peninsula was not designed
to locate and map every ferrous anomaly and UXO within the study area. Figures S through 8
present magnetic data with a color contour interval of 57 nT. This interval was chosen to
visually present the magnetic data to highlight significant anomalies and mute magnetometer
fluctuations caused by small diurnal variations, sedimentalogical properties, and tie line (i.e.,
profile intersection) mismatches. Figures 9A and 9B illustrate the magnetically quiet northwest
corner of the Tapler Point survey area with color contour intervals of 1 and 5 nT, respectively.
The magnetic low in the northeast portion of these maps may be related to a feature described in
Section 3.2.1 (EM-31 conductivity survey). The 1200 North east/west profile was performed
the day after the other profiles presented in Figure 9; this resulted in a small diurnal variation.
Figure 9A illustrates the slight diurnal variations and the resulting mismatches of tie lines. These
variations are much less apparent, although still visible, when the contour interval is increased
(Figure 9B). One magnetic anomaly, located at 1300 North/110 East, is visible as a very small
feature in Figure5. Two magnetic anomalies, located at approximately 1215 North and
1235 North/250 East in Figures 9A and 9B, are not visible in Figure 5 because of the larger
contour interval. Two factors affect the degree of the magnetometer response: (1) the size and
orientation of the ferrous object, and (2) the distance between the object and the instrument.
When a survey is conducted using profiles spaced greater than approximately 10 feet apart, these
two factors cannot be reconciled; therefore we cannot be certain whether the small, individual
anomalies in Figure 9 are "significant" from a UXO standpoint.

21.2 CMBS-3

The total field magnetics survey grid and site features for CMBS-3 are indicated on
Figure3. The area is covered by trees and bordered to the east by phragmite marsh.
Accessibility was occasionally limited by fallen trees and undergrowth, particularly near the
shoreline.
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A magnetic map of the CMBS-3 survey area is presented in Figure 10. The color scale
contour interval for CMBS-3 has been reduced compared with that used for the magnetic maps of
Tapler Point to present this less magnetically anomalous site. Table 2 lists six buried magnetic
anomalies with unknown sources located near the southem tip of CMBS-3. No metal objects
were observed at these locations. Anomalies #1 and #6 (Table 2 and Figure 10) are associated
with circular depressions. Small magnetic anomalies are also scattered throughout the site (see
Section 2.2).

213 CMBS-4

The total field magnetics survey grid and site features for CMBS-4 are indicated on
Figure 3. The area is located between ammunition storage igloos E-2634 (north) and E-2638
(south). The southern portion of CMBS-4 is an open area. Trees cover the northern and eastern
portions of the site; these sections are also covered by undergrowth that occasionally limited
accessibility.

Figure 11 presents a magnetic map of the CMBS-4 survey area. The color scale contour
interval for this map has been reduced compared with that used for the Tapler Point maps.
Table 3 lists 19 magnetic anomalies detected at CMBS-4 and includes their coordinates (at the
center of each anomaly) and a brief description of each. Anomalies associated with 29th Street
(along the western edge of CMBS-4), the two igloos, and the security fence surrounding
Igloo E2634 are not listed.

Ten of the 19 anomalies listed in Table 3 are caused by unknown buried sources. These
anomalies are plotted on Figure 11. None of the individual anomalies represents an areally
extensive feature. The four anomalies in the northern portion of the survey area (#13 through
#16) are caused by footings with steel bolts for a former observation tower. South of the
footings is a small cluster of three anomalies (#12, also plotted on Figure 11). A partially buried
steel rail is present at this location, but it is not known whether this anomaly cluster is caused
exclusively by the rail. Additional buried ferrous objects may be present at this location.
Mounds containing soil and ferrous objects are present east of Igloo E-2638 (#4, Figure 11). A
comparison of the total field magnetic survey results and the EM-61 (metal detection) survey
results is presented in Section 3.1.3.

2.2 Magnetic Gradiometer Survey

A magnetic gradiometer was used during the study to clear areas prior to placement of
survey stakes and geophones. The gradiometer was also used between S0-ft survey profiles at
the Tapler Point survey area outside the security fence and at CMBS-3 to provide 100%
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TABLE 2 Locations and Descriptions of Magnetic Anomalies Detected at CMBS-3

Coordinates

Number North East Anomaly Description
1 210-220 580-580 Source unknown, depression on shoreline
2 250 590 Source unknown, slight mound
3 270 575 Source unknown, 10 ft from shoreline
4 240 635 Source unknown
5 250 675 Source unknown
6 220 640 Source unknown, anomaly in bottom of depression

coverage of these areas. The locations of anomalies detected during the gradiometer survey are
overlain as black outlines on the total field magnetics maps for Tapler Point and CMBS-3
(Figures 5 and 10, respectively).

Small gradiometer anomalies are scattered throughout the area north of Tapler Point,
outside the security fence. The shoreline area and the southeastern corner of Tapler Point were
surveyed by using the total field magnetometer on a 10-ft line spacing (Figure 5). The black-
outlined areas near the security fence to the north represent partially buried sections of old
fencing materials. An almost linear feature of small magnetic anomalies trending northeast to
southwest ends in the west-central portion of the site, near the total field anomaly associated
with several mounds of debris (discussed in Section 2.1.1).

Small magnetic anomalies are also scattered throughout CMBS-3 (Figure 10). The larger
areas outlined in the southern portion of CMBS-3 represent portions of the site where the
density of anomalies was too high for individual identification. None of the anomalies detected
during the gradiometer survey at CMBS-3 is large; most represent small metal fragments.
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TABLE 3 Locations and Descriptions of Magnetic Anomalies Detected at CMBS-4

Coordinates

Number North East Anomaly Description
1 500 495 Sign post
2 546 505 Light post with underground electric service
3 560 505 Source unknown
4 460 650 Source unknown, mounds present
5 580 680 Source unknown, mounds present
6 620 560 Source unknown
7 630 675 Source unknown, depression present
8 655 550 Source unknown
9 670 640 Source unknown
10 670 660 Metal pin flag marker, no EM-61 lower coil response
11 680 675 Source unknown
12 680-690 580-600 Steel rail with other potential buried anomaly(ies)
13 718 620 Concrete pad with bolts
14 720 595 Concrete pad with bolts
15 738 623 Concrete pad with bolts
16 740 600 Concrete pad with bolts
17 750 660 Source unknown
18 767 654 Cylinder fragment
19 780 600 Source unknown
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3 Electromagnetic Surveys

Electrical properties of the earth in the southern Bush River Peninsula were measured by
using two electromagnetic instruments: the EM-31 (output read in conductivity) and the time-
domain EM-61 (output in mV). The EM-61 surveys were performed to identify ferrous and
nonferrous metallic objects along the same survey profile lines used for the magnetometer
surveys (Figure 3). The EM-31 surveys were performed to identify regional trends in the near-
surface (upper 18 ft) geology and hydrogeology. Large metallic sources were also identified with
the EM-31 in the quad-phase mode.

3.1 Time-Domain Millivolt EM-61 Surveys

Inspection of the EM-61 data set acquired at Tapler Point indicates that the millivolt
measurements obtained from the lower coil (CH2) are sufficient to identify buried metallic
sources to a depth of 9 feet along the profile lines. In the following sections, data collected with
the EM-61 metal detector are compared with the magnetic data described in Section 2.

3.1.1 Tapler Point

EM-61 data were collected at Tapler Point along profiles spaced 50 ft apart in the
north/south and east/west directions, similar to the magnetometer survey profiles (Figure 3).
Some segments of the individual profiles were not completed because undergrowth at the site
limited accessibility for the EM-61 instrument. Figure 12A provides a color-contour map
constructed from EM-61 CH2 data. As with the total field magnetics, dominant features include
the security fence and the ammunition igloos. A comparison with the magnetic survey data is
presented in Figure 12B; black-outlined magnetic contours are plotted over the color contour
EM-61 data. Figure 12B indicates that the majority of the anomalies found during the EM-61
survey correspond to magnetic (ferrous) anomalies; however, some scattered metallic anomalies
detected during the EM-61 survey do not have magnetometer equivalents. Figures 13, 14, and 15
show expanded views of Figure 12B in order to provide a visual representation of specific
nonferrous anomalies detected during the EM-61 survey. Table4 lists the coordinates and
provides descriptions of the EM-61 anomalies, which are discussed below.

Figure 13 presents the EM-61 data overlain by magnetic contours for the northwestern
portion of the Tapler Point area. Six anomalies (#1 through #6) are plotted on Figure 13; their
locations are listed in Table4. Anomaly #5 may represent two separate electromagnetic
anomalies at the location of a magnetic anomaly discussed in Section2.1.1 and shown in
Figures 9A and 9B. The buried object(s) represented by anomaly #5 probably contain(s) both
ferrous and nonferrous metals.
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TABLE 4 Locations and Descriptions of Non-Magnetic EM-61
Anomalies Detected at Tapler Point

Coordinates

Number North East Anomaly Description

1 1105 100 Source unknown
2 1110 150 Source unknown
3 1000 335 Source unknown, low-lying area
4 1000 365 Source unknown, low-lying area
5 1260-1270 250 Two anomalies, source unknown
6 1120 400  Source unknown, mound present
7 1060-1150 700  Six separate anomalies, source unknown
8 510 650  Source unknown
9 550 635 Source unknown

10 600 620  Source unknown

11 565 550 Source unknown

12 700 540 Source unknown

13 650 495  Source unknown

Figure 14 presents the EM-61 data overlain by magnetic contours for the area inside the
security fence between igloos E-2654 and E-2656, in an area similar to that shown in the magnetic
map in Figure 6. Anomaly #6 is shown on both Figures 13 and 14 and represents an unknown
buried source at the location of a small mound. Anomaly #7 includes six separate EM-61
anomalies, detected along the 700 East north/south profile, representing buried, nonferrous
metallic objects.

Not all of the magnetic anomalies were detected during the EM-61 survey. One magnetic
anomaly located at 1260 North/650 East (#18, Figure 6) was not detected with the EM-61 and
may represent a ferrous object located very near the surface at this location.

Figure 15 presents EM-61 data overlain by magnetic contours for the southwestern
portion of the Tapler Point survey area, outside of the security fence. Six EM-61 anomalies (#8
through #13) without corresponding magnetic anomalies are listed in Table 4 and plotted on
Figure 15. Each of these anomalies represents buried, nonferrous metallic objects.

3.1.2 CMBS-3

EM-61 data were collected at CMBS-3 along 50-ft and 10-ft profiles similar to those used
for the magnetometer survey. Figure 16 presents a comparison of color-contoured EM-61 CH?2
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(lower coil) data overlain by black-outlined magnetic data for CMBS-3. Table 5 lists the
locations of four nonferrous anomalies detected at CMBS-3. These anomalies, which are caused
by unknown, buried sources that do not correspond to magnetic anomalies, are plotted on
Figure 16 (#1 through #4). Other anomalies representing small metallic objects are located
throughout the survey area, as indicated on Figure 16.

3.1.3 CMBS-4

EM-61 data were collected at CMBS-4 along profiles spaced 10 ft apart, similar to those
used for the magnetometer survey. A comparison of color-contoured EM-61 CH2 data with the
overlain black-outlined magnetic data for CMBS-4 is presented in Figure 17. Table 6 lists the
locations of seven nonferrous anomalies detected at CMBS-4. These anomalies are caused by
unknown buried sources that do not correspond to magnetic anomalies. The seven anomalies are
indicated on Figure 17 (#1 through #7). Some anomalies detected during the magnetometer
survey at CMBS-4 (including anomalies #10 and #17, Table 3), were not detected during the
EM-61 survey and represent ferrous objects located very near the surface.

3.2 EM-31 Conductivity Meter Surveys

Horizontal conductivity measurements were obtained by using a Geonics EM-31 on 50-ft
and 10-ft transects, similar to those used for the total field magnetic surveys (Figure3). Data
were acquired every 0.5 seconds, resulting in data points spaced 1.0-1.5 ft apart, depending on
the traverse rate. Fiducial marks were placed every 50 ft to correctly position the data within
each profile.

The EM-31 instrument measures the apparent subsurface conductivity from just beneath
the land surface to a depth of approximately 18 ft. Factors affecting subsurface conductivity

TABLE 5 Locations and Descriptions of Non-
Magnetic EM-61 Anomalies Detected at CMBS-3

Coordinates

Number North East Anomaly Description

1 275 700 Source unknown
2 400 570 Source unknown
3 400 610 Source unknown
4 450 790 Source unknown
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TABLE 6 Locations and Descriptions of Non-Magnetic EM-61
Anomalies Detected at CMBS-4

Coordinates

Number North East Anomaly Description

1 580 685 Source unknown, mound present
2 660 555 Source unknown

3 660 565 Source unknown

4 670 585 Source unknown

5 670 630 Source unknown

6 690 670 Source unknown

7 730 635 Source unknown, near tower base

include the following: percent saturation, chemical composition of the groundwater,
sand/silt/clay percentages, type of clay minerals, presence of metals, and presence of
amphibolitic roadfill. The EM-31 data were interpreted in conjunction with the magnetic, GPR,
topographic, and boring data for the Bush River Peninsula study area. These other data were

used to help clarify and discriminate between factors potentially affecting the measured apparent
conductivity.

EM-31 surveys were conducted at the Bush River Peninsula sites along the same grid
used for the magnetic surveys (Figure 3). The results of the EM-31 surveys are presented in
Figures 18 through 22. Apparent conductivities shown on the maps range from approximately
-90 to 400 mS/m; the greatest conductivity ranges were observed near large surficial metallic
objects (fences and ammunition igloos), roadways, and underground utilities. Although metals
are good conductors, their shape and orientation in relation to the azimuth of the EM-31
transmitter and receiver can result in an electromagnetic field in which the apparent conductivity,
as read by the EM-31, is negative. Negative conductivities are an artifact of crossing high-
conductivity gradients with the EM-31 boom. When crossed at right angles by the EM-31, an
elongated piece of metal (such as a buried pipe or wire) will produce three banded anomaly
lineaments. The lineaments will consist of a central minimum bounded by two maxima (Geonics
Limited 1992). This EM-31 signature for buried pipes has previously been observed at Beach
Point and Kings Creek in APG (see McGinnis et al. 1994a; Davies et al. 1995).

3.2.1 Tapler Point

The results of the conductivity survey for the Tapler Point area are shown in Figure 18.
The features with the greatest conductivity contrast are associated with the security fence and
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roadway systems. Higher apparent conductivities are also associated with the Bush River and
low-lying areas in the southwestern portion of the Tapler Point survey area. The shallow depth
to the water table and the presence of surface water cause the higher apparent conductivities
found at these locations.

The EM-31 survey of Tapler Point outside of the security fence (Figure 18) does not
indicate the presence of lithological changes in this area. Conductivity decreases toward the
northeast following the increase in surface elevation. The increased unsaturated thickness toward
the northeast results in a decreased apparent conductivity. The interpretation that the decrease
in apparent conductivity is not caused by lithologic changes is confirmed by two soil
boring/monitor wells (WBR-51 and WBR-52), installed in the area outside the security fence, and
soil boring/monitor well WBR-53, located approximately 250 ft northeast of WBR-51 and
WBR-52 inside the security fence (see Figure 18). The apparent conductivity found at WBR-53
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is approximately 25 mS/m lower than at WBR-51 and WBR-52. At each boring, the upper 6 to
8 ft consisted mainly of fine-grained silts and clays, followed by sands to below the approximate
18-ft EM-31 measurement depth. The decrease in conductivity is the result of an unsaturated
zone that is approximately 5 ft thicker at the location of WBR-53. Dirilling logs for the soil
boring/monitor wells in the southern Bush River Peninsula are included as Appendix A.

The northwestern portion of the Tapler Point EM-31 survey is presented in Figure 19.
Two linear features, trending northwest/southeast, are visible in the northeastern portion of
Figure 19. The northeasternmost feature (between approximately 1350 North/350 East and
1250 North/450 East) is 28th Street and associated underground utilities. This feature has a
signature of strong conductivity lows bounded on each side by conductivity highs. The second
linear trend, approximately 80 feet southeast and parallel to 28th Street (between approximately
1350 North/250 East and 1125 North/400 East), probably represents an old roadbed, a utility
cable, or both. The EM-31 signature for this feature is again a minima bounded by two maxima.
Additional evidence indicating that this may be a former roadbed is provided by the GPR data
(see Section 4.1).

An area of low conductivity is present in the western portion of Figure 19. Because of
the linear nature of the anthropogenic conductivity anomalies bounding this section of the
electromagnetic survey to the northeast, it is not clear whether this lower conductivity represents
lithologic changes. A relatively shallow (approximately 20 ft below ground surface) paleochannel
is present at the location of soil boring/monitor well WBR-55, shown in the southeast corner of
Figure 19. Evidence of the paleochannel is apparent on the boring log for WBR-55
(Appendix A); the log indicates an organic-rich zone at depths between approximately 3.3 and
8.5 fi, grading into sandy sediments to a depth of 18.6 ft. These sediments represent a fining-
upward, channel-fill sequence. Further evidence of a paleochannel at this location is provided by
GPR data (see Section 4.1). The EM-31 signature for this shallow paleochannel is a conductivity
high caused by the organic-rich, fine-grained sediments present above 8.5 ft. The trend of the
paleochannel is obscured by the two parallel anthropogenic features and the fenceline. The
paleochannel may extend toward the east/northeast along the current drainageway.

Figure 20 shows the northeastern portion of the Tapler Point EM-31 survey. This area is
topographically higher than the northwestern section. An east/west-trending, low-conductivity
feature is centered at approximately 1250 North on the survey grid. This feature may represent a
decrease in fine-grained sediments at this location. North and south of the low-conductivity
feature are areas of relatively higher conductivity. The alternating high and low conductivities
indicate areas with either higher and lower clay content, or water content changes within the
unsaturated zone. It is not clear whether these features represent shallow paleochannels.

Subsurface paleochannel features are mapped as EM-31 anomalies that have either
relatively higher or lower conductivity signatures. This is the result of the sometimes-conflicting
factors affecting the subsurface conductivity at a particular location. The paleochannel described
above and shown in Figure 19 has a relatively higher apparent conductivity compared with the
adjoining area. The higher conductivity results from the upper portion of a shallow
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paleochannel-fill sequence. A deeper paleochannel feature, with fill in the upper 18 ft (similar on
average to the adjoining sediment), would not have an EM-31 signature. Conversely, a deeper
paleochannel may be indicated by EM-31 measurements if the channel flank sediments are
different from those of the upper part of the channel fill (see Section 3.2.3). Specific offshore
EM-31 data for the area surrounding the southern Bush River Peninsula have been collected and
will be presented in a companion report (Miller et al. 1995). Most paleochannel features
detected offshore with the EM-31 exhibit relative conductivity highs (see also Davies et al.
1995). These high-conductivity features are attributed to the recent Holocene sediments filling
the upper portions of the paleochannels. These sediments have a high clay content and also a
higher water content because of the lack of compaction. Both of these factors result in higher
conductivities. Also, offshore water is more brackish than the onshore groundwater; therefore,
offshore sediments with a greater water content will exhibit greater conductivities. The EM-31
measures conductivity as a weighted average — with greater weight given to near-surface
conductivities. The high values seen offshore are a direct result of this weighted average
correlated to the high-porosity, clayey Holocene sediments. This type of channel fill can also be
seen as organic-rich sediments onshore.

3.2.2 CMBS-3

Results of the conductivity survey for the CMBS-3 area are shown in Figure21. The
color-contour interval on this map is reduced compared with that used in the Tapler Point EM-
31 maps, allowing more subtle conductivity changes to be seen. Figure 21 indicates a broad
conductivity low in the center of the site surrounded by higher conductivity values to the east,
south, and west. The lower conductivity at this location is caused by greater amounts of sand in
the subsurface compared with the adjoining sediments. Soil boring/monitor well WBR-60 is
located at 480 North/685 East on the survey grid (Figure21). The drillers log for WBR-60
indicates that the lithology of the upper 20 ft consists primarily of fine-grained sediments, with a
sand unit between 14.5 ft and 16.5 ft below ground surface (Appendix A). This sand unit is
responsible for the slight decrease in conductivity. An additional coarse sand and gravel unit is
located at the base of soil boring WBR-60 at a depth between 25.5 ft and 29.8 ft, below the depth
of EM-31 measurement. It is uncertain whether the EM-31 feature represents a shallow
paleochannel.

3.2.3 CMBS-4

The results of the EM-31 survey for the CMBS-4 area are presented in Figure 22. The
color-contour interval is the same as that used for the CMBS-3 map (Figure21). A high-
conductivity feature, with increased conductivity toward the east, is located approximately in the
center of the survey area. Surface water drainage is also toward the east at this location. This
high-conductivity feature represents an increase in clay content. The interpretation is that this
feature is a paleochannel flank with channel-fill deposits to the south and, potentially, to the
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north. GPR data and logs for wells adjacent to CMBS-4 support this interpretation (see
Section 4.3).

Drillers logs for soil borings/monitor wells WBR-26, WBR-48, and WBR-61A, located to
the west, southwest, and south of CMBS-4, respectively (see Figure 23), reveal that fine-grained
sediments are present in approximately the upper 13 ft at these locations. (No soil borings were
located within the boundaries of the CMBS-4 study area.) Beneath the fine-grained sediments in
the two deep monitor wells, sand deposits to depths of approximately 45 ft (WBR-48) and
greater than 50 ft (WBR-61A) indicate the location of a deep paleochannel. Additional GPR
evidence of a paleochannel at this location is presented in Section 4.3.
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4 Ground-Penetrating Radar Surveys

The primary objectives of the GPR surveys were to provide a better understanding of the
shallow stratigraphy of the southern Bush River Peninsula and to help locate buried
anthropogenic anomalies. GPR surveying was restricted in areas of dense vegetation. Ninety-six
profiles were collected on 26 transects along the fenceline, roadways, existing paths, and several
trails cleared specifically for GPR access. Figure 24 shows the locations of GPR profiles
collected in the study area.

Both the 100~ and 300-MHz antennas, in a bistatic configuration, were used along the
GPR profiles. The antennas were separated by a fixed distance of 4.5 ft. Profiles were collected
in a continuous mode by using an all-terrain vehicle to tow the antennas. Data were collected at
range settings between 100 and 500 nanoseconds (ns); however, most data were acquired at
200-400 ns in order to obtain higher data quality. In general, the 100-MHz antenna provided
slightly deeper penetration, while the 300-MHz antenna provided better resolution of
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anthropogenic features. A low-pass, three-point box car filter was used on all profiles discussed
in this report. Adjustments in gains were made for some of the profiles to help remove high-
frequency noise and enhance structures at depth. The approximate depths given for the profiles
were calculated using a two-way travel time of 9 ns/ft, which is based on field velocity
measurements in other studies conducted at APG (see Davies et al. 1995; McGinnis et al. 1994a)
and manufacturer recommendations for average soil conditions (GSSI 1987). These depths are
approximate and should be used with caution.

In the following three sections, GPR profiles are presented for Tapler Point, CMBS-3,
and CMBS-4, respectively.

4.1 Tapler Point

GPR data were collected for 20 profiles along the roads and grid system in the Tapler
Point area of the Bush River Peninsula (see profiles #1 through #20, Figure 24). Six east/west
profiles (#1 through #4, #10, and #19) and four north/south profiles (#5 through #8) were located
along the Tapler Point grid system and comprised 2,790 linear ft of data. The remaining ten
profiles in the Tapler Point area were conducted along the site roadways. These profiles were
generally longer than profiles located on the grid system and accounted for 5,847 linear ft of GPR
data. GPR data revealed no evidence of solid waste in the southern portion of the Tapler Point
study area. The GPR profiles collected at the location of the TPDMS (profiles #1 through #8,
Figure 24) did not reveal the thickness of the dredge material deposited at this location.

Figures 25A and 25B illustrate a GPR profile collected west to east along the 1050 North
grid line (profile #10, Figure 24). The profile was collected with the 300-MHz bistatic antenna
with a range setting of 200 ns. An easterly dipping reflector, which may represent the west flank
of a paleochannel, is apparent in the middle of the profile, beginning at approximately 330 East.
This is also the approximate location of an EM-31 anomaly shown in Figure 19 and discussed in
Section 3.2.1. An interpretation of this feature is shown in Figure 25B. The apparent dip is
approximately 15° to the east. The eastern side of the paleochannel was not observed. The
interpretation given in Figure 25B shows a layer of channel fill at the base of the paleochannel
and prominent, flat-lying reflectors beneath the channel cut. This easterly dipping feature was
also observed using the 100-MHz antenna, but was less prominent — apparently because of a
loss of resolution using the lower-frequency antenna.

A series of dipping reflectors were observed in the northem portion of Profile #20
(Figures 26A and 26B), which was collected with the 100-MHz antenna at a range setting of
200 ns along the easternmost fenceline in the Tapler Point area. The maximum apparent dip
along the profile is 6°, although the true dip might be significantly greater. The location of these
shallow, dipping reflectors corresponds to an area of alternating high and low EM-31 anomalies
(Figure 20). The reflectors are believed to represent a fluvial meander channel environment with
cut-bank erosion and subsequent deposition.
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GPR PROFILE 10 (1050 N)

FIGURE 25 A: GPR Profile #10 B: GPR Profile #10 with Interpretation

Profile #19, located along the northern edge of the Tapler Point grid system, shows
strong, ringing reflections at approximately 200 East (Figure 27). This profile was collected with
the 100-MHz antenna at a range setting of 200 ns. The reflections suggest that the ground
surface has been modified by roadway construction. The anomaly crosses 28th Street on the
same profile (at approximately 300 to 320 East) where similar reflectors are noted. This zone of
ringing reflectors was observed on the EM-31 map as an area of paired high and low conductivity
anomalies (Figure 19). The anomaly is located in a wooded section of the Tapler Point study
area.

4.2 CMBS-3

Three GPR profiles were collected at CMBS-3 (profiles #21 through #23 on Figure 24).
Two north/south profiles and one east/west profile, totaling 750 linear ft, were located along the
surveyed grid system. No definitive subsurface structures were detected by GPR at CMBS-3.
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4.3 CMBS-4

Three GPR profiles were collected at CMBS-4: profiles #24 through #26 on Figure 24.
Two north/south profiles, with a total distance of 575 linear ft, were located along the surveyed
grid system. The third profile was conducted south to north along 29th Street for a distance of
1,320 linear ft. GPR reflections for profiles recorded along the CMBS-4 grid system
(profiles #25 and #26) were generally weak, indicating poor soil conditions for GPR signal
penetration. Figures 28A and 28B present the southern portion of profile #24, collected along
29th Street west of CMBS-4. The profile was collected with the 100-MHz antenna at a range
setting of 400 ns. A paleochannel feature is apparent in the southern portion of profile #24. The
thalweg of the paleochannel is approximately 40 ft below ground surface at a distance of about
140 ft from the beginning of the profile. The northern edge of the paleochannel is 370 ft from the
beginning of the profile at approximately 760 North/510 East on the CMBS-4 grid. This location
corresponds to the EM-31 anomaly shown in Figure 22 and indicates a northwest/southeast
trend of the paleochannel beneath CMBS-4. A rising reflector is also present at the southern end
of profile #24. This reflector represents a surface that is either the southern edge of the
paleochannel or part of a channel-fill sequence.

The western portions of profiles #9 and #13 are also in close proximity to CMBS-4. The
profiles run roughly west to east along both sides of the security fence south of CMBS-4. The
GPR profile presented in Figures 29A and 29B (profile #13 on Figure 24) shows a series of
hyperbolic reflectors separated by what may be a small paleochannel. This profile was collected
in an east/northeast direction inside the security fence with the 100-MHz bistatic antenna at a
range setting of 400 ns. One side of the paleochannel, probably corresponding to the channel
bisecting CMBS-4, is shown sloping toward the southwest, with the edge of the channel at
approximately 360 ft along the profile. The depth of the paleochannel extends beyond the depth
of the profile (approximately 45 ft below ground surface). Two other reflectors indicate
undulating surfaces of the fill material within the deeper paleochannel feature. These undulating
surfaces may reflect facies changes within the paleochannel-fill sequences.

Another paleochannel feature is located farther along profile #13. The thalweg is at
approximately 600 fi along the profile, at a depth of approximately 25 ft below ground surface
(Figure 29). This location corresponds to a surface water drainageway that flows south into the
phragmite marsh. Soil boring/monitor well WBR-62 is installed approximately 50 feet north of
profile #13 at this location. The boring log (Appendix A) indicates two fining-upward
depositional sequences at WBR-62. The deeper sequence starts at approximately 44 ft below
ground surface and extends to approximately 28.5 ft below ground surface. The top of this
sequence is the base of the second sequence. This second sequence is the paleochannel fill of the
feature observed in GPR profile #13. This paleochannel may have followed the path of an older,
deeper paleochannel. Poor GPR signal penetration farther east prevented additional
interpretation along profile #13.
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5 Seismic Surveys

Seismic surveys were performed in the Kings Creek and southern Bush River Peninsula
areas by ANL personnel during the summer of 1994 to characterize the geologic framework from
the ground surface to the crystalline basement. The surveys focused on the depth ranges below
those reached by electromagnetic and GPR methods. The data set comprised three refraction
profiles (BRP-1 through BRP-3) and five reflection profiles (BRP-4 through BRP-8). The
locations for all seismic surveys conducted on the Bush River Peninsula are shown in Figure 30.
Six of the profiles (BRP-1 through BRP-6) and surface-to-borehole average velocity
measurements conducted at monitor well CC-11B (Figure 30) were previously discussed in
Davies et al. 1995.

Two reflection profiles, BRP-7 and BRP-8, were collected along the north side of the
security fence extending from CMBS-4 to the Tapler Point area. The lines are coincident with
one another and with GPR profile #13 (Figure 30). Distances along the profiles discussed in this
section (BRP-7 and BRP-8) were measured from the fence corner southwest of the CMBS-4 site
from west to east. Profile BRP-7 was conducted using an elastic wave generator (EWG) for a
source; BRP-8 was collected using a 16-pound sledgehammer as a source. Survey parameters for
both profiles are summarized in Table 7.

Reflection line BRP-7 was recorded by using an offset of 90 ft (see Table7) and a
maximum shot-to-receiver distance of 228 ft. In reflection lines BRP-4 and BRP-5, collected
using the same large offset and EWG source, basement reflectors were observed at depths of
450 ft in the north and 550 ft in the south (Davies et al. 1995). In contrast, reflection line BRP-8
was obtained using the same relatively short offset (18 ft) and hammer source that were used for
profile BRP-6 (Davies et al. 1995). The hammer source produced much higher frequencies and
resolution.

The relationship between seismic velocity and depth, used for interpreting the seismic
profiles, was derived from velocity borehole data (Davies et al. 1995) and is shown in Figure 31.
The velocity-depth profile has been modified using shallow-refraction-derived velocities from
lines BRP-7 and BRP-8. This latter step was accomplished by constructing a time-distance
graph from the median arrival time for each shot-receiver pair from all shot gathers, and
converting the time-distance data into velocity-depth information using standard, plane-layered,
refraction analysis.

The seismic reflection profiles in the southern portion of the Bush River Peninsula are
characterized by unusually large static delays caused by variations in near-surface velocity. In
some cases, these delays are greater than 20 ms. A delay of about 24 ms and signal attenuation
are observed centered at about 807 ft in the data for line BRP-8. Another slight delay of a few
ms is observed in the far traces for profile BRP-7. The 24-ms delay coincides with a culvert in a
topographic depression. The area is marshy and is interpreted to be underlain by gas-saturated
sediments that typically result in extremely slow seismic velocities. Delay times are probably
caused by a combination of culvert construction and gassy sediments contained in a paleochannel.
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Seismic lines

WELL LOCATION: CC-118

FIGURE 30 Seismic Profile Locations

TABLE 7 Seismic Reflection Profiles near the Tapler

Point Study Area

Line ldentification No.

Parameters BRP-7 BRP-8
Type Deep Shallow
Seismic source EWG Hammer
Offset (ft) 90 18
Geophone interval (ft) 6 3
Number of shots 228 479
Number of 24-channel spreads 217 456
Total length of survey (it) 1,296 1,365
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FIGURE 31 Velocity Depth Model Obtained by Inverting Seismic
Refraction Data and Borehole Seismic Data

The substantial lateral variations in near-surface seismic velocities severely hampered the
quality of reflection data for profiles BRP-7 and BRP-8. Static corrections were applied to
individual traces in each gather to provide a uniform first arrival-distance curve. The amount of
each static shift was determined relative to median time-distance arrivals computed for both
profiles. In addition to the static corrections, processing steps included trace editing and muting,
bandpass filtering, velocity analysis, and CDP sorting and stacking. Seismic arrivals prior to
65 ms were muted to remove noise and surface wave energy from the reflection data.
EAVESDROPPER software, developed at the Kansas Geological Survey (1993), was used to
process the seismic profiles.
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Processed seismic sections for profiles BRP-7 and BRP-8 are shown in Figures 32 and 33.
Both figures show stacked seismic sections extending from west (left) to east (right). The
crystalline bedrock observed in profiles BRP-4 and BRP-5 in the Kings Creek Area (Davies et al.
1995) is difficult to observe in the deep seismic data of Figure 32. A reflector in the middle of the
section, at about 550 ft, may correspond to the basement. Other reflections observed in the 200-
to 300-ft depth range are discontinuous and probably represent Cretaceous units. Reflection
energy is even less coherent in the shallow reflection data (Figure 33). A reflectoris observed ata
depth of about 160 ft below ground surface in the 840- to 1,040-ft distance range.
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6 Discussion

6.1 Waste Disposal at Suspect Chemical Munitions Burial Sites

Geophysical technologies, including magnetics, seismic reflection, electromagnetics, and
GPR, have been utilized in the environmental investigation of the southern Bush River Peninsula.
These geophysical techniques, combined with visual observations, have helped define the areal
extent of disposal activities at the four suspected Chemical Munitions Burial Sites (CMBS-1
through CMBS-4) and the TPDMS. The areal extent and thickness of dredge materials at the
TPDMS was not determined.

Total field magnetics, magnetic gradiometer, and EM-61 surveys conducted in the suspect
areas indicate that metal debris is scattered throughout the survey areas. At each of the sites
surveyed, unexplained, non-continuous metallic anomalies are present (see Tables 1 through 6).
While these anomalous zones are not believed to represent major waste burial areas, additional
characterization is necessary to confirm the source of the anomalies.

6.1.1 Tapler Point

Tapler Point (CMBS-1, CMBS-2, and TPDMS) was the largest area surveyed and
contained the majority of the unexplained metallic anomalies detected during the surveys.
Mounds of soil containing some metallic debris were found inside the security fence along the
southwest side of 28th Street (anomalies #7, #8, and #9, Figure 6) and in the southeastern portion
of the site (Figure 7). Similar mounds were also found outside of the security fence in the
southeast portion of Tapler Point (Figure 8) and, to a lesser extent, the west-central section
bordering the phragmites marsh (Figure 5). A lineament of magnetic gradiometer anomalies is also
present between the mounds of soil adjacent to the phragmites marsh and the fenceline to the
northeast (Figure5). A number of unexplained buried sources are also present in the
southeastern portion of the site inside the security fence (Figure 7). Portions of this area are
obstructed by vegetation.

Further characterization of the areas described above, utilizing the magnetometer and
EM-61 on a 5-foot grnid spacing, is recommended. The locations for the recommended surveys
are shown in Figure 34. Clearing fallen trees and vegetation in the areas inside the security fence
will be necessary before the additional surveys can be conducted.

The southeast tip of Tapler Point was the most magnetically anomalous area, although
most anomalies could be attributed to metal debris visible at the surface or to underground cables
detected in a companion offshore geophysical study (Miller et al. 1995). The magnetic and
electromagnetic anomalies detected during these surveys are not interpreted to be large-scale
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waste burial areas; but smaller, isolated areas of buried wastes and/or munitions cannot be ruled
out. Additional EM-61 surveys, on a 5-foot profile spacing, would better characterize the three-
dimensional fill/waste distribution in this area.

6.1.2 CMBS-3

The surveys conducted at CMBS-3 indicate that this area is relatively undisturbed
(Figures 10 and 16). Some isolated magnetic anomalies in the southern end of the site are
associated with small depressions. Gradiometer and EM-61 surveys indicate that small
fragments of ferrous and non-ferrous metal are present. No prominent lineaments, or objects
with magnetic or electromagnetic signatures indicative of large objects, were found at CMBS-3.
No additional surveying is recommended for this site.

6.1.3 CMBS-4

The surveys conducted at CMBS-4 indicate that this area is also relatively undisturbed.
Isolated magnetic anomalies, some of which are unexplained, are scattered throughout the site
(Figures 11 and 17). Mounds of scil, some containing metallic debris, are located along the
eastern and southeastern portions of the site. No metallic features of a continuous nature were
observed at CMBS-4; no additional surveying is necessary to characterize this site. Excavation
and/or sampling would be required to determine the nature of the unexplained anomalies found at
CMBS-4.

6.2 Hydrogeologic Framework

Soil boring logs of recently installed monitor wells provide the basic subsurface geologic
control for the remedial investigation/feasibility study currently being conducted in the Bush
River Peninsula area (see Figure 23 and Appendix A). Geophysical methods (including GPR,
EM-31, and seismic methods) complement the basic, area-wide geologic studies conducted to
define the geologic and hydrogeologic framework.

GPR imaging provides a detailed display of reflectors to depths up to 45 ft below ground
surface. These images often correlate well with EM-31 trends. The reflectors represent contacts
separating recently deposited channel-fill complexes from underlying sediments. These contacts
also constitute irregularities in the base of the surficial aquifer. The channel-fill complexes in the
APG area are the result of multiple erosion/deposition events that occurred during the successive
low sea-level stands and subsequent marine transgressions of the Pleistocene Epoch. The GPR
profile presented in Figure 29 is a good example of multiple erosion/deposition events beneath
the southern Bush River Peninsula. At this location, more recent, shallow channel features may
be superimposed on older, deeper paleochannels.
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Seismic imaging, performed to study deeper geologic features, was less successful in the
southern Bush River Peninsula than in other areas at APG. The complex nature of the
superimposed, multiple erosion/deposition events prevented meaningful high-resolution seismic
mapping along the east/west roadway in the southern portion of the peninsula (profiles BRP-7
and BRP-8, Figure 30). This result confirms that the Pleistocene sediments in this area consist of
a series of largely non-continuous, fine- and coarse-grained deposits. Some penetration is
observed below the unconformity where images of the Cretaceous coastal plain sediments are
seen. Additional seismic data collected in the Bush River Peninsula were presented previously in
Davies et al. (1995).

6.3 Subsurface Paleochannel Locations

It is important to define the paleochannel locations and depths because the basal
sediments within these features often consist of materials of greater hydraulic conductivity
(sands and gravels) that form the base of the surficial aquifer. The current drainageway and
wetland locations in the Bush River Peninsula are often good indicators of the locations of
Pleistocene drainage systems. The Pleistocene paleochannels can be deeply incised into the
underlying Cretaceous sediments. Depths to the base of these features have been found to be
greater than 50 ft below ground surface (soil borings WBR-56A and WBR-61A, Appendix A).

Mapping the location of these potential hydraulically conductive zones is very important
in understanding the hydrology of the surficial aquifer and the potential for interconnection
between the surficial aquifer and the underlying upper confined aquifer (referred to as the Canal
Creek Aquifer on Figure 4). Five soil borings (BR-1 through BR-5, Figure 1) and recently
installed monitor well WBR-48, located southwest of CMBS-4 (Figure 23), provide depth
information for the top of the Cretaceous upper confined aquifer. The top of the upper confined
aquifer at the location of WBR-48 is approximately 100 ft below ground surface (approximately
90 ft below msl). The total thickness of the surficial aquifer is greater than 50 ft at the locations
of monitor wells WBR-56A and WBR-61A. Additional monitor wells, WBR-56B and
WBR-61B (located approximately 15 ft and 25 ft from monitor wells WBR-56A and WBR-61A,
respectively), were installed to determine the depth to the base of the surficial aquifer. The
depth to the base of the sandy unit was approximately 56.5 ft below ground surface in monitor
well WBR-56B, and approximately 45.5 ft below ground surface in monitor well WBR-61B.

On the basis of GPR and EM-31 geophysical measurements and soil boring information,
the approximate locations of detected paleochannel features have been mapped and are presented
in Figure 35. The orientations of the features presented in Figure 35 are based upon a limited
number of data points and should be considered estimations. The paleochannel features found
during the geophysical surveys at the southern Bush River Peninsula are variable in depth and
trend. A relatively shallow paleochannel, approximately 20 to 25 ft below ground surface, is
located in the northwestern portion of the Tapler Point grid system (Figures 19 and 25). EM-31
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FIGURE 35 Approximate Paleochannel Locations Inferred from GPR and EM-31 Data and
Boring Logs

data suggest that this paleochannel may trend east-northeast/west-southwest following the
existing site drainage, but anthropogenic features prevent good correlation. A much deeper sand
unit, probably associated with a paleochannel, is found on the northern edge of the Tapler Point
grid at the locations of monitor wells WBR-56A and WBR-56B (Figure 23). Limited geophysical
surveys (one GPR profile) did not confirm the presence or orientation of a paleochannel in this
area.

Another deeper paleochannel, generally trending northwest/southeast, is located beneath
the southern part of CMBS-4. GPR data indicate that the base of this paleochannel is
approximately 40 ft below ground surface at 29th Street. This depth estimate is based on a two-
way travel time of 9 ns/ft. Monitor well WBR-48 is within this paleochannel feature. The base
of the surficial aquifer is located at a depth between 45 and 49 ft in WBR-48. The GPR data also
indicate a possible channel-flank structure adjacent to WBR-48. On the basis of these conflicting
data, it is probable that the GPR data are highlighting internal structures within the larger
paleochannel. Monitor well WBR-61A, located 450 ft east of 29th Street, was also installed
within this deeper paleochannel feature. The total depth to the base of the surficial aquifer at
WBR-61A is greater than 50 ft below ground surface. The boring log for monitor well
WBR-61B, located approximately 25 ft east of WBR-61A, indicates that the elevation of the
base of the surficial aquifer is at least 4 feet higher at this location. This is consistent with the
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orientation of the paleochannel indicated in Figure 35. GPR measurements along additional
profiles are necessary to further characterize the orientations and continuity of these observed
features.

A reflector believed to represent a paleochannel, approximately 25 ft in depth, was
observed farther east along GPR profile #13 at the location of a current drainageway. The
orientation of this paleochannel is believed to be generally parallel to the current site drainage, as
shown in Figure 35. Monitor well WBR-62 was installed within this paleochannel and has a
basal sand unit extending to approximately 45 ft below ground surface. A thin, clayey silt lens is
present within sand units in WBR-62 at a depth of approximately 28.5 ft. The reflector
observed in GPR profile #13 at 630 ft may represent a shallow paleochannel superimposed over
a deeper, older paleochannel not visible on the GPR data.




Munition disposal procedures during the 1920s and 1930s included burial of deteriorated
or failed munitions in unused portions of APG. A review of historic aerial photographs with
limited resolution indicated that ground scars may have been present in the southern Bush River
Peninsula (Nemeth 1989). Dredge material obtained from the area around the Bush River Dock
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7 Summary and Conclusions

was also placed in the southern portion of the peninsula.

A series of geophysical surveys, supported by a site drilling program, was undertaken to
define the hydrogeologic framework and potential contaminant migration pathways beneath the
study area. The areal extent of metallic wastes was mapped by using magnetic and
electromagnetic methods. The following specific conclusions have been drawn on the basis of the

survey results.

1.

No large-scale disposal by burial appears to be associated with the four
suspected chemical munitions burial sites or the dredge material site, but small-
scale burials cannot be ruled out. Further characterization of the bured
metallic anomalies detected during the magnetic and EM-61 surveys is
recommended to determine the presence of munition disposal at these
locations.

The general hydrogeologic framework beneath the five study sites has been
defined. A Pleistocene paleochannel-fill complex, extending greater than 50 ft
below ground surface, is present beneath the CMBS-4 area. This channel-fill
complex is part of a larger feature encompassing the marsh east of CMBS-4,
with extensions toward the north and east into the Tapler Point area. The
configuration of the paleochannel system beneath the Bush River Peninsula
could be more clearly defined with a combination of additional GPR and
EM-31 measurements.

Potential contaminant pathways from the southern Bush River Peninsula
along the base of the surficial aquifer have been mapped for possible future
integration with hydrogeologic data collected offshore in a companion report
(Miller et al. unpublished information). This integrated map could be used to
guide further investigations, if the site soil and groundwater chemistry data
currently being collected and analyzed as part of the remedial investigation of
the Bush River Peninsula indicate that further investigation is necessary.
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Appendix A:

Soil Boring Logs
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GENERAL PHYSICS CORPORATION

Environzental Engineering Division

ORILLING LOG

HELL NUMBER-

Cluster 18 WBR-SO

PROJECT NAME. Bueh River Study Arec

CLIENT:

U. 8. Army, APG

LOCATION: Edgewood Areo, APG

ORILLING COMPANY:

Hordin Huber, Inc.

RIG TYPE & NUMBER: Hobile B-61
ORILLING HMETHOD: 8 ID HSA

N/L: 629345.78

E/L. 1519930.34

TOTAL DEPTH: 14 Ft

GROUND SURFACE ELEVATION: 4.86 Ft (MSL)

COCROINATES :

WELL SCREEN: S £t ech 40 0.010 cont. slot PVC

RISER. 8 F+ lengthe 4 in ID ach 40 PVC
SHEET 1 oF: L FILTER PACK 6 Ft *L Sond, 1 Ft °00 sand
ORILLER: Chad Chisa SEAL . Bentonite pellets -
GEOLGGIST:  Mjchael Hill GROUT : Coment:Bentonits (20:1)
DATE BEGUN: 13 -September 1SS<0ATE COMPLETED: 13 September 1334
LITHOLOGIC QESCRIPTION 2 RENARKS
(=4 =
2 ) 2
= |=| 2|z <
£ g | & [e82 g 25
pus | Q< - w =
8 @ w [~ =477} - = -
“ T Topscil (P1) 2
aand, silt common, trace fine gravels, S
N B fine to medium grained, moderately 2
L sorted, subgnqulor, dork Eellou-oron9e EE)
20 —+ ng)“ t ol tve gray 10YR b/6 to SY 572 Gt
L e "
0 .8 ppe
L I8 fec
10
5.0 T
60 -+
T e TT
10 4 1
- ?llty ogm&d, fine todmediuntgrugggd, micaceous, | ke
amingted oronge and gray to medium gro
so | 1066 o NeotsH O Y srey
0 + .
10.0 + -
[
1o -+ siity clay, high organics, moderatel i
L stiff, ol Tve g?'ay SIR 372 (G0) Y 14
120 T
L /A
no -+ 19m
L 10X R
1.0 T
150 T
150 T
o ¢
180 <+
190 +
wo +
uo +
zo +
a0 +
240 +
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GENERAL PHYSICS CORPORATION . LELL NURBER:
Environmental Engineering Division ORILLING LOG Cluster 18 WBR-S1
PROJECT NAME Bueh River Study Areo COOROINATES - N/L  629343.08

CLIENT U. S. Army, APG
LOCATION Edgewood Arsa, APG
ORILLING COMPANY: Hordin Huber,
RIG TYPE & NUMBER: Mobile B~61
ORILLING HMETHOO: 8~ ID HSA

Inc.

E/L 1519589.21
TOTAL DEPTH- 24 Ft
GROUND SURFACE ELEVATION

HELL SCREEN:

4.11 £t (MSL)
10 £+ och 40 0.01C cont. slot PVC

RISER: 10 F+ lenqtha 4 in ID sech <0 PVC |
SHEET: 1 QF: L FILTER PACK: L1 Ft °L Sond, L Ft *00 Sand
ORILLER- t?rry Hise . SEAL Bentonite pellets
GEOLOGIST-  Hichael Hortin, P.G. GROUT Cement:Bentonite (20:1)
DATE BEGUN: 06 Octobor 1594 OATE COMPLETED: 06 Octcber 1994
LITHOLOGIC DESCRIPTION 2 RENARKS
o | B 3
2 = S
= a P —
§ — d (-] <
Lol Q )
= z |8 [e22| 2 42
= =11 [t -~ &
8 a &S |88 | o % =
&0 T [Sopsoil P} |
sllf clay ond scnd common N i
L T layers, fl?hf ange-brawn i
1 to gray 10YR £/8 to N7 (HL) :
2.0 + ;
kN v '
H
.0 T ! Lip
L o ke
1.0 T '
1 5 LN
8.0 - ! g B 1]
- _sand, silt common, Fine to medium, a5
10 + Sderg‘teq sorted, pale brown 5 e
10YR SP) e I
r B ke B 5
8.0 -+
[ s =
nao -+ 1ilt dereas : e
1 0B ke it
2.0 + trox corwe =ad s "
- Y1V S—rct
3.a +
L R 3 S
0 -+ i
16.0 T i g | topm
X slight cxraing darscrd VIR : 3322 RR)
176 - B
L = fec ;
180 <+ o
130 + &
200 + -
sand, medlum to coarse, poorl S5 5 9 9
L] sorted: (SW) poorty v 188,35
a0 4+ clayey sond, siit common, tight, e Lige
1 gray ﬁ (st s 1T Ree wieirls
B
zo + 252
X Wy 77 1"
clay, silt common, Firm, noderat
ae T plosticity, dusky yeliow SY 6/‘1 (CL)
5 Wil
240 +
B0 +
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG

HELL NUMBER-
Cluster 18 WBR-52

PROJECT NAME: Bush River Study Arso

CLIENT

U. S. Army, APG

LOCATION Edgemood Arco, APG

ORILLING COMPANY: Hordin Huber,
RIG TYPE & NUMBER:

Ine.
Mobiie B-61

ORILLING METHCO: 8* ID HSA

COOQROINATES:

TOTAL DEPTH: 29 ft
GROUND SURFACE ELEVATION:

N/L 629285.5)
E/L  1519477.61

4.51 Ft (hsL)

HELL SCREEN: 10 Ft och 40 0.010 cont.

slot PVC

RISER:

10 Ft lengths 4 in ID ach <40 PVC

SHEET: 3 oF: 1
- FILTER PACK: 11 Ft °L Sond, 1 £t *00 Sand
ORILLER. T?"’ Risc SEAL : Bentonite pellets
GEOLOGIST. Michaal Mortin, P.G. GROUT : Cement:Bantonite (20:1)
DATE BEGUN: 0S5 October 1994 OATE COMPLETED: OS October 1994
LITHOLOGIC OESCRIPTION < REMARKS
o | & 5
E | = g| s 2
S |w | ,.=| 3 2
& g | g [g82| 2 25
& 2 | & |888| = g2
00 T silt, troce clay ond fine sond, Firm, | a_z;g
T oronge brown to ﬂ{oy lominated, at
Lo 4 0R%/8 to N8 (FL) I o
o i ala)
20 + I ata
I vsa ! Ehc]
10 (TS
| She ;
w0 T cloy inTeaming uith dpth 1
5 H
t
07 clay, .trace sond, soff, modercte
T plaosticity, brown (CL)
6.0 -
L WM
70 +
4 She
8.0 - =
i sond, fine to medium With trace coarse, E
0 T moderately sorted, medium density :
L subrounded, pole brown 1OYR 7/9 15P) :
wo -+ 3 3
- i s s
L (3 fee P 2l
120 T . :
L s : :
3.0 2
5 X fer :
110 -+ B
A WM &
150 ¢ fine grovefs comen B
| youi e
16.0 :
r silty sond, fine_ well sorted, s
o 4 orange=broun 10YR 6/6 (SH) e
i camcted loper X Rec s
180 :
L ] W s 3t
sand, fFine to medium, troce silt : B
13.0 T moderately sorted, subrounded {(SP) — § =
280 - 10p
3 Y4y
20 +
] clay, stiff,_ moderate Elustlcny, red B
zo 4 to gray SR 3/4 to N6 (EL)
L R1%.113
30 c!agey s1it, trace very fine sand, LLF: )
L tight] gray N6 (ML) 08 fec
20 ¢
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

ORILLING LOG

HELL NUMBER

Cluster 18 WBR-S3a

PROJECT NAME. Buoh River Study Arec
CLIENT  U. 5. Army, APG ’
LOCATION: Edgosood Area, APG
ORILLING COMPANY: Hordin Huber, Inc.

COORDINATES . N/L  629574.47
E/L 1519§18 .80
TOTAL DEPTH: 39 Ft

GROUND SURFACE ELEVATION 9.00 Ft (MSL)

RIG TYPE & NUMBER: Mobile B-61 MELL SCREEN: 10 Ft sch 40 0.010 cont. slot PYC
ORILLING METHOO: 8~ ID HSA RISER, F -
SHEET- 1 aF: 2 : 10 Ft lengtha 4 in ID ach 40 PVC
FILTER PACK 11 Ft °1 asand, ) Ft *00 =and
ORILLER: Terry Hise SEAL Bentonite peilcots
GEQLOGIST: = Michgel Hill GROUT: Coment:Bentonita (20:1)
OATE BEGUN: 14 September 199<0ATE CONMPLETED: 14 Septsmber 13994
LITHOLOGIC DESCRIPTION 2 REMARKS
(-4
e | B - . 8
2 |5 g & =
<@ d <
= = g loz5| 2 _ 2
& s g |E22 | E -2
= (=<1 w QoDw - = -~
9.0 -' topsot! (PT] i ’-‘é
siity sand, rore Fine gravel, medium H 2
L0 T dengfy Fine_grained, gI iahf' brokn_to i 2
+ yelTow=broxn STR 6/9 to 10YR 5/4 (SM) ! S
20 + ; o>
1 uer :
30 :
L Dhe ’
w0 -+
so -
6.0 - :
+ s i
70 - b sand, raore fine grovels, nedium to cogrse . s
i sond_ well sorted, pale yellow-brown (SP) 6 Rec S
gg -+ stlty clay, moderate plasticity (CL) =
| ] wn e
30 + .
3 si1lty sond, medium groined, medium density, B fex 2
0.0 + moderately sorted, moderate yellow-brown, © B i
e - : :
4 144
2.0 + :
| v 23
Bo ¢+ sand, gvels common, micgcegus, poori 10
[ | 3orted] durk ye!lon-orange 10VR 676 (SP) e 5
tin cloy loyers comn s
110 ¢+ :
L mwaR 3
150 - : ]
3 B R e
16.0 T :
L Wi 352
70 -+ 1.0pe
L 1038 Rec:
190 + :
I thin cloy loyers comn sina
190 -
3 aod Ietter sorted. groyorenge 10TR /4 10X Rec
200 + finirg dacsard tron SR 44
L WA
20 -+
L 108 Rec
20 4 10
L i
20 +
L Whe
240 1
L sond, micoceous_ poorly sorted, medium WiR
mao 1 l1ght qray N& (SP? Y
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

ORILLING LOG

WELL NUMBER-:

Cluster 18 WBR-S3aA

DEPTH

-1

26.0

280

29.0

30.0

60

7¢

ki ]

S0 0

s1L0

20

LITHOLOGIC DESCRIPTION

SAMPLE INTERVAL

BLOW COUNTS

60% Rec

X Rec

Y48

X fec

wary

clgy, organics very common (lignitized woed),
thin (< in.) si|ty sand layer comm
stiff, high plasticity dark gray

{60

Iars

DAHP
HOIST

SATURATED

LITHOLOGY

HELL

INSTALLATION

REMARKS

21t Cl
Pel Ietsq

0.2pn
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG

HELL NUMBER:

Cluster 18 WBR-S38

PROJECT NAME Bush River Study Areo
CLIENT U. 8. Aray, APG

LOCATION Edgewocod Areo, APG
ORILLING COMPANY: Hordin Huber, Inc.
RIG TYPE & NUMBER: HMobile B-61
CRILLING METHOD: 8~ I0 HSA

COORDINATES -

TOTAL DEPTH

GROUNO SURFACE ELEVATION

N/L  629560.79
£/ 1519S562.62
35 Ft
9.53 £t (nSL)

HELL SCREEN: 10 Ft sch <40 0.010 cont. elot PVC

. RISER 10 Ft lengthe 4 in ID sech 40 PVC
SHEET 1 o 2 FILTER PACK 12 ft 1L Sand, L Ft 00 Sond
ORILLER. Terry tlise P
GEOLOGIST s B SEAL - Bentonite pellets
Nichos! tlortin, P.G. GROUT Cemant:Bentonite (20:1)
OATE BEGUN: 02 November 1994 OATE COMPLETED: 02 November 1994
LITHOLOGIC OESCRIPTION 2 REHARKS
g | g
= = a - =
=1 = w e <
Q — [=] and
= 3 £ (B382 = 7
S a S |E585 = ¥z
0.0 — >
L ?o;lr.oul (ST) - : ;‘Da
st scnd, very Fine, rare coarse ! @ a
1o + 501? ond Fine gravels, micoceous, : ta
1 well sorted ‘sibrounded, [ight brown : 20
20 + 2.5Y &/9 (sH) A
i : ‘~;g
! 2%
30+ '°:
1 7
@ T a At
5 ! %3
X ate) | 1o
1 s 5 als
. & 527,
6.0 - = O
- sond, fine to medium with rare coarse ke 25}: g'é
70 -4+ ond Fine gravels, medium dgnsvtg, corly bool B
: sorted, subrd to subang light brokn to B70] B5o
+ crange-brown (SH] A5 By
| 222 B2
.8 T B30] 559
Q=0 D=0,
. 259 ST
clayey sond, Fine to coorse sand, sticky, 3 2 5281 B53
0o T goorly sorted hght rown_to orange-brokn 2 % otal 3l | W
T ottied 2.5Y 6/3 %o 7.5YR 5/6 (SC} S¥55 BEsE 2%l B2
B 205 B2
wo i 2 2rsl R
1 i B1e B2
12.0 12 958 653 I
+ Ls 129 C >335
I sond, fine to coorse, micaceous, thin 3 520 30
3.0 4 silty clay layers common, EOOHY sorted, d B8l BS
L subongulor, immature, |ight _brgkn with ’ 2L alD)
o 4 some Orange-brown staintig 2.57 6/6 (SH) . -
15.0 +
1 1991
0 + govels comm
T sond, silt common, Fine, nicoceous, well &l R 10
79 + sorted, subrounded, heovI {biack] minerals
| common, massive, orange 10YRS/6 (SP)
18.0 +
130 +
e20 2
@0 - =5 A | o
- s corss with dgth Vs :
a0 T & i
L [543 # S
2.0 T g :
20 4 s
240 + :
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GENERAL PHYSICS CORPORATION

WELL NUMBER:

. ] . s DRILLING LO
Environmental Engineering Division Cluster 18 WBR-S38
LITHOLAGIC OESCRIPTION = REMARKS
e S =
= = =) = =
2 = 2| 8 5
= S |8 |8 | 2 L=
a. —— =3 >
S = Z B85 | 5 g 2
5.0
nnn

26.0

2ra

S0 o0

sL o

20

s30

5140

=11ty sond, Fine sond, clay common tn thin
l;eovy minerals, we

Qyers, micgceous,

aorted, gray N6 (SH 0 Fec
511
605 fec
M523

fires oo comm, roturel organic frogeents comon

65X fec
A2

clay, silt ond Fine sgnd common tn thin

layers, micoceous, stiff, loW ﬁlcshcxty, 633 Rec

natura} organics common,  gray N3 (CL) .
v
A% fec

very high natwel orgmnics [lignitized wood)

B
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GENERAL PHYSICS CORPORATION DRILLING LOG WELL NUMBER

Environmental Engineering Oivision Cluster 18 WBR—-5€ (abd)

PRQJECT NARME B8ush River Study Areao COOQROINATES: N/L  NA

CLIENT: U. 8. Army, APG E/L NA

LOCATICN: Edgewocod Area, APG TOTAL DEPTH: 28 Ft s

ORILLING COMPANY: Hordin Huber, Inc. GROUNO SURFACE ELEVATION 8.40 rv (MSL)
RIG TYPE & WHGER'_ Hobile B-61 WELL SCREEN: tiel |_Abondoned
ORILLING METHOO: 8= IO HSA RISER o

SHEET: 1 o 1 FILTER PACK _NA

CRILLER: Terry Hies SEAL NA

GEOLGGIST.  Michos! Hill GROUT Coment:Bentonite (2011}
OATE BEGUN: 15 Geptomber 1SS<OATE COMPLETED- 1S Septamber 1994

LITHOLOGIC QOESCRIPTION REMARKS

RVAL

.

DEPTH

BLOW COUNTS
SAMPLE INTE
pAP

HOISI
SATURATED
LITHOLOGY
INSTALLATION

o
v
o

e | topsot! (P1)

e - mf;ul[gmrcre fine sand, mediua

i~

QU0
stiabintinl

[+
ADADSDRDSORULDADE

2.0 -+
+ Y

3.0 -+

Q!

00pn

[
"

S fec

£

o
Lanlinl i

Q!

B

silty clay, rore fine sond (CL)

A

aQ
[
Y

{OT Y
!

[+
SDRIEDSURDSDRDAT ST S

3 X e

0

o
{
+

Q!

1.0 < clay, soft plastic, dork yellow- 10
ay, ] 4‘/’ y

by brown 10Y 2 (CL) 1008 Rec

clay, high notural organics, very stiff,
I dorz brogn (oL) 9 4 s
L 93 Rac
110 =+ e fies o sad ireresicg mith Gt
4 v

el
U000l

(L)

L B fec
sandy clay, high natural orgonics (SC)

10

- :::Z_:nnd._nnn:1¥;:nz::d__nn?uln:_unx_n:nx_Nﬂ_ISEI ws
190 + clgy, rore Fine grovel ICL)

L B fex

200 <+
sond, medium groine locose, poorly sorte
F anguiar, medugun dorE' gray, (Nq) (Sx) .
210 + irm doeserd, light olive groy SX W1

L R

Y1
0.0 e

10

sandy siit,_ Fine sond, stiff, d nns
dcrkygréy N4 (ML) ' fedran

L 03 Rec
L WISy

L € R




83

GENERAL PHYSICS CORPORATION

Environmental Engineering Division

HELL NUMBER

ORILLING LOG

Clueter 18 WBR-5<R

PROJECT NARE: Bush River Study Area
CLIENT: U. 8. Army, APG
LOCATION: Edgescod Area. APG
ORILLING COMPANY: Hardin Huber,
RIG TYPE & NUMBER' Mobile 8-61
ORILLING NMETHOO: @8~ XD HSA

Inc.

COOROINATES -

TOTAL QEPTH:

GROUNO SURFACE ELEVATION

N/L  629796.47
E/L  1519631.68
26 v
‘8.47 rt (1sL)

WELL SCREEN: 10 F+ ech <0 O0.010 cont.

slot PVC

RISER: 10 £t lengths 4 in I0 ach <0 PVC
SHEET . L ’PF' 1 FILTER PACK: 11 Ft L Sond, L £t =00 Send .
ORILLER: arry Nise SEAL ¢ Bentonite pallets
GECLOGIST" rtichcail Mortin, P.G. GROUT : CemantiBentanite (20:1)
DATE BEGUN: 24 October 1994 OATE COMPLETED: 24 October 1994
LITHOLOGIC OESCRIPTION = REMARKS
' 2 | E g
= = a D —
£ = g g3 | = 25
= = £85 | S § =
0.8 T topsoil (PT)
s1it, fine sond comson MICACEOUS,
Lo -+ tight, light brown with orange-brown
+ mo¥tles 27SYR 6/3 (ML)
20 -+ 1S
+ U
3.0 -
$ T fec
.0 -
s.0 -t enxiren 1.50 53 '
6.0 -1 . 10p
4 nuus
7.0 - cloy oo s ]
5 N
8.0 -r }
w0 -+ %
. 1
10.0 . .0
+ clay, soft, high plasticit ray With Vs
wo 1 Sr¥ae bromn aatties 1. STR'S/8 15 NP (CH)
X . 08 fec .
120 -+ . BRS :
1.0 + E;. E; B
T s comen E: ‘_ 83
1o -+ I : !
L v 2 -
acnd, fine with trace medium, dense, o : 10
15.0 -+ mggermely sorted, subongulor, gray N6 3% Sesie
R (SP) 8 fec et 25
16.0 - 'E- i = E E
o [ p— : e
18.0 - S 3
L vizRs i SR
13.0 + 311ty sand, very fine, micoceous, Well i 5H | Mg
+ sor¥Zd, gray N5” (sP) S fec £ s
0.0 + B8 i
2.0 + EE E
20 -+ L 3t
| lirmr qreire comm k77,3 : 3
2.0 + : st
] 3111, clgy ond fine sond common tn 8 R - =
2190 -+ layers, high naturacl orgamcs (wood 10pm
B fragments) © micoceous, tight, dark YUE
gray N ]
50 T
L X fec
w0 -+
o <+
B0 -
29.0 T
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG WELL NUMBER:

Cluster 18 WBR-~-SSa

PROJECT NAME Bush River Study Arec

CLIENT

U. B. Army, APG

LOCATION: Edgewcod Arec, APG
ORILLING COMPANY Hardin Huber, Inc.

COQROINATES - N/L 629742.S6
E/L 1519374.39
TOTAL QOEPTH. 24 Ft
GROUND SURFACE ELEVATION. 4.16 Ft (MSL)

:IG T;:g :E :ggg?ﬂ i "I‘::L's: 8-61 UELL SCREEN: 10 Fr och 40 0.010 cont. olot PVC
S;I'é: 0}‘_3 . RISER: 10 Ft lenaths 9 _im ID ach 40 PVC
cn 1 T o FILTER PACK: 11.6_ft *1 sond, 1 Ft *00 sond
ORILL °"'Y '5? SEAL - Bentonite pellets
GEOLOGIST.  Michael Hill GROUT - Coment:Bentonite (20:1)
OATE BEGUN: 1S5 September 199“DATE CONMPLETED: 1S September 1994
LITHOLOGIC DESCRIPTION S REMARKS
» 5 3
(=3 | = b
=z Q = —
g |5 | B8 3
£ g | & (82 g 2
s a S 58S 1 ¥ =
8.0 -: topsotl (PT)
stlty clay, soft, moderate plasticity,
Lo T mediua dark groy N4 (CL] P i
2.0 i
5 sandy cloy, fine to mediun sand (SC) wn EEEESTE
10 <+ siity cloy, rore orgonics, moderately stifF (CL) - .
T clay, visible roots, highly orgaonic (QH) 1008 e
0 +
i umn
50 -+ crgonics, rare clay (PT}
1 1008 fe b
6.0 - :
L wmn
7.0 + :
1 9 fec
80 -t
clayey sond with interbedded clogs Fine ZEREEET
0 T sond, "micoceous, light gray N7 (SC) 7
3 s coxzors with dpth B BRZ s
00 -+ s R !.ﬂﬁl
+ wu f,f 97 2 HISH
ug =+ sond, raore silt, moderately sorted, Bt sl
L subrounded, moderate yel lok~broxn to 0 fee - B 3
light brown (SP) s
120 -+ ’ i
Bo + ==
110 -t L : H [ 10m
L e T S 3
150 + - i 3 T3]
L L 143 O 5
B0 + . :
7o + . e :
8o + ‘ SR - : 1o
] wa | o ; i
|g 4 sondy clay, sond Fine, stiff (SC) 1
L 143 ‘ CLXeAAA
w0 + et
I 77 -
a0 + 5
20 + : 10
3 vz
no +
L = fec
240 +
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GENERAL PHYSICS CORPORATION

Environmental Engincering Division

DRILLING LOG WELL NUMBER

Cluster 18 BBR-5S8

PROJECT NARE: Bush River Study Areo
CLIENT: U, B. Army, APG

LOCATION: Edgewood Arsa, APG
DAILLING COMPANY: Hardin Huber, Inc.

COQROINATES N/l 629740.84
E/L 1519388.0S5
TATAL DEPTH: 27 F+r .
GROUNO SURFACE ELEVATION 3.98 rt (nsu)

AIG TYPE & NUMBER: Mobile B-61 -
ORILLING HETHOO: 4,25 I0 HSA :izléscnesn.:::
SHEET - r o L FILTER. PACK. N/A
DRILLER: Terry Hies SEAL N/A
GEOLOGIST Michael Martin, P.G. GROUT . Come B T
OATE BEGUN: OL November 1994 OATE COMPLETED: O1 November 1994 nt:Bentanite (20:4)
LITHOLOGIC OESCRIPTION = REMARKS
- = =
= = =1
= |=| 2|3 £
-l
2 3 g EE’S 2 42
=} = 235 = w =
“ T Yopsoil (P1) e 3
Lo -+ sondy clay, groy (CL) 3
3
20 -+ )
i 0
.0 x-3
} 2
w0 -+ 2
clay, natural orﬁgm&f (roots) common, o
T afrcaceous, groy (v 8} a
.0 - 2
""ln O
o i clay, high notural orgonics, gray (OL) Aia0eo0o0 g3
0 T 5
T geot-hke s011,  some clc% decagmg = he § o
1.0 - rgonics, dark” brown 10T 2/2 PT) 2 2
[ S B
N | Bl B
00 o 2%" -%'
-1 22 2
) S 2
100 4+ .z»%j 38 0ps
wo + ) 23
' . 1 fee 249 ‘2
- 559 9]
. 3= Ol £o
120 - 229 3
o By Rfel  [egl | .
* 'gandy clay, fine to coarse sand, rare a_!% 3
3 ine ﬁ%ur?z gravel, tight, low plasticity, 8 O
10 -+ gray (cL) 550 30
s 223 28
> ”>
so 1 g EE
L wu o 7O I
0, - D
%0 sond, sf|t common, fine to medium, 3 9
3 noderately sorted, subrounded, grayish B3 Ree S 7S | 10
7.0 + t0 yel low~brown 2.5Y 5/2 (SP) 3 o
0 -0
I 3| B3
18.0 - % :%
r Sl BS
18.0 T 2 24
- el RIS
0.0 T 3 7S]
1 clayey sond, fine, micaceous, tight (SC) wan = o
O =0
4 sondy clay, fine grgined sond, micaceous, £ 39
a.e tight, lou'plasflgnty, gray N4 (CL) o fe = £ Mo
5 543 23
2.0 + o2 229
L _5'0 5%
A | Bi9l B3
ST 99
r 25 I
290 =+ 5-3 o_!-oo
L a_f'g o_f'g
> »
s0 + 020 020 (X F-- 1
sondy clay alternaoting with claye s 239 54
I sondyloyers (SC) 9 vey iR i £ 3o
=07 : 28BS
L €3 Rec 00 =0
A 279 29
0 + (k-] [0 ="O0
B0 T
z, o —
wo 4
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG

HELL NUMBER:

Cluster 18 WBR-S6A

PROJECT NAME Bush River Study Arsc
CLIENT: U. S. Army, APG
LOCATION: Edgewood Arecc, APG
ORILLING COMPANY- Hordin Huber,
RIG TYPE & NUMBER: Mobile B8-51
DRILLING METHCO: 8 ID HSA

Inc.

COORQINATES-

N/L. 6300S53.83
£/L  1S19455.30

TOTAL DEPTH SO Ft

GROUND SURFACE ELEVATION

18.39 Ftr (MsL)

HELL SCREEN: 10 £t och 40 0.010 cont. siot PVC

RISER: 10 F+ fengthe 4 in I0 ech 90 PYC
SHEET- 1 OF: 2 FILTER PACK: 1L £t *1 Sond, 1 Ft *00 Sond
ORILLER. Terry Hise SEAL : Bentonite pellets
GEOLQGIST Hichael Hill GROUT . Comont:Bentonite (20:1)
OATE BEGUN: 16 September 199<0ATE COMPLETED: 16 September 1994
LITHOLOGIC DESCRIPTION 2 REMAAKS
-3 z
2 = . =]
g | = S| 8 S
- < - —E =1 2
— (=] = -
5 2 |2 [E82]| 5 g
= a & |&888 | S ]
i | Topsoi1 (PT) : o2
silt, rore fine sond ond gravel, stiff, i 5
Lo 7 mcderate yel low-broxn 10YR 5/4 (ML) ! I
ES i jaza
20 + ! )
' v ; 2’2
- ] 3
0 -+ X B30 g
L B Rec . =0
P i =risy
0 - Q=0
H 0370
- : E
se T '3
. 7
s dot yelt 9 drt peilariron wttled . 55
mbommez " 2
5.0 -t . i)
] 1Ay ‘ 2
" O]
10 4 . 12 Bl | i
L X Ree R _;'g gé
80 T : 22 BLD
r |
10 . B B3
L ! ‘3 2
sond, ver{ Fine, s1lt common, micaceous, e g§ g§
100 -1 logse  well sorted, pale yellow-brown -0 01 | °
{ 10YR /2 (SP} wiava ‘5 2
no -+ S 7o | 1om
A B he 3 39
b5 D
+ 2 alo
B0 -+ 21 B2
9] BIZ
| 2] B3
110 -+ o ?%
+ yl].ﬂW’Z 9 O
sand, Fine grained, silt common, rare Fine -f'g i
50 - grovels, modergtely sorted dar fol | IR
L yellow-orange 10YR'6/6 (SP) ke 2
80 7 3 EZ
I Qg
7o + _g §
3 !% 0
| prel RIS
X ) 29 2
8o - 3§ 2 s
s [
L silty clay, soft, modergte plasticity, pale 62 Rer 555 5o
00 4 yellow-brokn to dark yel Ioquronge (EL)P :'g °f-‘g
] vy 1, light olive goy ST 2 w1 =8 253
=0 (0 =0
a0 + 272 Bl
i 2 e 5
k2 ’
20 -+ D) 520
sondy si1lt, very Fine sond, stiff v 2 B
1 micaceous, dark’ yellow-brown 10YR 4/2 (ML) b4 A4
a0 + 9 79l | 1o
L B Rec g
240 ¢ 33
- V45 79
=0 L s1it, high naturol orgonics (wood Fragments) Dttt ettt [
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

ODRILLING LOG

WELL NUMBER

Cluster 18 WBR-5S6A

LITHOLOGIC OESCRIPTION =
@2 S
2 |3
= puar}
a =
= = z
5.0 o —Ctuy rommon - orve btgek ST 27 I (00
6.0 -+
4 VU
2.0 + -
clay, stiff, high notural organics, lignite
T S oaron Tl ive bYack ST 2/1°(GH) S B R
8.0 -+
29.0 -
0.0 -+
4 Jui
.0 -
4 | 33
2.0 -+
3.0 -+
1.0 -
T Tt d deratel tad, oli i
ailty sond _moderately sorted, olive gray
3.0 T Y 471 to NG (SP
i s -e]u'im?gngsqs?u] X fee
6.0 -
4 wnRnz
7.0 -
sand, fine to coarse, gravels common, X Rec
T poorly sorted, dork gray N3 (SK)
38.0 -+
T dy cl Fine t F g i
scndy clay, fine tc ver ine sand, ver
o scF*t',y modgrate plo:?lc%y, medium k7
+ gray N3 (CL) ST Ree
0.0 -+
. =11ty sond, dense, pooriy sorted, olive gra
t 3¢ ' 31°T6m poarty gray | wisma
a0 -
4 T fee
2.0 -
4 W
13.0 -
1 XX Rec
4.0 -+
4 VS
5.0 +
4 X flec
6.0 -+ lignite ins better sarted
T ignite comon, groine ) -
7.0 -+
4 SO2 Rec
90
1 a
490 -+
4 SOX Rec
00 -+
sLo -+
s2.0 -
30
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REMARKS
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l i |
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GENERAL PHYSICS CORPORATION

Environmentai Engineering Division

ORILLING LOG

UELL NUMBER:

Cluster 18 WBR-S6B8

PROJECT NANE Bush Rliver Study Arsca
CLIENT - U. B. Army, APG

N/t.  630048.34
E/L 1519469.0S

COORODINATES

LOCATION: Edgemcod Arsc, APG

TQTAL CEPTH. 62 Ft .
GROUNO SURFACE ELEVATION: 18.08 rt (MSL)

CRILLING COMPANY: Hordin Huber, Inc.
RIG TYPE & NUMBER. Hobile §-61 UELL SCAEEN- 10 Ft ach 40 0.010 cont. olot PVC
ORILLING RETHOO: 8 IO HSA RTSER n
T 31 aF: 2 ISE 10 rr_tlengths 4 in ID sch <40 PVC
SHE > FILTER PACK 12 £t *! Sand, 1 rt *00 Sond
ORIU‘ER'T Tarcy Hiwe SEAL Bentonite pollote
GEOLOGIS Michae! Mortin, P.G. GROUT Comanti8entonite (20:1)
DATE BEGUN: QT November 1994 OATE COMPLETED: 08 November 1994
LITHOLOGIC OESCRIPTION 5 REMARKS
o S s
= = gl = =
- 8 o = =] =
= = g e23 [ = 35
=1 = =t jor) w =
e T Topsorl (PT)
si1lt, stiff, rare Fine to medium .
1.0 <+ sand, yel lokish brown 10YR S/78 (ML) :
- i
20 -t i
i |
0 -+ X
1 ;
4.0 -+ .
s.e -+ (X T ]
i vz :
6.0 cloy comay yellowish bran tv groy witled 10R 8t 16
L e )
7.0 -+ '
8.0 -
5.0 -+
10.0 -+
IS sond, very Fine, si:lt common, micoceous, Wy
i Tcose, pr sorted, brown LOYR 6/2 (SM)
1o - (X1 ]
4 . o e
120 =+ .
130 + .
190 - 2
R o 0.
14
150 &
L WA 3
16.0 =~ ez sl snd 9° '.Uﬁ!
| e S
7o -+ &
0,
: 2
8.0 -+ silty clay, micacegus, sticky, moderat 2
. 2 2 ate K
T plaosticity, gray §7 221D 3
13.0 + I3
o
- 2
w0 + RS
L . wnn $
20 =+ g
L 53 fac %
za -+ g
230 = g
O]
- 0]
240 + 2
L P
S0 + o}% Lppm
i W %2
®a <+ clayey si1it, very high natural organics, 2%
| dork groy Z.5Y 371 @0 108 ez o_:%
7o + cla very hlgh natural organics, 2:
| stiff, moderate plasticity, dark 29
gray (OH) r1s}
80 -+ 2=
7O
L ey
20 -+ 220
1354
- -3 1.0 e
o — 2%
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GENERAL PHYSICS CORPORATION

Environmenta! Engineering Division

DRILLING LOG

WELL NUMBER

Cluster 18 WBR-S68

LITHOLOGIC OESCRIPTION = REMARKS
s 1= S
= = foe] 2 <=
= 8 = =& = =
= = = 22 = =@
=] = & =+ = - =
30.0 -1
4 S5/4%
1N.0 -t -
1S 1008 Rec
2.0 -
12.0 -
M0 -+
5.0 -+ !
+ [ si11ty sond, trace organics (5P) 678761 o0
%.0 ~+ sondy silt, fine sond, tight, gray N4 (St -0
4 8L Rec
sand, fine to cogarse, oilt_common, poorly .
7o -+ sorted, subangulor, gray N3 (SH)
8.0 -+ :
9.0 -+
©o T =lay, stiffF, moderote to high plasticity, 2r i 0.0
T hig% naturdal crganics, dark grgy N4 (CHY i
a0 -
ES scnd, fine to madium, a1t common, TS Rec
<0 -+ micaceous, moderately sorted, gray (SP)
Qo0 + :
440 - s
i cTay, stiff, moderate pigsticity, gray (CL) — .
o T o) Ity =scnd, F’}rl\e, h‘uvgtd'l no‘rgrcl gr anics, s 0.0 po
- micac=ous, well sorted, subrounded, gray, e -
R R&STERTV™ Siind 9 Rec i
70 -+ : 3 s
wo + e
90 <+ 2iit decreases, rore silty clay loyers 5 E 25 :.
T 2 in, cre o soxd Uigitized) w il s
wo T 3 ] | 0.0
1 60X Rec saseis
sLo0 -+ RS
20 4 thin cloy law - Q. :
1 BIR 3 3
S30 - sift incvosss, lage arymic frogemts b3
4 60X Rec R 2
sS40 -1
sso0 -4 e 2 0.0 ppe
14 VLIS :
60 T ity «d adertel i 3
1 siltrore, coxreers, aly sorted o0 Fec sat 3
s70 <+ clay, .very stiff, moderate to high
laostictt ray’ to brown-red
L Rottied’ (G 37
80 -
4 MS/16/
80 -
L SS Rex
00 - 00 e
+ [73V741 %]
6L 0 -+
4 902 Rec Z
620 -t
€30 -1
640 -
650 -
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING

LOG WELL NUMBER:

Cluster 18 WBR-S7

PROJECT NAHE: Bush River Study Areg

CLIENT

U. 5. Army, APG

LOCATICON- Edgewocod Area, APG

ORILLING CGMPANY: Hordin Huber,

Inc.

RIG TYPE & NUNMBER. Mobile B~61

COOROINATES . N/L  £30361.03
E/L  1519365.02
TOTAL OEPTH- SO Fr

GROUND SURFACE ELEVATION

9.09 r+ (HSL)

HELL SCREEN: 10 £t och 40 0.010 cont.

slot PVC

g:';f“s "ET“"g;_f" Izo HsA RISER- 10 Ft tenathe 9 in _ID sch <40 PVC
i Pooe FILTER PACK: 11 Ft °L Sond, L Ft *00 Sond
ORILLER: Terry Rise SEAL - Bentonite pellets
GEOLOGIST:  Michas! Mortin P.G. [ GROUT: Cemeont:Bentanita (20:1)
DATE BEGUN: 22° September 1994DATE COMPLETED: 23 September 1934
LITHOLOGIC OESCRIPTION 2 REHARKS
e | 8 g
= (=] kg :
g | = 2|8 s
(=] w < sy
E z |2 |eg5| 4 =
o] ES | = o 2
R | topsoil {PT) |
s1lt, Fine sond and ciay common, i
Le T roderately tight, gray %o orange-brown ! -
L (L) ! 2
20 -+ i :g
3 g+
T : g
10+ 43
¥
i =
6 -+ 5
T i)
s.0 - ’ 2
&
- 2
60 -t -
1 si1lty sond, very Fine, gray (SH) o
70 - 2
L -]
g.a - 3
e
i sility ¢ moderately stifF,
%0 - grcyYN‘l ?EU Y .
3 d_g.
= gL
10.0 + “n 553 g
3 . 1ol
wo ¢ 2
L :1- 473 278
120 + 2l
X 2t
2%
1o + 538
" 22
ne T clayey silt, tight rare organic s .’~§]
- frogments, gray N9 (HL) 520
150 -+ 203 | 10
L 108 fee _!-2
50 -
7o ¢
cigy, troce si1lt, very high natural s225202502020
3 orqanics, very stiff “modérate to
80 -+ high plesticity, dork gray N3 (QHI
4 i
190 -+ 10m
1 B e
W0 -
a0 -t -
2o + S
L troz ard” VIS . ey I
B 0 —pe - s0s0ssr000000 ose
sand, fine, si1lt common, nicacecus, it
- well’ sorted, subrounded, gray N4 (5P) 1003 e g | e
240 4+ i
S0 4 28
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GENERAL PHYSICS CORPORATION WELL NUMBER:

Environmental Engineering Division DRILLING LOG Cluster 18 WBR—S7

LLITHOLGGIC DESCRIPTION REMARKS

DEPTH

BLOW COUNTS
SAHPLE INTERVAL
DAP

OISt

SATURATED
LITHOLOGY
INSTALLATION

HELL

25.0 -T

6.0 -+

2.0 -1

thin ailty zones comon o8 fee

29.0 -t

0.0 -

1wang

1.0 -+ 0.0 s

SX fec

2.0 -+

3.0 -1
3.0 -1
vivna|.

3.0 -+
808 Ree

8.0 -

70

8.0 -1 0.0pm

. Re
190 -+ sord corsers slightly .
SSE Rec

1 treee natwal argics blratatrsd

I fec

1 Sy

70 —+ clay, stiff, high plasticit trace
nat%rol or‘gcmcg, grcy N7 (é-ll

Cloy peilets
T Fes

0.0 g
L Y16

1 6% fec

S1L0 -

20 -r

S30 -1
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

ORILLING LOG WELL NUMBER:

Cluester 18 WBR-S5S8

PROJECT NAME ‘- Bush River Study Area
CLIENT U. 8. Army, APG

LOCATION® Edgewcod Area, APG
CRILLING CONPANY Hardin Huber, Inc.

COOROINATES: N/L  629996.97
E/L  1519126.03
TOTAL DEPTH- 26 Fe .
GROUND SURFACE ELEVATION 14.86 rr (nNsL)

RXG TYPE & NUMBER: Mobile B-61 :
ORILLING HETHOG 8- 1O HoA WELL SCREEN: 10 Ft sch 40 o‘.‘o{.o cont. olot PVC
SHEET 1 oF L RISER 10 re tengtha in ID ech -0 PvC
. FILTER PACK - 11.5 't °1 Sand_ L T *00 Sand
ORILLER Tarry Mise SEAL Bentonite pellots
GEQLOGIST.  Michae! Hartin, P.G. GROUT - Cament:Bontonite (20:L)
OATE BEGUN: 26 Soptumber 199<0ATE COMPLETED: 26 Boptember 1994
LITHOLOGIC CESCRIPTION = REMARKS
e S =]
E £ gl s Z
- 8 o | 5| 3 2
= 7 < o=
a =4 g._.._ = =5
= = 23 = w =
o.0 T topsot| (P1)
10 c:ay,f,sg It and sond*camon, 13;!-!!‘:2'/610"
- - astici orange to gr
1 o N7 (CB/' 9 sroy i
20 -+ :
+ wmwn H
3.0 :
+ 108 fec i
<0 = |
+ v 1
s.a - 3
L 10X fac : )
6.0 -
T s11ty sond, fine grained, well sortad, sy E
LA subrounded, orcngg 16YR B/6 (SH) :
so <+ : 3
L umn o s
90 c}ay,f_ag{t and scxnd,f stiff, 16% &/5 sl
astict orange to gr 38
L go 37 (CLY' g gray [ 4 :
00 -+ . . 5 i sit
s irresiog ed with dpth ey
u.e + :;;%
1 sond, clgy, siit, Fine gravels common, 13 A : : I
1zg - very poor: sorted, sticky (SC) ’ & 2| BB
I ¥ poorly Y wwi & A B | 1o
o g s REe—d |-
3 fines decrecne xith depth i 73! 7 ==
110 + AR gt s
150 =+ % : 5
sand, IFme folcaorse, drarc Fine ﬂjé ¥ ;é
3 ravels_ poorly sorted, orange, 3 ’ i H
o <+ §UYR 6/b Fl,su] y e 5,8,8,5 ps o 1 10m
o a. >, o, 03
L (7175718 Q40O 3
o o507 o 23
170 -+ sand, troce si1lt, fine to medium, -
L modergtely sorted (SP) . = e 5 3
180 + : : R
130 + : . :
@mo + o7d corees :: :_
i cloyen sond, fine, silt common, tight, Wz LLETIT g
20 + gray N6 (SC) et 1
L 8 e E 5
zo T PEEEEE
230 -+ silty sond, well sorted (SM)
L 0B fec 2 10
clagy, stit and Fine sond common, low
240 plosticity, oronge toc graoy lominated (CL)
3 RS
%0 + clay, stifFf moderate plasticity, 10
| gray N4 (CH) P Y X fec i
®0 -+
zro -+
280 -+
230 -+
00 L
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

ORILLING LOG

HELL NUNMBER:

Cluster 18 WBR-59

PROJECT NAME. Bush River Study Areg
CLIENT U. 8. Army, APG

LOCATION Edgewood Areco, APG
ORILLING COMPANY. Hordin Huber, Inc.
RIG TYPE & NUMBER: Mobile B-61

COCROINATES: N/L  629593.6S

E/L  1518870.33

TOTAL OEPTH: 18 Ft
GROUND SURFACE ELEVATION 7.0L £t (NMSL)

HELL SCREEN: 10 £t och 40 0.010 cont. slot PVC

ORILLING METHOO: 8 I0 HSA RISER: 10 Ft_longthe 4 in IO sch 40 PVC
SHEET 1 oF 1 FILTER PACK. 1L Ft =1 Sond, 0.S Ft *00 Sond
ORILLER. Terry Hise SEAL: Bentonite pellets
GEOLOGIST  Mlichoel Hortin P.G. GROUT : Cement:Bentonite (20:1}
OATE BEGUN: 28 September 199<UATE COMPLETED: 28 September 1334
LITHOLOGIC DESCRIPTION < REMARKS
& =
w Y] Q
= = a = =
g |2 .B|¢8 :
= = 2 |lozE| E -
< g | 2 |B2S| 5 ze2
0.0 T topsoil (P1) 22
sond, clay and gravels coamon, RS S
Lo T goorlg sorted, broknish-yellow PRI =&
s OYR 6/6 (GC) ,4::,/‘:‘_/.::_2‘ 3
20 ] veve
I Tty cloy, SLIFF, Tow plast l wa 20
silty ¢ st ox plasticity, olive
w 1| Sosten W MP .
+ 1SS fec
.0 s =
s0 +
6.0 T i3 g
L ond caen Y R 3 !
L sand, silt trace to common in zones, : s
- Fine, well sorted, light brown % fe : 3523
g0 + SYR 6/4 (SP) : &
so J
wo + i [ Lm
2 ane 2 : 3
e + sand, trace fine grovels, medium to :
caorse, paorl¥ sorted medium density 12 R 3 s
1 orange-pink STR 874 (W) =
120 -+ T gonls : 5
X - - Y11 it :
sond, fine to medium, well sorted, vy sest sttt
no subrounded, dense, moderate brown, 3 { 10p
I 51R 4/4 (SP) Bhe s
110 + s
5 gowls comm Wi :
5.0 T clay, s3ilt common, very stiff, low to :
s soderate plasticily, orange to gray B e 2
6o ~+ lominated LOYR 6/6"te N8 1CL) 109
I at g e
170 -+ '
L TWhe
o 4
190 +
20 =
a0 +
zo +
20 +
40 +
so 1




GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG

WELL NUMBER.

Cluster 18 WBR-60

PROJECT NAME Bush River Study Area

CLIENT

U. S. Aray., APG

LOCATION Edgewocod Area, APG
DRILLING COMPANY: Hordin Huber, Inc.
RIG TYPE & NUMBER: Mobile 8-51
ORILLING NMETHQO: 8* ID HSA

COGROINATES

N/L  628999.53
E/L  1518406.09
TOTAL DEPTH. 32 Ft ’
GROUND SURFACE ELEVATION 6.498 Ft (MSL)

HELL SCREEN
RISER:

:S Ft sch 40 0.010 cont. elot PVC
10 Ft tengthe 4 in ID ech 40 PVC

SHEET 1 oFo 2 FILTER PACK.6 Ft *1 Sand, 1 Ft *00 Sond
ORILLER Terry Hise SEAL : Bentonite pellets
GEQLQGIST- - Michael Hill GROUT : Comant:Bentanite (20:1)
OATE BEGUN: 04 October 1994 OATE COMPLETED: 04 October 1994
LITHOLOGIC OESCRIPTION 2 REMARKS
4 =
2 = 2
== | gz <
9 ted <
£ g | & |e85| E o
= 3 s &85 o g =
T topsoil (P1)
siit, rore Fine sond, very stifF,
Lo T graﬁ-orcnge and _dark ¥el low=orange
5 OYR 7/9 Yo 10YR 6/6 1HL)
2.0 -+
L W11 2
30 + 2
- 5 fec 2
5
0 - 79
X 9
5.0 < i3
L 3
yi=)
6.0 - 2]
1 YN !-no
7.0 H a_fg
- - (3> >3
s e iS5 Bis
= D) 22|
80 - 3l [ata
L . a_ffz ‘§
’ 44
9g -+ . Ly -2
clay, soft high piasticity, olive 279 273
0o I gray ST 4/1 ce) 5
4 25 ¢
I s 535 Bis
e —+ 2t5] i3
i 8 fec 553 £
o= 5
20 -+ 2-2 [2-2
L E§ °’§
13.0 il B2
ST Rl D) 329
L 030l P39
s1lt, rore Fine to medium sand, ngturgl =31 B8
40 T orgonics common, olive block SY 2/1 (OL) 222l B3
o ywm“ 0= 0 =0
sond, poorly sorted, medium density, 239 70
50 -+ mednunpgroy NS (SP) . 5381 Bis
X R Riol [zl
24D 2fD
s0 i Bis
L 79 K53 O
s1lty cloy, moderately stiff, high 531 K58
ro - plasticity, rore lignite, medlumg Ay I
i gray NS ) 523 2L
29 B3
180 + c
] R 3
190 1
L X R
00 +
L wn
20 -+ olive gy
L =l fec
20 +
L s
a0
] ity ci tural B
stity clay, natural orgonics common
0 moderately stiff, grcygbluck N2 {0H) "
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG

WELL NUMBER:
Cluster 18 WBR-—60

LITHOLOGIC OESCRIPTION

DEPTH

BLOW COUNTS
SAHPLE INTERVAL

REMARKS

SATURATED
LITHOLOGY
INSTALLATION

DAHP
HOIST
HELL

S0 T

958 Rec

28.0 -T

sand, rore Fi is, | X
%.0 T pggrlyrsogfed?emgg?&g grcyoﬁge(SP)

sy

X Fee

derk’ yellow-orange to mode
23.0 -1 Bronn’ ]

+ sandy gravel, very loose, Eocrly sorted
ate yellow=-
I0YR &/6 to 10YR 5/9 (GW)

X Rec

0.0 + | It r
1 Gork “gray N3

a0 -r

ar
]

20 -

s40 -

e fine sand, stiff,

X Rec

essrssssrrsvees 3 1

B o 0.0 ppn

0.0 pps

50 -+

e o _. —— e

s
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG

WELL NUMBER

Cluster 18 WBR-61A

PROJECT NAME: Bush River Study Areo
CLIENT- U. §. Army, APG

LOCATION: Edgewocod Area, APG
ORILLING COMPANY: Hordin Huber, Inc.

COQROINATES

N/L. 629323.44
E/L 1518495.82

TOTAL DEPTH. 50 Ft

GROUNG SURFACE ELEVATION

10.02 F+ (hsL)

g;;:;:g :E :ﬂ:g?“g_ '?D"‘._‘ lsen 8-61 MELL SCREEN 10 Ft och 40 0.010 cont. slot PYC
SHEET: 0;__ 2 RISER 10 Ft lengths 4 in I0 sch 40 PVC
ORILLéR i T ) i FILTER PACK. 10 Ft *1 Sand, 1 Ft *00 Sond
.. eﬂ'y tae . SEAL - Bentonite pellets
GEOLOGIST: ffichoce! Hortin, P.G. GROUT Camant:Bentonita {20:1)
OATE BEGUN: 29 Septamber 1S9<UATE COMPLETED: 29 September 19949
LITHOLOGIC CESCRIPTION 2 REMARKS
g 3
2 w (=]
E =z ] e <
S |u | . g]| & 2
.I— g o 0w = -t -
& 2 | & |22 | £ 32
8 @ w2 [=F=177] - = e
0.0 " topsoi | (PT) ] 538 :;r-;:_o"
si1lt, troce clay ond Fine sand, P 38| BB
Le - Firm, oronge brown to graoy ; e =)
i 10YR 6/6 t5 N7 (ML) g 2
1 : =gl G-l 0
2.0 : 03:'2 705 i ad
+ s . Bt 552
0 T i 43 2
. . ™ fec : 75 ,'3
T incremsing fire =rd . ale Eid
40 -+ , asa asa
| i 2ol B4
. i % o
S0 -+ decreing srd :_5 é a_!.é
I :
6.0 T ircreaing ¢l ' %D I
{ e e 22 a:,z
10 + cloey silt a_ﬂg 05"3 10pn
1 o R o_f-oa of;g
L% a_f-‘oo
20 22l Regl
[ - e B3
9.0 =+ 2L D) atD
- = I
23 B2
.0 s L) 2 *
I 2% RIS
1nao + a7d ad cloy comn, goy 7 270 079 g
1 Wi il
-+ 25 [
2.0 a—ls alﬁg
- 0 D) 00
Bo T 2i% RS
)
0 T s
L c{ ay, .very stiff, lown tg soderate e 23l B9
s 4 plosticity, red 10YR 374 (CL) °—:"<°‘3 a£§ 10
L siity sand, very Fine, groy N6 ISi1) T R Of'g 5to
’ 4
1.0 -+ 02D =143
i clay, v st1fF  moderote plasticity,
wo | Fed10YR 3/3 (1) P y
o +
3 . R0
9o -+
3 5% Rer
20 -+
20 -+
zo 1 1
- siity sond, very Fine, light gray N7 {SP) W
no + 10pm
sandy 9i1it, very Fine, tight, 54
: light groy N7 &) s 1008 fee 3137
240 + 2oL
L W 2¢3¢
S0 — 213!
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DRILLING LOG

tvision

d, notural organics common at
ray N7 (SP?

GENERAL PHYSICS CORPORATION

Environmental Engineering O

5
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GENERAL PHYSICS CORPORATION

HELL NUMBER.

DRILLING LOG

Environmental Engineering Oivision

Cluster 18 WBR-618

PROJECT NAME Bush River Study Arsa COCRDINATES -
CLIENT U. S. Army, APG
LOCATION Edgewocod Arsc, APG

ORILLING COMPANY. Hardin Huber, Inc.

TOTAL DEPTH-

GROUND SURFACE ELEYATION-

N/L: 629321.39
E/L 151.8516.94

SO Ft ’

9.42 Ft (NSL)

YP : i -~
g;‘;zmg :z:ﬁggfna- "I"nb'u's ° 8-61 HELL SCREEN-10 Ft sch 40 0.010 cont. slot PVC
fng 1 oF: 2 RISER: 10 Ft lengthe 4 in I0 ach 40 PVC
US'REILLER T - FILTER PACK: 12 Ft *1 Sond, L Ft *00 Sand
' arry Hise SEAL: Bentonite pellets
GEOLOGIST.  Hichae! Hortin, P.G. ZRooT et B LT30S
OATE BEGUN: 02 Noveaboer 1994 DATE COMPLETED: 03 November 1994
LITHOLOGIC GESCRIPTION 2 REMARKS
0 (] 3
= = =8 5
& 3 £ |m2=| 2 ==
[ve) P 4 < *~ w X
=] (==} (7] QS‘D - = =
5.0 - TR
] topsoi | (PT) R s I
stlt, troce sond aond clay in layers, ! o
Lo tight, some micg ornn$e brown to H al e
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: ey B
20 + H i
1
i gie
-t H 55
3.0 ! 2%
L 39
.0 a2
- : B
5% T
50 o+ . - %2 L
+ l!ﬂ)! -"9 S
B 0="0| &
6.0 T 1 S
1 e ; 20 -0
70 + i Bl
: X 3 B8
! = I > T1=1
g0 + S B8
(e d
- O ‘o
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30 - gray N3 T P . 2 B3
o 0 [&="0
wo olel  B%
A ] : pial  @lal | o
e —+ piel  [BI2
. * > 1= 9 &
L sond, medium to Fine gravels, poorly 0 558 B35
20 1| Sorted subonguiar (SH) pral B
O_-g 0_-3
3 5D @l
1o 4+ stit (ML) -’g B 3%
L f.'g !.-g
22D afg
10 + 23] D£7g
. il B2
23] B
IS0 ofg _£§ Lm
- . . £10)7)r] e ats
6o 4 s ad cloy comen in foers, light gy 2.1 42 ':é .é
- B i 5-43{ 223
2l2  Bi%
o -+ 70 1=l
- s B
5'3 2%
B0 iy B
L _f-g o_f'oc
1350 + _g'g é'g
1 g B
@0 7 i |
| stity sond, fine, micaceous, Well sortedg, nn =3 3-8
thin’silty ond clayey lgyers interspersed, 012 o
20 -+ light gruy with oronge brown stainihg 2iol il | M
| rore {(SM) xR 2719 272
P30 B30
Z20 00, =0,
D5 O SO
- 00 050
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0-8 0_-8
r 2% 2l
240 22q Blol Lo
L °-£%!§3§_!' _f% E%
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

ORILLING LOG

WELL NUMBER

Cluster 18 WBR-61B

LITHOLOGIC OESCRIPTION

DEPTH

BLOW COUNTS
SAHPLE THTERVAL

SATURATED
LITHOLOGY

AP
HOIST

INSTALLATION

REMARKS

z5.0 -1

1.0 alightly dater, bleck staining very silty

5.0 - cloy comon

YL

A/

9 Rec

WIVER

6.0 =+ scn?, s1lt common, micgceous,
well' s

massive, gra

1o -+ ,  gray

8.0 -r

orted, subrounded, dense,
NS (SP)

65X Rec

clayey silt, tight, light gray N7 (HL)

sond, si!lt common, micaceous,

4.0 - wel |l sorted, subrousc)!ed, dense,

+ mgssive, gray NS (S

S0 T cloyey lopers comon, arhural arganics

608 Rec

br/gtiatp:

0 - clay, hard, moderate to high
.0 4 Tried 2997757

groy N5 to brown mattied

<0 <+ groy 6 to red acttled LR V4

+
17

653 Rec

1w

1002 Rec

OOOOOO00

T

0.0 e

00

0.0 gpe
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING

WELL NUMBER

LOG

Cluster 18 WBR-62

PROJECT NAME. Bueh River Study Ar~ca
CLIENT U. S. Army, APG

LOCATION Edgewcod Area, APG
ORILLING COMPANY: Hordin Huber, Inc.
RIG TYPE & NUMBER- lMobile 8-61
ORILLING METHCO: 8 IO HSA

COGROINATES

N/L  629485.27
E/L 1518789.30

TOTAL DEPTH- SO Ft

GROUND SURFACE ELEVATION

4.08 £t (HMSL)

HELL SCREEN 10 £t och 40 0.010 cont. slot PVC

RISER 10 £t lengths 4 in I0 ech <0 PVC
SHEET 1 oF 2 FILTER PACK. 10 Ft L Sond, 1.5 Ft *00 Sond
ORILLER: Terry Hise ) SEAL Bentonite pellets
GEOLOGIST  Michasl Mertin, P.G. GROUT - Comont:Bentonite (20:1)
OATE BEGUN: 30 September 193<0ATE COMPLETED: 30 September 1394
LITHOLOGIC OESCRIPTION 2 REMARKS
o | 8 3
z | = gl z Z
g | o =] g S
= = z |aB2| 4=
= S =t —_ -
s 3 & (888 | = ¥ =
0.0 '[ topsoi ! (PT) N 3
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Lo T gray-oronge 10YR 7/9 (ML) 9=8
ey 0="0
. S
S | s 23
T T 212
10+ . 5751 2]
- 2 fec 35%
.0 ) ‘%ﬁ
- . 9
so + ; S
6.0 ] : fgﬂ
8 -+ ; D
5 wen ! 5701
i [2="0
25 O
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L sticky, gray N6 (SC) e é’f"":"” _5-'3
80 - S35 e
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30 =+
06 + .
L UR
e -+ sandy s11t, very Fine sand, tight, X) -]
A gray N7 with thin oronge lamingtes (ML) e
120 -+
3.0 +
0 + 1o
L YA
1s0 4+ cloy tce £ comen i loyers
1 8 fec
60 + ol inTeming xith dgth I
e T sondy si1lt._very Fine sond, tight, AR
| gray, Nt (sm) - IO Q17 1e
BQ + R
L ] 4 s
9a T 2! i
8 xrd rgresing with depth [silty sod) &I Ree :; : EE it
wa ¢ =4 i i
[ S 37 ss i
207 2! i
L 9 fee D 3 :
20 + a_s 3
L ¥ e :
ao T o3 $ LY
1 1008 Rec 3 i it
240 + :é‘z s :
. v 2Dl 2t :
s0 L R :
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WELL NUMBER
Cluster 18 WBR-62

REMARKS
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GENERAL PHYSICS CORPORATION

Environmental Engineering Oivision

ODRILLING

LOG HELL NUNBER

Cluster 18 WBR-63

PROJECT NAME- Bueh River Study Area
CLIENT - U. 8. Army, APG

LOCATION: Edgowood Areq, APG
ORILLING COMPANY: Hordin Huber, Inc.
RIG TYPE & NUMBER: Mobile B-61
ORILLING HETHQOD: 8= ID HSA

COCROINATES: N/L  629937.60
E/L 1518712.19
TOTAL QEPTH: 18 Ft

GROUNO SURFACE ELEVATION-

11.11 Fr (1sv)

HELL SCREEN: 10 £t sch <40 0.010 cont. siot PVC

RISER. 10 £+ lengtha 4 in_ID ach 40 PVC
SHEET i o 1 FILTER PACK: 11 Ft *1 Sand, L Ft *00 Send
ORILLER. Terry Nise SEAL Bentanite pel lets
GEQLOGIST: Richael Hill GROUT ¢ Coment:8Bentonite (20:1)
OATE BEGUN: 27 September 19S<DATE COMPLETED: 27 Septomber 1994
LITHOLOGIC OESCRIPTION g REMARKS
g | 8 g
g = I~} & =
g8 15|28 E
= g
2 2 | gE2| 2 3 &
%0 T Tepserl P
silty sond, Fine to v Fine s11t
10 1| Choadn T gnt b STRs/E"Tsm)
20 -+
L /15774
o -+ 55 10
- e | s
10 -: 5 :
so + s
i s1ity clay, very stiff, hi lasticity, : o
6.0 -1 Ingg’f/ olive gro; SY 671 (CE? P Y ’ : 3 :
i silty sand, Fine to mediun, loose, : RS : "
LA corly sorted ﬁale yel lan-braow : 3 i
I ight’ brawn 10YR 62 To STR 576 e 2 : :
20 :
3 . 5L EEE .' H
30 -+ =B s st
[ 7 =53 3
we + ch 1
L 3 o I l — vinng a ]
sand, medium_ loose, poorly sorte ]
uo Tight brown STR 976 (88) 7 e | Up
- X R E:EE A
L R/ s £
Bo S 3
3 = Ree i 3
wo 7
L Vs i 53
150 T 2 R | 10pe
s1lty cigy, st|t common_ stiff, moderate
f plas¥l¢l$yy, olive gray SY 4/1 ‘(CL) e
Lo +
L wa
7o +
L e
180 <4
190 +
00 4
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20 +
z0 4
240 4
s 4
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GENERAL PHYSICS CORPORATION

Environmental Engineering Division

DRILLING LOG

HELL NUMBER:

Cluster 18 UWBR-64

PROJECT NANME: Bush River Study Area
CLIENT: U. S. Army, APG

LOCATION: Edgewood Areq, APG
ORILLING COHPANY: Hordin Huber, Inc.
RIG TYPE & NUMBER: Mobile B-61
ORILLING METHOO: 8" ID HSA

COOROINATES:

N/L 630185.93
E/L  1518602.67

TOTAL OEPTH: 22 ft
GROUND SURFACE ELEVATION: 14.47 ft (1SL)

HELL SCREEN:7 £t sch 40 0.010 cont. slot PVC

RISER.

10 £t lengths 4 in ID sch 40 PYC

SHEET: 1 OF: 1 FILTER PACK:8.S ft °1 Sond_ L ft 00 Send
ORILLER: Terry Hise . | SEAL. Bentonite pellets
GEOLOGIST:  Mjchasl Mortin P.G. GROUT Coment:Bentonita (20:1)
OATE BEGUN: 21 September 195<0ATE COMPLETED: 21 September 1394
LITHOLOGIC OESCRIPTION S REMARKS
g | & g
3 = 2| & <
S w =| 3 3
Z g8 |z |s8=| = 35
& & & |88 S 2=
00 7 [[fopsoil [PD) ==
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o + R
i 108 e e B (]
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149 T Pl 3 st
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5 ™ fer BEH
4 2 : 1
180 1 gonla e 2 Lips
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20 -+ cloy irgreming
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