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Analytical Results From Ground-Water Sampling Using a
Direct-Push Technique at the Dover National Test Site,
Dover Air Force Base, Delaware, June-July 2001

By William R. Guertal, Marie Stewart, Jeffrey R. Barbaro, and Timothy J. McHale

Abstract

A joint study by the Dover National Test Site
and the U.S. Geological Survey was conducted
from June 27 through July 18, 2001 to determine
the spatial distribution of the gasoline oxygenate
additive methyl tert-butyl ether and selected
water-quality constituents in the surficial aquifer
underlying the Dover National Test Site at Dover
Air Force Base, Delaware. The study was
conducted to support a planned enhanced bio-
remediation demonstration and to assist the Dover
National Test Site in identifying possible locations
for future methyl tert-butyl ether remediation
demonstrations.

This report presents the analytical results from
ground-water samples collected during the direct-
push ground-water sampling study. A direct-push
drill rig was used to quickly collect 115 ground-
water samples over a large area at varying depths.
The ground-water samples and associated quality-
control samples were analyzed for volatile organic
compounds and methyl tert-butyl ether by the
Dover National Test Site analytical laboratory.

\olatile organic compounds were above the
method reporting limits in 59 of the 115 ground-
water samples. The concentrations ranged from
below detection limits to maximum values of
12.4 micrograms per liter of cis-1,2-dichloro-
ethene, 1.14 micrograms per liter of trichloro-
ethene, 2.65 micrograms per liter of tetrachloro-
ethene, 1,070 micrograms per liter of methyl tert-
butyl ether, 4.36 micrograms per liter of benzene,
and 1.8 micrograms per liter of toluene. Vinyl
chloride, ethylbenzene, p,m-xylene, and o-xylene
were not detected in any of the samples collected
during this investigation. Methyl tert-butyl ether
was detected in 47 of the 115 ground-water
samples. The highest methyl tert-butyl ether

concentrations were found in the surficial aquifer
from -4.6 to 6.4 feet mean sea level, however,
methy| tert-butyl ether was detected as deep as
-9.5 feet mean sea level. Increased methane
concentrations and decreased dissolved oxygen
concentrations were found in samples that
contained methyl tert-butyl ether.

Introduction

Dover Air Force Base (DAFB) in Dover, Delaware was
selected as the site for the Strategic Environmental Research
and Development Program’s (SERDP) Ground-Water Reme-
diation Field Laboratory (GRFL). The GRFL is also known
as the Dover National Test Site (DNTS), and is one of the
National Environmental Technology Test Sites, which was
established and funded by SERDP. The purpose of the
DNTS is to investigate technologies for detecting and reme-
diating chlorinated solvent source areas under controlled
experimental conditions.

In 1999, a study was conducted by the Air Force Center
for Environmental Excellence (AFCEE) to evaluate natural
attenuation of ground water contaminated by petroleum
hydrocarbons for the Installation Restoration Program Site
SS27/XYZ, which is located near the DNTS (Air Force
Center for Environmental Excellence, 1999). During that
study, the gasoline oxygenate additive methyl tert-butyl
ether (MTBE) was detected in the ground-water samples
collected from monitoring wells located on and near the
DNTS property. Concentrations ranged from 10.9 to
1,430 pg/L (micrograms per liter) of MTBE.

The U.S. Geological Survey (USGS) is providing con-
tinuing technical assistance on ground-water quality issues
for DNTS. The USGS assesses ground-water flow in the
surficial aquifer, and assists the DNTS in providing support
to principal investigators who are developing and field-test-
ing technologies for the characterization and cleanup of soil
and ground water contaminated with solvents, fuels, and the
fuel additive MTBE. As part of this support, the USGS con-
ducted a plume-mapping study to better determine the distri-
bution of MTBE at the site.

Abstract 1



The objectives of this study were to determine the distri-
bution of organic contaminants in the surficial aquifer, and to
use this information to improve existing conceptual models
and plan additional site-characterization work. Data collec-
tion was based on field-screening methodologies that are
appropriate for plume mapping. The analytical data
obtained during this investigation are consistent with U.S.
Environmental Protection Agency (USEPA) analytical level
I11 (U.S. Environmental Protection Agency, 1989). This
level refers to laboratory analyses performed in accordance
with standard USEPA procedures, and is appropriate for site
characterization. In addition, the intended use of these data
was to identify ground-water areas contaminated with
MTBE near the DNTS to host potential demonstrations of
MTBE remedial technologies.

Purpose and Scope

From June 27 through July 18, 2001, the USGS con-
ducted a plume-mapping study to assist the DNTS in deter-
mining the distribution of MTBE and in identifying possible
locations for a planned enhanced bioremediation demonstra-
tion and other future MTBE demonstrations. The purpose of
this report is to present the analytical results from ground-
water samples collected during this direct-push ground-
water sampling study. The ground-water samples and asso-
ciated quality-control (QC) samples were analyzed for vola-
tile organic compounds (VOCs), MTBE, and selected field
constituents by the DNTS analytical laboratory.

Description of Study Area

The DNTS is located in the northwestern corner of
DAFB, Dover, Delaware (figs. 1a—1c). It is designed to
support the needs of principal investigators developing and
field-testing remediation technologies for the clean-up of
soil and ground water contaminated with fuels and solvents.
The primary focus of the DNTS is field-testing of technolo-
gies that remediate dense non-aqueous phase liquids
(DNAPLs). The DNTS maintains the capability to conduct
contained releases of DNAPLSs into the surficial aquifer (Air
Force Center for Environmental Excellence, 1999).

The DAFB is in the Coastal Plain Physiographic
Province, and is underlain by unconsolidated clastic sedi-
mentary deposits. These deposits are comprised of medium
to fine sands that contain lenses of gravels, silts, and clays,
and are collectively known as the Columbia Formation.
Deposits in the area of the DNTS are between 36 and 47 ft
(feet) thick (Dames and Moore, Inc., 2000). Underlying
these deposits is an approximately 28-ft-thick unit of gray,
firm, dense marine clay known as the Calvert Formation.
This unit is an aquitard for the Columbia aquifer, which is an
unconfined surficial aquifer (Dames and Moore, Inc., 2000).
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Methods of Investigation

Data collection was based on field-screening methodolo-
gies commonly used for plume mapping. The study focused
on the measurement of the geochemical conditions that
could potentially affect the natural attenuation of MTBE at
the DNTS. In addition, the degradation of VOCs can affect
the geochemical conditions in the surficial aquifer. To deter-
mine geochemical conditions in the surficial aquifer, concen-
trations of dissolved oxygen (DO), ferrous and total iron,
sulfate, and sulfide were measured in most ground-water
samples. Methane was analyzed in selected ground-water
samples.

Drilling

Drilling was performed with a direct-push Geoprobe
drilling rig. The drilling rods (1.5-inch outer diameter by
0.625-inch inner diameter) were pushed into the ground with
a hydraulically powered percussion machine until the deep-
est sample depth was reached. A 4-ft stainless steel well
screen was then exposed for ground-water sample collection.
After the sample was collected, the drilling rod with the
exposed screen was pulled up to the next sample depth; as
the exposed screen is pulled up, the hole below the screen
collapses. At each drilling location, the deepest samples
were typically collected from 36-40 ft below ground sur-
face, then about every 8 ft moving upward. The final sample
for each borehole was obtained near the water table. Each
sample identification number includes the borehole number
and an alphabetical suffix to indicate the depth of the sample,
where “A” represents the deepest sample. The aquifer is
predominantly sand and smearing of contamination is not an
issue of concern. The screen, rod, and all drilling equipment
that could potentially come in contact with the sample were
thoroughly cleaned with soap and de-ionized (DI) water,
then rinsed with DI water between each sample location.

The direct-push locations were used only to collect
ground-water samples, and no permanent wells were
installed. This drilling method did not generate any cuttings
or fluids. Each borehole was backfilled to ground surface
with bentonite grout. After the study was completed, all
drilling locations were surveyed for spatial position and
ground-surface altitude.

Ground-Water Sample Collection

A total of 147 ground-water samples (115 VOC samples
and 32 quality-assurance samples) were collected from vari-
ous depths at 48 locations at the DNTS (fig. 2). Field con-
stituents were measured using a Hydrolab when there was
sufficient ground-water yield. The Hydrolab is a multiprobe
meter that was connected to a flow-through cell on the dis-
charge line of a peristaltic pump. Purging was stopped when
temperature, pH, DO, and specific conductance stabilized.
At 11 of the 115 VOC sample intervals, there was insuffi-
cient yield for the collection of field constituents. In addi-
tion, selected samples were analyzed in the field for ferrous
and total iron, sulfate, sulfite, and methane.

A peristaltic pump equipped with a short piece of sili-
cone pump tubing was used for purging and sampling. Reus-
able 1/4-inch-diameter Teflon tubing in line with the pump
was placed downhole to collect the ground-water samples.
Three drops of concentrated hydrochloric acid were used as
a sample preservative for all field blanks and ground-water
samples, which were collected in 40-mL (milliliter) VOC
septum vials with no headspace. The ground-water samples
were analyzed for tetrachloroethene (PCE), trichloroethene
(TCE), cis-1,2-dichloroethene (cis-1,2-DCE), vinyl chloride,
MTBE, benzene, toluene, ethylbenzene, and the xylene
isomers.

Because reusable sample tubing was used at each sam-
pling location, it was decontaminated between samples to
avoid cross-contamination. After samples were collected,
the outside of the tubing was washed using soapy DI water.
In addition, soapy DI water was pumped through the tubing
for approximately 2—-3 minutes using a peristaltic pump. A
new piece of flexible tubing was used with the peristaltic
pump for each sample.

Quality-Control Samples and Methods

The QC sample group consisted of 14 field blanks (DI
water samples collected after the field sampling equipment is
cleaned), 10 sequential duplicate samples (sequential aquifer
water samples), 7 screen blanks (DI water samples collected
after the drilling equipment is cleaned) and 1 equipment
blank (a DI water sample collected from the equipment at the
start of the study). Field blanks are clean samples that are
collected after field equipment is cleaned to verify that the
cleaning methods were performed correctly. Field blanks
were collected to check the effectiveness of the sample tub-
ing cleaning procedure. The flexible tubing on the peristaltic
pump was replaced before each sample location and the
Teflon tubing was cleaned. The field blank was collected
using the peristaltic pump, the new piece of flexible tubing,
and the clean Teflon tubing. The 10 duplicate samples were
collected in a separate VOC vial in sequence after the envi-
ronmental sample was collected. Screen blanks were col-
lected to ensure that the well screen was clean after de-
contamination. After all drilling equipment was thoroughly
cleaned, the screen was placed in the drill rod. DI water was
poured into the screen and rod. The screen blank sample
was then dispensed directly into the VOC vial. All of the
field blanks were collected with DI water from the USGS
Delaware Subdistrict Laboratory in Dover, Delaware. All
blanks were analyzed at the DNTS laboratory for VOCs. To
minimize cross-contamination, the Hydrolab, flow-through
cell, and glassware were rinsed with DI water between sam-
ples.

Sample Handling Procedures and Analytical Methods

The laboratory and field analytical methods and preser-
vatives for ground-water samples collected from direct-push
ground-water sampling at the DNTS are listed in table 1.
VOC samples were placed on ice in a cooler and delivered to
the DNTS laboratory on the day of sample collection. All
samples and blanks were analyzed using method SW-846

Methods of Investigation 5
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Table 1. Field and laboratory methods for direct-push ground-water samples collected at the
Dover National Test Site, Dover Air Force Base, Delaware, June-July 2001

[HCI, hydrochloric acid; HgCl,, mercuric chloride]

Constituent

Analytical Method

Preservative

Laboratory
\olatile organic compounds 13\W-846 8021B HCI
Methane 2U.S. Geological Survey HgCl,
Field
pH, specific conductance, temperature Hydrolab/Direct Measurement None
Dissolved oxygen Hydrolab/Winkler Titration None
Total iron HACH DR2000/Colorimetric None
Ferrous iron HACH DR2000/Colorimetric None
Sulfide HACH DR2000/Colorimetric None
Sulfate HACH DR2000/Colorimetric None

1 Sw-846, U.S. Environmental Protection Agency, 1996.
2 Baedecker and Cozzarelli, 1992,

8021B (U.S. Environmental Protection Agency, 1996).
Method reporting limits (MRLSs) for the VOCs of interest are
shown in table 2.

Temperature, pH, specific conductance, and DO were
analyzed in the field with a Hydrolab multiprobe connected
to a flow-through cell on the discharge line of the pump.
The pH and specific conductance probes of the Hydrolab
were calibrated daily with standard solutions prepared at the
USGS laboratory in Ocala, Florida. When the DO level
reached 2 mg/L (milligrams per liter) or less with the multi-
probe, a modified Winkler titration was used to determine
the DO concentration. This method is more accurate and
reproducible at low DO concentrations (Baedecker and
Cozzarelli, 1992). The MRL for DO is 0.2 mg/L.

Ferrous and total iron, sulfide, and sulfate were measured
colorimetrically in unfiltered samples immediately after col-
lection in the DNTS laboratory. These analyses were per-
formed with spectrophotometers that contain pre-program-
med calibration curves. Iron was analyzed with a Hach
DR2000 spectrophotometer. One total iron and one ferrous
iron check standard were run daily along with ground-water
samples. Sulfide was analyzed with a Chemetrics sulfide kit
and sulfate was analyzed with a Hach sulfate kit. Spectro-
photometers were zeroed with raw ground water before each
sample was read in the instrument. The method detection
limits (MDLs) for ferrous and total iron are 0.02 mg/L. The
instrument detection limit for sulfide is 0.01 mg/L and the
lowest calibration standard used for sulfate is 7 mg/L. Seven
duplicate field analyses were run on ferrous and total iron,
sulfate, and sulfide. In addition, check standards were run

daily on sulfate. Twenty-one field blank samples were run
for ferrous and total iron, sulfate, and sulfide.

Methane samples were not collected at all sampling
locations, although samples were generally collected from
locations where the DO concentrations were less than
1.0 mg/L. Some samples were collected in locations where
DO concentrations were greater than 1.0 mg/L to determine
whether methane was present at these locations. The meth-
ane samples were injected by syringe into sealed serum
vials, which had been preserved with mercuric chloride and
purged with nitrogen gas prior to sample collection. All
methane samples were collected in duplicate. Methane sam-
ples were analyzed using a gas chromatograph with a flame-
ionization detector. This procedure is described in detail in
Baedecker and Cozzarelli (1992). The USGS field labora-
tory at Aberdeen Proving Ground, Maryland analyzed the
methane samples, and uses internal standards and surrogates
on every sample and blank that is analyzed. In addition, the
field laboratory participates in a blind sampling program
(Spencer and others, 2000).

VOCs were analyzed at the DNTS at DAFB. Samples
were analyzed using the U.S. Environmental Protection
Agency (USEPA) Method 8021B procedure (U.S. Environ-
mental Protection Agency, 1996), Headspace Method 5021
(U.S. Environmental Protection Agency, December 1996).
Samples were analyzed on a Hewlett Packard 6890A gas
chromatograph (GC) equipped with flame ionization and
electron capture detectors, a Hewlett Packard 7694 auto-
matic headspace sampler, and a Supelco SPB-624 capillary

Methods of Investigation 7



Table 2. Method reporting limits and maximum contaminant levels for volatile organic compounds

[MTBE, methyl tert-butyl ether; PCE, tetrachloroethene; TCE, trichloroethene; cis-1-2-DCE, cis-1-2-dichloroethene;
pg/L, micrograms per liter; DNTS, Dover National Test Site; --, no data]

DNTS Modified 8021B

Target Analyte Method Reporting Limit ! Maximum Contaminant Levels
(Mg/L) (Mg/L)
MTBE 0.5 -
PCE 1.3 5
TCE 0.8 5
cis-1,2-DCE 0.6 70
Benzene 0.6 5
Toluene 1.4 1,000
Ethylbenzene 1.3 700
p,m-xylene 2.6 10,000
o-xylene 1.2 10,000

1U.S. Environmental Protection Agency, 1996.

column. To prepare samples and standards for analyses,

5 mL of sample was transferred to 20-mL headspace vials
and sealed. For quality control, check standards (Supelco
custom VOC mixture and MTBE standards) were run
approximately every 10 samples during each sample run,
and laboratory blanks prepared with reagent grade DI water
were run periodically, as needed. A five-point calibration
curve was used to determine VOC concentrations (Barbaro
and Neupane, 2002). Analytical MRLs are shown in table 2.
According to USEPA Method 8021B, Method 5021 for
headspace GC recoveries must be below a 20-percent differ-
ence, which means that standards must be monitored fre-
quently and compared against the initial calibration curve. If
the recoveries ever exceed a 20-percent difference, the stan-
dards need to be replaced, the initial calibration has to be
recomputed, and then the samples are rerun. Standards are
routinely replaced according to the manufacturers’ specifica-
tions. A detailed explanation of the standard preparation
can be found in the USEPA Method 8021B documentation
(U.S. Environmental Protection Agency, December 1996).

Analytical Results of Ground-Water Samples

The analytical results from the direct-push sampling pro-
gram are summarized in this section. Field measurements
(pH, temperature, specific conductance, and DO) and sam-
pling depths for each sample are presented in table 3. The
lack of field parameters for some samples is due to low
ground-water yield at those locations. pH values ranged

from 4.3 10 5.9. The DO concentrations ranged from below
the MRL (0.2 mg/L) to 7.0 mg/L. Results below the MRL
for DO are listed as less than (<) 0.2 mg/L.

Concentrations of VOCs from all wells are shown in
table 4. Maximum contaminant levels (MCLs) were not
exceeded for benzene, toluene, ethylbenzene, xylenes,
cis-1,2-DCE, TCE, or PCE. The MCLs for selected VOCs
are shown intable 2. Currently, there is no MCL for MTBE.
However, the USEPA has a drinking-water advisory of
20-40 pg/L (micrograms per liter) for MTBE that is based
on taste and odor (U.S. Environmental Protection Agency,
1997). Values for compounds that were detected but had
concentrations below the MRL of a given compound are
listed as less than (<) the detection limit. This means that the
compound was identified but not quantifiable. Compounds
that were not detected are listed as not detected (ND). In
addition, vinyl chloride was not detected in any samples.

VOCs were above the MRLs in 59 ground-water sam-
ples. The concentrations ranged from below the MRLs to
maximum values of 12.4 ug/L of cis-1,2-DCE, 1.14 ug/L of
TCE, 2.65 ug/L of PCE, 1,070 ug/L of MTBE, 4.36 ug/L of
benzene, and 1.8 ug/L of toluene. Vinyl chloride, ethylben-
zene, p,m-xylene, and o-xylene were not detected in any of
the samples collected during this study. MTBE was detected
above the MRL in 47 of the 115 ground-water samples with
a maximum concentration of 1,070 ug/L.

Concentrations of ferrous iron, total iron, sulfide, sulfate,
and methane in ground-water samples from direct-push sam-
pling are shown in table 5. All analyses were performed on
unfiltered samples. Ferrous iron concentrations ranged from
<0.02 to 6.0 mg/L. Total iron concentrations ranged from
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<0.02 to 25.2 mg/L. When unfiltered samples are collected
using a direct-push drilling method and analyzed using a
colormetric method in the field, turbidity can interfere with
the analyses when low levels of total and ferrous iron are
present. Therefore, for selected samples the ferrous iron
value may exceed the total iron value for low-level detec-
tions. The exact extent to which the precision of the method
was influenced was not determined, however, because the
iron data are only being used as a screening tool. Sulfide
concentrations were below the MDL for all samples, except
for those from sites DN3-400A and DN3-450A. Sulfate
concentrations ranged from <7 to 149 mg/L. Methane con-
centrations ranged from below the MDL to 741.1 pg/L.

Twenty-one sets of DI blank water samples were ana-
lyzed for total iron, ferrous iron, sulfate, and sulfide. Total
iron, ferrous iron and sulfide were below the MDL for all DI
blank water samples. Two DI blank water samples had sul-
fate concentrations of 8 mg/L; the other 19 were below the
MDL. Check standards of 7, 20, 50, and 70 mg/L of sulfate
were used daily. All check standards agreed consistently
with the meter readings.

Water-Level Measurements

Water-level measurements were collected on
July 1, 2001 from wells in and around the DNTS. The loca-
tions of ground-water level measurements in the upper and
lower parts of the surficial aquifer are shown in figures 3a
and 3b. Ground-water elevation data for the surficial aquifer
are shown in table 6.

Quality-Control Results

QC samples collected from June 27 through
July 18, 2001 consisted of 1 equipment blank, 14 field
blanks, 10 duplicates, and 7 screen blanks (table 7). VOCs
were not detected in most of the QC samples. TCE and PCE
were detected in some QC samples, but the concentrations
were below the laboratory reporting limits. The low VOC
concentrations in the blanks may have been the result of
internal laboratory contamination or the tubing-cleaning pro-
cedure. However, concentrations in the blanks were not
high enough to bias the interpretation of environmental con-
centrations of VOCs. The median for TCE and cis-1,2-DCE
in the QC samples was <8 pg/L and not detected, respec-
tively, which means that the median for TCE was not
detected and the median cis-1,2-DCE was not quantifiable.
MTBE was detected in one of the screen blanks. Itis
unlikely that this contamination affected the next sample,
because that location had the highest MTBE concentration in
the study area (DN1-850B).

For detected compounds, the consistency between con-
centrations in duplicate samples is indicated by the relative
percent difference (RPD) and is shown in table 8. The equa-
tion used to calculate the RPD is as follows:

|(x1 —x2)|

ave(x1, x2) 100,

where x1 is a sample value, x2 is the duplicate sample value,
and ave is average.

Estimates of measurement reproducibility for some
analytes were limited because the concentration of one or
both duplicates in the pair was frequently below the method
reporting limit. RPDs were not calculated for these pairs.
All RPD values were less than or equal to 22.1 percent,
with the exception of one site (DN1-650A; the RPD for the
concentrations of the duplicate pair for cis-1,2-DCE was
104 percent, and the concentrations were 0.9 pg/L and
2.84 pg/L).
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Figure 3a. Location of ground-water level measurements in the upper part of the surficial aquifer, Dover National Test Site,
Dover Air Force Base, Delaware, July 1, 2001.
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Figure 3b. Location of ground-water level measurements in the lower part of the surficial aquifer, Dover National Test Site,
Dover Air Force Base, Delaware, July 1, 2001.
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Table 5. Concentrations of field constituents in direct-push ground-water samples collected at the
Dover National Test Site, Dover Air Force Base, Delaware, June-July 2001

[Samples for ferrous iron were unfiltered and turbidity may have interfered with sample analysis; mg/L, milligrams per liter;
ug/L, micrograms per liter; --, no data available; <, less than]

Sample Ferrous Total

identification iron iron Sulfide Sulfate Methane
number (mg/L) (mg/L) (mg/L) (mg/L) (ng/L)
DN1-000C 1.85 3.26 - 9 <25.4
DN1-000B 111 0.60 - 1 534.8
DN1-000A 1.03 7.50 - 8 <27.1
DN1-250C 3.90 4.80 - 11 --
DN1-250B 1.10 0.78 - 17 <26.4
DN1-250A 0.40 1.00 - 15 -
DN1-350C 4.70 4.50 - 37 -
DN1-350B 1.64 2.49 - 18 -
DN1-350A 0.50 1.09 - 15 160.2
DN1-450C 3.50 5.50 - 29 87.8
DN1-450B 2.37 8.40 - <7 --
DN1-450A 3.22 9.20 - 54 -
DN1-451B 1.99 3.70 - 30 --
DN1-451A 2.35 2.83 - 44 -
DN1-550C 2.82 25.20 - <7 --
DN1-550B 6.00 7.20 - 27 65.9
DN1-550A 2.42 6.70 - 128 -
DN1-600C 1.39 1.20 <0.01 16 --
DN1-600B 2.14 2.21 <0.01 15 --
DN1-600A 0.45 0.76 <0.01 14 183.9
DN1-650C 1.22 1.80 - 34 --
DN1-650B 3.28 4.50 - 33 --
DN1-650A 1.70 - - 72 290.6
DN1-650A DUP 3.08 - - 56 -
DN1-700C 1.91 1.59 <0.01 19 --
DN1-700B 2.13 3.40 <0.01 13 --
DN1-700A 0.90 1.14 <0.01 53 184.7
DN1-750C - 2.12 - 23 -
DN1-750B 1.17 5.50 - 23 179.3
DN1-750A 1.59 3.27 - 62 -
DN1-800C 111 1.00 <0.01 23 --
DN1-800B 1.06 0.86 <0.01 23 82.1
DN1-800B DUP 0.80 0.83 <0.01 23 --
DN1-800A 0.17 0.31 <0.01 18 164.3
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Table 5. Concentrations of field constituents in direct-push ground-water samples collected at the

Dover National Test Site, Dover Air Force Base, Delaware, June-July 2001—Continued

Sample Ferrous Total

identification iron iron Sulfide Sulfate Methane
number (mg/L) (mg/L) (mg/L) (mg/L) (ng/L)
DN1-850C 2.25 9.30 -- 36 741.1
DN1-850B 2.10 4.70 -- 30 --
DN1-850A 0.57 -- -- 21 --
DN2-050B <0.02 0.03 -- 41 <27.0
DN2-050A 1.21 0.32 -- 9 --
DN2-150A 0.09 2.15 -- 17 --
DN2-250B 1.05 1.81 -- 4 <27.1
DN2-250B DUP 1.69 3.12 -- 14 --
DN2-250A 0.75 2.68 -- 30 --
DN2-350B 0.23 1.63 -- 35 --
DN2-350A 0.31 0.93 -- 25 --
DN2-400B 2.01 14.30 <0.01 31 --
DN2-400A 2.17 2.50 <0.01 21 97.1
DN2-400A DUP 1.63 2.63 <0.01 22 --
DN2-450B 0.13 1.13 -- 13 --
DN2-450A 2.11 2.52 -- 34 --
DN2-500C -- -- -- -- --
DN2-500B 1.49 1.32 <0.01 13 <26.9
DN2-500A 1.27 2.38 <0.01 33 59.3
DN2-550C 0.20 0.15 <0.01 12 --
DN2-550B 0.47 1.17 <0.01 13 --
DN2-550A 0.38 0.55 <0.01 11 --
DN2-600B 0.56 0.73 <0.01 21 --
DN2-600A 1.17 2.20 <0.01 23 121.3
DN2-650B 0.71 1.01 -- 25 --
DN2-650A 1.10 1.67 -- 45 --
DN2-700C 1.48 2.01 <0.01 9 --
DN2-700B 3.60 5.80 <0.01 33 --
DN2-700A 3.30 5.60 <0.01 28 34.8
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Table 5. Concentrations of field constituents in direct-push ground-water samples collected at the
Dover National Test Site, Dover Air Force Base, Delaware, June-July 2001—Continued

Sample Ferrous Total

identification iron iron Sulfide Sulfate Methane
number (mg/L) (mg/L) (mg/L) (mg/L) (ng/L)
DN2-750B 0.46 0.55 - 23 -
DN2-750B DUP 0.72 0.84 - 19 -
DN2-750A 3.60 1.17 - 26 --
DN2-800C 1.86 2.82 <0.01 13 --
DN2-800B 0.07 1.05 <0.01 22 <26.3
DN2-800A 1.04 1.05 <0.01 17 -
DN2-850C 0.12 <0.02 <0.01 20 -
DN2-850B 1.54 1.40 <0.01 23 <26.3
DN2-850A 0.24 0.21 <0.01 30 37.5
DN2-900C 0.79 0.90 <0.01 30 -
DN2-900B 0.87 1.77 <0.01 23 -
DN2-900A 0.36 2.83 <0.01 12 83.4
DN2-950C 3.04 3.70 <0.01 26 <26.7
DN2-950B 0.79 1.16 <0.01 29 31.5
DN2-950B DUP 0.75 1.21 <0.01 28 -
DN2-950A 1.16 2.51 <0.01 15 -
DN2-1000C 0.72 0.61 <0.01 15 -~
DN2-1000B 1.10 1.10 <0.01 23 -~
DN2-1000A 0.21 <0.02 <0.01 16 -
DN3-100B 0.55 1.65 - - -
DN3-100A 0.50 0.87 - 16 <26.4
DN3-250B 1.01 3.09 - 36 --
DN3-250A 0.61 2.28 - 32 --
DN3-350B 0.34 0.04 - 25 --
DN3-350B DUP 0.34 0.09 - 26 -
DN3-350A 0.66 1.25 - 25 <26.0
DN3-400B 0.34 0.40 <0.01 37 -
DN3-400A 0.36 0.10 0.03 30 --
DN3-450B <0.02 0.03 <0.01 23 -
DN3-450A 1.23 1.99 0.29 28 --
DN3-500B 0.43 1.83 <0.01 20 -
DN3-500A 1.27 2.38 <0.01 33 -
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Table 5. Concentrations of field constituents in direct-push ground-water samples collected at the
Dover National Test Site, Dover Air Force Base, Delaware, June-July 2001—Continued

Sample Ferrous Total

identification iron iron Sulfide Sulfate Methane
number (mg/L) (mg/L) (mg/L) (mg/L) (ng/L)
DN3-550B <0.02 0.44 <0.01 22 -
DN3-550A 141 1.94 <0.01 16 40.6
DN3-600B 141 2.63 <0.01 24 -
DN3-600A 4.30 5.10 <0.01 <7 164.7
DN3-650B 1.70 1.88 <0.01 23 -
DN3-650A 1.69 2.86 <0.01 10 81.8
DN3-700B 0.55 0.97 <0.01 149 -
DN3-700A 0.22 1.16 <0.01 57 <25.9
DN3-750B 1.64 1.60 <0.01 21 21.0
DN3-750A 1.16 2.01 <0.01 <7 -
DN3-800B <0.02 0.03 - 21 -
DN3-800A 0.75 1.58 <0.01 13 -~
DN3-850B 1.22 1.89 <0.01 12 <26.8
DN3-850A - - - - 46.6
DN3-950B 0.21 0.90 <0.01 36 -
DN3-950A <0.02 1.87 <0.01 12 <26.7
DN4-000A - - - - -
DN4-100C - - - - -
DN4-100B - - - - -
DN4-100A <0.02 141 <0.01 36 -
DN4-200B 0.64 0.88 <0.01 70 -
DN4-200A 0.11 0.60 <0.01 13 -
DN4-300B 4.5 8.90 <0.01 17 <26.4
DN4-300A 2.68 3.21 <0.01 19 154.9
DN4-500B <0.02 1.23 <0.01 <7 -~
DN4-500A 0.44 2.12 <0.01 23 -
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Table 6. Ground-water level measurements in the surficial aquifer, Dover National Test Site,
Dover Air Force Base, Delaware, July 1,2001

[msl, mean sea level; --, no data available]

Upper part of the surficial aquifer Lower part of the surficial aquifer
Well identification Ground-water elevation Well identification Ground-water elevation
number (msl) number (msl)
CPT-08MW 11.40 -- --

-- -- CPT-29MW 11.40
D-3082 10.29 -- --

-- -- D-3083 10.19
DM335S 10.34 DM335D 10.37
DM337S 10.19 DM337D 9.77
DM338S 14.37 DM338D 14.38
DM342S 17.11 DM342D 16.97
DM346S 15.43 DM346D 15.42
DM347S 15.37 DM347D 15.37
DM348S 18.21 DM348D 14.63
DM349S 10.65 DM349D 10.65
MW60S 16.78 MW60D 16.71

-- -- MW-7 12.12
MW?75S 14.47 MW?75D 14.48
MW?77S 18.54 MW?77D 14.65
MW?78S 13.91 MW?78D 13.90
MW223S 11.09 MW?223D 11.07

28 Analytical Results From Ground-Water Sampling at Dover National Test Site, June—July 2001



anN anN anN anN anN anN anN e1> 8'0> anN 0S-000-vNd
anN anN anN anN anN anN aN e1> 8'0> @]\ 0S-099-ENd
anN anN anN anN anN anN anN e1> 8'0> anN 0S-009-€ENd
anN anN anN anN anN anN anN anN 8'0> anN 0S-058-¢Nd
@]\ anN anN anN anN anN anN e1> 8'0> anN 0S-099-¢Nd
anN anN anN anN anN anN anN e1> 8'0> anN 0S-008-TNd
anN anN anN anN anN L) anN anN anN anN 0S-0S5.-TNd
Syue|g udaIds
anN anN @]\ anN anN anN @]\ e1> 8'0> anN 054-00e-vNd
anN anN anN aN anN anN anN e1> 8'0> anN 0v4-008-ENA
anN anN anN anN anN anN anN e1> 8'0> anN 0v4-0S.-€Nd
anN anN anN anN anN anN anN e1> 8'0> anN 0v4-099-€Nd
anN anN anN @]\ anN anN anN anN 8'0> anN 054-005-€NA
anN anN anN anN aN anN anN e1> 8'0> anN ¢€4-052-€NA
anN anN anN aN anN anN anN e1> 8'0> anN 0v4-098-¢Nd
anN anN anN anN anN anN anN e1> 8'0> anN 0v4-008-¢Nd
anN anN anN anN anN anN anN anN 8'0> anN ¢€4-099-¢Nd
anN anN anN anN @]\ anN @]\ e1> @]\ anN 0v4-099-¢Nd
anN anN anN anN anN anN anN e1> 8'0> anN 0v4-0S€-¢Nd
anN anN anN anN anN anN anN e1> 8'0> anN 0v4-009-TNQ
anN anN anN anN anN anN anN e1> 8'0> anN 0¢4-0SS-TNd
anN anN anN anN anN anN anN e1> 8'0> anN 9€4-06¢-TNd
sYue|g pisid
anN anN anN anN anN anN anN anN anN anN 004'0S¥-TNQA
Mue|g uswdinb3
(1/6m) (/6m) (/6m) (1/6m) (/6m) (1/6m) (1/6m) (/6m) (1/6m) (/6m) Jaquinu
dUdJAX-0 aug|Ax-w'‘d  auazuaqAylg auanjol auazuag 391N aplIojyo 30d 301 3D0Q-Z'1-S19 uol1ealynuapl
JAUIA 3|dwes

[uey ssa] *> ‘parosiap 10U ‘@N ‘1au) Jad swesBolorw /61 Layia |AINg-18) JAYIBW ‘I 1IN ‘UsYIS0J0]yIeRII8] ‘IO d BUBYIS0I0[YIL ‘T DL (aUsYIB0I0|ydIp-Z ' T-S10 ‘IDA-2 T-S19]

100Z AInc—aunr ‘areme|aq ‘aseg 92104 11y J1aA0Qd

‘911G 1531 [eUOleN JaA0( ay) e palaa]|0d sajdwes yue|q jo4uod-Alfenb ul spunodwod d1ueblo 8]11e|OA JO SUOITRIIUBIUOD / 3|qeL

29

Analytical Results, Water Levels, Quality Control



Table 8. Relative percent differences (RPDs) from duplicate ground-water samples collected
at the Dover National Test Site, Dover Air Force Base, Delaware, June-July 2001

[--, Data not shown in concentrations where one or both replicates were below minimum reporting limit; values in bold are RPDs;
%, percent; cis-1,2-DCE, cis-1,2-dichloroethene; TCE, trichloroethene; PCE, tetrachloroethene; MTBE, methyl tert-butyl ether;

ng/L, micrograms per liter; ND, not detected]

Sample Ethyl-

identification cis-1,2-DCE  TCE PCE MTBE Benzene Toluene benzene

number (Ha/L) (Ha/L) (Ho/L) (Ha/L) (Ho/L) (Ha/L) (Ho/L)

DN1-650A 0.9 ND ND 6.27 ND ND ND

DN1-650A.DUP 2.84 ND ND 5.45 ND ND ND
RPD (%) 104 14.0

DN1-800B ND ND ND 74.1 3.06 1.66 ND

DN1-800B.DUP ND ND ND 72.2 2.89 1.33 ND
RPD (%) 2.6 5.7 22.1

DN1-850A ND ND ND 290 4.36 1.67 ND

DN1-850A.DUP ND ND ND 327 5.42 ND ND
RPD (%) 11.7 21.7

DN1-850B ND -- -- 1,070 3.81 ND ND

DN1-850B.DUP ND -- -- 1,018 ND ND ND
RPD (%) 5.0

DN2-250B ND ND ND ND ND ND ND

DN2-250B.DUP ND ND ND ND ND ND ND
RPD (%)

DN2-400A ND <0.8 ND 25.6 1.41 ND ND

DN2-400A.DUP ND ND ND 26.5 1.42 ND ND
RPD (%) 35 0.7

DN2-750B ND ND ND ND ND ND ND

DN2-750B.DUP ND ND ND ND ND ND ND
RPD (%)

DN2-950B ND ND ND 2.15 ND ND ND

DN2-950B.DUP ND ND ND 2.18 ND ND ND
RPD (%) 1.4

DN3-350B ND <0.8 ND ND ND ND ND

DN3-350B.DUP ND <0.8 ND ND ND ND ND
RPD (%)

DN4-300B 4,79 ND ND ND ND ND ND

DN4-300B.DUP 5.96 ND ND ND ND ND ND
RPD (%) 21.8
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Summary

The objectives of this study were to determine the distri-
bution of organic contaminants in the surficial aquifer, and
to use this information to improve existing conceptual mod-
els and plan additional site-characterization work. This
report presents the analytical results from ground-water
samples collected during a direct-push ground-water sam-
pling investigation. A total of 147 ground-water samples
were collected from various depths at 48 locations from
June 27 through July 18, 2001. The 147 samples included
115 volatile organic compound samples and 32 quality-con-
trol samples.

Drilling was performed with a direct-push Geoprobe
drilling rig. Ground-water samples and associated quality-
control samples were analyzed for volatile organic com-
pounds, ferrous iron, total iron, sulfate, sulfide, dissolved
oxygen, pH, specific conductance, temperature, and meth-
ane. Volatile organic compound samples were analyzed at
the Dover National Test Site, Groundwater Remediation
Field Laboratory at Dover Air Force Base. Water-level mea-
surements were collected in July 2001 from wells in and
around the Dover National Test Site.

Concentrations of volatile organic compounds were
detected above the method reporting limits in 59 of the
ground-water samples. The concentrations ranged from
below detection limits to maximum values of 12.4 micro-
grams per liter of cis-1,2-dichloroethene, 1.14 micrograms
per liter of trichloroethene, 2.65 micrograms per liter of
tetrachloroethene, 1,070 micrograms per liter of methyl tert-
butyl ether, 4.36 micrograms per liter of benzene, and
1.8 micrograms per liter of toluene. Vinyl chloride, ethyl-
benzene, p,m-xylene, and o-xylene were not detected in any
of the samples collected during this investigation. Methyl
tert-butyl ether was detected above the method reporting
limit in 47 of the 115 ground-water samples. Ferrous iron
concentrations ranged from less than 0.02 to 6.0 milligrams
per liter. Total iron concentrations ranged from less than
0.02 to 25.2 milligrams per liter. Sulfide concentrations
were below the method detection limit for all samples,
except for those from sites DN3-400A and DN3-450A. Sul-
fate concentrations ranged from less than 7 to 149 milli-
grams per liter. Methane concentrations ranged from below
method reporting limit to 741.1 micrograms per liter. pH
values ranged from 4.3 to 5.9. Dissolved oxygen concentra-
tions ranged from below the method detection limit to 7.0
milligrams per liter.
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