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Distribution and Mass Loss of Volatile Organic Compounds
in the Surficial Aquifer at Sites FT03, LF13, and WP14/LF15,
Dover Air Force Base, Delaware,

November 2000—February 2001

By Jeffrey R. Barbaro and Pradumna P. Neupane

Abstract

Ground-water and surface-water sampling was
conducted in the natural attenuation study area in
the East Management Unit of Dover Air Force
Base, Delaware to determine the distributions of
volatile organic compounds in the vicinity of four
sites—Fire Training Area Three, the Rubble Area
Landfill, the Receiver Station Landfill, and the
Liquid Waste Disposal Landfill. This work was
done by the U.S. Geological Survey, in coopera-
tion with the U.S. Air Force, as part of an
ongoing assessment of the effectiveness of natural
attenuation at these sites. The specific objectives
of the study were to (1) determine the areal and
vertical extent of the contaminant plumes and
source areas, (2) measure volatile organic com-
pound concentrations in ground-water discharge
areas and in surface water under base-flow condi-
tions, (3) evaluate the potential for off-site migra-
tion of the mapped plumes, and (4) estimate the
amount of mass loss downgradient of the Liquid
Waste Disposal and Receiver Station Landfills. A
direct-push drill rig and previously installed multi-
level piezometers were used to determine the
three-dimensional distributions of volatile organic
compounds in the 30-60-foot-thick surficial
aquifer underlying the natural attenuation study
area. A hand-driven mini-piezometer was used to
collect ground-water samples in ground-water
discharge areas. A total of 319 ground-water and
4 surface-water samples were collected from
November 2000 to February 2001 and analyzed
for chlorinated solvents and fuel hydrocarbons.

The contaminant plumes migrating from Fire
Training Area Three and the Rubble Area Landfill
are approximately 500 feet and 800 feet, respec-

tively, in length. These plumes consist predomi-
nantly of cis-1,2-dichloroethene, a daughter pro-
duct, indicating that extensive dechlorination of
tetrachloroethene and trichloroethene has occurred
at these sites. With an approximate length of
2,200 feet, the plume migrating from the Receiver
Station and Liquid Waste Disposal Landfills is the
largest of the three plumes in the East Manage-
ment Unit. In this plume, the parent compounds,
tetrachloroethene and trichloroethene, as well as
cis-1,2-dichloroethene, are present downgradient
of the source. Vinyl chloride was not detected in
the natural attenuation study area. Vertical water-
quality profiles indicate that volatile organic com-
pounds are present mainly in the upper part of the
surficial aquifer. Plumes of fuel hydrocarbon
constituents were not detected in the natural
attenuation study area.

Volatile organic compounds were present at
concentrations above detection limits in 6 of 14
samples collected from the aquifer underlying the
bed of Pipe Elm Branch and the drainage ditch
adjacent to Fire Training Area Three, indicating
that the plumes migrating from Fire Training Area
Three and the Receiver Station and Liquid Waste
Disposal Landfills are reaching these ground-
water discharge areas. In contrast, sampling
results indicated that the plume from the Rubble
Area Landfill does not reach these ground-water
discharge areas. Trichloroethene was present
above detection limits in one of four surface-water
samples collected from Pipe Elm Branch and the
drainage ditch adjacent to Fire Training Area
Three. The trichloroethene concentration is below
applicable Delaware Department of Natural
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Resources and Environmental Control surface-
water-quality standards for human health.

An assessment of chlorinated-solvent mass loss
in the plume migrating from the Receiver Station
and Liquid Waste Disposal Landfills indicates that
tetrachloroethene and trichloroethene mass loss
downgradient of the source is negligible. Cis-1,2-
dichloroethene, however, appears to biodegrade by
an unidentified reaction in the plume. Plan-view
maps of the plume migrating from the Receiver
Station and Liquid Waste Disposal Landfills indi-
cate that tetrachloroethene, trichloroethene, and
cis-1,2-dichloroethene may migrate off Dover Air
Force Base property approximately 1,500 feet
downgradient of the source areas. In this down-
gradient area, the direction of plume migration is
roughly parallel to the Dover Air Force Base
boundary, which probably restricts the extent of
off-site migration. Sampling results indicate that
off-site migration of the other two plumes in the
East Management Unit is unlikely. The ground-
and surface-water samples collected in this study
led to an improved understanding of the areal and
vertical extent of the volatile organic compound
plumes, the occurrence and fate of volatile organic
compounds in the ground-water discharge areas,
and the amount of intrinsic biodegradation down-
gradient of the Receiver Station and Liquid Waste
Disposal Landfills.

Introduction

Fire training and waste-disposal activities that have taken
place during the past 50 years in the East Management Unit
(EMU) of Dover Air Force Base (DAFB), Delaware have
resulted in contamination of shallow ground water with
chlorinated solvents and fuel hydrocarbons (U.S. Army
Corps of Engineers and Dames and Moore, Inc., 1997a;
Bachman and others, 1998). Monitored natural attenuation
is being used to remediate four sites in the EMU: Fire Train-
ing Area Three (FT03), the Rubble Area Landfill (LF13), the
Receiver Station Landfill (LF15), and the Liquid Waste
Disposal Landfill (WP14). The U.S. Geological Survey
(USGS), in cooperation with the U.S. Air Force, is conduct-
ing long-term monitoring (LTM) and an ongoing assessment
of the effectiveness of natural attenuation at these sites
(Bachman and others, 1998; Barbaro, 2002).

In a recent report on the effectiveness of natural
attenuation at these sites, four issues that needed further
study were identified (Barbaro, 2002). These issues are

delineating the areal and vertical extent of the contaminant
plumes in greater detail, determining the fate of volatile
organic compounds (VOCs) in the nearby ground-water
discharge areas, determining the amount of intrinsic
biodegradation downgradient of sites WP14 and LF15, and
evaluating the occurrence and effect of temporal variability
in source concentrations on the plume migrating from sites
WP14 and LF15. A comprehensive round of ground-water
sampling (53 wells and piezometers) showed that the current
monitor well network in the natural attenuation study area
is not adequate for determining the distribution of VOCs in
ground water, or for determining the fate of these com-
pounds in the ground-water discharge areas (Barbaro, 2002).
The network contains many long-screened (defined in this
report as screens greater than 3 ft, or feet, in length) monitor
wells that mix water from geochemically distinct vertical
intervals, and in most areas the network is too sparse to
determine the location of the plume boundaries and the
distribution of concentrations within the plumes. To address
the need for better plume delineation as well as the other
issues identified by Barbaro (2002), additional ground-water
and surface-water sampling was conducted from November
2000 through February 2001 with a Geoprobe direct-push
drill rig, a mini-piezometer, and previously installed multi-
level piezometers.

Purpose and Scope

The purpose of this report is to present and interpret
the results of ground-water and surface-water sampling
conducted in the vicinity of sites FT03, LF13, WP14, and
LF15 from November 2000 to February 2001. Sampling
results were used to (1) determine the areal and vertical
extent of the contaminant plumes and source areas,

(2) determine VOC concentrations in ground-water dis-
charge areas and in surface water under base-flow condi-
tions, (3) evaluate the potential for off-site migration of the
mapped plumes, and (4) estimate the amount of mass loss
(intrinsic biodegradation) downgradient of sites WP14

and LF15. The interpretations in this report are based on
319 ground-water samples, 4 surface-water samples, and
50 quality-control (QC) samples.

At most of the drilling locations, vertical profiles of
water quality were obtained across the surficial aquifer to
determine the three-dimensional distribution of VOCs.
Environmental samples were analyzed for VOCs such as
tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-
dichloroethene (cis-1,2-DCE), vinyl chloride (VC), methyl
tert-butyl ether (MTBE), the aromatic hydrocarbons
benzene, toluene, ethylbenzene, p,m-xylene, and o-xylene
(BTEX), and field-measured constituents (pH, specific
conductance, dissolved oxygen, and temperature). QC
samples were analyzed for VOCs only. The field-measured
constituents were used mainly during ground-water sam-
pling to determine if samples were representative of aquifer
conditions; therefore, these results are not discussed in
detail in this report.
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used; 14 ground-water samples were collected from the
aquifer underlying Pipe Elm Branch and the drainage ditch
adjacent to FT03 (fig. 4). Surface-water samples also were
collected from 4 locations along Pipe Elm Branch and the
drainage ditch (fig. 4).

Ground-Water Sample Collection

Ground-water samples were collected from the direct-
push boreholes, the mini-piezometers, and the multilevel
piezometers with a peristaltic pump. When the ground-
water yield was adequate (continuous flow), temperature,
pH, specific conductance, and dissolved oxygen (DO) were
measured with a Hydrolab meter. After the field-measured
constituent levels stabilized, samples were collected in
40-mL (milliliter) VOC vials and preserved with concentrat-
ed hydrochloric acid. Re-usable Y-in. (inch) outer-dia-
meter Teflon tubing was used to collect the samples from the
direct-push boreholes and mini-piezometers. The multilevel
piezometers contain dedicated Teflon tubing.

Equipment was decontaminated to prevent cross-con-
tamination. All re-usable Teflon tubing was decontaminated
between sampling events. The direct-push well screen, drill
rods, and mini-piezometer were decontaminated between
sampling locations. Equipment was decontaminated with a
soapy wash followed by a thorough rinse with deionized
water. Following decontamination, field blanks were col-
lected periodically from the Teflon tubing, direct-push well
screen, and mini-piezometer to determine the effectiveness
of the cleaning procedure.

Direct-Push Drill Rig Vertical profiles of VOC con-
centrations were obtained from ground-water samples col-
lected from the direct-push boreholes. To obtain samples,
drill rods (2.1-in. outer-diameter by 1.5-in. inner-diameter)
were pushed or vibrated to the deepest sampling depth
(typically 40-50 ft below ground surface). A 4-ft-long
stainless-steel well screen then was exposed to the aquifer
for ground-water sample collection. After a ground-water
sample was collected with a peristaltic pump, the drill rod
with the exposed screen was pulled up to the next sampling
depth. The vertical interval between samples typically was
8 ft. The last sample from each borehole was obtained near
the water table.

After reaching a given sampling interval, the drill string
generally did not need to be clamped in place, indicating
that the borehole below the drill string collapsed quickly.
Fluid behavior of the saturated sand that makes up the
surficial aquifer has been observed previously (K. Hinaman,
U.S. Geological Survey, oral commun., 2001). The direct-
push boreholes were used only to collect ground-water
samples; permanent wells were not installed. The top part
of the boreholes (above the water table) remained open and
was backfilled to ground surface with bentonite grout.

A total of 292 ground-water samples were collected from
various depths at 77 locations from November 6 through
December 8, 2000 (fig. 4). The direct-push drilling and
sampling data and the concentrations of the field-measured
constituents are presented in Appendix 1. Each sample
identifier consists of the borehole number plus an alphabet-

ical extension indicating the depth of the sample, where “A”
represents the deepest sample collected from a given bore-
hole.

Mini-Piezometer Measurements of VOC concentrations
in the ground-water discharge areas were made with a
5-ft-long, small diameter (Y4-in.) stainless-steel mini-piezo-
meter. Fourteen ground-water samples were collected
during January 2001 from the surficial aquifer underlying
the bed of Pipe Elm Branch and the drainage ditch adjacent
to FTO03 (fig. 4). The piezometer was driven manually into
the streambed until a relatively permeable layer below the
fine-grained streambed sediment was reached. A 2-in.
screen then was exposed to collect ground-water samples
(fig. 5). Depths below the streambed ranged from 2.5 ft to
4.5 ft. In three locations, between SB05 and SB14, SB15
and SB18, and SB21 and SB23 (fig. 4), samples were not
collected because the streambed sediment consisted of a
relatively thick soft mud deposit that did not produce
sufficient water for sample collection. This lack of water
probably indicates that the ground-water flux to the stream
channel is variable spatially along this reach.

Measurements of DO, pH, specific conductance, and
temperature on surface-water and ground-water samples
were compared at each location to verify that the samples
obtained from the mini-piezometer were not affected by
surface-water infiltration. These measurements are listed in
table 1. At most of the sampling locations, a manometer
was used to compare ground-water levels (hydraulic head) to
surface-water levels, and to calculate the magnitude and
direction of the hydraulic gradient. Upward gradients
indicating ground-water discharge conditions were present at
all locations where the gradient was checked (table 1).

Multilevel Piezometers To supplement the direct-
push data, two multilevel piezometers (GS045ML and
GS047ML) near site WP14/LF15 were sampled for VOCs
on February 21, 2001 (fig. 4). The piezometers are con-
structed of a series of 1/8-in.-diameter Teflon tubes attached
to a ¥%-in.-diameter polyvinylchloride center tube. The ends
of the Teflon tubes (the sample ports) are covered with nylon
screen. Piezometer GS045ML contains eight sample ports
spaced 5 ft apart, with the lowest port at —34.55 ft sl (feet
above or below sea level). Piezometer GS047ML contains
5 sample ports spaced 2 ft apart with the lowest port at
-3.99 ft sl. A total of 13 VOC samples were collected from
the multilevel piezometers. Because yields from the piezo-
meters were low, field constituents were not measured.

Surface-Water Sample Collection

Four surface-water samples were collected along Pipe
Elm Branch (3 samples) and the drainage ditch adjacent to
FTO3 (1 sample) by lowering 40-mL VOC vials to the base
of the water column and filling them. The samples then
were analyzed for VOCs.

Quality-Control Sample Collection

The QC samples included 1 source-water blank and 44
field blanks from the direct-push drilling, 4 field blanks from
the mini-piezometer sampling, and 1 field blank from the

Methods of Investigation 9
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multilevel piezometer sampling. The source-water blank
was collected to determine if VOCs were present in the
Delaware Subdistrict Laboratory deionized water used for
field blanks. To verify the effectiveness of the cleaning
procedures, field blanks were collected from the Teflon
tubing, Geoprobe well screen, and mini-piezometer. Most
of the field blanks were taken with the Delaware Subdistrict
Laboratory deionized water. Eight field blanks also were
collected with certified organic-free blank water from the
U.S. Geological Survey’s National Water-Quality Labora-
tory (NWQL) in Denver, Colorado.

Analytical Methods

VOCs were analyzed at the Dover National Test Site
(DNTS) Laboratory at Dover Air Force Base. DNTS is part
of the National Environmental Technology Test Site
(NETTS) program, administered by the U.S. Air Force
Research Laboratory (AFRL). Samples were analyzed fol-
lowing the USEPA Method 8021B procedure (U.S. Environ-
mental Protection Agency, 1996). Samples were run on a
Hewlett Packard 6890A gas chromatograph equipped with
flame ionization and electron capture detectors, a Hewlett
Packard 7694 automatic headspace sampler, and a Supelco
SPB-624 capillary column. To prepare samples and stan-
dards for analysis, 5 mL of water were transferred to 20-mL
headspace vials and sealed. Vials were then injected with
5 microliters (uL) of a 10-pg/L internal standard mixture
(1-chloro-2-fluorobenzene). For quality control, 10 pg/L
check standards (Supelco custom VOC mixture) were run
approximately every 10 samples during each sample run,
and laboratory blanks prepared with reagent-grade deionized
water were run periodically, as needed. A five-point cali-
bration curve was used to determine VOC concentrations.
Environmental samples and field blanks were analyzed for
PCE, TCE, cis-1,2-DCE, VC, MTBE, and BTEX. Method
detection limits for the VOCs are shown in table 2.

In this report, positively identified compounds that fall
below the method detection limits are flagged with an “E,”
denoting estimated results. These concentrations are con-
sidered to be estimates because a result reported below the
detection limit has an increased risk (greater than 1 percent)
of being a false positive (Oblinger Childress and others,
1999). A false positive occurs when a compound is reported
to be present in a sample when it is not present. Because of
the increased false-positive risk, users should carefully con-
sider the low-concentration (approximately 0.01 to 1.0 pg/L)
estimated results in comparison to the field-blank results
when interpreting the data. It also should be noted that a
result reported as “ND” by the laboratory runs a small risk of
being a false negative (a report that a compound is not pre-
sent in a sample that contains the compound) (Oblinger
Childress and others, 1999).

Temperature, pH, specific conductance, and DO were
analyzed in the field using a Hydrolab Model H20 meter.
The Hydrolab was calibrated daily using standard pH and
specific conductance solutions.

Table 2. Method detection limits for
volatile organic compounds,
Dover Air Force Base, Delaware

[png/L, micrograms per liter; PCE, tetrachloroethene;

TCE, trichloroethene; cis-1,2-DCE, cis-1,2-dichloroethene;
VC, vinyl chloride; MTBE, methyl fert-butyl ether;

-, not available]

Compound Detection limit
(ng/L)
PCE 1.3
TCE 0.80
cis-1,2-DCE .60
vC -
Benzene .60
Toluene 1.4
Ethylbenzene 1.3
p.m-xylene 2.6
o-xylene 1.2
MTBE —

Distribution of Volatile Organic Compounds

PCE, TCE, and cis-1,2-DCE are the most prevalent com-
pounds in ground water underlying the natural attenuation
study area. Accordingly, although all VOC results obtained
during the sampling program are described in this section,
only PCE, TCE and cis-1,2-DCE are discussed in detail.
Concentrations of VOCs are listed in Appendix 2 and tables
3,4,and 5. Concentrations above the USEPA MCLs are
listed in bold.

Ground Water

The distributions of PCE, TCE, and ¢is-1,2-DCE in the
surficial aquifer at sites FT03, LF13, and WP14/LF15 are
shown in plan view (figs. 6 a—) and in cross section
(figs. 7 a—c, 8 a—, 9 a—c, and 10 a—). The traces of the
sections are shown in figure 4. To display the three-dimen-
sional data in two dimensions (plan view), vertically aver-
aged concentrations were calculated at each direct-push
borehole location with the approach described by Schirmer
and Barker (1998). To calculate the average, a depth-inte-
grated concentration first was calculated using linear inter-
polation between sampling points (Bevington, 1969,
p- 268). The "sampling point" is defined as the midpoint of
the 4-ft direct-push screened interval. When the sampling

12 Volatile Organic Compounds at Sites FT03, LF13, and WP14/LF15, Dover Air Force Base, DE
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points were equally spaced, the depth-integrated concentra-
tion was obtained from

n-1
Cipe = Az|c;/2+ Z cit+c,/2],
i=2
where
Cint = the depth-integrated concentration [ML?],
) = the concentration at the top sampling point
ML,
¢ = the concentration at the intermediary sampling
points [ML™3],
Cp = the concentration at the bottom sampling point
[ML3], and
Az = the vertical distance between sampling points
(L]
n = total number of sampling points.

When the sampling points were not equally spaced, the
depth-integrated concentration was obtained from

n-1
Cine = 0.5 D Azic;+ ;1))
i=1
where
¢ = the concentration at the ith sampling point
[ML3], and
Az; = the vertical distance between sampling points

c;and ¢; 4 [L].

The vertically averaged concentration at a given direct-push
borehole location then was calculated by dividing the depth-
integrated concentration by the total vertical distance over
which direct-push samples were collected, and is given as

Cavc = Cint/Z ’
where
Cave = the vertically averaged concentration [ML™3],
and

z = the total vertical distance over which direct-
push samples were collected [L].

To determine the total vertical distance, z, vertical inter-
vals that straddled the sampling points were assigned to each
sample in the profile. The upper and lower boundaries of
each interval corresponded to the midpoints between adja-
cent sampling points. Symmetrical distances were used to
locate the upper and lower boundaries of the top and bottom
intervals, respectively, in a vertical profile. The total ver-
tical distance for a given borehole then was obtained as the
sum of the vertical intervals straddling the sampling points.
For example, for four direct-push sampling points spaced
8 ft apart (the most common profile), each vertical interval
was 8 ft, and the total vertical distance was 32 ft. At most
boreholes, the total vertical distance over which direct-push
samples were collected was greater than 50 percent of the
saturated thickness of the surficial aquifer. A value of zero
was assigned to samples that did not contain detectable con-
centrations of VOCs (results reported as “ND” by the labora-
tory). Concentrations below the method detection limits
(MDLs) (values flagged with an “E,” denoting estimated
results) were used at face value in these calculations.

FT03 Thirty-four samples were collected from 10 direct-
push boreholes located in the vicinity of FT03 (fig. 4). Con-
centrations ranged from zero (results reported as “ND” by
the laboratory) to maximum values of 33.9 pg/L for PCE,
4.2 ng/L for TCE, 203 pg/L for cis-1,2-DCE, 8.1 pg/L for
MTBE, 34.2 pg/L for benzene, 3.5 pg/L for toluene, and
1.6 pg/L for o-xylene (Appendix 2). Vinyl chloride and
p.m-xylene were not detected in any sample. Concentra-
tions of PCE and cis-1,2-DCE were above their respective
MCLs in sample GP615.D (Appendix 2).

The approximate length of the contaminant plume at
site FT03 is 500 ft. Vertically averaged concentrations
of PCE, TCE, and cis-1,2-DCE are shown in plan view in
figs. 6 a—c. Vertical concentration distributions are shown
on section A-A” (figs. 7a—c). As shown in figs. 6a—c, the
downgradient edges and the southeastern lateral boundaries
of the plume are well defined; however, the locations of the
upgradient and northwestern boundaries remain uncertain.
The vertical boundary of the plume also is well defined.
The contaminant source appears to be in the upper part of the
surficial aquifer.

To determine the position of the northwestern lateral
boundary, an assumption was made that the plume does not
migrate under the drainage ditch adjacent to FT03 (fig. 6¢).
This assumption implies that the contaminant plume dis-
charges to the drainage ditch along the northern edge of
FT03. The discharge of shallow, contaminated ground
water to the ditch is consistent with the upward hydraulic-
head gradients beneath the streambed (table 1), but drilling
on the northwest side of the ditch to confirm the assumption
of complete plume discharge was not done during this
investigation. Off-site migration of this plume appears un-
likely, however.
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The plume consists predominantly of a chlorinated-
solvent daughter product (cis-1,2-DCE), indicating that the
reductive dechlorination of PCE and TCE is extensive.
Although the site has a history of fuel disposal (U.S. Army
Corps of Engineers and Dames and Moore, Inc., 1997a), a
plume of soluble fuel hydrocarbon constituents (BTEX) was
not present. This lack of a plume probably reflects rapid
intrinsic biodegradation of these compounds.

LF13 Forty-four samples were collected from 11 direct-
push boreholes located in the vicinity of LF13 (fig. 4). Con-
centrations ranged from zero (results reported as “ND” by
the laboratory) to maximum values of 65.4 pg/L for PCE,
285 ng/L for TCE, 505 pg/L for cis-1,2-DCE, 39.9 pg/L for
benzene, 12.7 pg/L for toluene, 3.4 pg/L for ethylbenzene,
6.6 pg/L for p,m-xylene, and 1.6 pg/L for o-xylene
(Appendix 2). VC and MTBE were not detected in any
sample. The concentrations of PCE, TCE, cis-1,2-DCE, and
benzene were above their respective MCLs in 4, 3, 3, and 4
samples, respectively (Appendix 2).

Based on the available data, the approximate length of
the contaminant ptume at this site is 800 ft. Vertically
averaged concentrations of PCE, TCE, and cis-1,2-DCE are
shown in plan view in figs. 6a—c. Because much of the area
surrounding LF13 was inaccessible to the drill rig, drilling
on lines perpendicular to the presumed direction of ground-
water flow was not conducted. As a result, the lateral
boundaries of the plume were not located. In addition,
because LF13 is located in an area with complex ground-
water flow patterns (figs. 2 and 3), the direction of plume
migration is uncertain. Consequently, although the direct-
push sampling improved the understanding of VOC distri-
butions, there still is uncertainty about the boundaries and
migration direction of the LF13 plume.

The plume migrating from LF13 consists mainly of
chlorinated solvents. Fuel hydrocarbon compounds were
not detected beyond the source area. The plume contains
high concentrations (up to 500 pg/L) of cis-1,2-DCE rela-
tive to the other sites and lacks parent compounds, indicating
that extensive reductive dechlorination has occurred at this
site. PCE and TCE were present in concentrations above
detection limits at only one sampling location near the
source area (GP611, fig. 4). Intrinsic biodegradation may
limit the size of the cis-1,2-DCE plume; however, the occur-
rence of biodegradation in this plume cannot be determined
from the available information. Regardless of the precise
size and migration direction of the plume, LF13 is not near
ground-water discharge areas or the DAFB boundary; there-
fore, discharge of VOCs to surface water and off-site migra-
tion of the plume are unlikely.

WP14/LF15 Two hundred twenty-seven samples were
collected from 56 direct-push boreholes and 2 multilevel
piezometers located in the vicinity of WP14/LF15 (fig. 4).
Concentrations ranged from zero (results reported as "ND"
by the laboratory) to maximum values of 280 ng/L for PCE,
332 pg/L for TCE, 591 pg/L for cis-1,2-DCE, 429 pg/L
for MTBE, 5.7 pg/L for benzene, 38.4 pg/L for toluene,
226 ng/L for ethylbenzene, 280 pg/L for p,m-xylene, and

66.7 pg/L for o-xylene (Appendix 2 and table 3). VC was
not detected in any sample. The concentrations of PCE,
TCE, cis-1,2-DCE, and benzene were above MCLs in 51,
58, 5, and 2 samples, respectively (Appendix 2 and table 3).
The vertically averaged concentrations obtained near the
DAFB boundary were less than 10 pg/L (figs. 6 a—). The
highest concentration of TCE in an individual sample near
the DAFB boundary was 10.3 pg/L (sample GP552.B),
above the MCL of 5.0 pg/L (Appendix 2).

With an approximate length of 2,200 ft, the VOC plume
migrating from WP14/LF15 is the largest of the three
plumes in the EMU. Vertically averaged concentrations
of PCE, TCE, and cis-1,2-DCE are shown in plan view in
figs. 6 a—c. Vertical concentration distributions are shown on
sections B-B’, C-C’, and D-D’ in figs. 8 a—, 9 a—c, and
10 a—c, respectively. The plume consists mainly of chlori-
nated solven<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>