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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain

inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)
acre 4,047 square meter
gallon 3.785 liter

gallon per minute 0.06308 liter per second
(gal/min)

Temperature is reported in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F)
by using the following equation: °F=1.8(°C) +32.

Sea level: In this report, “sea level” refers to National Geodetic Vertical Datum of 1929--a geo-
detic datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.

Chemical concentration, specific conductance, and water temperature are reported in metric units.
Aqueous chemical concentration is given in milligrams per liter (mg/L) or in micrograms per liter (ug/L).
Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as well as
weight (milligrams) of solute per unit volume (liter) of water.

One thousand micrograms per liter is equivalent to one milligram per liter. For concentrations less
than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million. Hydrogen con-
centrations in samples are expressed in nanomoles per liter (nmol/L).

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius

(uS/cm), which is identical to micromhos per centimeter at 25 degrees Celsius, formerly used by the U.S.
Geological Survey.
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HYDROGEOLOGIC AND WATER-QUALITY DATA FOR THE
EAST MANAGEMENT UNIT OF DOVER AIR FORCE BASE,
KENT COUNTY, DELAWARE, 1995-96

By Joseph E. Beman, Daniel J. Phelan, Joel E. Dysart,

Martha L. Cashel, and Vanessa C. Smith

ABSTRACT

This report presents data collected by the U.S. Geological Survey from April 1995 through Sep-
tember 1996 as part of a project to assess ground- and surface-water contamination, and to determine if
natural attenuation of organic contaminants is a feasible alternative to remediation at four sites in the East
Management Unit of Dover Air Force Base, in Kent County, Delaware. Ground- and surface-water-level
data, borehole and surface geophysical data, and ground- and surface-water quality data, and the tech-
niques used to collect the data are presented. The water-level and water-quality sampling network for this
project consisted of 11 drainage-ditch piezometers and 8 cone-penetrometer wells installed during the
study, and 86 previously drilled wells. An evaluation of quality-assurance data showed that water-quality
data were of good quality, there was no evidence of cross-contamination in any samples, and the data were
reproducible and unbiased.

INTRODUCTION

Dover Air Force Base (DAFB) is located in Kent County, Delaware, approximately 3.5 mi south-
east of the center of the City of Dover, Delaware (fig.1). DAFB began operation in 1941 at the site of the
partially constructed Dover Municipal Airfield. The base was used for various purposes during and after
World War II and was deactivated in 1946, only to be reactivated as Dover Air Force Base in 1950. Since
then, DAFB has been supporting activities of the U.S. Air Force (USAF) Air Mobility Command.

In March 1989, DAFB was listed on the National Priorities List (NPL), which placed it under reg-
ulations described in the Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA) that governs activities at hazardous waste sites. The U.S. Geological Survey (USGS)
conducted an investigation in cooperation with the Environmental Flight of the USAF to evaluate whether
or not natural attenuation is a feasible alternative to remediation at disposal sites located in the East Man-
agement Unit of DAFB. This investigation was conducted in response to previous investigations that had
determined sources of contamination, and the presence of contaminants in the ground- and surface-water
systems in the East Management Unit. This report presents the results of the data-collection effort for that
project.
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Purpose and Scope

The purpose of this report is to present data collected by the USGS from April 1995 through Sep-
tember 1996 as part of the natural-attenuation (NA) project to determine if natural attenuation of contami-
nants is a feasible alternative to remediation at four sites in the Eastern Management Unit of DAFB. An
interpretive administrative report is being prepared concurrent with this report by the USGS. Ground- and
surface-water-level data, borehole and surface geophysical data, and ground- and surface-water quality
data, and the techniques used to collect the data are presented.

Description of Study Area

The topography of DAFB is flat with little spatial variation. Naturally-occurring land-surface ele-
vations range from sea level along the St. Jones River, to about 37 ft above sea level on the northwestern
boundary of the base (fig. 1). The northwest-southeast runway has an elevation of about 28 ft above sea
level, which is higher than most of the surrounding area. Land-surface elevations in the study area of the
East Management Unit range from a high of about 45 ft atop landfill LF13, to about 3.5 ft where Pipe Elm
Branch flows across the base boundary at Postles Corner Road (fig. 2). With the exception of the landfill
LF13, and the small valley along Pipe Elm Branch, land-surface elevations in the study area range from 20
to 25 ft above sea level.

Three major hydrologic units have been identified beneath the base. The units are, in descending
order, (1) the unconfined aquifer--chiefly sand units of the Columbia Group, (2) the Frederica and Ches-
wold confined aquifers of the Chesapeake Group, and (3) the sand units of the confined Piney Point and
Magothy Formations (Leahy, 1982).

Data for the NA project were collected from four sites in the northeastern portion of DAFB. The
sites are: Fire Training area 3 (FT03), Landfill 15 (LF15), Waste Pit 14 (WP14), and Landfill 13 (LF13).
The locations of these sites are shown in figure 2.

Site FTO03 covers approximately 1.3 acres (fig. 2). The site was used for fire training from 1970 to
1989. Fuels were ignited and extinguished as part of fire training exercises. Site FT03 was remediated in
1992, currently has a clay cap, and is covered with grass and minor gravel (Dames and Moore, written
commun., 1996).

Site LF15 is two former landfills located near the receiver station (fig. 2). The site was initially
reported to be an area of less than 0.5 acre; however, personnel familiar with the site described it as much
larger. During the 1960’s, LF15 was reportedly used for disposal of general refuse and small quantities of
industrial shop wastes. Reportedly, the disposal area was filled to a depth of approximately 8 ft. When dis-
posal activities ceased at an unknown date, the site was covered with several feet of local soil and seeded
with grass. Site LF15 is currently an open, grass-covered field (Dames and Moore, written comtun.,
1996).

Site WP14 was used as a liquid waste-disposal trench. The site is located near the access road lead-
ing to the receiver station, and 200 ft to the west of LF15. An individual involved in the trench’s construc-
tion stated that it was 15 ft wide by 100 ft long by 6 ft deep. The trench was used during the 1950’s for the
disposal of waste solvents, hydraulic fluids, waste oils, and other liquid wastes generated in shop opera-
tions. After disposal activities ceased at WP14, the trench was filled with 3 to 4 ft of local soil and seeded
with grass (Dames and Moore, written commun., 1996).

Site LF13 is an active landfill located about 1,000 ft to the southeast of LF15. The site, which cov-
ers approximately 4 acres. is sparsely covered with small trees and underbrush, with a gravel road down the
center. The landfill slopes upward to the east, with the castern edge of the site ending abruptly at a 20-ft-
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high ledge of debris and concrete. Site LF13 was used from the early to late 1960’s for disposal of small
quantities of general refuse and large quantities of construction rubble. At present, the site is partially cov-
ered with construction rubble such as concrete, metal scraps and cé}ns (Dames and Moore, written com-
mun., 1996).

. X . -
Previous Investigations

All four study sites have undergone previous or concurrent investigations, including the North and
East Management Units Remedial Investigation (RI) of 1993 (Dames and Moore, written commun., 1996).
Other studies which were conducted at some or all of the four study sites are: Science Applications Inter-
national Corporation (SAIC) (1986 and 1989), and Hazardous Waste Remedial Actions Program
(HAZWRAP) (1990). The following paragraphs describe investigations which have taken place at each
study site.

Two previous investigations were conducted at site FT03 by SAIC (1986 and 1989). The SAIC
studies led to a focused feasibility study (FFS), and subsequent remedial oversight activities. Based on the
FFS, a Record of Decision (ROD) was signed in September 1990. During the 1986 investigation, ground-
water and surface-water samples were collected on and around the site upon discovering evidence of oil
contamination along a bank adjacent to a drainage ditch north of the site. During the 1989 investigation, a
soil gas survey was conducted to delineate concentrations of petroleum and hydrocarbons and to finalize
the locations of new monitoring wells and auger borings. Soil and ground-water samples were collected to
characterize ground water and to identify extent of contamination. During the 1993 study, existing moni-
toring wells were resampled and soil samples were collected. Ground-water samples were analyzed for
volatile organic compounds (VOCs), semivolitile organic compounds (SVOCs), pesticides/polychlorinated
biphenyl (PCBs), hardness, and total dissolved solids (TDS). Soil samples were analyzed for VOCs,
SVOCs, metals, total petroleum hydrocarbons (TPH) and pesticides/PCBs (Dames and Moore, written
commun., 1996).

Three previous investigations were conducted at site LF15 prior to the NA project: SAIC (1986
and 1989), HAZWRAP, (1990). During the 1986 investigation, three monitoring wells were installed, and
ground-water samples were collected from those wells. All ground water samples were analyzed for oil
and grease, cyanide and phenols, total organic carbon (TOC) and total organic halogens (TOX). During the
1989 investigation, geophysical and soil gas surveys were conducted and ground water, surface water, and
sediment were sampled (SAIC, 1989). The third investigation (HAZWRAP, 1990) focused primarily on
WP14, however, a soil gas survey and ground-water sampling conducted for this investigation are relevant
to LF15. The soil gas survey overlapped with the western portion of LF15. During a concurrent investiga-
tion, two test pits were excavated and sampled, soil samples were collected, and all existing monitoring
wells were resampled to delineate the extent of contamination at the sites (Dames and Moore, written com-
mun., 1996).

Two previous investigations were conducted at site WP14: SAIC (1986), HAZWRAP (1990).
During the 1986 investigation, four monitoring wells were installed, and ground water samples were col-
lected from those wells. All ground-water samples were analyzed for oil and grease, cyanide, TOX, and
TOC. The first ground water samples analyzed during the study were also analyzed for metals, and the
second set of samples were also analyzed for VOCs. During the 1990 investigation, a soil gas survey was
conducted to identify source areas, and soil samples were collected to determine soil quality. During a
concurrent investigation, surface geophysical surveys were conducted to assess the possible presence of
buried metal objects within suspected trench areas and to identify potential source areas. Soil samples
were collected to test for contaminants in the soil. One monitoring well pair was installed downgradient of
a trench and sampled to determine if the trench was a source of contaminants, and to delineate contami-
nants originating from other sources (Dames and Moore, written commun., 1996).
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Two previous investigations were conducted at site LF13 by SAIC (1986 and 1989). During the
1986 investigation, soil samples were collected from the edge of the landfill and analyzed for metals, oil
and grease, TOX, total organic chloride, and TOC. During the 1989 study, surface electro-magnetic con-
ductivity and ground-penetrating radar surveys were performed, and two well pairs were installed upgradi-
ent and two well pairs downgradient. Ground-water samples were collected from the new wells to
determine if contaminants were introduced from LF13. During a concurrent investigation, 12 subsurface
samples were collected from six soil borings drilled to evaluate soil conditions. Three additional monitor-
ing well pairs were installed and sampled along with the existing wells. Surface-water and bottom-sedi-
ment samples were collected from areas north and east of LF13 to determine if activities at LF13 affected
nearby surface water (Dames and Moore, written commun., 1996).

Description of Monitoring-Well Network

The water-level and water-quality sampling network for this project consisted of 11 drainage-ditch
piezometers and 8 cone-penetrometer (CPT) wells installed by USGS personnel, and 86 previously drilled
wells. The locations of all wells and piezometers in the monitoring-well network are shown in figure 2.
Construction data for all wells and piezometers in the monitoring-well network are shown in table 1,
located at the end of the report. Methods used for installing drainage-ditch piezometers and cone-pene-
trometer wells, and the numbering systems are described in the following sections.

Previously Drilled Wells

Fifty-four monitoring wells were installed during three previous studies--20 during HAZWRAP,
(1990), and 34 by SAIC, (1986 and 1989). Thirty-two additional wells were installed during one concur-
rent investigation by Dames and Moore. All 86 of these wells were screened in the Columbia aquifer. The
20 rvells drilled during the 1990 study by HAZWRAP were drilled using hollow-stem auger methods, and
usec 2-in.-diameter polyvinyl chloride (PVC) well casings and screens (HAZWRAP, 1990). Of the 34
wells drilled during the 1986 and 1989 studies by SAIC, 33 of the 34 wells were drilled using hollow-stem
auger methods and used 2-in.-diameter PVC casings and screens, and the other well (MW42P) was drilled
using the hydraulic mud rotary method, with a bentonite and water mixture for the drilling mud, and was
cased and screened with 4-in.-diameter PVC. The lower two-thirds of the saturated interval in well
MW42P was screened to allow for an aquifer test (SAIC, 1989).

The 32 wells drilled during the concurrent study by Dames and Moore have well numbers with the
prefix ‘DM’, and were installed in compliance with the basewide remedial investigation/feasibility study
(RI/FS) work plan (WP). Shallow and deep well nests were installed in the Columbia Formation with hol-
low stem augering techniques. Well numbers for the shallower wells end in “S”, and well numbers for the
deeper wells end in “D” (e.g. DM117S and DM117D). All drilling equipment was steam cleaned prior to
use and between each well boring. 2-in.-diameter PVC casing and screen (0.010 or 0.020 slot size) were
installed through the augers. In deep wells, the lower 10 ft of the aquifer were screened. Shallow wells
were installed such that 10-ft-long screens were positioned with 2 ft of screen above the water table
(Dames and Moore, written commun., 1996).

Drainage-Ditch Piezometers

Eleven drainage-ditch piezometers were installed during the summer of 1995 at four sites in the
NA study area. Three sites (GS1, GS2, and GS4) have shallow, medium and deep piezometers in a nest,
and one site (GS3) has shallow and medium-depth piezometers (fig. 2). Piezometers GSIS, GSIM, and
GS 1D represent the shallow, medium, and deepest depth screened in the nest, respectively. Each piezome-
ter is a 2-in.-diameter stainless-steel drive point and is screened at the bottom with 0.010-in.- slot size
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screen. Screen lengths range from 0.5 to 3 ft (table 1). Piezometers were driven using a tripod-mounted
slide hammer which was raised and lowered by a manually controlled cat-head.

Cone-Penetrometer Wells

During May 1996, eight wells were installed in the study area by USGS and Applied Research
Associates, Inc. (ARA) personnel using a trailer-mounted cone-penetrometer (CPT) rig owned by the
USAF. Two of the eight CPT wells failed and were replaced by the USGS in July 1996 using the same
CPT rig. The CPT rig was manufactured by Vertek !, weighs 12,000 pounds, and can push with a force of
30 tons when anchored. The CPT wells were installed by (1) anchoring the rig to the ground by means of
four augers [ground anchors] and turnbuckles, (2) hydraulically pushing a 2.5-in-diameter steel drive point
to the desired {or maximum] depth and removing it, and (3) pushing the 2-in. PVC well screen and casing
with steel rods from behind the screen’s drive point to the planned depth. The PVC screens and casings,
and the steel drive points and rods were steam cleaned after work at each site. The well numbers for the
CPT wells begin with the letters ‘GSCP’ (for Geological Survey Cone Penetrometer), followed by a site
number, and the letters ‘D’, ‘M’, or ‘S’ indicating deep, medium, or shallow depth wells, respectively.

At two sites, GSCP-1 and -5, an experimental oxidation-reduction probe operated by ARA person-
nel was pushed to 40 and 42 ft, respectively, prior to pushing the 2.5-in.-diameter point. A probe that mea-
sures and records resistivity, pore pressure, sleeve stress, and tip stress was also operated by ARA
personnel and was also pushed at sites GSCP -1, -4, -5, -6, -8, and -9. Techniques used to measure the data
during the pushes are still experimental, therefore the data are not included in this report, but are on file at
the Delaware USGS office.
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HYDROGEOLOGIC DATA

Hydrologic and geophysical data collected during the USGS investigations in the study area from
May 1995 through September 1996 are presented in this section.

Hydrologic Data

Continuous ground-water-level data were collected using analog to digital recorders (ADR’s) that
were installed on wells DM110S and DM 110D at the LF13 site, and in piezometers GS4S and GS4D that
were installed in the Pipe Elm Branch streambed near where the stream crosses the base boundary (fig. 2).
A hydrograph showing daily mean ground-water elevations for wells DM110S and DM110D is shown in
figure 3a.

An additional ADR was installed in October 1995 adjacent to piezometers GS4S, GS4M, and
GS4D (fig. 2) to record the stream stage of Pipe Elm Branch. The stage data were used to determine the
relation between stream stage and ground-water elevations. Discharge was not calculated from the stage
data because the stream is affected by tides. A hydrograph showing ground-water elevations in piezome-
ters GS4S and GS4D, and the elevation of the stream stage is shown in figure 3b. Daily mean water-level
elevations for the four ground-water and one surface-water sites measured with the ADR’s are shown in
table 2 at the end of the report.

Synoptic ground-water-level measurements were made during July and December 1995, and dur-
ing March, April, June, August, and September 1996. Additional water-level measurements were made
during the July-August 1995 and May-July 1996 water-quality sampling periods. Periodic surface-water
elevations were measured at streambed piezometers GS1, GS3, and GS4. Measured ground- and surface-
water elevations are shown in table 3.

Geophysical Data

Surface and borehole geophysical measurements were used during this study to help determine
lithologic and water-quality changes in the unconfined Columbia aquifer in the study area. The following
sections describe the methods and presentation of the data from those investigations.

Areal Electro-Magnetic Conductivity Survey

Areal electro-magnetic conductivity surveys were performed during March, 1996 at 126 sampling
points throughout the study area. The Geonics EM-34 terrain conductivity meter was used to measure con-
ductivity in the 20- and 10-meter vertical and horizontal dipole orientations. The instrument measures
apparent conductivity in millimhos per meter. The sampling point locations and the point numbers are
shown in figure 4. The conductivity values for each data point are shown in table 4. Instrument checks
were performed each day before data collection began. The conductivity was measured for each coil orien-
tation at site number 1 to verify that the instrument was working properly, and no problems with the cali-
bration checks were found.

The depth of the investigation is dependent on the inter-coil spacing, the operating frequency, and
the orientation of the coils. In general, when the coils are in the horizontal-dipole mode (coil oriented ver-
tically), the instrument responds to earth materials from the surface to a depth of 0.75 times the coil spac-
ing, and is most sensitive to the shallow subsurface layers. In the vertical-dipole mode, (coils oriented
horizontally) the instrument responds to earth materials to a depth of 1.5 times the coil spacing and is most
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sensitive to layers at 0.4 times that spacing. Near-surface layers have little effect on the instrument in this
mode (Haeni, 1986).

Borehole Geophysics

Natural-gamma (gamma) and borehole electro-magnetic conductivity (EM) geophysical logs were
obtained for 22 wells during March 1996 with a Mount Sopris portable MGX logging system. Gamma
logs alone were run on an additional 5 wells during the same period. The type of logs run for each well are
shown in table 1. The geophysical logs are shown in the Appendix at the end of the report.

Natural-gamma logs

Gamma logs measure the amount of naturally-occurring gamma radiation in boreholes or wells.
Gamma logs are used to indicate lithologic changes. Sands and gravels are indicated when the counts per
second (cps) are low (curve deflects to the left). Clays are indicated by higher cps (curve deflects to the
right). Obtaining gamma logs in cased holes results in a slightly reduced amount of radiation that is mea-
sured at the probe, but has no effect on the interpretation of the logs unless multiple casing techniques are
used to install the well, resulting in decreased readings as the tool enters each additional casing. No wells
logged during this study have multiple casings

Electro-magnetic conductivity logs

Borehole EM logs measure the apparent conductivity (in millisiemens per meter [mS/m,]) or
inversely, resistivity, (in ohm-meters) of formations in open holes or in wells with PVC casing, but cannot
work in steel-cased wells. The EM logs in this report are displayed in units of conductivity. The EM log
works in air or fluid-filled holes, and can be interpreted similarly to electrical resistivity logs that can only
be run in open (uncased) boreholes. The EM logs in the Appendix are graphed with increasing values to
the right, and the curve generally follows the same trend as the gamma log. Ground water with conductive
contaminant plumes can be indicated when there is a significant increase in conductivity without a corre-
sponding increase in cps on the gamma log.

Conductive metals near the well casing will cause the measurements to be anomalously high.
Metal surface casings that protect each well from damage cause interference by increasing the measured
conductivity as the EM tool approaches land surface. Other metal in the borehole or well will also cause
anomalously high readings. Casing centralizers, made from metal, or rubber with metal clamps, will cause
interference in the log. This type of interference was found on the following logs:

DMI1I10D MWI0 MWI1 MW]2 MWI19 MW20.

Interference with metal was also found at the bottom of 11 wells. Measured EM conductivi.y increased on
the logs in the bottom of these wells with no corresponding increase in specific conductance in water sam-
ples taken from the deeper screened interval, compared to the measured specific conductance in the corre-
sponding shallower well. There were also no corresponding changes in lithology when the EM logs were
compared to the gamma logs. The interference was most likely caused by the use of a “knock-out” plug in
the bottom of the auger bit that kept drill cuttings from entering the auger flights during drilling. When the
wells were installed inside the auger flights, the well casing pushed out the knock-out plug, leaving the
plug in the hole and allowing the well to stay in position as the auger flights were removed. No records
have been found to document what type of plugs--if any--were used. Logs from the following wells had an
increasc in conductivity values at the bottom of the well that did not correspond to any lithologic or water-
quality changes:



DM110D DMI117D DM118D MWI10 MWI11
MW20D Mw43D MWw44D MW206D MW226D
MW227D.

The gamma tool typically measures about 1.5 ft deeper than the EM tool because the measuring point of
the gamma tool is about 0.5 ft above the bottom of the tool, whereas the measuring point of the EM tool is
about 2 ft above the bottom of the tool.

Down-hole camera logs

In May 1996, 55 wells in the study area were inspected with a Laval down-hole camera system as
part of a larger basewide long-term monitoring project by the USGS. Twenty-nine wells outside this study
area, but on base property, also were inspected with the downhole camera. Two different cameras were
used: (1) a camera that would fit down a minimum 2-in.-diameter well casing, and (2) a larger camera that
could fit down a minimum 4-in.-diameter casing. The aperture and focus of the larger camera could be
changed downhole during logging, while the aperture and focus of the smaller camera was fixed while in
the well. The intensity of the light source was adjustable for both cameras during logging. Wells in the
study area that were logged with the down-hole camera are noted on table 1. The videotapes of the well
logging are on file at the Dover, Delaware office of the USGS.

Of the 55 wells inspected, the only well that exhibited any sign of damage was DM110D, which
had a crack at a casing joint at a depth of 4 ft below the top of the steel protective casing, and just below
land surface. There was no indication of any leakage into the well at the crack, and the crack is likely
sealed by the concrete pad surrounding the well.

WATER-QUALITY DATA

Between July 1995 and August 1996, ground- and surface-water samples were collected in the
study area to help determine if natural attenuation of contaminants is occurring. The following sections
describe the field methods used to collect the samples, and the field methods used to determine concentra-
tions of specific parameters. Ground- and surface-water quality samples collected during the July-August,
1995 and May-July, 1996 samplings were sent to a laboratory certified by the U.S. Environmental Protec-
tion Agency contract laboratory program (CLP). Field parameters, samples collected for methane, ethane,
and ethylene, and samples collected during August, 1996 were analyzed by USGS personnel. The data are
summarized in tables 5-9 at the end of the report.

Ground-Water Samples

Ground-water samples were collected from 35 wells during July-August 1995, and from 37 wells
in May and July 1996. Additionally, samples from 21 wells were collected in August 1996. The location
of the wells and piezometers that were sampled are shown in figure 5. All samples were analyzed for inor-
ganic constituents (major ions and metals) and organic contaminants. Selected wells were also sampled for
dissolved inorganic carbon, methane, and hydrogen. Inorganic ground-water quality data are shown in
table 5, and organic ground-water quality data are shown in table 6.

Sampling Methods

Ground-water samples obtained during July-August 1995 and May-July 1996 were collected using
a submersible, stainless steel and Teflon, positive displacement pump with a Teflon discharge tube. Drain-



75°27'30" 75°27
|

74 N
<
§

/S = <  Base boundary

— ~._ Streams and drainage

R ditches
! ‘ Study site
,~ g s
: asasmp Location of sampled well
é or piezometer

GS4S (shallow depth)
GS4M (medium depth)
GS4D (deep depth)

338 . GSCP3M,D-e
GSCP4M—e
MW227S.D

*—GSCP6

39°08'

7/ ~MW40S.0
) / DM113S.D
MW226M,D

39°07'45"

PN

: AN
l: ;0 I.‘-.
] . .. DMI1020}
. /& N
£ - > 1

750 1500 Feet
]

1
T

T
187.5 375 Meters

Base from Harland Bartholowmew and Associates, Inc.

[ ol e]

Figure 5. Locations of wells and piezometers sampled during July-August 1995,
May-July 1996, and August 1996 at the natural-attenuation study area,
Dover Air Force Base, Kent County, Delaware.



age-ditch piezometers and DM110S were sampled using a peristaltic pump with clear PVC laboratory
grade tubing. The submersible pump was used for both purging and sampling each well. The pump was
lowered to the top of the screened interval and the water was purged at a flow rate of 0.2 to 0.25 gal/min to
prevent drawdown of the water column. Field parameters (specific conductance, dissolved oxygen, pH,
and temperature) were monitored in a flow-through chamber during purging. The wells were sampled
after field parameters had stabilized, and at least one well volume had been purged.

Ground-water samples that were sent to the laboratory for inorganic analyses were filtered through
a high capacity, 0.45-micron in-line filter. Samples sent to the laboratory for volatile organic analyses were
not filtered.

Alkalinity, dissolved iron (Fe‘”2+Fe+3 ), and dissolved ferrous iron (Fe+2) concentrations were
determined in the field from filtered sample water. The alkalinity (as CaCO;) was determined using an
incremental titration. The (Fe*2+Fe*3) and Fe*? concentrations were determined by the colorimetric bipy-
ridine method (Brown and others, 1970, p. 103) using a portable Hach spectrophotometer.

Hydrogen sulfide was also determined in the field using the colorimetric bipyridine method, and
concentrations were usually determined from unfiltered samples. In the 1995 sampling, when some water
samples were too turbid to determine using the spectrophotometer, the samples were then filtered. In the
1996 sampling, no hydrogen sulfide samples were filtered. If the water was too turbid, then the hydrogen
sulfide concentrations were not determined.

Ground-water samples collected during August 1996 were analyzed using different methods to
determine hydrogen, methane, sulfide and dissolved inorganic carbon (DIC) concentrations, and field
parameters. Methods for collecting those samples are described below.

Hydrogen (as H,) samples were collected by the bubble-strip method of Chapelle and McMahon
(1991). A stream of water was pumped from the well through a gas-sampling bulb at a rate of about 600
milliliters per minute. An injected bubble of nitrogen in the bulb asymptotically collected hydrogen and
other slightly soluble gases until equilibrium was achieved. Once equilibrium was achieved, (less than 5
percent change in 5 minutes, which occurred within 15 minutes), gas was extracted from the bulb with a
syringe. Concentrations of H, were measured with a gas chromatograph equipped with a Reduction Gas
Detector (Trace Analytical, Menlo Park, California). H, was separated from carbon monoxide and meth-
ane on a 0.5-m column Carbosieve II (Supelco, Inc.) column using nitrogen as the carrier gas. The detec-
tion limit for H, in a gas phase using this method is approximately 0.01 microliters per liter.

All samples from August 1996 were collected using standard water-quality techniques (Skougstad
and others, 1978; Wood, 1976). All August 1996 samples were collected with a Bennett compressed-gas
powered piston-driven submersible pump. Unstable parameters such as pH, DIC, dissolved oxygen, sul-
fide, and dissolved H, were measured in the field at the time of sample collection. Dissolved oxygen and
sulfide were determined using colorimetric procedures. Dissolved oxygen was determined by Winkler

titration. Samples for the determination of Fe*? were filtered through a 0.1-micron pore-size filter, and
determined using the Ferrozine method with a Hach Colorimeter (Stookey, 1970). Nitrate and sulfate were
separated in the laboratory by anion-exchange chromatography and quantified by conductivity detection.
Methane and DIC samples were collected by using a syringe with an attached 0.2 micron pore-size filter to
inject 5 milliliters of water into separate, sealed, septated vials. Samples were refrigerated to minimize
microbial activity. Methane and DIC concentrations were quantified by thermal conductivity detection gas
chromatography. Dissolved methane concentrations were calculated by using Henry’s Law coefficients
(Stumm and Morgan, 1981).



Decontamination Methods

The pump and discharge line were decontaminated between the sampling of each well to prevent
cross contamination. The outside of the pump head and line were scrubbed with a scrub-brush in a solution
of deionized (DI) water and non-phosphate detergent and rinsed with DI water. The inside of the pump
head and line were decontaminated by cycling a solution of DI water and detergent through the entire sys-
tem. The pump head was placed in a 5-liter glass graduated cylinder full of the detergent solution and
operated while discharging into the same cylinder for approximately 3 minutes. A DI water rinse followed
by operating the pump in a separate rinse cylinder until the remaining detergent was no longer evident in
the discharge. A 3-liter volume of isopropyl alcohol was passed through the system by operating the pump
in a glass cylinder containing the alcohol (the same cylinder which earlier contained detergent solution). A
final rinse of approximately three gallons of organic free DI water was flushed through the system. With
organic free blank DI water still in the line, the pump head was covered in ultra clean aluminum foil and
the entire system (pump, line, reel, and discharge tube) was enclosed in a fresh plastic bag for transport to
the next sample site.

Surface-Water Samples

Surface-water samples were collected from four sites where the drainage-ditch piezometers are
located, and the site locations are shown in figure 6. All surface-water samples were analyzed for the same
constituents as ground-water samples. Samples were taken during July-August 1995, and May-July 1996.

Samples for laboratory analysis and field analysis were collected with a peristaltic pump and dedi-
cated clear PVC laboratory-grade tubing. One end of the tubing was placed near the middle of the stream
or ditch at a depth of about half that of the stream, and the other end of the tubing discharged sample
directly into the sample container. Streams or drainage ditches were generally less than 10 ft wide, less
than 1 ft deep, and nearly stagnant or very slow moving. Field parameters were determined by placing
meter probes directly into the stream or ditch. Decontamination procedures for the tubing used for sur-
face-water samples were the same as the procedures described in the ground-water section. Inorganic sur-
face-water quality data are shown along with the inorganic ground-water quality data in table 5. Organic
surface-water quality data are shown along with the organic ground-water quality data in table 6.

EVALUATION OF QUALITY-ASSURANCE DATA

Assessment of the quality of the water-quality data is an important step in data interpretation. In
this report, data quality is evaluated in relation to data measurement error shown by reproducibility and
bias. The quality of data is acceptable when analyte concentrations are reasonably reproducible and unbi-
ased.

Reproducibility of data measurements can be determined using duplicate and field-spiked
ampules. Duplicate samples were used to estimate the relative percent difference (RPD) between two theo-
retically similar measurements, and were calculated as follows:

I(C1-C2) x 100 = relative percent difference,
(ClI+C2)/2

where C1 is the concentration in the first sample, and C2 is the concentration in the duplicate sample. In
this study, RPD values greater than 40 percent indicate data measurements of poor quality.
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Bias in data measurements can occur because of contamination from a variety of sources. Contam-
ination may be introduced into water samples during the well installation, during the collection of samples,
in transit from the field to the laboratory, and during analysis in the laboratory. A positive bias can be intro-
duced in the measurement of one or more analytes as a result of contamination. Contamination bias can be
assessed by the incorporation of blank samples into the sampling program. Sample water for the blanks in
this study was organic-free de-ionized water that was commercially supplied.

Equipment blanks were used to assess equipment or sampling conditions that may result in sample
contamination. Equipment blanks consisted of organic-free de-ionized water passed through sampling
equipment which had been decontaminated in the field. Analysis of both inorganic and organic analytes
were completed for these blanks.

Trip and ambient blanks were used to assess contamination of VOCs during the field collection
and shipping process. Trip blanks were prepared by filling VOCs vials with organic-free de-ionized water,
sealing the vials, and exposing the closed vials to field conditions, and then shipping the blanks to the lab-
oratory for analysis of VOCs. Ambient blanks were prepared by exposing organic-free de-ionized water
to ambient conditions at selected field sites, pouring the blank water into VOCs vials, and shipping to the
laboratory for analysis of VOCs.

Contamination bias also can be determined by comparing the concentration of selected analytes to
those in previous samples. Cross-contamination of samples is likely if samples with high concentrations of
one or more analytes are chronologically followed by a series of samples that indicate a progressive decline
in concentrations for those same analytes. In this study, checks on chronological analyses (date and time of
collection) were used to determine if cross-contamination had occurred.

The quality-control samples shown in the following table were collected from ground- and sur-
face-water sites during 1995-96. Data results for all constituents are listed in tables 5 and 6 of this report.

Site Analyte group Duplicate Blanks
type pairs Equipment VOCs
Trip Ambient
Ground Organics
water VOCs 7 15 8 2
Methane 17 -- -- --
Inorganics
Major ions and
metais 7 15 -- --
Hydrogen 15 -- - -
Surface Organics
water VOCs 2 2 -- --
Methane 2 -- -- --
Inorganics
Major ions and
metals 2 2 - -
Hydrogen -- -- -- --




Organic Analytes
Volatile Organic Compounds

Analyte measurements were generally reproducible for the VOCs. Estimates of measurement
reproducibility for these analytes were limited because the duplicate sample pairs seldom contained mea-
surable concentrations. Ground water from four wells and surface water from one site had measurements
above the reporting limit. The RPD of a VOC measurement varies as little as O percent and up to 11 per-
cent. The four VOC compounds detected in these samples are shown in Table 7.

The sites at which duplicate samples were measured reflect the reproducibility of data measure-
ments only for those sites with low concentrations of VOCs; duplicate samples were not representative of
those environmental sites with higher concentrations of VOCs. For example, 60 of 82 environmental sam-
ples analyzed for trichloroethene had concentrations less than 1.0 pg/L (table 6); but data for the other 22
environmental samples ranged from 1.0 pg/L to 190 pg/l.. The median concentration for the 22 environ-
mental samples was 30 pug/L.

VOC concentrations in blanks rarely exceeded the reporting limits. Concentrations measured in
blanks collected with the submersible pump were less than 2.0 ug/L for vinyl chloride and less than 1.0
pg/L for other VOCs. However, concentrations above the reporting limits were measured in a blank col-
lected with the peristaltic pump, equipment blank no. 16. The tubing used to collect this blank was dis-
carded. The sequential data for samples collected for well DM110S, equipment blank no. 16, and
equipment blank no. 17 are shown in the following table.

cis- 1,2-
Dichloro- Chloro- Vinyl
Sample Date Pump type ethene, benzene, chioride,
(ng/L) (ng/L) (ng/L)

DMI110S 6/13/96 Peristaltic 1,400 61 800
Equipment
Blank No. 16 6/13/96 Peristaltic 24 24 4.7
Equipment
Blank No. 17 6/14/96 Submersible <1.0 <1.0 <20

Blank data indicate that there is no cross-contamination of VOCs during sampling. Evidence
shows that the VOCs detected in equipment blank no. 16 was not transferred to subsequent environmental
samples.

Methane

Analyte measurements were reproducible for a wide range of concentrations of methane. Esti-
mates of measurement reproducibility for methane included data from 17 duplicate samples (table 8). The
median relative percent difference (RPD) for the duplicate samples was about 5 percent and ranged from 1
percent to 17 percent. Concentrations ranged from about 30 pg/L to about 11,000 pg/L; and the RPD for
those samples was 7 percent and 5 percent, respectively.



Inorganic Analytes
Major Ions and Metals

The major ions of dissolved calcium, magnesium, sodium, potassium, chloride, sulfate, nitrogen
and phosphorus are in this analyte group. The metals include dissolved aluminum, antimony, arsenic, bar-
jum, cadmium, chromium, cobalt, iron (total and Fe?*), lead, manganese, mercury, molybdenum, nickel,
selenium, silver, thallium, vanadium, and zinc.

Analyte measurements were generally reproducible for the major ions and metals. Estimates of
measurement reproducibility for these analytes were limited because the duplicate sample pairs often con-
tained concentrations below the reporting limit for the constituent. A summary of measurement reproduc-
ibility for the 10 analytes in this group that had at least one duplicate pair with measurements above the
reporting limit is shown in the following table.

Number of
Number of duplicate pairs

Analyte duplicate less than Relative percent difference

pairs, all reporting limit Maximum Minimum
Calcium 9 1 1 1
Magnesium 9 2 2 1
Sodium 9 9 7 1
Potassium 9 1 0 0
Chloride 9 9 2 0
Sulfate 9 9 2 1
Nitrogen, ammonia, as N 9 1 0 0
Nitrate, as N 9 2 1 0
Iron (total) 9 5 12 0
Manganese 9 6 11 0
Zinc 9 7 35 3

The RPDs ranged from 0 percent for zinc to 35 percent for several analytes. The RPD was greater
than 10 percent for some samples with low concentrations. Zinc measured in duplicate samples ranged
only from less than the reporting limit of 0.010 mg/L to 0.036 mg/L. The RPD for zinc ranged from 3 per-
cent to 35 percent. Concentrations for iron at one surface-water site, GS4SW, were 0.24 mg/L and 0.27
mg/L and the RPD was 12 percent. In other duplicate samples, the concentration of iron ranged from 0.19
mg/L to 19 mg/L and the RPD for these samples ranged from 2 percent to 8 percent.

Concentrations of the major ions and metals in blanks only exceeded the reporting limits for a sin-
gle analyte in 2 of 17 blanks. Chloride concentrations from equipment blanks nos. 5 and 16 were 0.62 and
0.53 mg/L, respectively. All other measurements were less than the reporting limit of 0.50 mg/L.



Hydrogen

Analyte measurements were generally reproducible for a wide range of hydrogen concentrations.
Concentrations ranged from about less than 1.0 nanomoles/L to 21 nanomoles/L (table 9). Estimates of
measurement reproducibility for hydrogen included data from 17 duplicate samples. The median RPD for
the duplicate samples was about 9 percent and ranged from 2 percent to 37 percent.

Field Measurements

Equipment blanks were not collected for measurement of specific conductance, pH, alkalinity,
water temperature, dissolved oxygen, dissolved iron, and hydrogen sulfide. Replicate measurements of
sample water were usually completed for two species of dissolved iron (total and Fe’*) and hydrogen sul-
fide; differences in the replicates was always less than 50 percent (data not shown). Dissolved-oxygen
concentrations were determined by meter, but concentrations less than 0.5 mg/L were also determined by
Winkler titration.

Summary of Quality-Assurance Data Evaluation

The following conclusion is based on an examination of the quality of ground- and surface-water
data collected for this study: Data for volatile organic carbon compounds, methane, major ions, metals,
and hydrogen are of good quality. All RPD values were less than 40 percent. The RPD ranged from O per-
cent to 11 percent for VOC compounds, 1 percent to 17 percent for methane, 0 percent to 35 percent for
major ions and metals, and from 2 percent to 37 percent for hydrogen.

There was no evidence of cross-contamination in any samples and the data were reproducible and
unbiased.

20



SELECTED REFERENCES

Brown, Eugene, Skougstad, M.W., and Fishman, M.J., 1970, Methods for collection and analysis
of water samples for dissolved minerals and gases: Techniques of Water-Resources
Investigations of the U.S. Geological Survey, Book 5, Chapter A1, 160p.

Chapelle, FH., and McMahon, P.B., 1991, Geochemistry of dissolved inorganic carbon in a coastal plain
aquifer: 1. Sulfate from confining beds as an oxidant in microbial CO, production, in Journal of

Hydrology, 127:85-108

Dames and Moore, 1994, Area 6 Remedial investigation, Dover Air Force Base, Dover, Delaware, July,
1994: Prepared for the U.S. Department of the Air Force, Dover Air Force Base, 436 SPTF/CEV, v.
I-IV, 610 p., plus 4 appendices.

Dames and Moore, in press (a), Remedial investigation, east and north management units, Dover Air Force
Base, Dover, Delaware, Volumes I and II [variously paged]

, in press (b), West management unit, remedial investigation, Dover Air Force Base, Dover, Dela-
ware, Volumes I and II [variously paged]

Haeni EP, 1986, The use of electromagnetic methods to delineate vertical and lateral lithologic changes in
glacial aquifers: Proceedings of the Conference on Surface and Borehole Geophysical Methods
and Ground Water Instrumentation, by The National Water Well Association, Denver, Co., October
15-17, 1936, 26 p.

Hazardous Waste Remedial Actions Program (HAZWRAP), 1990, Installation restoration program, draft
technical memorandum: Sampling and data results, sites T-01, SP-9, D-4, and DD-1, Dover Air
Force Base, Delaware, submitted by E.C. Jordan and C.C. Johnson and Malhotra,, February,1990.

Johnston, Richard H., 1973 Hydrology of the Columbia (Pleistocene) deposits of Delaware: An appraisal
of a regional water-table aquifer: Delaware Geological Survey, Bulletin No. 14, 78 p.,

Leahy, Patrick P., 1976, Hydraulic characteristics of the Piney Point aquifer and overlying confining bed
near Dover, Delaware: Delaware Geological Survey Report of Investigations No. 26, 24p.

1982, Ground-water resources of the Piney Point and Cheswold aquifers in central Delaware as
determined by a flow model: Delaware Geological Survey, Bulletin No. 16, 68 p.

Science Applications International Corporation (SAIC), 1986, United States Air Force installation restora-
tion program--Dover Air Force Base, Delaware, Phase 11--Stage 1 confirmation/quantification.

1989, Installation restoration program-stage 2 draft final report, Dover Air Force Base, Delaware.
Skougstad, M.W_, Fishman, M.J., Friedman, L.C., Erdmann, D.E., and Duncan, S.S., 1978,
Methods for analysis of inorganic substances in water and fluvial sediments: U.S. Geological Sur-

vey Open File Report 78-679, 159 p.

Stookey, L.L., 1970, FerroZine, a new spectrophotometric reagent for iron, in Analytical Chemistry, p.
779-781.



SELECTED REFERENCES--Continued
Stumm, Werner, and Morgan, J.J., 1981, Aquatic Chemistry: John Wiley and Sons, New York, 780 p.

Sundstrum, R.W. and Pickett, T.E., 1968, The availability of ground water in Kent County, Delaware, with
special reference to the Dover area, University of Delaware, Water Resources Center, Newark,
Delaware, 123 p.

Vroblesky, D.A., and Chapelle, Francis H., 1994, Temporal and spatial changes of terminal electron-
accepting processes in a petroleum hydrocarbon-contaminated aquifer and the significance for
contaminant biodegradation, in Water Resources Research, American Geophysical Union, vol. 30,
no. 5, pages 1561-1570, May 1994

Wood, W.W,, 1976, Guidelines for collection and field analysis of ground-water samples for selected
unstable constituents, in U.S. Geological Survey Techniques of Water-Resources Investigations,
Book 1, Chapter D2, 24 p.

25
(8]



Tables 1 through 9 follow



wen 4 OAd 1881 00l 90! (807 0zee SL6llY 99¥68% £6-91-90 SelINa
O'WIwe) [4 OAd 09°'¢9 ool 89°C¢- 260 peee L9611y 9968Y £6-11-90 atiing
‘we) 4 OAd ££0C ool £esl 99°'¢T 9¢°6C iy Tz06v £6-S7-90 SOITING
D' 'wed 4 JAd Leel 0ol 00°'8¢- Le'sT 3414 LIzl 61206¢ £6-¢7-90 aoiing
- 4 OAd 1091 001 88'v1 65°1C 81'¥C t0clly 19606V £6-£7-90 S601Nd
O'wa [4 JAd £6°ch oot ys Tl 6¢£1T (8'¢T s6Clly 6£606¢ £6-€2-90 aeotind
wep 4 OAd 16'91 00t SLY 991 66¢! LY8TIY S1L88Y £6-80-90 S801NA
wep 4 JAd 6LTE 00t getl- 9l 08¢l 147444 60L88¢ £6-80-90 dsotinag
wed 4 JAd 8¢9C 001 Ly s8el 8¢°91 8591y 79688y £6-90-90 SLOTNG
D'Wg'we) [4 OAd SL8¢ 001 SUst- 09¢l 96'S1 959T1Y L5688V £6-90-90 dLoitna
- [4 JAd 8¢Ll (U £6'S1 1£°€T S0'9 17101y 144344 £6-0€-90 S901Nd
- [4 OAd 9¢°78 00l $8°8v- 1§°¢T L09¢ 1231134 0ev68y £6-67-90 ad901TNa
- 4 JAd 691 ool $8'11 LL81 iz 69601¢ STH6e8Y £6-L0-L0 SSOTNG
D [4 OAd 90°6L 00! 1§°08- $5'81 §9°1¢ 1L601Y 81v68Y £6°L0-L0 asoitnda
we) 4 JAd [AWA 001 el'st 444 1Ly 9LSO1Y LLE68Y £6-0€-90 SPOTNG
ued'n [4 OAd 6'6L 001 Yl 6v'Ce 89'%C 6LSO1Y 1L£68Y £6°20-L0 aroINg
) (4 OAd ¥T'6$ 001 1o (AN v 1T 10001¥ £0S16¥ £6-51-90 azoing
- 4 oAd 6191 (L 691 1°¢eT 0Lst LLSITY OvLO6Y £6-L1-90 SI0TNG
D'WH 4 OAd 00°ts 00l 1oz 68T $8°5C 1811y SELOGY £6-L1-90 dalolng
- [4 OAd 0,61 001 1284 r1've yT'9C $9001¥ 69068% 16-20-50 STONa
STT1dM QI TTVLSNI ATSNOIATYd
W) A
3|qejreae (up) 0BlINS ¥) u22105 aoepns Suiseo
- e I
«qdop 3utyuoN Bunseg
uise) {lom [eof uotleAd|y

[s1qepieae eep ou ‘- -3oj ewred jemieu ‘D 10 Sof A1ANONPUOD INAUTeW-0110312 ‘N (30| Biswed Sjoyumop ‘wey) apnjout s3o| [eoisydoald I|qe|ieAY '1221s ssajulelg ‘SS IO ‘{a91s paziueajed
‘SO '9pLIO[YD JAUIAK[O] ‘DA JOYIa Ul PISBI STE S[[3M ‘YUl Ul (193] ‘Y {[3A3] BIS (-) MOJ3q PUB JAOGE 193] UI SI UOHEAI[S ‘aue|d 31BIS aJeme[3( - £T6] JO WNIEP UBDLIAUIY YUON U 31 $3}BUIPI00)]

2avmppaq ‘Quno)
JUBY] ISV 3240, 41 1240 ‘D24v Apnis HOBVNUINY-]0INIVU Y] I S]]ac Sutionnuowl aof 3jqupvap s8op jpa158ydoas fo saddy puv pivp uonINIISUOI-124 ] 3]9V]

24



wre) [4 JAd yrLs oLy 0g’6 el 6t'1¢ ¥8ZT1Y S£668Y ¥8-0£-01 CTMW

we) 4 OJAd L0°09 0°0¢ 91'8 €781 61°0C pLYTIY 08868Y $8-0¢-01 TIMN
we) 4 OJAd 90°09 00§ 009 9091 £0'81 2484 16568 $8-62-01 TTMN
D IWF‘'we) 4 JAd 910y 0'te [ YA 6€01 14 %A 10189874 008L8Y $8-67-01 0TMIN
O'WT‘we) 4 OAd 91'vv 0°S¢E 9T'¢ Wl LT91 pricly 009L8Y $8-T-01 61MIN
we) 4 OAd 19°8% 0'8¢ S'L €18l gL6l 618C1Y 81pL8Y $y8-v7-01 SIMN
- 4 JAd 9779 000§ or's 9¢°0C L6°TC 9L0T1Yy 1vv68Y +¥8-97-01 CIMIN
O'IWT‘we) 4 OAd 10°SS (18744 €L'8 yi61 18°1¢ 1s1Ziy [ 247X'34 $8-6C-01 CIMW
O'WH'we) 4 OAd 10°6S (1044 vL'8 SL61 9L’ 1T 9SITP [1127.}:34 +8-92-01 MW
O'IWH'we) T OAd $0'9¢ 09 9¢'6 or6l 8¢€°TC 06611 SLT68Y $8-¢7-01 0TMIN
- 4 OAd 6'ty 00t [ XA 6591 8961 SElviYy Y8SL8Y £6-0Z-80 d90TnNa
- 4 OJAd 9%6'v1 001 6C'LI §T'TL 98°pT 00€01Y (194114 £6-67-80 SIZING
- T OAd 08'89 001 §5°9¢- §TlT [MVRY4 Y001y 86588Y £6-67-80 dIzTing
- 4 OAd sT6l 001 1349 99't1 st [3%:1 984 TI8L8Y £6-07-80 S611NA
e 4 OAd 19°6% 001 LOVi- ¥S el LT LY 8¢8IV TT8L8Y £6-07-80 dsling
e Z OAd 81°L1 001 0s'9 89°¢Cl $691 oTLElY 088L8Y €6-61-80 S811NG
O'WH 4 JAd 1S 84 001 ye'81- get ot oTLElY £88L8Y £€6-61-80 agiina
hd 4 JAd 9L ¢1 001 €8 65'Y1 591 LLYELY 98LL8V £6-€2-80 SLITNA
‘Wl 4 JAd 1124 00l 19°81- LUyl 691 Lvely G8LL8Y £6-81-80 dLiinNg
- 4 JAd 6751 001 £€°T1 9°L1 200 [ 4021984 Y6ELSY £6-81-80 SOTINA
- 4 JAd 98'9¢% 001 L681- 68°L1 oLe6l 86SEIY S6EL8Y £6-81-80 agtina
- 4 OAd reL 001 99~ SY'vT 1§°9¢C b74 10184 L9068Y £6-v7-80 ariinag
AINNILNOD-STTIM ddTTVLSNI ATSNOIATYd
¢y}
IJqejieae B OBNS

B O o o w

[eoiskydosn : #0139 uo3I0g umm:%._ooo 9]BUIPIOOD pajeisut 31leqg .

‘ydsp UIyHON Bunseg
Buise) {jom {elo], uoneadq

PINUNUO)--240MD]( ‘Auno?)
JUBY ‘ASDY 2240,] 41} 4240( ‘D24p Apnis UONDNUIIID-]DINIDU Y] IV S]jas Suriouos 10f 3jqurvav s8o] pa1sdydoas fo saddy puv vvp HONINLISUOI-[]34 [ 2]qV]

25



- [4 JAd 20°0¢ 001 19°6 £9°61 [AN#4 LLTIY 19L68Y 88-6Cv0 SEIMIW

- [4 OAd 10°€L VNS 98'Ly s1ot 0T LY 1568y 88-20-50 asomn
wep [4 JAd 66'vT 001 6y 8v61 LT SE911Y 798681 88-+0-50 STOMIN
D'WF‘we) [4 OAd 1009 0§ v6'ir- LLel L4 l44 8911y 09868% 88-€0-50 dT9MNW
O'NI [4 OAd £°LT 00l (ks pLYT LL9t 8911¥ or106¥ 88-67-€0 STOMIN
- [4 OAd S6°L9 0s pLLE- 1T°6¢ 1§97 €891y 0s106¥ 88-6C-¢0 aomn
wey l OAd €61 00l $8'S 8LLI 19°0T 066T1Y TeLsy 88-67°t0 SYY M
D' wey [4 JAd 66°6v 0 £6'9C- 9081 66'0C 86C1y 01eL8y 88-87-¢0 artMN
D'WF‘we) [4 JAd ey 001 60T [ARE Si'pl otzely L8LL8Y 88-87-50 SEYMIN
wep [4 OAd 1002 0 lee- oL 901 ogTely SLLL8Y 88-0¢-¢0 asvmn
D'we) 14 JAd wLs (IR3% 8L~ $891 161 EELTIY 11668¢ 88-L1-50 dIPMIN
wed [4 OAd 00°¢T ool 098 09°1¢ 19'¢C ssociy ST668Y 88-12-¢0 SivMW
- [4 JAd SI'e9 0s §$9¢- 09°1¢ St'eT S90C1Y 1€668Y 88-12-¢0 alvmn
wen [4 OAd 60°CT ool LS9 9981 89°0C leociy 18968 88-¢7-€0 SOPMIN
D WIwe) [4 OAd €0'LY 0§ LTeT 9L'81 15707 Laocly 98968Y 88-77°¢0 aormW
wep l JAd 0961 ool 'L 10°L1 LS°61 6LTTIY LES68Y 88-€7°¢0 S6EMIN
D'WI W) [4 JAd 86°LS 0 oL've- 87'81 §s'6l 88Ty SES68Y 88-¢7-€0 A6tMIN
wey [4 JAd £6°6C 001 e Ll so'6! eeLTlY §9868Y 88-67-¢0 S8EMIN
ey [4 OAd LS 0's 96'pt- 0T'Ll ¥961 evLClY 19868¥ 88-67-¢0 dstm
wed [4 OAd 0 ool 69t 10'v1 6791 06vZly £9€68Y 88-17-¢0 SLEMW
DN weDd [4 OAd 008t 0 19°8C 6t'vl 8791 18¥C1Y S9t68Y 88-17-€0 ALEMIN
wep [4 OAd 10°s$ oS 1ve- 06°s1 £5°Ll 09Ty 10L68Y 88-v7€0 A9tMIN
AINNILNOD--STTIM dFTTVLSNI ATSNOIATYEd
W) w
S[qejieae (u) 90gjIns Y ua210s 2oByINS 3uised :
_S_Mwﬂouo Tlewelq 4 MA“M_n .”_Mwuwwm Jodop punoin Jodog, 25”_%08 o_ucﬁ_%oou pajjeisut aleq LNHN_):;
‘pdop SuiyuoN Sunsey
Suise) 11am eioL UOLEAS[]

Panunuo)--aiomoja(q ‘Guno?)
JUIY ‘ISDY 3040, A1 4240 ‘D24D APNIS UONDNUINID-[DINIDU Y] 1D S[]om SUIIONUOW 10f 2]qDJIDAD $30] [0015AYd023 fo sadA) pup DIVP UOLINAISUOI-[134 [ 219D]

26



b 4 JAd 0861 001 6¢°01 6191 60°61 sZiviy S65L8Y 88-11-t0 J1admIN

ure) 4 JAd £€0°TT 0'¢ (340 86°81 L8'1C 96871 80v0o6Y 68-10-€0 IPAMIN
ure) 4 JAd vS'6 0t Lyl 1061 12°1¢ LLOTIY L8568 68-10-£0 HydmIN
we) 4 JOAd 1ot 0t e9 &6l 89°1Z 16821y 1£688Y 68-82-20 OvYAMIN
ured 4 SO 8Evl 0t §T'9 £€9°Ll 8£°0C £8ETIY p1L88Y 68-82-20 ArAMIN
ure 4 JAd SS°Ll 0t 889 1T 10'vC 08s11y PLEOBY 68-10-£0 FrdMIN
uren 4 JOAd Loyl 001 SE91 iyl peET 19611y 80568Y 88-01-¢0 dydMm
ured 14 JOAd 1yl 001 00°Cl1 1£°91 1881 Y1921y LTL6BY 88-60-£0 IPAMN
wre) 4 OAd [4.x4| 001 STl L1vl 6Ll (197484 9Tl168Yy 88-80-£0 gydmn
ure) 4 JAd YA4¢ 001 wel L6'Ll £6'0C ssoTiy 96688V 88-01-t0 VAMIN
ured 4 JOAd y6'7C 00l w9 Ssg6l 6t'1¢ LLetly 69688Y 680-+0 SLTTMIN
ure) 4 oAad €eee 001 86'¢t- SE6l SP1Z £L6Zly §9688¢% 68-£0-¥0 WLCIMN
DWIwe) 4 OAd 17°9v 0’01 S8°91- 9¢°61 9877 oL6Tly 09688Y 68-€2-£0 ALTIMIN
ure) 4 JAd 8L61 001 £5°C1 1€ 18°%Z vLLITY PSS68Y 68040 S9TIMIN
ure) 4 OAd 68°9% 001 16°%1- 8¢°TL L'yt 69LI1Y 85568y 68+0+0 WITTMN
OWFwED 4 OAd 0g'LL 001 66'vv- 1€°7C 1£'%C LLLITY 15568y 68vC-€0 A9TIMIN
ured A IJAd 1Lv¢E 0°01 $9°9- L0°81 807 LSOZ1Y 98688Y 88-7Z-¥0 WLOTMIN
O ‘wre) 4 JAd 8v'Ly 001 8v'6l- 00°81 SL0T SYozivy 76688% 88-7Z¥0 QLOTMIN
we) A IJAd [A%:14 001 Y- (1182 w9l SEVZlY L6068Y 88-£7¥0 WIOTAW
DWIwe) [4 OAd (A% 44 001 S0°0Z- LTy §8'91 1497444 LET68Y 88-G1-€0 d90TMWN
- 4 IJAd 8L'vE 001 60°¢- 69°'1C 14844 (k411184 97906¢ 88-57-£0 SYIMIN
e 4 IAd 91'v9 0§ stLe- 89°1C 6°'ET 14 (1184 Y£906¢ 88-5C-€0 aAvImn
AINNILLNOD--STTaM A9 TTVLSNI ATSNOIATId
W)
s|qejieae (ur) ssepns ) ussIos aseuns Buises .
_mo_wmw_wooo 199UrRlq 2dAL BvM_M_n _ku_uum_ Jodog punaip Jodoy o_acwwwooo u:EA _Mwog pajjeisul aie(] ._u_._pu”“._c
wqidap FumuoyN Sunseg
Buise) [1om w0l uolieAs|g

pPanuguo)—aiomvlaq ‘Auno)
JUIY ‘ISVY 2940,] Y 4240(] ‘D240 APMIS UONDNUIV-JVINIDU 231 1D S[1aM uLionuout 40f 21qovap s307 1p215Aydoad fo sadAy pup vIop uoyINISUOI-|1a4 [ 219D]

27



- z oAd 0092 o€ oT'p- 06°61 6561 6v1Z1v STEGSY 96-01-50 S64JSD
- 4 oAd 00°€€ 0¢ 0s°L- 0s°2Z 0£°e L6901 §9016¢ 96-20-L0 §40SO
- [4 oAd 0s°0v 0t oL'81- 0881 81 £LOETY SP968Y 96-£2-50 asdoso
- z JdAd 00°0¢ 0€ 08°s- 0T8T 6Ll 1€L21 8LIGSY 96-90-50 W$dISD
- [4 oad 0% 0¢ ov'L- 0981 £€°81 Tty £9888% 96-L1-50 WpdISO
- [4 oAd 0022 o€ 0T 08°91 0£'91 pTTely ZSLESY 96-51-50 WEdDSD
- z Jad 00°'9¢ 0¢ ov'9Z- 0991 9291 9TTELY bSLESY 96-51-50 d¢doso
- [4 oAd 00°%C o€ ov's- 09's1 sl 905€1Y YE9LEY 96-20-L0 1dJSD
- 4 3N 012 0¢ 08°¢l- 0s'y 09'6 £98€1P 8L6LBY §6-1¢-L0 arso
- 4 sS 086 0 245 9Le €gol £98E1Y 8LELSY §6-20-80 NPSO
- z SS 08's $0 £L1- LTE L0l £98€1Y SLELSY §6-1€-L0 SFSD
- z ss 0881 0t £CL- LEY Les £0ZETY 8SPLSY §6-12-L0 NESD
- [4 sS oc1 0€¢ vel- 9Ly 95°L £0ZEY 8SPLSY $6-0T-L0 SESD
- [/ ss 0€°€C 0¢ wet- 6€°L 6L°01 15EZ1¥ 8£688Y §6-61-L0 ason
- [4 SS 0£°Z1 o1 iaa 90°L 9¢°01 1pE1Y 8£688Y $6-81-L0 INTSD
- [4 ss 08's $0 8T 8TL 98p1 1bECTTY 8L688Y §6-61-L0 SZSH
- [4 ss 0€'€T 0'¢ 1Z72l- 60°6 65°¢1 S8IZIY 08068 §6-C1-L0 arso
- [4 SS or°el o1 65°C 176 sl s8Izl 08068 §6-20-L0 WISD
- 4 Ss oLe 0 919 90°6 9yl s8IzTIY 08068 $6-21-L0 SISO
ATANNS TVOIDOTOHD 'S'N HHL A9 AITTVLSNI STIIM
W
dlqejreae « AOBHNS
_Mw_n.v_ QMHMN_Q adiy v:ﬁ s_ﬁwa:vo_ .“._o» MouM wwﬂ.ﬂ“ Wo: ”M.M w) W) Jaqumu
[ea1sAydosn : nopq usa1dg 21BUIPIOOD 3)BUIPIOOD pa|jeisut areq oA
wyidop SurquoN Sunseg
uised Jlom [moL uoneas|g
panunuo)—aaomvpaq fjuno)
MY ‘ASVY 2040, A 4340(] ‘DI4D APMIS UONVNUIND-]DINIDU Y} 1P S]1oM SuLIOJINO W 10f 3]qU]IDAD $80) J0I15AYyd028 Jo S2dA1 puv DIVP UOVINAISHOI-]1a44 [ 3]qD]

28



26701 v8-0T ZT-€T 8L TT z9°6 Lg-e 8T8 NIW

s Z6°TT .- BL'TIT s- e s 69°VvT .- s-- S0°'€T L0°¢C1 19°6 L8’8 s XYW
.- 9¢° 11 me 8T 11 - .- s SLTET - .- |3 Aat 0S°0T LT'6 I5°8 - NYIW
.- .. 96° 1T s 18°T1 --- - [ARE N - .- s L0°21 19°6 Tt 0Z'8 1€
.- S6°0T Lot ¥8°0T 06°TT s .- 1Z°¢€T 9V ET - .- 10°¢t »S°6 L8"8 0Z'8 0€
s $6°0T 00°CT Z6°0T 86°TT i .- TZ°eT v €T .- 9L 21 €8 1T 0S5°6 y8°'8 €8 62
s 26°01 T°2T T6°0T 9021 .- .- 1T°¢eT 8E° €T .- SO0°'ET 69°1T ZS°6 S8°8 Lz's 82
- S6°0T 66°TT v8°0T 9T°CT A me 9Z° €1 8S°€£1 s ¥6°C1 89°TT €S°6 98°8 yZ'8 Lz
.- ST'T1T 60°CT S8°0T yz-et .- s 0E°€T - .- L6°21 ye°TT ZS°'6 £€8°8 €28 9Z
- 90°TT €1°2T £€6°0T [40xAt - LO"PT LE'ET - .- 8621 ve' 1T 8v°6 08°8 ce ST
.- Lo°TT ST°CT 96°0T 1S ARAN .o ST vt 18°¢T - s y0°€T ZST 1T yv'6 LL'8 .- 144
- T1°11T €T°21 S0°TT Ly "zl .- [A% A9 09°€T .- .- €8°CT Te° 1T 6€°6 LL's .- |24
.- 6T°1T 20°Z1 60°TT ys° ¢l - 6" v1 €LTET s s L9°21 ET°IT 9t 6 LL's s [44
.- ST'TT 96°TT 10°11T 09°21 - .- T16°€1 .- s 75721 96°0T €€°6 8L"8 s 12
- [4 NN T6°TT ¢0° 1T 79°C1 A i €0 VT .- .- 0€°2T 69°0T Ze'6 oL’'8 s 0z
.- 0" TT 6L°TT L0 1T 0oLzt .- - TT°v1 .- .. vzt 09°0T €2°6 898 s 6T
i 6E°TT 86 11 €T 1T 18°2T i - | A A .- .. [ % ARAt L ASRE 80'6 y9°8 c 8T
.- 62°TT 8S°'TT ST 1T 68°CT .- i (428 AY 99° 9T .- | AR AN LO'0T ¥0°6 LS'8 s LT
s ¥ 11T 9S° 1T 96°0T1 .- s- - R 191 (478 At - §5°C1 €6°6 ¥0°6- 75’8 .- 91
- 9211 PS° 1T 00°TT .- .- - (448 At [1 2R A" s 65°CT €6°6 v0'6 vs'e s ST
- €ETTT LS°TT 80°TT -- - - [ At 0L 9T .- vzt Y6°6 £€0°6 yy'8 i A
.- 21T 6V 1T LT 11 .- s s 8y vl 98 ° P1 s 55721 86°6 L6'8 8Z'8 e €1
- 9¢° 1T 6€°TT 8T TT s .- 89°CT 69°%1 LO°ST i z9°21 L6 6 L6'8 8C'8 i 1
s 9y 1T .- 6T°TT .- .- 89°2T 69°VT S0°ST .- 69°CT 08°6 66°8 528 .- 1T
[4 A ZS° 11 --- €T 1T - - oLzt LSRR AN Z6° 9T .- SE°CT ¥8°6 66°8 8T°8 s 0T
vZ°C1 99°TT .- 6C°TT s Al SL°TT €T Y1 157 vt .- y1°21 y8°6 00°6 671°8 - 6
€0°CT 1T s 9¢° 1T .- .- S8°2T P8ET SETVT .- L6°TT S6°6 £€6°8 SZ'8 .- 8
6S°TT 09° 11 .- PY-II .- L 88°C1 6V €T 0e"vI s 18° 11 16°6 S6°8 SZ'8 |- L
8V 1T 65°TT €L°0T LY 11 - .- 68°CT 6V €T 9T ¥1 .- 8L TT 69°6 S6°8 6T°8 co 9
6T°TT 19°T1 TL°0T 6" 1T - .- 96°C1 9Z°¢1 - §9°21 08°1T 99°6 Z6°8 6T°8 s S
LT TT Z9°11 €L°0T SS°TT .- s CO0°ET 6T°€T s Sy ZT L8 1T S9°6 £€6°8 1Z7°8 s 4
0T TT SL°TT $8°0T 19°11T .. .- T0°¢€T 6T €T - L9°21 9611 LL'6 16°8 S8 s €
9T 1T 16°TT ¥8°0T 0L°TT .- - 00°¢€T ST'ET .- LL°zt S6°TT 99°'6 L8"8 £€T'8 s [4
80°TT Z6°T1 18°0T 8L TT .- - - SO°ET 62 €T A 69°21 2611 Z9°6 S6°8 1Z°8 .- T
o3a AON LO0 dds onv ne Nne AVH ydv VR g34 NYC o3a AON 100 AYa
966T S661

SENTYA NVIW XTIVA ‘TIATT VIS FAOHY IZFJ NI ‘SNOILVAETE TIAFT WIALYM-ANNOYD

WFJINOV VIENNTOD ‘LINA DID0T0ID ‘FIVIANS ANV MOTIE 1394 0'v2 HIJIA TTdm
w?0.L805L0 HANLIONOT WbP.L0o6€ JANLLLYT T0V0LTSLOVYLO6E YAHNNN NOLLVLS dOTTNG TIdMm

[s1qe(teae jou ejep‘--]
9661 412qua23q Y3INo4y) 661 4290100 ‘24vMD)a( ‘AIuno) Juay
‘OSDg 2040,] A1 4240 “‘Youvdg wiig adig puv ‘SpSH pup qFSH Sia12w0221d ‘SOI TN PUD QO T TING SI1PM U1 SUONDAI]D [249]-42100 UV L1107 214V ]

29



“-- 99°91 --- ¥9°ST e 9€° LT T0°6T 6561 ¥1°02 £6°6T 2} LO°ST  TT'¥T  TT°€T  --- NIW
--- Le Lt --- £9°L1 ‘.- 05' 6T AT AN A £/ 90° 12 66°02 §9°02 Lv'8T  ¥0°ST  SO°BPT  --- XYR
--- 66°91 --- T9°91 “-- 5281 --- SE' 02 54702 8p0Z  €5°6T 60°9T  €S°¥T - -- - NYIW
“-- “-- seT LT --- 89°LT  8E°L1 --- LL6T .- vLoz .- Ly'8T  VO'ST  --- TT°€T 1€
.- £0°LT LS LT ¥9°sT v8°LT  9€°LT LO°6T  T6°6T 15702 19702 .- SZ'8T 26'VT 00°PT  60°ET  OF
.- 68°91 v LT ZLUST 86°LT  LE°LT Z0°6T 88°61 L£0z 69702 0Z'02 LL LT 88°¥T - -- 6T°€T 62
--- VL 9T EV' LT 9L°ST £1°8T  6£°LT SZ'6T  L9°6T vI°02Z 62702 59702 6v'¢T  €6°pT  VOPT  LE'ET 8T
.-- 9991 TT°LT  69°ST Z€'81  95°LT 0V 6T  65°6T zv- oz $0°0Z  8f'0Z S9°LT 96°¥T  SO'PT  QEET LT
--- zo'L1 56°9T  69°ST 8v'8T  98°LT 65°6T 09761 £8°02 0€°02 9€° 02 €6°9T S6°PT  L6°CT €T'E€T 92
-~ 8L7 91 Zo'LT  LLST £9°8T  T6°LT £6°6T  £9°6T 6902 SE°02 9€° 02 L8°9T 06°FT 88°ET  --- 5T
“-- 9L°91 60°LT  S8°ST ¥8°8T  90°81 96°61  06°6T L9°02 Z1°0Z  15°02 ST'LT  s8°vT  ¥8°€T - -- vz
“-- £8°97 10°LT  S6°ST S6°81 vZ'81 ¥1'0Z  €£0°02 8802 T£°02 Lz oz TL°9T  6L°PT  S8°ET  --- %4
--- 00°LT £L°9T  v0°91 T1°61 LZ°81 1€°0Z 02702 89°0¢2 gy 0z z1'0C 6€°9T 8L'FPT  68°ET  --- (44
.- TT°L1 z9'91T  00°9T 0Z°6T  Zv 8l Zet0z 05702 TL°02 89°02 v6°61 61°9T LL'VT 06°€T  --- 12
--- £2°LT 65°9T  v0°9T Zz° 6T  99°8T ¥1°0Z  89°0C £8°02 68°0C  T9°6T ¥6°ST 28T WLET -~ 0z
.- LeLt 09°9T  ZI'9T £€°6T  18°8T1 0L°6T  LL0Z LLoz 58°0Z  8E'6T ST'9T TL'VT  69°€T  --- 61
--- 0E°LT 8€°9T  LI°9T 9v'6T 8b'8l LS 6T vl 0T v9 02 65702  89°6T 08°ST  8¥'VT  09°€T  --- 81
e zo'LT Z€ 9T  €Z'9T Spe6T Ty 8T 65°6T  9L°0C 9L°02 95702  €8°61 89°ST  OV'pT- 9Y'€T  --- LT
.- 1891 92°9T 81791 .- Ze°81 S9°6T  ¥9°02 9012 L9°0Z  BL'6T 9%°ST  EP'PT OV €T --- 9T
- LL 9t LT°9T 92797 .- £z 81 8L°6T  0v'0Z v9° 02 6602 VLU6T Sy sT  €p°vT  8G°€T  --- ST
--- 68°9T 6T°9T  8€°9T .- v0°871 €L°6T  €v0Z LLoz z8°0¢ T6°61 6v°ST  6€°vT ISl --- vl
.- 8L 9T Z0°9T  05°9T --- 50°81T --- 6502 L8°'02 7802 SV 6T 95°ST  8Z°¥T  €T°E€T - -- €1
--- 08791 £8°ST  Z5°9T -e- 15°LT LE'6T 56702 L6702 8L°0Z  8S°6T LS°ST  6T°¥T  T€'€T - -- zt
“e- L6°9T - 9591 .- 8y LT T€°6T ST 12 76°02 ze oz VLU6T 8Z'ST  TE'PT  E€€°E€ET  --- 1T
LT 61 90°L1 --- ¥9°9T --- 6L°LT 62°6T 06702 L6°02 £6°6T LT 61 8E°ST  ZE'YT  TT'€T  --- 0T
V16T SZT'LT .- 5L 91 .- 92°81 LE'6T  SL°0T 6802 0102 PE'6T 8€°ST  €€°BT  ST'€T  --- 6
S0°6T ve' LT --- L8°9T “-- 6v°81 £9°6T 89°02 £L°02 95°0Z  8T'6T $5°ST  6T'pT  9€°€T  --- 8
TL°8T vo° LT --- £0°LT - 9581 EL°6T  9£°02 £8°02 59°0Z  TL°8T Py ST 9Z°¥T  8E'E€T  --- L
£5°81 16°91 IS°ST  L0°LT --- 99°871 TL°6T  6%°02 L9 02 89°02 SVe8T ET°'ST  SZ'vT  6T°€ET  --- 9
86°LT 68°9T 6b°ST  L0°LT - 7881 08°6T 8£°0T Loz Zyroz  LE'8T L0°ST  9T'pT  €T'E€T  --- 5
08°LT 18°9T ZS'ST 1LY “.- 7z 61 98°6T  LY'0Z 6802 £6°61 A2} T1°sT  TZ°vT  ZZ°E€T  --- b
£5°LT 9691 99°5T  ZE"LT --- 05°61 TL 6T 6E°0T z8° 0T vz 0z £s°81 9Z'ST  VI'pT  9£°€T  --- £
05°¢L1 IXAA 99°ST  0§°LI .- 6€°61 85761  vE'0C $8°02 Zveoz 6€°8T PT°ST  TT°PT  0E°€T  --- z
LELT 8z LT 19°ST  €9°LT BE'LT  vZ'6T ¥9°6T  T€°0T z6°02 L1'02 ¥Z°'81 80°ST  LI'PT  9T'€T  --- 1
oga AON %e%) ads onv e Nac AYW v YW 944 NYL o3 AON 120 Avq
9667 S66T

SANTYA NVIW ATIVG 'TEATT VIS FA0EY 14 NI ‘SNOILYAITE TIAET ¥YILVM-ANNOUD

YIJINOV VIAWNTOD 1IN I1D0TOID ‘OVIINS Aisv'1 MOTIE L3F4 0°61 HLIAA T1dMm
wP0.L%o5L0 JANLIONOT WbbiL0o6¢ JANLLLYT 10P0LTSLOVPLO6E YTHNNN NOILVIS SOTTING TT1aM

panunu0)—9661 42quia=3q y8noayl §66 [ 439030 ‘4vmujaq “Quno) usy

‘as0g 2040, 21y 4340 ‘Youvdg wg adig pup ‘SpSH pun @psO s4312w023id ‘SGITIWA PP GOITIWNG S113# U1 SUONDAS] [349]-421D4 UDIW AJ1IDQ 7 2190

30



.- --- --- $6°S .- 19°9 9,79 769 --- “-- --- - - Z0°S z9°y
.- --- --- 9 - BT'L  6L°L z9°L --- e ‘e .- .- 7s's £1°s
.- - - --- .- 189 -e- - .- .- .- .- .- ax -

‘- --- zs'9  --- 9%°9 z9°9 - 769 --- .- .- .- £L°5 - 10°S
.- - “-- ‘.- 6%°9 z9°9 E1°¢L 869 0z L --- “-- 89°9 £L°S 9%° s 10°s
.- --- §$'9  LT1°9 £5°9 19°9 z0°L 50°¢ - --- 689 .- 8L'S  15°S €0°5S
- .- 65°9  L0°9 ss°9 Z9'9  Lo'L zo°L - --- e .- €8's  BE'S £1°5
- --- 95°9 Y09 LS9 £9°9  60°L 969 91" L .- 96°9 - 4: zv's £€0°S
- 9z 9 ¥S'9  T0'9 659 69°9 £1°L v6'9 sT'L z8°9 e —e- 08°S 195 00°S
- 819 9§59  S0°9 099 B899 ST'L 969 LToL £8°9 .- .- 8L"S 0v°s 66V
- LT9 8S'9 60°9  £9°9 L9 8TL T0°¢L 62 L z8°9 ‘.- £5°9 “e- ov's  00°S
‘.- 61" 9 09°9 80°9  S9°9 €L°9 TETL S0°L BEL 9879 - zs°9 - LS 66"V
e zz9 LS9 TI'9  99°9 €L°9 65" L ST'L 6£°L 76°9 5§69 .- .- S€°S T0°S
- vz 9 95°9  ¥0°9  L9°'9 SL°9 - - £V L .- “-- .- .- ge's  IT's
- LT"9 65°9  V0'9 99 6L 9 - 0g"L 0S°L .- 88°9 .- ‘.- s€°s 06" ¥
.- ze9 08°9 LO'9  0L'9 68°9  6LL SEL 55" L .- o .- --- €E°s L8°v
- €79 - z19 vL9 08°9 5679 LeL SS°L L6°9 - §0'9  £5°S 0€E"S L8" ¥
“e- 82°9 - 629  SL'9 18'9  68°9 68" L z9°L 86°9 “-- e 95°S 62°S  88°V
- Lz 9 - 56°S --- 98'9 0679 pyUL - - --- - 19°S 1€ 067
.- Lz"9 “e- 56°S e $8'9 5679 Le"L 8S"L --- --- .- 8v°s Zv's ¥0'S
.- 6Z°9 - L6°S --- 88°'9 669 ov-L £9°L --- --- --- - 7s°s £8° 9
“-- 0€°9 - zo9 .- BT"L  9€°L SpL L .- .- - e ST°S 9Ly
-- €9 .- ¥0°9  SH'9  08°'9 689 LsL 9L L .- .- .- - 8Z'S LLy
- S€°9 - 50°9 9% 9 9L"9 5879 LS°L .- .- --- 00°9 .-- 01°s 6L
‘.- 8E"9 Zs'9 v0'9  BV'9 189  LL9 Zs°L .- - .- .. “-- v0'S 6L
z9°9 059 Tv'9  I1°9  65°9 s8'9  9L°9 z9°L --- .- --- .- z5°s v0°S 08"V
zL9 - ‘.- €19 67°9 L8°9  6L°9 8y L 1S°¢ - .- --- vp°S 60°S 08 ¥
99°9 —e- e 9T'9  0§5°9 s8'9  £8°9 plL 19°¢ --- --- --- 9p's B80S £8° ¥
95°9 - - 81" 9 Zs'9 989 ¥8°9 7zt Sy°L - --- - Lys £0°S £8° %
zz9 --- - 61°9 ¥S"9 98'9  16°9 9g°L .- - .- . Sp°s zo-s V6t
£2°9 .- - Ze 9 §S°9 €6°9  T6'9 £0°¢L - .-- .- - A 50°S 59°¥
vZ"9 AR - Ltz'9 859 Zo'L 869 vo'L e - -e- v6's  Sv'S 90°§ £9°¥
9£°9 8v°9 --- 9g°9 ¥9°9 vo'L 189 S0°L e 56°9 “e- 18°S  ¥v'S Lo°s z9' ¥
- 05°9 .- Tv'9  LL"9 90°L 6879 0Tt .- 06°9 .- SL'S  Ly'S zo°s -

o3a AON \fe o] d3s onv 1ar N AV a4 YW g34d N¥L o3a AON LDO

5661

NIW
XYW
NYIW

T¢
o€
62
8¢
Lz
9¢

ST
124
(¥4
[44
194

—NM g n

Ava

SANTYA NVIW XT1IVA ‘TIAIT VIS FAOEY 13TA NI

‘SNOILVAITE TIATT YILVM-ANNOYD

YI4INOV VIENNTOD “LINM JID0TOID ‘FOVIENS ANVT MOTAd 1393 0°$7 HLAIA TTIm
w10:0€05L0 FANLIONOT .Th.L0o68 FAMNLILVT TOT00£SL0TPL06E YTAANN NOILVIS avSO TTIM

PanuRUOY~966 [ 412quiadaq y3noaiyl §66 I 4390100 240mvpaq AIuno) Jusy

OSDg 2040,] 41y 4240(q “‘YouvAg wF 3did puv ‘SHSD puv qpSH $4312w0231d ‘SOI TN PUD AOITINC SII3M Ul SUOUDAI]S 1243]-1310M UD3t (1o 7 31qu ]

31



18487 vT°y  0Z'v 8’V VI'® NIW

.- £€S°YP ov°S 00°S £€6°V ve's s .- .- S R R .- .- s XYW
.- 8Z°v %'y LE"Y .- 8y ¥ s s .- .- s .- .- .- - NVYEW
.- .- Te'v .- 0S¥ 9s°Vv - 81" ¥ .- v°v .- .- .- .- vL' € 1€
- 13 4 ov'v (4 4 1s°Vv 19° ¥ L2 4 LT (A2 4 (4 4 s A% .- S6°€ SL'¢E o€
- [AA 4 1A 4 €SV €S° ¥ SS'Vv |24 Sty L AT 4 s 9T ¥ LTV .- LA 08°¢ 6C
- 9z 6€° Y ey £ES°¥Y 6v° ¥ (A4 4 eV €T s 1z°v 8¢V .- v8°¢€ 60V 8¢C
s TN 4 SE°v 9z v €S°Y Sv'v LT v v ST 'V 1Ty 0z'v .- .- v6° ¢ s Lz
s LY v 9e°v SZ°v 0S¥ vs'v 8T°V 90" ¥ 81 ¥ [ 4 v (1R 4 c- - 96°¢ S8°¢€ 9¢C
- €TV 8E"V 9Z°'v 8V v Ly v 62"V 607 [\k/ 4 €T Y €Ty LTV S6°¢ 86°¢€ 08°€ sT
- 1'% or'v ve'v 9V v LY v 62° % 0T°% €T ¥ 0z v (404 6E°V 66°¢ Z0° ¥ 12: Y ve
s vy Sv° v 9Z°'v Sv'v 8y v SZ°¥v ST ¢ 9TV €T Y 1s°¢v 8T1'¥v £E0°Y 96° ¢ ¥8°¢ %4
s LA 4 13 2 4 6E° VY 8v'v 13 2 4 SE'V £Ee"v L' v 62 % [ 2 4 6TV 96" € 06°¢€ Z6°¢ [44
.- SZ°v 8v'v 0TV [ 2 4 ov'v 9y ¥ [ A 62V ov'v 89°Vv i .. 66°€ .- 12
- 8z ¥ £€9°0 [4A8 ov'y £V v 0T"S .- |23 4 .. 1S 2 4 - .- S6°¢ 9L° ¢ 0c
s LeE'Vv 0v°S STV ov'v £€9°V .. 6C°V SE' v .. .- .- .- 06°¢ 89°¢ 61
- ZE' Y v v 9E'¥ vy 1s°¢% 6€° Y €E° Y SE'y oe" v s- 9tV Z6°¢ 68 "€ 69°¢ 81
s LY 1A 4 00°S £y v Sv'v 91" ¥ Te' ¥ v’y (V13 4 s 90°'V L6 ¢ 06°¢€ L g L1
s SZ°Yy STy 1€y ov'v LSV 8TV (4 2 4 .- 6V s T0°V 9Z° ¥ 86°¢€ 6L°¢€ 91
- 9Z°'V 8Z'Vv LTy 8LV 9s°' v (A vy LY v ve'y LTy 66°¢ 8¢ 1S 4 s ST
- ve'v 8TV 8Z ¥ Zs'¥ £S°V TE'V 9Z' ¥ [ 4 62V .- .. ¥8°¢ .- - vl
.- ve'v 8TV 6€° ¥ s ve's .- (Y 4 8S° ¥ 1€y .- s Z8°¢ 06°¢€ Z9°¢ €T
.- yZ'v oE'y L A2 0s° ¥ 99V - 0S'Vv LS'v 6TV s .. .- te S9°¢ T
s 62"V SE' v SS°V Is°V 0s°¥ £V v - L9’y 9Z°'Vv ve'y - s .- [47 T
0s'v Te°V ve'v e’y 8v'v (AT 4 STV Sy'v - .- (4 2 4 - s 9L ¢E SL' € 0T
£€S°V €SP £€8°V |3 3 4 9v°v 12284 80°v s .- s .- .- €0V SL°€ 8L°¢E 6
€8°'b v 9Z°S LE'Y L A2 4 A3 4 Lo’y .- 6S°V .- i - b8 ¢ 88" ¢ €8¢ 8
8C°S LAl 4 STV 6€° ¥ 13 2 4 T 4 Ty .- £€8° % s - s S8°€ 68°¢ V6 € L
0T"'S L4 4 LA 4 Sy'v 132 4 €z v LA 4 9s' Vv 6V v Le'v .- .- 68°¢€ SL'E Z6'€ 9
oe"v L4/ 4 ST'Vv vy (42 4 AR 4 1S 4 i (184 A 4 s - 88°¢ bL € .- S
(AR 4 v [ASE 4 18 A 4 or'v €'Y 9Z°'Vv 0Z'¥v (A 4 91V .- vo'v L8'¢ 08°¢ 99° ¢ 4
8e'b 9T’y LTV vy v (VI 4 1A (484 65° ¥ 0Z'v .- or v 98 °¢ Z8°'¢ £€9°€ £
Ly YA 4 [ 4 (324 6v° Vv [V 4 €Ty 61"V .- 6C° % s AR 4 98°¢ S8°¢ 29°¢ 4
8% TeE° ¥ R 4 Ly v £E6° YV ve'v LA 4 9C'¥v .- ST'¥ .- .- £6°¢ 9L’ € .- T
ec{es AON I00 d3s onv ane NOap AYH ddv UV 2ec NY[ o3da AON LDO AYa
9661 5661

32

SENTVA NVIW ATIVA ‘TIATT VIS FAOEVY IFTI NI ‘SNOILVATTI TIATT HILYM-ANNOYD

YN0V VIEGWNTOD :1INN JID0T0ID ‘FOVIINS ANV MOTdE 1344 06 HLJAA T1am
w10.0£06L0 FAMNLIONOT .T.L0o6¢ JANLILYT T0100£SL0ZYLO6E YITWNN NOLLVLS SYSO TTIm

PanuRu0I—9661 12quiadaq y8noaifl S661 4134oidQ 24vMpdq ‘A1uno) udy ‘asvg
3240, A1 4240 ‘Youvag wjg adig puv ‘SpSH puv qpSo S4219wo02a1d ‘ST [N P AOI TN S11dM 11 SUOYDAS]D [243]-1210m uDIW AIDq 7 19D



- 19°¢ ¥9°¢€ 89°¢ 08°€ 6V € £y € Zy'¢e 12281 o€ € s .- .- - TT°¢ 60°€
.- 06°¢€ €0°S§ 95" ¥ 6S°9 00°S 0€°9 09V 80°S €1°S s .- A LLy (434
- L9°¢€ v8 "t £€6°¢ yi'y S0° ¥ vl ¢ 69°¢ SL'€ .- .- .- .- .- -

A .- 99°¢ - 90° ¥ 61"V s 0S¢ .- 8v ¢ s Lz’ e 1€ .- €T ¢
.- 99°¢ 9L € 89°€ vo'v 6C° YV 06°¢€ 09" ¢ S8 ¢ 0%°¢ i SZ'¢ IT°¢€ ve'e T1°¢
s €9°¢€ 89°¢ 00"V €0° v 9z Vv 95°¢€ 98°¢€ 9y € €1°S T € 9C°¢ (A bSst y1°¢
- L9-¢ SL'€ 88" ¢ 80"V (448 4 bs't LL'e vy e LLe ve'¢e BE'E €T € bl € LS E
.- €9°¢ L€ 18°¢€ 90°¥v 1 4 1228 19°¢ SV ¢ vt EEE Lo’y 1 ¢ g€ 9g "¢
- 06°¢€ L € Z8°¢ AV 4 0z v £yt [4 283 Lyt v ¢ £e’g R [ASY €L g 8T €
.- S9°€ (4 LL'e T0°V R 4 18°¢ 12287 Ly’ ¢ [4A A3 ve'¢e s €T ¢ ve' g 61°€
.- €9°¢ EL°E 88°¢€ 86°¢ £ET° ¥ 65°¢ yve 6v°¢ oy ¢ 14281 s- 8Z°¢ 0y € [443
- 99°¢€ 8L € LL' € 96°¢€ (A0 4 8¥ ¢ Ly¢ 15°¢ v € VL € s ve'e ve'e 6T €
--- 29°¢ SL'€ 16°¢€ 86°¢€ 60V SS°¢E v9'¢e (43 Ly € 8y ¢ s ST ¢ vo'e ST €
.- S9°¢ 08°€ €L ¢ €6°¢€ (44 £9°¢€ 09°¢€ ZS'€ Z9°¢ (4R 4 s - 9g°¢ €0V
.- L9°€ 86°¢€ bL g 88°¢ 86'¢€ Le v vs'¢g 95" € 06°€ e .- s [F 2 €T €
i 8L € (4 4 bL ¢ Z8°¢ 6TV 0€"9 SS°E 85 € v6'¢t vy¢e A .. 1Z°¢ 0T €
.- ZL € 98" ¢ 08°€ 08°¢€ (AN 4 VL't 85°¢€ 85°¢€ (AR % - .- [4ARY LT'€ 60°€
- 69°¢€ 99°¢ 9s° ¥ 08°€ T0° ¥ Ly e LS'¢t 19°€ [4°383 .- .- 6T°¢€ LT € 01" €
- 99°¢ 99°¢ Z6°¢€ 4283 80° ¥ 6v' € €L’ € SE°Y 8V € .- .- €V € 12°'¢ | A0
s L9-¢ 89°¢€ S8°¢ L8 € €TV Is°¢€ Is8°¢ SL € s ¢ ERARY .- ¥l ¢ .- I8°¢€
- €9°¢€ L9 ¢ v8°¢t L6 ¢ zo'y 9S°¢ I5°¢€ Z9°¢€ Sv'¢e £ ¢ .- ST'€ LLy 67 €
.- Z9°¢ L9 € Z6°€ 65°9 00°s 3 4 IS¢ 99°¢ s TE'€ s b1'€ 8T1°¢ 0T"€
s 19°¢€ 89°¢ 66°¢ (4 4 -3 4 86"t €L e 86 € |3 2R3 9€'E --- ST '€ 68 ¢ IT°¢
- v9-¢€ oL € 9T ¥ Le'v v v £8° ¢ 08¢ L9 ¢ 6E°¢ A AN s 9T € (4783 0Z°¢
08°€ €9°¢€ €Y 96° € (43 4 LTV IS°¢€ L9t ey LE' ¢ SS°¢ s 6T°€E 91° ¢ S5¢°¢
08°€ 12 % STV 96"t LTy (A4 SV e 18°¥% ¥9'v [4 2R3 vy s Iv°¢€ A9 6C°¢
Ty £€8°¢€ €0°S T0°V €Ty (4R 4 |3 A (4 24 L9°¢ .- Ly ¢ s 8T € L ¢ og"¢
(40 4 S9°¢ 0L E 66°¢ LTy €87 € 9v- ¢ 9Lt Lo'v [ 4 vz e R 8T°¢E be' ¢ B¢
9s° Vv Z9°¢ 89°¢ 90"V ST'Vv YL E LY € T6°€ 88 € 99°¢€ 12°¢ T1°€ [4AN% ST ¢ 8t ¢
89°¢ 19°€ 89°¢€ vo°v (A4 6% € L9 € 08V LS'E oE‘¢ [44A01Y 8T°¢ [4AR3 I1°¢ ey
89°¢ Z9°¢€ oL € vo'v vo- €5°¢€ LS € ¥s'¢€ 65 € 0gE"€ s 9T € 0Z°¢ 61°¢ 9Z°¢
L e b9-¢g 89°¢€ (41 4 T0°V 65°¢€ L8 € 85°¢ S9°¢ SE°E s 09°€ LT € ve'e £€C°¢t
IT°v 9" € 99°¢ 60"V €E0° Y LS € 8y ¢ Z5° ¢ Ty 15°¢€ s SL°E ST € 9Z°¢ 0Z'¢
10° v 89°€ v9-¢g 90V 09°Vv BS"€ 6V € SS°¢€ 80°S Te°¢€ s 0Z°¢€ €Tt ST'¢ s

o3a AON 100 d3ds onv ne NOL AVH ydv AW 934 NYr o3a AON hiele}

9661 S66T

NIW
XYW
NV3IW

1€
o€
6C
8¢
LT
9¢C

Y4
ve
%4
[44
1

SENTVYA NVIW XTIV ‘TIAZT VIS FAOEY I3Fd NI

'SNOILVAZTZ IHOIZH 3IOVD

‘9SDg 20401 N1y 1240@OUDLG W) adid puv ‘SpSO puv gESH S431210231d ‘SO T TN puv @O TN S1I2M Ul SUOUDAI]I 1aA3]-4a10m upaw AjIog 7 21901

w10.0£05L0 AANLIONOT ult:L066¢ JANLILVT STOL8P10 YIEWNIN NOLLVLS TAIVMVIIA YIAOQ ¥VIN HONVYEE 1T 3dId

panunuo)—9661 13quaraq ySnoyr SE6I 43Go1oQ ‘24vmvja( ‘Guno) may

33



Table 3. Measured ground- and surface-water level elevations at the natural-attenuation study area, Dover Air
Force Base, Kent County, Delaware, July 1995 through September 1996

[ Locations of wells shown in figure 2; surface-water sites shown in figure 7; --, data not collected]

WATER-LEVEL ELEVATIONS IN FEET ABOVE SEA LEVEL

Well 1996
identification
number July 24 Dece6mber March 6 April 26 June 4 August 16 Sept;:;n ber
GROUND-WATER LEVELS

DMI101D 8.99 8.86 12.70 13.72 12.84 12.79 10.92
DMI101S 14.96 13.25 21.13 21.05 20.26 18.04 1591
DM107D - - - - 10.21 9.87 8.78
DM107S - - - - 10.43 10.04 8.90
DM108D - - - - 9.21 8.98 7.95
DM108S - - - - 9.37 9.09 8.04
DM109D 9.30 8.99 13.22 14.32 13.35 13.5 11.22
DM109S 13.83 11.68 20.67 20.68 19.8 17.73 14.98
DM110D 9.12 8.88 12.75 13.83 12.95 12.9 11.01
DM110S 15.04 14.16 20.73 20.91 19.86 19.24 15.81
DMI113D 8.76 8.72 12.11 12.97 12.23 124 10.58
DMI113S 8.95 8.85 12.55 13.51 12.55 12.75 10.86
DMI116D -- 6.12 7.72 7.04 7.60 7.51 6.80
DM116S - 10.02 11.59 12.29 11.27 11.66 9.68
DMI117D -- 6.00 7.50 7.77 7.41 7.22 6.64
DMI117S - 4.61 5.62 5.67 5.46 5.43 5.01
DM118D - 5.67 7.18 7.37 7.04 6.92 6.23
DM118S - 5.30 6.38 6.37 6.15 6.14 4.68
DMI119D -- 5.59 7.12 7.27 -- 6.84 6.17
DM119S -- 3.75 5.01 5.02 -- 4.72 4.21
DM206D -- -- -~ -- 6.59 6.61 5.76
MW10 8.87 8.83 11.98 12.75 12.05 12.00 10.58
MW12 8.70 8.71 12.05 12.86 12.15 12.1 10.54
MW1] 8.66 8.67 11.94 12.74 12.04 11.96 10.46
MWI18 7.04 -- 9.29 11.16 9.35 9.12 8.32
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Table 3. Measured ground- and surface-water level elevations at the natural-attenuation study area, Dover Air
Force Base, Kent County, Delaware, July 1995 through September 1996—Continued

WATER-LEVEL ELEVATIONS IN FEET ABOVE SEA LEVEL

Well 1995 1996
identification
number July 24 Dec%mber March6  April 26 June4  August 16 Sep‘f;“ber
GROUND-WATER LEVELS--CONTINUED
MW19 6.07 6.53 8.02 8.45 8.02 7.91 7.21
MW20 5.84 6.34 7.72 8.05 7.71 7.59 6.94
MW21 8.58 8.63 11.98 12.83 12.11 12.06 10.22
MW?22 8.61 8.65 12.10 12.95 12.22 12.05 10.48
MW23 8.82 8.76 12.28 13.12 12.35 12.28 10.62
MW36D 8.35 8.43 11.81 12.65 11.93 11.82 10.24
MW37D 8.42 8.50 11.75 12.58 12.28 11.73 10.28
MW37S 8.06 8.14 11.31 12.07 11.38 11.25 9.75
MW38D 8.52 8.56 12.04 12.84 12.12 - 10.41
MW38S 8.52 8.60 12.03 12.87 12.15 - 10.39
MW39D 8.53 8.55 11.92 13.73 12.01 11.83 14.34
MW39S 8.55 8.55 11.91 12.76 12.06 11.99 10.36
MW40D 8.79 8.74 12.22 13.08 12.33 12.33 -
MW40S 8.61 8.58 12.03 12.87 12.13 12.04 -
MW41D 8.8 8.74 12.30 13.2 12.38 12.31 10.65
MW41S 8.78 8.75 12.29 13.19 12.4 12.36 10.69
MW42P 8.54 8.66 12.09 12.91 12.18 12.08 10.50
MW43D 6.05 6.55 7.94 8.29 7.94 5.82 7.17
MW43S 5.88 6.44 7.76 8.09 7.75 5.67 7.03
MW44D 7.07 7.44 9.19 9.69 9.21 9.08 -
MW44S 7.14 7.51 9.28 9.87 9.40 9.09 -
MW61D 9.04 - 22.96 - - - -
MW61S 9.02 8.87 12.57 13.49 12.67 12.57 10.89
MW62D 8.94 8.84 12.47 13.43 12.59 12.56 10.80
MW62S 8.94 8.82 12.48 13.43 12.57 12.48 10.81
MW63D 9.03 8.88 12.62 13.61 12.73 - -
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Table 3. Measured ground- and surface-water level elevations at the natural-attenuation study area, Dover Air

Force Base, Kent County, Delaware, July 1995 through September 1996—Continued

WATER-LEVEL ELEVATIONS IN FEET ABOVE SEA LEVEL

Well 1996

identification
number Jiy24 DT nachg April26 Juned  Augustle OPoT
GROUND-WATER LEVELS—-CONTINUED

MW63S 9.06 8.8 12.64 13.8 12.87 - -
MW64D 9.28 8.98 13.14 14.27 13.29 13.47 11.26
MW64S 9.33 9.00 13.24 14.39 13.39 13.58 11.32
MW206D 8.37 8.47 11.57 12.38 11.70 11.64 10.20
MW206M 8.28 8.43 11.42 12.14 11.54 11.46 10.12
MW207D - 8.62 11.64 12.40 11.75 11.74 10.29
MW207M - 8.62 11.62 12.43 11.72 11.69 10.32
MW226D 8.86 8.78 12.28 13.18 12.39 12.31 10.70
MW226M 8.91 8.81 12.31 13.22 12.45 12.36 10.76
MW2268 9.03 8.91 12.56 13.00 12.66 12.56 10.94
MW227D 6.33 - - - 9.56 9.11 8.04
MW227M 6.36 ~ - -~ 9.61 9.20 8.07
MW227S 6.93 - - - 9.60 9.83 9.14
MWD4A - -~ 13.55 15.29 13.52 11.69 11.61
MWD4B 8.32 8.59 11.44 11.94 11.55 12.00 10.34
MWD4C 8.70 9.81 13.71 13.58 13.39 12.95 11.07
MWD4D 11.48 12.04 16.66 16.44 15.75 15.39 12.98
MWD4E 8.93 8.78 12.28 13.2 12.41 12.23 10.77
MWDA4F 7.99 8.22 10.48 11.15 10.70 10.91 9.63
MWD4H 11.18 12.36 17.02 16.49 16.20 14.83 12.8
MWD41 9.61 7.97 9.36 10.52 11.06 11.33 11.05
GSID - 8.59 11.61 12.40 11.73 11.73 10.29
GSIM . 8.6 10.88 11.42 10.83 11.16 10.09
GSIS . 8.72 9.28 9.59 9.41 9.77 9.51
GS2D : 7.79 10.30 - - 10.23 9.10
GS2M - 8.16 10.26 - - 10.36 9.33
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Table 3. Measured ground- and surface-water level elevations at the natural-attenuation study area, Dover Air
Force Base, Kent County, Delaware, July 1995 through September 1996—Continued

WATER-LEVEL ELEVATIONS IN FEET ABOVE SEA LEVEL

Well 1995 1996
identification
number July 24 De°°6mbe’ March 6  April 26 June4  August 16 Sep‘fg‘b"’
GROUND-WATER LEVELS--CONTINUED

GS28 - 8.04 9.78 - 9.73 9.90 9.08
GS3M - 6.17 6.88 8.27 8.11 8.07 7.30
GS38 - 5.86 6.56 6.76 6.51 6.75 6.33
GS4D - 4.08 6.95 7.25 7.00 6.73 3.56
GS4M - 5.20 6.38 6.53 6.21 6.23 5.68
GS4S - 6.57 426 426 426 4.4 6.22
GSCPI - - -~ - - 747 6.74
GSCP3D - - - - 8.90 8.48 7.13
GSCP3M - - - - 7.70 7.90 7.13
GSCPAM - - - -~ 9.10 8.75 7.54
GSCPSM -~ - - -~ 10.90 9.35 9.22
GSCP6D - - - - 11.40 11.40 9.69
GSCP8 - - -~ - - 13.98 11.51
GSCP9S - - -~ - - 11.90 10.44

MWDDIF - - - 6.20 5.44 5.08 4.89

SURFACE-WATER STAGE

GSI staff - - - - 2.10 1.88 1.95
GS3 staff -- -- - - - - 1.88
GS4 staff - - -~ 1.98 2.04 1.69 1.60
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Table 4. Areal electro-magnetic conductivity survey data at the natural-attenuation study area, Dover Air Force
Base, Kent County, Delaware, March 1996

[Values are millimhos per meter; --, no data; locations of sites shown in figure 4]

Site 20-meter spacing 10-meter spacing
Horizontal Vertical Horizontal Vertical
dipole diplole dipole dipole
1 11.0 17.0 6.6 11.0
2 10.0 16.0 5.0 7.8
3 9.6 11.0 6.4 7.5
4 9.9 14.0 5.0 7.2
5 9.4 12.0 6.8 6.0
6 17.0 15.0 11.0 12.0
7 13.0 19.0 10.0 13.0
8 9.0 11.0 7.2 7.6
9 9.0 11.5 7.2 8.0
10 10.0 12.0 8.6 8.4
11 11.5 12.0 9.6 9.4
12 14.0 5.0 11.0 13.0
13 10.5 13.0 5.4 5.2
14 10.0 13.5 5.2 5.6
1S 13.5 17.0 12.0 27.0
16 10.0 11.0 9.0 9.6
17 10.5 10.0 9.6 8.6
18 10.0 11.0 7.8 8.0
19 10.0 12.0 9.9 10.0
20 9.0 9.5 10.0 10.0
21 10.0 11.0 9.4 8.2
22 9.2 13.0 7.2 8.4
23 8.0 14.0 3.6 8.6
24 10.0 12.0 8.8 9.2
25 10.5 12.5 8.4 9.6
26 9.8 12.5 10.0 4.4
27 6.6 13.0 5.0 7.8
28 9.6 12.0 6.8 8.2
29 11.0 14.0 8.4 9.8
30 10.5 17.0 7.8 9.8
31 9.0 16.0 8.0 11.0
32 9.5 12.0 7.2 9.0
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Table 4. Areal electro-magnetic conductivity survey data at the natural-attenuation study area, Dover Air Force
Base, Kent County, Delaware, March 1996 —Continued

Site 20-meter spacing 10-meter spacing
Horizontal Vertical Horizontal Vertical
dipole diplole dipole dipole

33 7.2 10.0 52 6.8
34 8.8 11.5 6.0 7.2
35 9.6 13.0 6.0 7.8
36 13.0 14.0 10.0 9.3
37 10.0 12.0 10.0 8.4
38 9.4 13.5 1.0 13.0
39 11.0 14.0 110 13.0
40 11.0 14.0 13.0 17.0
41 11.0 13.0 17.0 16.0
42 11.0 13.0 16.0 19.0
43 11.0 14.5 15.0 20.0
44 10.0 14.0 14.0 17.0
45 9.6 13.0 10.0 12.0
46 10.0 14.0 10.0 12.0
47 13.0 17.0 12.0 9.4
48 13.0 11.0 1L0 1.0
49 12.0 13.0 110 13.0
50 15.0 13.0 13.0 13.0
51 10.0 11.0 8.2 9.6
52 11.0 9.6 8.0 8.1
53 9.0 12.0 6.4 9.0
54 9.8 10.0 7.2 9.0
55 9.4 11.0 6.4 7.6
56 9.4 1.0 7.1 8.2
57 9.8 9.6 6.2 5.6
58 9.4 10.5 7.0 7.6
59 9.4 11.0 6.7 8.1
60 9.0 10.5 7.2 4.4
61 9.6 10.G 7.2 5.4
62 9.8 12.0 6.3 7.9
63 9.5 11.0 7.4 9.4
64 9.6 11.0 8.1 7.5
65 8.6 9.6 73 7.3
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Table 4. Areal electro-magnetic conductivity survey data at the natural-attenuation study area, Dover Air Force
Base, Kent County, Delaware, March 1996 —Continued

Site 20-meter spacing 10-meter spacing
Horizontal Vertical Horizontal Vertical
dipole diplole dipole dipole

66 3.3 4.3 8.3 8.2
67 13.4 13.2 1.8 13.8
68 20.5 15.0 20.5 20.0
69 17.5 17.0 18.0 18.0
70 19.5 11.0 19.0 15.0
71 18.0 12.5 19.5 13.0
72 15.0 12.0 14.0 13.0
73 12.0 13.0 9.8 12.0
74 11.0 1.5 10.0 10.0
75 13.0 10.0 1.0 14.0
76 14.0 10.5 15.0 8.6
77 12.5 9.4 11.0 1.5
78 11.0 12.0 11.0 12.0
79 12.0 13.0 11.0 10.0
80 15.0 10.0 17.0 14.5
81 16.0 15.0 13.0 16.0
82 14.0 14.0 14.0 15.0
83 14.5 15.0 12.0 16.0
84 15.0 17.0 12.0 13.0
85 15.0 26.0 10.0 17.0
86 14.0 23.0 11.0 14.0
87 14.0 18.0 7.8 9.4
88 94 16.0 6.6 8.8
89 9.6 13.0 7.4 9.2
90 9.4 14.0 6.2 8.8
91 19.0 13.0 17.0 16.0
92 -- - -- --
93 13.5 17.0 11.0 163
94 16.5 17.0 16.0 15.0
95 18.0 18.5 16.0 18.0
96 18.0 17.0 17.0 18.0
97 17.5 16.0 13.0 17.0
98 15.0 19.0 10.0 14.0
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Table 4. Areal electro-magnetic conductivity survey data at the natural-attenuation study area, Dover Air Force
Base, Kent County, Delaware, March 1996 —Continued

Site 20-meter spacing 10-meter spacing
Horizontal Vertical Horizontal Vertical
dipole diplole dipole dipole

99 15.0 18.0 12.0 13.0
100 14.0 14.0 12.0 12.0
101 14.0 15.0 11.0 13.0
102 14.0 13.0 11.0 9.8
103 12.0 16.0 9.6 13.0
104 14.0 16.0 12.0 12.0
105 14.0 15.0 10.0 12.5
106 12.0 15.0 9.6 12.0
107 - 18.0 -- 22,0
108 -- 20.0 -- 19.5
109 - 20.0 -- 18.0
110 - 17.0 -- 17.0
11t -- 16.0 - 21.0
112 -- 13.0 - 17.0
113 -- 18.0 -- 20.0
114 - 13.0 - 10.0
115 - 8.6 -- 13.0
116 - 15.0 - 16.0
17 -- 13.0 -- 16.0
18 12.0 19.0 6.2 9.5
119 1.0 6.0 8.6 10.0
120 11.0 23.0 6.2 110
121 10.0 19.0 8.4 5.6
122 1.0 17.0 6.2 8.8
123 12.0 18.0 7.2 9.8
124 15.0 20.0 9.2 11.0
125 13.0 19.0 8.0 13.0
126 13.0 19.0 8.4 10.5
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1ante 5. Ground- and surface-water qualily data at the natural-attenuation study area, vover Air r orce base,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic
constituents

{Locations of sample sites shown on figures 5and 6; uS/cm, microsiemens per centimeter; °C, degrees Celsius; mg/L, milligrams per liter; --, no
data; nmol/L, nanomoles per liter; ug/L, micrograms per liter, quality assurance samples are at end of table; (d), quality control duplicate samples;
Eq. Blank, equipment blank; August, 1996 samples and all field parameters were analyzed by USGS personnel; all others were analyzed by a
contract laboratory]

FIELD PARAMETERS MAJOR IONS
Spe-
) Sa'mple. Sample ) Ciﬁf pH, Tem- Oxy- Hg:r:? Qal- r;d:.sg- So-
identification date Time con (stan- pera- gen, mean crum nesium - qium,
number duc- dard ture dis- value, (mg/L (mg/L (mg/L)

tance . o solved as as

(us/ units) (9] (mg/L) (nmol/L Ca) Mg) as Na)

cm) as H,)

GROUND-WATER SAMPLES

DM101D 08-03-96 -- -~ 8.80 18.9 0.42 8.5 26.02 3.76 10.89
DM102D 06-06-96 01:00 PM 153 5.54 18.5 3.32 10.2 <5.0 10.1
DM102D 08-02-96 - - 5.05 19.4 2.22 0.95 13.76 5.31 9.60
DM107D 05-02-96 10:00 AM 86 3.56 15.0 1.34 <5.0 <5.0 11.7
DM107D 08-02-96 - -- 5.08 16.2 0.11 1.5 6.28 2.52 10.61
DMI107S 05-01-96 03:30 PM 69 5.27 109 7.0 - <5.0 <5.0 6.90
DM108D 05-13-96 - 80 5.42 12.6 0.47 -- <5.0 <5.0 10.50
DM108D 08-02-96 - - 543 15.4 0.18 1.35 3.99 2.13 10.86
DM108S 05-10-96 12:00 PM 94 4.58 1L.5 1.15 -- <5.0 <5.0 8.60
DM109D 08-03-96 - - 8.29 18.1 0.00 21.2 8.05 2.73 10.94
DM110D 06-13-96 10:00 AM 185 4.58 15.8 5.69 -- 12.3 59 14.4
DMI110D 08-03-96 - -- 4.94 16.9 2.30 4.1 23.65 11.45 15.06
DM110S 08-21-95 12:15 PM 1751 5.94 20.5 0.00 - 51.1 91.2 118.0
DMI110S 06-13-96 12:00 PM 1467 5.73 13.3 0.00 - 429 74.5 83.0
DM110S 08-03-96 - - 5.84 19.6 0.00 0.7 46.21 69.17 56.27
DM113D 06-04-96 03:00 PM 101 5.42 16.9 5.00 -- <5.0 <5.0 11.0
DMI113D 08-02-96 -- - 6.06 19.0 3.73 7.8 10.87 3.28 12.2
DM113S 08-08-95 02:30 PM 87 5.00 17.00 3.35 -- <5.0 <5.0 6.80
DM117D 05-21-96 03:00 PM 96 5.61 16.1 0.00 -- <50 <5.0 8.20
GSI1D 08-11-95 10:00 AM 107 5.83 17.6 0.58 - <5.0 <5.0 9.90
GSID 05-23-96 01:00 PM 124 6.00 15.6 0.00 -- <5.0 <5.0 10.4
GSIM 08-10-95 01:00 PM 226 5.51 20.1 0.5 - 8.1 <5.0 12.9
GSIM 05-23-96 11:00 AM 74 5.21 15.0 0.10 -- <5.0 <5.0 11.3
GS1S 08-10-95 11:00 AM 146 5.31 26.2 1.30 - <5.0 <5.0 14.0
GSIS 05-23-96 08:00 AM 80 5.54 15.1 0.00 -- <5.0 <5.0 10.40
GS2D 08-09-95 11:30 AM 97 5.85 19.5 0.75 -- <5.0 <5.0 10.0
GS2D 06-05-96 08:00 AM 68 5.64 13.8 0.00 - <5.0 <5.0 9.50
GS2M 08-09-95 10:00 AM 98 5.49 22.6 0.50 -- <5.0 <5.0 10.40
GS2M 06-05-96 11:00 AM 75 5.77 13.0 0.00 -- <5.0 <5.0 9.50
GS28 08-09-95 08:30 AM 97 5.43 20.6 0.00 -- <5.0 <5.0 9.90
GS2S 06-05-96 04:00 PM 89 5.68 14.5 0.00 - <5.0 <5.0 9.70
GS3M 08-28-95 09:30 AM 93 5.58 17.3 6.15 - <5.0 <5.0 10.5



MAJOR IONS

Alka.  Hydro- Bro. Ntm‘ Nitro :::; Phos-
P(.)Ias- linity, sg:l]:) Sulfate Chio. Fluo-  mide, i:’ gen, Nit- plus. phate, Sample
sium field fide, (mg/L ride ride (mg/  monia kjel- (mle ni- ?;Z) identification
(i"ags/ (Ii“fs/ field 52)54) (mgL (mgL Las (mgL  dahl i“ags/ e, | number
K) Ca (mg/L as Cl) as F) Br) as (mg/L N) (mg/ PO,)
COy) as NHy) as N) L as
H,S) N)
GROUND-WATER SAMPLES--CONTINUED
2.87 -- 0.000 6.68 10.00 - - 0.35 - 2.13 - <0.02 DM101D
<5.0 7.50 0.008 25.3 11.80 <0.10 - <0.10 <0.50 3.4 <0.5 <0.5 DM1i02D
1.86 - 0.000 21.33 9.57 - -- <0.02 -- 19.48 -- <.02 DM102D
<5.0 -- 0.003 4.4 10.80 <.10 - <.10 <.50 0.57 0.57 <5 DMI107D
1.54 - 0.000 3.70 9.95 -- 0.07 <.02 -- 2.59 -- <.02 DMI107D
<5.0 -- 0.050 11.8 5.10 <.10 - <.10 <.50 <0.5 0.36 <5 DMI1078
<5.0 7.50 0.000 5.1 12.00 <.10 -- <.10 <.50 <S5 0.48 <.5 DM108D
1.53 -- 0.000 4.00 10.10 - 0.16 <.02 -- 1.13 - <.02 DM108D
<5.0 -- 0.004 15.4 9.60 <.10 - <.10 <.50 0.56 0.57 <.5 DM108S
1.03 -- 0.000 11.04 7.65 - -- 0.69 - 0.18 -- <.02 DM109D
<5.0 -- 0.014 74.2 6.10 <.10 -- <.10 <.50 0.69 0.79 <5 DM110D
1.63 -- 0.000 81.43 4.11 -- -- <.02 - 1.77 -- <.02 DMI110D
<5.0 390.0 0.021 37.3 304.00 <.10 -- <.10 1.8 1.2 <.5 <5 DMI110S
<5.0 268.0 0.022 69.2 250.00 <10 -- 0.15 1.2 1.2 <5 <5 DM110S
0.37 -- 0.002 45.38 372.71 -- 4.54 <.02 -- <0.02 -- <.02 DMI110S
<5.0 14.5 0.002 0.76 13.40 <.10 - <.10 <.50 2.2 25 <.5 DMI113D
4.2 - 0.008 0.52 11.39 -- -- <.02 -- 11.81 -- <.02 DMI113D
5.4 7.5 0.000 17.9 3.30 <.10 - <.10 <.50 0.66 0.7 <5 DMI113S
<5.0 17.0 0.042 16.2 4.70 <.10 -- <.10 <.50 <5 <.5 <5 DMI117D
<5.0 42.5 0.011 1.5 11.30 <.10 -- <.10 <.50 <.5 <5 <5 GSID
<5.0 45.0 0.007 <0.50 [1.00 <.10 -- <.10 <.50 <5 <5 <.5 GSID
<5.0 8.05 0.006 3.3 15.40 <.10 - 3.3 3.8 <5 <.5 <.5 GSIM
<5.0 4.50 0.010 4.3 <0.50 <.10 -- <.10 <.50 <5 0.18 <.5 GSIM
<5.0 4.85 0.000 3.7 12.90 <.10 -- <.10 <.50 <S5 <.5 <5 GS1S
<5.0 13.0 0.000 5.8 10.20 <10 - <10 <.50 <.5 <.5 <5 GSIS
<5.0 20.5 0.025 4.0 9.90 <10 - <10 <.50 <.5 <5 <.5 GS2D
<5.0 17.3 0.008 3.8 10.60 <.10 -- <.10 <.50 <.5 <.5 <.5 GS2D
<5.0 20.5 0.025 4.9 10.30 <10 -- <10 <50 <5 <5 <5 GS2M
<5.0 215 0.014 4.4 10.80 <.10 -- <.10 <.50 <.5 <.5 <5 GS2M
<5.0 23.0 0.006 4.9 9.20 <.10 -- 0.21 <.50 <.5 <5 <5 GS28
<5.0 18.5 0.002 5.9 9.50 <.10 -- 0.1 <.50 <.5 <.5 <5 GS2S
<5.0 10.0 0.025 18.9 470 <.10 -- <.10 <.50 <.5 0.24 <5 GS3M
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Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic
constituents—Continued

FIELD PARAMETERS MAJOR IONS
Spe-
) S*‘.mple. Sample Ciﬁ‘f pH, Tem- Oxy- H;:: (?al- M:g- So-
identification date Time con (stan- pera- gen, mean cium nesium dium,
number duc- dard ture dis- value, (me/L (mg/L (mg/L}
tance units) “C) solved (nmol/L as as as Na)
w7 mgry TR Co Mg
cm)
GROUND-WATER SAMPLES--CONTINUED
GS3M(d) 05-22-96 -- - -- -- -- -- <5.0 <5.0 9.6
GS3M 05-22-96 02:00 PM 87 5.66 14.2 7.1 - <5.0 <5.0 9.4
GS3S 08-17-95 02:00 PM 338 6.12 18.9 0.00 - 15.3 12.1 13.1
GS38 05-22-96 08:00 AM 278 6.26 133 0.00 -- 16.1 1.5 10.0
GS4D 08-17-95 10:00 AM 110 5.94 17.3 0.00 - 5.8 <5.0 3.0
GS4D 05-20-96 09:00 AM 108 5.99 13.5 0.00 -- 6.1 <5.0 7.1
GS4M 08-16-95 12:30 PM 90 5.45 184 0.00 -- <50 <5.0 6.6
GS4M 05-20-96 12:00 PM 91 5.56 16.2 0.00 - <5.0 <5.0 6.9
GS4S 08-16-95 09:30 AM 92 5.62 19.5 0.00 -- <5.0 <5.0 6.3
GS4S 05-20-96 01:00 PM 108 5.58 13.5 0.00 - <5.0 <5.0 7.3
GS.CP3D 06-11-96 09:30 AM 82 5.2 16.6 2.21 -- <5.0 <5.0 10.7
GSCP3D 08-02-96 -- -- 5.38 17.9 0.00 1.95 6.73 349 12.47
GSCP3M 06-11-96 11:00 AM 130 5.67 15.8 0.00 - <5.0 <5.0 12.0
GSCP3M 08-02-96 - -- 532 17.4 2.10 1.75 4.73 221 10.21
GSCP4M 06-11-96 01:30 PM 120 5.53 149 0.00 -- <5.0 <5.0 12
GSCP4M 08-02-96 -- -- 5.81 15.7 0.00 0.79 6.85 3.64 11.73
GSCP5M 06-07-96 09:30 AM 122 5.69 159 0.00 -- <5.0 <5.0 12.7
GSCP5M(d) 06-07-96 -- -- -- - -- - <5.0 <5.0 13.1
GSCpP5M 08-02-96 -~ -- 5.33 17.5 0.00 1.01 4.57 2.23 12.65
GSCP6D 06-10-96 01:30 PM 135 538 17.6 0.00 - <5.0 <5.0 <5.0
GSCP6D 08-02-96 -~ -- 5.82 17.0 0.00 5.5 4.75 1.94 8.35
GSCP8 07-11-96 10:00 AM 121 4.94 15.8 0.82 - 10.2 <5.0 14.8
GSCP9S 06-12-96 04:00 PM 98 54 27 0.00 -- <5.0 <5.0 10.4
GSCP9S 08-03-96 -~ -- 5.08 16.1 0.00 2.8 8.78 4.23 9.63
MWI11 08-22-95 01:00 PM 103 5.2 16.4 0.70 - <5.0 <5.0 11
MWI18 08-03-95 02:30 PM 86 5.06 19.4 6.6 -- <5.0 <5.0 8
MWI19 08-08-95 08:30 AM 106 5.13 16.6 3.1 -- <5.0 <5.0 10.4
MWI19 05-17-96 12:00 PM 125 5.55 14.8 3.7 -- 5.7 <5.0 10.8
MW19 08-03-96 - -- 5.25 17.5 4.48 3.4 11.00 4.60 10.55
MW20 07-28-95 09:00 AM 74 4.96 18.8 3.85 -- <5.0 <5.0 6.7
MW21 07-27-95 01:00 PM 87 5.23 19.8 0.15 -- <5.0 <5.0 10.2
MW37D 07-27-95 09:30 AM 103 4.78 17.6 0.20 -- <5.0 <5.0 12.3
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MAJOR IONS

Alkg. YA Nitro- . N phos-
Potas-  linity, gen Sulfate B}' > gen, Nitro- Nit- trate, phate,

. sul- Chlo- Fluo- mide, am- gen, plus Sample
sium field fide, (mg/L ride ride (mg/ monia kjel- e ni- Z:;;’ identification
(I"";‘s’ (Ii“i field 5854) (mgL (mgL Las (mg/lL  dahl ({“i/ e, T number

(mg/L as Cl) as F) Br) as (mg/L (mg/
K) Ca as NH)  asN) NV La P04
€Os) H,S) N)
GROUND-WATER SAMPLES--CONTINUED
<5.0 -- -- 17.1 4.40 <.10 -- <.10 <.50 <.5 0.29 <5 GS3M(@d)
<5.0 9.50 0.003 17.2 4.50 <.10 - <.10 <.50 <.5 0.29 <5 GS3M
<5.0 120.0 0.016 11.6 32.40 <10 -- <.10 <.50 <.5 84.1 <.5 GS38
<5.0 65.0 0.007 15.6 21.50 <.10 -- <.10 <.50 <.5 <.5 <.5 GS3S
<5.0 -- -0.058 12.8 6.60 <.10 - 0.17 <.50 <.5 <.5 <.5 GS4D
<5.0 225 0.000 15.8 5.10 <.10 -- 0.13 <.50 <.5 <5 <.5 GS4D
<5.0 8.0 0.680 21.3 3.80 <.10 - <.10 <.50 0.52 <.5 <5 GS4M
<5.0 10.5 0.030 233 3.80 <.10 -- <.10 <.50 <5 <5 <5 GS4M
<5.0 18.5 0.171 21.1 3.80 <.10 -- 0.1 <.50 <.5 <5 <5 GS4S
<5.0 10.0 0.000 23.8 5.40 <.10 - 0.13 <.50 <.5 <.5 <5 GS4S
<5.0 7.5 0.009 9.4 8.60 <10 -- <10 <.50 <.5 0.42 <5 GSCP3D
0.84 -- 0.000 1.03 12.62 -- 0.04 1.34 -- <.02 - <.02 GSCP3D
<5.0 35.50 0.035 1.4 13.60 <10 - 0.16 <.50 <5 <.5 <5 GSCP3M
1.03 - 0.000 6.358 6.39 - -- <.02 -- 1.07 - <.02 GSCP3IM
<5.0 18.50 0.033 12.3 12.30 <.10 -- 0.13 <.50 <.5 <.5 <5 GSCP4M
0.81 -- 0.034 7.73 12.04 - 0.04 0.89 -- <.02 -- <.02 GSCP4M
<5.0 22.00 0.000 6.2 16.0 <.10 -- <.10 <.50 <.5 <.5 <5 GSCP5M
<5.0 -- - 6.2 15.90 <10 -- <.10 <.50 <.5 <.5 <5 GSCP5M(d)
1.10 -- 0.000 4.71 10.17 - 0.06 0.94 -- 0.123 - <.02 GSCP5M
<5 13.00 0.000 <.50 <.50 <.10 -- <.10 -- -- - -- GSCP6D
G.81 - 0.000 6.426 6.65 -- - 0.56 -- 0.213 - <.02 GSCP6D
<40 i2.50 0.000 22.6 8.60 <.10 - 0.11 <.50 <5 <5 <.5 GSCP8
<5.0 19.00 0.026 15.4 4.40 <10 -- <.10 <.50 <.5 <5 <5 GSCP9S
1.13 -- 0.000 10.89 3.36 -- - <.02 -- 0.041 - <.02 GSCP9S
<5.0 22.00 0.004 10.6 7.60 <10 - <.10 <.50 <.5 <.5 <5 MWi1
<5.0 8.00 0.001 20.4 3.0 <10 - <.10 <.50 <.5 0.27 <5 MWI18
11 17.50 0.003 6.4 <.50 0.13 -- <.10 <.50 0.72 0.62 <.5 MWI19
<5.0 22.00 0.003 10.7 7.40 <.10 -- 0.48 0.51 0.6 1.1 <.5 MW19
1.03 -- 0.000 9.74 6.33 -- 0.21 3.26 -- 2.55 - <.02 MW19
<5.0 4.50 0.000 15.6 3.40 <.10 -- <.10 <.50 <.5 0.44 <5 MWw20
<5.0 4.00 0.000 12.1 10.10 <.10 -- <10 <.50 <5 <5 <5 MW21
<5.0 8.50 0.000 14.0 11.60 <.10 - <.10 <.50 0.51 0.4 <5 MW37D



Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic

constituents—Continued

FIELD PARAMETERS MAJOR IONS
Spe-
. Sa.mplg Sample ) Ciﬁ(_: pH, Tem- Oxy- H;’::) (.:al' M:f. So-
identification date Time con (stan- pera- gen, mean Clum nesium dium,
number duc- dard ture dis- value (mg/L (mg/L (mg/L)
tance units) Q) solved (nmol/L as as as Na)
(ns/ (mg/L) as Hy) Ca) Meg)
cm)
GROUND-WATER SAMPLES--CONTINUED
MW37S 08-07-95 11:30 AM 103 5.12 16.1 1.59 -- <5.0 <5.0 17.3
MW37S(d) 08-07-95 -- -- -- -- -- -- <5.0 <5.0 17.6
MW378 05-28-96 02:00 PM 118 5.16 12.6 1.83 -- <5.0 <5.0 15.7
MW378 08-02-96 -- -- 5.31 17.6 0.85 1.35 6.26 3.43 15.88
MW39D 08-01-95 11:00 AM 98 5.09 177 1.5 <5.0 <5.0 1.1
MW39D(d) 08-01-95 -- -- -- -- -- - <5.0 <5.0 10.7
MW39S 07-26-95 03:00 PM 171 4.89 17.7 0.20 - <5.0 <5.0 2222
MW39s 06-12-96 01:00 PM 171 5.18 14.5 0.00 - 5.1 <5.0 20.8
MW39S 08-03-95 -- -- 5.04 18.1 2.72 2.40 8.61 5.56 21.65
MW40D 08-03-95 11:25AM 71 5.28 17.9 4.05 -- <5.0 <5.0 8.1
MW/40S 08-03-95 10:00 AM 93 4.91 19.1 3.6 - <5.0 <5.0 13
MW41D 07-31-95 01:00 PM 72 5.21 16.7 4.8 -- <5.0 <5.0 8.2
MW41S 08-01-95 08:00 AM 180 5.36 13.7 0.2 -- <5.0 <5.0 24.7
MW43S 07-26-95 10:00 AM 72 5.14 17.0 1.5 - <5.0 <5.0 7.3
MW43S(d) 07-26-95 - - -~ -- -- - <5.0 <5.0 7.8
MW61S 08-04-95 09:00 AM 1547 5.85 15.9 0.66 -- 55.9 43.1 155
MW61S 08-15-95 09:00 AM - -- -- -- - -- -- -
MW61S 06-21-96 12:00 PM 1612 5.89 22.0 0.00 -- 60.1 45.6 185
MW61S 08-03-96 -- -- 5.70 18.0 0.00 2.75 65.97 48.56 138.22
MW62D 06-19-96 11:30 AM 59 5.25 14.7 7.6 -- <5.0 <5.0 8.8
MW62S 06-18-96 01:00 PM 117 5.36 16.4 0.00 -- <50 <5.0 18.1
MW62S 08-03-96 - -- 5.42 16.8 0.00 9.80 7.32 3.84 15.39
MW64S 06-14-96 10:00 AM 557 5.08 18.5 0.00 -- 33.7 23.9 40.1
MW64S(d) 06-14-96 -- -- - - -- -- 338 24.2 414
MW206D 08-01-95 08:00 AM 81 5.07 16.8 1.8 - <5.0 <5.0 10.2
MW?206D 05-31-96 09:30 AM 85 5.03 15.6 1.51 -- <5.0 <5.0 10.8
MW206D(d) 05-31-96 -- -- -- -- -- - <5.0 <5.0 10.5
MW206M 08-07-95 03:00 PM 85 5.14 17.6 1.82 - <5.0 <5.0 9.7
MW206M 05-30-96 09:00 AM 90 5.28 13.8 1.22 -- <5.0 <5.0 9.2
MW206M A(.JB-03~96 - -- 5.05 17.9 0.78 3.80 8.01 4.06 10.74
MW226D 08-02-95 08:30 AM 75 5 16.5 5.0 <5.0 <5.0 8.4
MW226M 08-02-95 09.00 AM 86 5.21 19 1.67 -- <5.0 <5.0 10.8
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MAJOR IONS

47

Alka Hydro- Nitro- N Ni- Phos-

Potas- linity, sg:]" Sufate o L :;i‘;: i‘::‘_' g‘;’r‘: Nit- ‘:)T:: phate, Sanle

sium field fide, (me/L ride ride (ng’ monia kjel- rate ni- or:;;) iden:;faﬁ on

(Sf: (&gs/ field s:,) (mg/L (mgL Las (mg/L  dahl (L"‘f: rite, (L - number

(mg/L as Cl) as F) Br) as (mg/L (mg/
K) Ca as NHy)  asN) N) Las 109
€O ) N)
GROUND-WATER SAMPLES.-CONTINUED

<50 1260  0.004 233 6.50 <10 - <10 <50 06 052 <5 MW37S
<50 - - 236 6.50 <10 - <10 <50 061 054 <5 MW375(d)
<50 1450 0009 234 6.40 <10 - <10 081 <5 1.2 <5 MW37S
077 - 0000 1881 5.1 - 004 <02 - 194 - <02  MW37S
<50 1400 0000 9 1030 <10 - <10 <50 08 082 <5 MW39D
<50 - . 9.1 1050 <10 - <10 <50 079 088 <5 MW39D(d)
<50 1950 0004 234 17.80  <.10 - <10 <50 <5 <5 <5 MW39S
<50 800 0000 448 9.40 <.10 - <10 <50 <5 048 <5 MW39S
047 - 0.000 3465  9.04 - 004 <02 - 2149 - <02  MW39s
<50 950 0000 3.9 7.50 <10 - <10 <.50 11 1.2 <5 MW40D
<50 115 0002 85 7.40 <.10 - <10 <50 1.4 1.6 <5 MW40S
<50 110 0000 22 7.60 <10 - <10 <50 1.7 2 <5 MW41D
<50 235 0057 2490 1620 <10 - <10 <50 <5 <5 <5 MW41S
<50 1000 0007 1220 330 <10 - 0.1 <50 <5 018 <5 MW43S
<50 - . 1240 330 <10 - <10 <50 <5 0.18 <5 MW43S(d)
<50 462 . 1020 20200 <.10 - <.10 1.4 082 <5 <5 MW61S
<5.0 . 0082 - - - - - - - - - MW61S
<5.0 440 0000 1210 20800 <10 - 0.11 15 075 <5 <5 MW61S
224 0.000  8.56 150.63 - 280 <02 - <02 - <02  MW6IS
<5.0 800 0002 053 7.80 <10 - <10 <50 2.4 26 <5 MW62D
<50 3150 0000 450 1590 <10 - <10 <50 <5 <5 <5 MW62S
117 - 0000 - 184 - 0.15 167 - 004 - <02  MW62S
<50 1180 0000 2340 3970 <10 - 0.26 <50 <5 <5 <5 MW64S
<50 - - 2310 3880 <10 - 0.26 <50 <5 <5 <5 MW645(d)
<5.0  8.00 0004 250 1190 <10 - <i0 <50 087 097 <5 MW206D
<50 1060 0.000 160 13.60 <10 - <10 <50 069 076 <5 MW?206D
<5.0 . - 1.60 13.60 <10 - <10 <50 069 077 <5 MW206D(d)
<50 130 0005  9.70 6.90 <.10 - <.10 <50 <5 014 <5 MW206M
<50 1450 0006  9.20 9.00 <10 - <10 <50 <5 0.1 <5 MW206M
087 - 0000  7.75 8.61 - 01s <02 - 087 - <02 MW206M
<50 660 0000 1.0 8.70 <10 - <10 <50 24 2. <5 MW226D
<50 860 0023  5.10 1130 <10 - <10 <50 084 091 <5 MW226M



Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force )_Rase,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic

constituents—Continued

FIELD PARAMETERS MAJOR IONS
Spe- Hydro-
cific Oxy- Cal- Mag-
idei?jlf?s;;on Sample Time con- PH, Tem- ger)ll, gen, cium nesifm dSm
date (stan- pera- . mean ium,
number duc- dard ture dis- value, (me/L (me/L (mg/L)

tance . o solved as as

(uS/ units) (o) (mg/L) (nmol/L Ca) Mg) as Na)

cm) as Hy)

GROUND-WATER SAMPLES--CONTINUED
MW226M 06-06-96 09:00 AM 88 5.01 15.8 1.46 -- <5.0 <5.0 11.3
MW226M 08-03-96 -- -- 5.39 159 0.32 0.35 5.70 2.54 11.34
MWwW227D 08-22-95 09:30 AM 86 5.03 15.7 1.35 -- <5.0 <5.0 10.9
Mw227D 05-02-96 01:30 PM 81 4.54 15.2 2.21 - <5.0 <5.0 1.3
MWwW227D 08-03-96 -- - 5.08 16.5 3.03 0.90 491 2.14 9.68
MWwW227S 05-06-96 12:30 PM 199 5.00 11.3 39 - 12.5 11.2 209
MWD4B 05-31-96 03:00 PM 148 5.75 15.1 5.1 -- 11.8 7.1 6.2
SURFACE-WATER SAMPLES

GS1sSwW 08-10-95 10:1I5AM 72 5.56 25.9 3.2 -- 6.4 <5.0 <5.0
GSI1SW 05-23-96 02:00 PM 136 5.82 16.3 6.5 -- 10.2 <5.0 10.7
GS2swW 08-10-95 10:45 AM 241 4.22 26.3 1.65 - 19.9 5.4 5.2
GS28SwW 06-05-95 03:30 PM 127 6.16 19.5 7.0 -- 11.2 <5.0 8.2
G32SW{¢; 06-05-95 - -- -- - - - 1.2 <5.0 8.5
GS3SW 08-17-95 JTO0PM 157 6.56 279 5.5 - 115 5.3 12
GS3sW 05-22-96 PRCTIES. 27 6.28 209 5.9 -- 11 <5.0 5.5
GS4SW 08-16-95 01:00 rivi €28 6.56 27.6 5.0 - 15.9 20 145
GS4sw(d) 08-16-95 -- - - - -- 16.0 20.3 144
GS4swW 05-20-96 02:00 PM 145 6.56 LAt - - 5.7 <5.0 9

QUALITY-ASSURANCE SAMPLES
Eq. Blank (1) 07-27-95 -- -- - - - - <540 <5.0 <5.0
Eq. Blank (2) 08-02-95 -- -- - - - - <5.0 <5.0 <5.0
Eq. Blank (3) 08-03-95 -- -- - - - - <5.0 <5.0 <5.0
Eq. Blank (4) 08-09-95 -- -- -- -- -- -- <5.0 <5.0 <5.0
Eq. Blank (5) 08-11-95 - -- - - - - <5.0 <5.0 <5.0
Eq. Blank (6) 08-16-95 - -- - - - - <5.0 <5.0 <5.0
Eq. Blank (7) 08-16-95 - - - - - - <5.0 <5.0 <5.0
Eq. Blank (8) 08-18-95 -- -- - -- - - <5.0 <5.0 <5.0
7. Rlank (9) 08-22-95 - - - - - - <5.0 <5.0 <5.0
Cq. Biank (10) 05-01-96 - -- -- - - -- <5.0 <5.0 <5.0
Eq. Blank (11) 05-21-96 - , - - - ~ <5.0 <5.0 <5.0
Eq. Blank (12) 05-22-96 -- - - - - <5.0 <5.0 <5.0
Eq. Blank (13) 05-30-96 - ; - - - - <5.0 <5.0 <5.0
Eq. Blank (14) 06-05-96 - -~ - - . . <5.0 <5.0 <5.0
Eq. Blank (15) 06-12-96 - -- - -- - - <5.0 <5.0 <5.0
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MAJOR IONS

Alka- 1D :;°' Bro Nl;m' Nitro l:tle Phos-
Ps)tas- linity, ful- Sulfate Chlo- Fluo- mide, i:’ gen, Nit- plus, phate, Sample
sium - field g, (mell L ride  (mg monia kel rate ni- E’r:hg/" identification
(:‘f: (i“f: field 58054) (mg (mgL Las (mg/L  dahl ({“fs/ wite, |1 number
(mg/L as Cl) as F) Br) as (mg/L (mg/
K) Ca as NH,) as N) N) Las PO.)
€0s) H,S) N)
GROUND-WATER SAMPLES--CONTINUED
<5.0 9.00 0.015 5.70 12.00 <.10 -~ <.10 <.50 <.5 0.44 <5 MWwW226M
1.28 - 0.000 6.43 10.20 - - <.02 -- 1.82 -~ <.02 MW226M
<5.0 19.40 0.011 8.00 10.70 <.10 -- <.10 <.50 <.5 0.46 <5 MW227D
<5.0 4.00 0.002 9.30 8.70 <.10 -- <.10 <.50 <5 0.4 <.5 MW227D
0.81 -- 0.004 6.39 497 - -- <.02 -- 1.42 -- <.02 MwW227D
<5.0 14.00 0.028 56.60 34.80 <.10 -- <.10 <.50 <5 <.5 <5 MW227S
<5.0 32.00 0.000 17.70 6.20 <.10 -- <.10 <.50 1.2 1.4 <.5 MWD4B
SURFACE-WATER SAMPLES

<5.0 19.00 0.0076  6.10 2.00 <.10 - <.10 0.81 <.5 <5 <5 GS1SW

<5.0 26.50 0.003 16.10 8.30 <.10 - 1.1 <.50 - -- - GSISW
<5.0 -- 0.007 115.0 4.00 <.10 - 0.32 0.96 <5 <.5 <5 GS2swW

<5.0 28.50 0.003 12.60 6.3 <10 - <.10 <.50 0.85 0.95 <.5 GS2sW

<5.0 -- - 12.60 6.0 <.10 -- <.10 <.50 0.86 0.95 <.5 GS2SW(d)
<5.0 31.50  0.002 23.10 6 <.10 - <.10 <.50 <5 0.37 <5 GS3SW

<5.0 26.00  0.004 12.70 29 <.10 - 0.18 <.50 2.4 2.8 <.5 GS3SW

6.9 36.00 0.000 44.3 238 <.10 - 0.12 <.50 <.5 0.29 <.5 GS4SwW
69 - 439 236 <.10 -- 0.11 <.50 <5 0.26 <.5 GS4SW(d)
<5.0 29.50  0.007 19.8 6.6 <.10 -- <.10 0.51 0.98 1.1 <.5 GS4SW

QUALITY-ASSURANCE SAMPLES

<5.0 - - <5.0 <.50 <.10 - <10 <.50 <5 <5 <5 Eq. Blank (1)
<5.0 - - <5.0 <.50 <.10 -- <.10 <.50 <5 <.5 <5 Eq. Blank (2)
<5.0 - -- <5.0 <.50 <10 -- <.10 <.50 <.5 <.5 <5 Eq. Blank (3)
<5.0 - -- <5.0 <.50 <.10 -- <.10 <.50 <.5 <.5 <5 Eq. Blank (4)
<5.0 - - <5.0 0.62 <.10 - <.10 <.50 <.5 <5 <.5 Eq. Blank (5)
<5.0 -- - <5.0 <.50 <.10 - <.10 <.50 <5 <5 <.5 Eq. Blank (6)
<5.0 -- -- 0.82 <.50 <.10 -- <.10 <.50 <.5 <.5 <.5 Eq. Blank (7)
<5.0 - - <5.0 <.50 <.10 - <.10 <.50 <5 <.5 <5 Eq. Blank (8)
<5.0 -- -- <5.0 <.50 <.10 - <.10 <.50 <.5 0.50 <5 Eq. Blank (9)
<5.0 -- -- <5.0 <.50 <.10 - <.10 <.50 <5 <.5 <5 Eq. Blank (10)
<5.0 -- - <5.0 <.50 <.10 - <.10 <.50 <.5 <5 <.5 Eq. Blank (11)
<5.0 -- - <5.0 <.50 <.10 -- <.10 <.50 <5 <5 <.5 Eq. Blank (12)
<5.0 -- - <5.0 <.50 <.10 - <.10 <.50 <5 <5 <5 Eq. Blank (13)
<5.0 - <5.0 <.50 <.10 - <.10 <.50 <.5 <.5 <5 Eq. Blank (14)
<5.0 - <5.0 <.50 <.10 - <.10 <.50 <.5 <.5 <5 Eq. Blank (15)
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Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic

constituents—Continued

FIELD PARAMETERS MAIJOR IONS
Spe-
. Hydro-
gomple | sample A S N W
identification date Time duc_ (stan- pera- (ﬂf“: mean (L P dium,
number - dard ture 15- value, (mg/L)
tance units) ©C) solved (nmol/L as as as Na)
(uS/ (mg/L) Ca) Mg)
as Hz)
cm)
QUALITY-ASSURANCE SAMPLES --CONTINUED
Eq. Blank (16) 06-13-96 -- - -- -- -- -- <5.0 <5.0 <5.0
-- <5.0 <5.0 <5.0

Eq. Blank (17) 06-14-96 - - - - -
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MAJOR IONS

Alka. T4 B Nitro- Nito. ‘:: Phos-
Potas- linity, 5" Sulfate ro- o gen ! Nit- ®  phate,
sium  fild " (mgr CRlo Fluo mide, am- g e P orhe Sample
(mg/ (mg/ fide, as ride ride (mg/ monia kjel- (mg/ ni- (mg/ identification
L as L as field $0,) (mg/L (mg/L L as (mg/L dahl Las trite, Las number
K) Ca (mg/L as Cl) as F) Br) as (mg/L N) (mg/ PO,)
COy) as NH,) as N) Las 4
3 H,S) N)
QUALITY-ASSURANCE SAMPLES --CONTINUED
<5.0 - - <5.0 0.53 <10 - <10 <50 <5 <5 <5 Eq. Blank (16)
<5.0 -- - <5.0 <50 <10 -- <.10 <.50 <5 <.5 <.5 Eq. Blank (17)
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Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic
constituents

[Locations of sample sites shown on figures 5 and 6; mg/L, milligrams per liter; pg/L, micrograms per liter; --, no data; quality-assurance samples
are at end of table; (d), quality control duplicate samples; Eq. Blank, equipment blank; constituents analyzed in field (Fe*2+Fe*? and Fe*? ) were
analyzed by USGS personnel; all others were analyzed by a contract laboratory]

METALS
Sample Al ;i:::‘i,
ident- um- . d
if;i::liton Sample inum, :::); Arsenic,  Barium, n(:l:':‘;’ :“h.::‘)-" Cobalt,  Copper, (mg/j; as
number e GoLs OV Gela (e GO TR elas (gl Ferl
Al) Sb) As) Ba) Cd) Cr) Co) Cu) Fe*?)
GROUND-WATER SAMPLES
DM102D 06-06-96 <0.20 <0.20 <0.30 <0.10 <0.005 <0.030 <0.040 <0.030 --
DM107D 05-02-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 0.48
DM107S 05-01-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 0.01
DM108D 05-13-96 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 0.06
DM108S 05-01-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 0.25
DM110D 06-13-96 <20 <20 <30 <.10 <.005 <.030 <.040 <.030 0.35
DM110S 08-21-95 <20 <.20 <30 <10 <.005 <.030 0.090 <.030 36.48
DM110S 06-13-96 <20 <.20 <30 <.10 <.005 <.030 0.10 <.030 20.08
DM113D 06-04-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 0.00
DM113S 08-08-95 <20 <20 <30 <10 <.005 <.030 <.040 <.030 0.01
DMI117D 05-21-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 17.00
GS1D 08-11-95 <20 <20 <.30 <.10 <.005 <.030 <.040 <.030 12.37
GSiD 05-23-96 <20 <.20 <30 <.10 <.005 <.030 <.040 <.030 17.81
GSIM 08-10-95 <.20 <20 <30 0.11 <.005 <.030 <.040 <.030 15.84
GSIM 05-23-96 <20 <.20 <30 <.10 <.005 <.030 <.040 <.030 1.07
GS1S 08-10-95 <.20 <20 <.30 <.10 <.005 <.030 <.040 <.030 12.60
GS1S 05-23-96 <.20 <20 <.30 <.10 <.005 <.030 <.040 <.030 3.76
GS2D 08-09-95 0.20 <20 <30 0.11 <.005 <.030 <.040 <.030 6.12
GS2D 06-05-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 5.81
GS2M 08-09-95 0.30 <.20 <30 <.10 <.005 <.030 <.040 <.030 6.72
GS2M 06-05-96 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 7.96
GS2s 08-09-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 8.02
GS2S8 06-05-96 <20 <.20 <30 <10 <.005 <.030 <.040 <.030 6.99
GS2S(d) 06-05-96 <.20 <.20 - <10 <.005 <.030 <.040 <.030 -
GS3M 08-18-95 <20 <.20 <30 <.10 <.005 <.030 <.040 <.030 0.00
GS3M 05-22-96 <20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 0.00
GS3M(d) 05-22-96 <.20 <.20 - <.10 <.005 <.030 <.040 <.030 -~
GS3S 08-17-95 <.20 <20 <.30 0.12 <.005 <.030 <.040 <.030 39.00
GS3s 05-22-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 16.16
GS4D 08-17-95 <20 <20 <30 <.10 <.005 <.030 <.040 <.030 335
GS4D 05-21-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 4.75
GSaM 08-16-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 5.92
GS4M 05-21-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 8.96
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METALS

Iron, Moly- Sizl;!‘)(l.e

(‘:S’L Lead,  Mong "z‘:f bden-  Nickel, S.‘;'I:* Silver, Efl ;ﬁ Zinc, ification
A A R - A G (77 S S e
Fe*?) as Pb) asMn)  as Hg) [r:dz;s) as Ni) as Se) as Ag) as T1) as V) asZ)
GROUND-WATER SAMPLES--CONTINUED

1.36 <0.20 0.17 <0.002 <0.040 <0.040 <0.40 <0.040 <5.0 <0.040 0.019 DM102D
0.52 <.20 0.017 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.015 DM107D
0.05 <.20 <0.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <0.010 DMI107S
0.05 <.20 0.013 <.002 <040 <.040 <.40 <.040 <5.0 <.040 0.013 DM108D
0.24 <.20 0.036 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.033 DM108S
0.34 <.20 0.026 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.025 DM110D
12.9 <.20 1.4 <.002 <.040 0.041 <.40 <.040 <5.0 <.040 <.010 DM110S
19.68 <.20 1.4 <.002 <.040 0.055 <.40 <.040 <5.0 <.040 <.010 DM110S
0.02 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.011 DMI113D
0.02 <.20 0.050 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 DMI13S
15.80 <.20 0.065 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 DMI17D
8.09 <.20 0.74 <.002 <.040 0.064 <.40 <.040 <5.0 <.040 <.010 GSI1D
8.41 <.20 0.88 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GSID
10.03 <.20 0.22 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GSIM
1.09 <.20 0.022 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GSIM
9.11 <.20 0.10 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.014 GS1S
3.12 <.20 0.029 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS1S
2.62 <.20 0.064 <.002 <.040 0.043 <.40 <.040 <5.0 <.040 0.025 GS2D
4.32 <.20 0.048 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.023 GS2D
4.25 <.20 0.052 <.002 <.040 0.040 <.40 <.040 <5.0 <.040 0.035 GS2M
7.76 <.20 0.052 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.027 GS2M
5.00 <20 0.063 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 GS2S
6.68 <.20 0.059 <.002 <.040 <.040 <.40 <.040 <5.0 <040 <010 GS2S
- <.20 0.035 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS2S(d)
0.00 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.024 GS3M
0.00 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.033 GS3M
- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.024 GS3M(d)
33.90 <.20 0.47 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 GS3S
12.56 <.20 0.26 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS3S
334 <.20 0.092 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS4D
1.70 <.20 0.081 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS4D
5.31 <.20 0.050 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS4M
1.77 <.20 0.053 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS4M
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Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic
constituents—Continued

METALS

S.ample Alsm fli:;::

if;i::li‘on Sample inum, i::):, Arsenic,  Barium, n('fitcrlr-x, :ulzr: Cobalt,  Copper, (mgil;as

number e e Qrl e Gela L DL Gels Gele R

) Sb) As) Ba) Cd) Cr) Co) Cu) Fe*d)
GROUND-WATER SAMPLES--CONTINUED

GS4s 08-16-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 6.47
GS4s 05-20-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 7.29
GSCP3D 06-11-96 <20 <.20 <30 <.10 <.005 <.030 <.040 <.030 0.04
GSCP3M 06-11-96 <20 <.20 <30 <.10 <.005 <.030 <.040 <.030 10.12
GSCP4M 06-11-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 4.54
GSCP5SM 06-07-96 <20 <20 <30 <.10 <.005 <.030 <.040 <.030 4.72
GSCP5M(d) 06-07-96 <.20 <20 <.10 <.005 <.030 <.040 <.030 --
GSCP6D 06-10-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 6.64
GSCP8 07-11-96 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 2.09
GSCP9S 06-12-96 <.20 <.20 <30 <.10 0.0053 <.030 <.040 <.030 0.31
MWl 08-22-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 1.20
MW18 08-03-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 0.00
MW .9 08-08-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 2.05
MW19 08-08-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 0.28
MW19 05-17-96 <20 <.20 <30 <.10 <.005 <.030 <.040 <.030 1.45
MWwW?20 07-28-95 <20 <.20 <30 <.10 <.005 <.030 <.040 <.030 3.30
MW206D 08-01-95 <.20 <.20 <.30 0.10 <.005 <.030 <.040 <.030 0.0t
MW206D 05-31-96 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 0.01
MW206D(d) 05-31-96 <20 <.20 -- <.10 <.005 <.030 <.040 <.030 -
MW206M 07-08-95 <.20 <.20 <30 <10 <.005 <.030 <.040 <.030 0.33
MW206M 05-30-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 1.04
Mw21 07-25-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 235
MW226D 08-02-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 0.00
MW226M 08-02-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 0.29
MW226M 06-06-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 0.24
MWwW227D 08-22-95 <.20 <20 <30 <.10 <.005 <.030 <.040 <.030 0.00
MWw227D 05-02-96 <20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 0.03
MW?227S 05-06-96 <.20 <.20 <.30 <10 <.005 <.030 <.040 <.030 2.12
MW37D 07-27-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 0.00
MW37S 08-07-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 0.49
MW37S(d) 08-04-95 <.20 <.20 -- <.10 <.005 <.030 <.040 <.030 -
MW37S 05-28-96 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 0.61
MW39D 08-01-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 0.01
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METALS

Iron, Mol Smple

field, =) aq,  Mang Merc bdem Nickel, SS9V gilver, 1Ak Vama- oL ,é‘:::::m
(mg/L anese, ury, fum, lium, dium,

as (ug/L (gl (ugl um(ug/  (ug/L (ug/L (ng/L gl (gl {ug/l number
Fe"‘z) as Pb) as Mn) as Hg) Ir;i:s) as Ni) as Se) as Ag) as T1) asV) asZ)
GROUND-WATER SAMPLES--CONTINUED
5.99 <20 0.056 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS4s
1.72 <.20 0.057 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 GS4s
0.03 <.20 0.028 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.020 GSCP3D
9.72 <.20 0.048 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GSCP3M
4.30 <.20 0.050 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GSCP4AM
5.07 <.20 0.060 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.035 GSCPsM
- <20 0.060 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.036 GSCPsM(d)
6.51 <.20 0.062 <.002 <.040 0.050 <.40 <.040 <5.0 <.040 0.032 GSCP6D
2.00 <.20 0.066 <.002 <.040 <.040 <40 <.040 <5.0 <.040 0.029 GSCP8
0.00 <.20 0.053 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.011 GSCP9S
1.17 <20 0.076 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MWI11
0.01 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MWI18
1.85 <.20 0.032 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MW19
0.27 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 MW19
1.23 <.20 0.025 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 MWI19
0.12 <.20 0.046 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.017 MW20
0.00 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.012 MW206D
0.01 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.016 MW206D
-- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.013 MW?206D(d)
0.29 <.20 0.036 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.017 MW206M
0.76 <.20 0.034 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MW206M
1.16 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MWwW21
0.00 <.20 <.010 <.002 <.040 <.040 <40 <.040 <5.0 <.040 <.010 MW226D
0.23 <.20 0.019 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MW226M
0.23 <.20 0.017 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.013 MW226M
0.00 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.024 MW227D
0.00 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.017 MW227D
2.05 <.20 0.099 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MW227S
0.00 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.057 MW37D
0.41 <.20 0.17 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.011 MW37S
<2 0.19 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.013 MW37S(d)

0.06 <.20 0.16 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MW37S
- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.024 MW39D
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Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force Base,

constituents—Continued

Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic

METALS
Sample ul fli:’l';’
{ um- .
if’i‘z:?i:n Sample inum, :‘:;;’ Arsenic, Barjum. ni?;. :uh:; Cobalt, Copper, (mgf,'; as
number date (pg/Las (ug/Las (pg/Las  (ug/Las (pg/llas  (ug/Las (ug/Las  (pg/Las Feﬂ*‘
Al) Sby As) Ba) cd) cn Co) Cu) Fe'3)
GROUND-WATER SAMPLES--CONTINUED
MW39D(d) 08-01-95 <.20 <.20 <30 <.10 <.005 <030 <.040 <.030 -
MW39S 07-26-95 <20 <20 <30 <.10 <.005 <030 <.040 <030 0.07
MW39S 06-12-96 <20 <.20 <.30 <10 <005 <.030 <.040 <.030 0.00
MW40D 08-03-95 <20 <20 <30 <.10 <.005 <.030 <040 <030 0.00
MW40S 08-03-95 <20 <20 <30 <10 <.005 <.030 <.040 <.030 0.00
MW41D 07-31-95 <20 <20 <.30 <10 <.005 <.030 <.040 <.030 0.01
MW41S 08-01-95 <20 <20 <30 <.10 <.005 <030 <.040 <.030 1.73
MW43S 07-26-95 <20 <20 <30 <.10 <.005 <.030 <.040 <.030 3.62
MW43S(d) 07-26-95 <20 <20 - <10 <.005 <030 <.040 <030 -
MW61S 08-04-95 <20 <20 <.30 0.32 <.005 <030 <.040 <030 17.52
MW61S 06-21-96 <20 <20 <30 0.36 <.005 <.030 <.040 <.030 18.2
MW62D 06-21-96 <20 <20 <30 <10 <.005 <030 <.040 <.030 0.00
MW62S 06-18-96 <20 <20 <30 <.10 <.005 <030 <.040 <.030 5.96
MW64D 07-11-96 <20 <20 <30 <10 <.005 <.030 <.040 <.030 -
MW64S 06-14-96 <20 <20 <30 <10 <.005 <030 <.040 <.030 9.24
MW64s(d) 06-14-96 <20 <.20 <30 <.10 <.005 <030 <.040 <.030 -
MWD4B 05-31-96 <20 <20 <30 <10 <.005 <.030 <.040 <.030 0.00
SURFACE-WATER SAMPLES
GSISW 08-10-95 <.20 <20 <30 <.10 <.005 <030 <.040 <.030 2.64
GSISW 05-23-96 <20 <20 <30 <10 <.005 <.030 <.040 <.030 0.18
GS2sW 08-10-95 <20 <.20 <30 0.15 <.005 <.030 0.069 <.030 6.23
GS2sW 06-05-96 <20 <20 <30 <.10 <.005 <030 <.040 <030 0.18
GS3SW 08-17-95 <20 <20 <30 <.10 <.005 <030 <.040 <.030 0.56
GS3SW 05-22-96 <20 <.20 <30 <.10 <005 <.030 <.040 <030 0.39
GS4swW 08-16-95 <20 <20 <30 <10 <.005 <.030 <.040 <.030 0.32
GS4sW(d) 06-14-96 <20 <20 <30 <.10 <.005 <.030 <.040 <030 0.32
GS4swW 05-20-96 <20 <20 <30 <10 <.005 <.030 <.040 <.030 0.32
QUALITY-ASSURANCE SAMPLES

Eq. Blank (1) 07-27-95 <20 <20 <30 <10 <.005 <030 <.040 <.030 -
Eq. Blank (2) 08-02-95 <20 <20 <30 <10 <.005 <.030 <040 <.030 -
Eq. Blank (3) 08-03-95 <20 <.20 <30 <.10 <.005 <.030 <040 <.030 -
Eq. Blank (4) 08-09-95 <20 <20 <30 <10 <.005 <.030 <.040 <.030 -
Eq. Blank (5) 08-11-95 <20 <20 <.30 <.10 <.005 <.030 <.040 <030 -
Eq. Blank (6) 08-16-95 <20 <20 <30 <10 <.005 <.030 <040 <.030 -

56



METALS

Iron, Moly- S;:::zl'e
(f:;’L Lead, r;"n“e': N:;? bden-  Nickel, S;': Silver, E:, Z:::; Zinc, ification
s UEL e en TWE L g ML e e GEL 0 number
Fe*?) asMn)  as Hg) Mo) as Se) g as Tl) as V)
GROUND-WATER SAMPLES--CONTINUED
- <.20 <010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.025 MW39D(d)
0.08 <.20 0.016 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.018 MW39S
0.00 <.20 <010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MW39S
- <.20 <010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.012 MW40D
0.00 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 MW40S
0.01 <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MW41D
1.61 <.20 0.029 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 MW41S
2.80 <.20 0.052 <.002 <.040 <.040 <40 <.040 <5.0 <.040 0.034 MW43s
- <.20 0.053 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.035 MW43S(d)
10.85 <.20 0.37 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 MW61S
16.84 <.20 0.40 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 MW6IS
0.00 <.20 <.010 <.002 <.040 <.040 <40 <.040 <5.0 <.040 0.016 MW62D
5.68 <.20 0.055 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.016 MWG62S
- <.20 0.057 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.018 MW64D
8.84 <.20 0.44 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.020 MW64S
- <20 0.44 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.014 MW64S(d)
0.00 <.20 0.015 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 MWD4B
SURFACE-WATER SAMPLES
0.13 <.20 0.16 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GSISW
0.11 <.20 0.078 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GSISW
3.25 <.20 1.2 <.002 <.040 <.040 <40 <.040 <5.0 <.040 0.18 GS2SW
0.12 <20 0.035 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS2SW
0.03 <.20 0.078 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.013 GS3sSwW
0.04 <20 0.14 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 0.029 GS3ISW
0.02 <.20 0.23 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS4SW
-- <.20 0.23 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 GS4SW(d)
0.13 <.20 0.097 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <010 GS4SW
QUALITY-ASSURANCE SAMPLES
- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (1)
- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (2)
- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (3)
-- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (4)
-- <20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (5)
<.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (6)
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Table 5. Ground- and surface-water quality data at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, July - August 1995, May - July 1996, and August 1996, for inorganic

constituents—Continued
METALS
Iron
Sample N
R field,
ident- Alum- . X
ification Sample inum, r::: Arsenic, Barium, n(\:iad nCuhro- Cobalt,  Copper, (mg/Las
number TP (ugfLas V' (uglLas  (uglLas T T (uglLas  (wgLas  Fe'™
date Al) (ng/Las As) Ba) (ug/Las  (pg/Las Co) Cu) Fe3
Sb) Cd) Cr) )
QUALITY-ASSURANCE SAMPLES--CONTINUED

Eq. Blank (7) 08-16-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 --
Eq. Blank (8) 08-18-95 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 -
Eq. Blank (9) 08-22-95 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 --
Eq. Blank (10) 05-01-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 --
Eq. Blank (11)  05-21-96 <.20 <.20 <30 <.10 <.005 <.030 <.040 <.030 -
Eq. Blank (12) 05-22-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 -
Eq. Blank (13) 05-30-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 -
Eq. Blank (14) 06-05-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 --
Eq. Blank (15) 06-12-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 -
Eq. Blank (16) 06-13-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 -
Eq. Blank (17) 06-14-96 <.20 <.20 <.30 <.10 <.005 <.030 <.040 <.030 -
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METALS

[ron, Moly- Si::r(l-e
(ﬁeld, Lead, Mang- Mere- bden- Nickel, S'elen- Silver, 'I.'hal- Yam- Zinc, ification

mg/L anese, ury, jum, lium, dium,

s (ng/L um(ug/  (ug/L (ng/L (ng/L number
2 as Pb) (he/L (he/L Las as Ni) (hg/L as Ag) (kgL (hg/L as Z)
Fe*?) as Mn) as Hg) Mo) as Se) as T1) as V)
QUALITY-ASSURANCE SAMPLES--CONTINUED

- <.20 <.010 <.002 <.040 <.040 <40 <.040 <5.0 <.040 0.016 Eq. Blank (7)
- <20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (8)
- <20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (9)
- <20 <010 <.002 <.040 <.040 <40 <.040 <5.0 <.040 <.010 Eq. Blank (10)
-- <.20 <.010 <.002 <.040 <.040 <40 <.040 <5.0 <.040 <.010 Eq. Blank (11)
- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (12)
- <.20 <.010 <.002 <.040 <.040 <40 <.040 <5.0 <.040 <010 Eq. Blank (13)
-- <.20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (14)
- <20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (15)
-- <20 <.010 <.002 <.040 <.040 <.40 <.040 <5.0 <.040 <.010 Eq. Blank (16)
- <20 <.010 <.002 <.040 <.040 <.40 <.040 <50 <.040 <.010 Eq. Blank (17)
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Table 7. Sample and duplicate concentrations, and relative percent differences for four volatile organic
compounds at sites where concentrations exceeded the reporting limit, July 1995 through July 1996, Dover Air
Force Base, Kent County, Delaware

[ng/L, micrograms per liter]

Sample Duplicate Relative
Sit Date Analyte cemsation centration  difference

(ng/L) (ng/L)
MW37S 08/07/95 1,2-Dichloroethene,total 1.5 14 6.9
MW37S 08/07/95 Trichloroethene 2 1.9 5.1
GS3M 05/22/96 cis-1,2-Dichloroethene 1.6 1.7 6.1
MW206D 05/31/96 cis-1,2-Dichloroethene 5 S.1 2
GS28W 06/05/96 cis-1,2-Dichloroethene 1.4 1.4 0
GS2SW 06/05/96 Trichloroethene 3.1 33 6.2
GSCP5SM 06/07/96 1,1,2,2-Tetrachloroethane 5.3 5.9 10.7
GSCP5M 06/07/96 cis-1,2-Dichloroethene 53 5.3 0
GSCP5M 06/07/96 Trichloroethene 7.6 7.6 0
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Table 8. Sample and duplicate concentrations, relative percent differences, and summary statistics for methane
samples collected from July, 1995 through July, 1996, Dover Air Force Base, Kent County, Delaware

[ng/L, micrograms per liter]

Sample Duplicate Relative
Site Date con(cszgtxon con(csz;rs)uon dﬁc%;::; .
MW39S 07/26/95 2,812 2,668 5.3
MW37D 07/27/95 240 235 2.1
MwW21 07,2795 39 34 13.7
MW206D 08/01/95 38 36 5.4
MW41S 08/01/95 69 65 6
MW61S 08/04/95 9,821 9,147 7.1
MW19 05/17/96 1,514 1,493 1.4
GS38 05/22/96 1,969 1,877 4.8
MW206M 05/30/96 96 94 2.1
MW206D 05/31/96 541 481 11.7
GS2D 06/05/96 157 144 8.6
GSCP4M 06/11/96 66 63 4.7
GSCP3D 06/11/96 274 263 4.1
GSCP9S 06/12/96 230 223 3.1
DMI110S 06/13/96 9,228 9,951 7.5
MW64S 06/14/96 31 29 6.7
MW61S 06/21/96 10,654 10,106 5.3
Number 17 17 --
Median 240 235 5.3
Maximum 10,654 10,106 13.7
Minimum 31 29 1.4
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Table 9. Sample and duplicate concentrations, relative percent differences, and summary statistics for hydrogen
samples collected in August, 1996, Dover Air Force Base, Kent County, Delaware

[nmol/L, nanomoles per liter]

Sample Duplicate Relative
Site concentration concentration percem
(nmol/L) (nmol/L) difference

GSCP5 1.1 0.92 17.8
GSCP6D 5.6 54 3.6
GSCP9S 3 2.6 14.3
MWI19 35 34 29
MW37S 1.3 1.4 7.4
MW39S 22 2.6 16.7
MW61S 2.7 2.8 3.6
MW206M 3.7 39 5.3
MW226M .36 3 18.2
MWwW227D .19 1 23.5
DM102D 1.1 76 36.6
DM108D 1.3 1.4 7.4
DM109D 214 21 1.9
DM110S 73 .69 5.6
DMI113D 7.1 8.5 17.9
Number 15 15 -

Median 22 2.6 7.4
Maximum 214 21 36.6
Minimum 36 3 1.9
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APPENDIX

Geophysical logs at the natural-attenuation study area,
Dover Air Force Base, Kent County, Delaware, for wells:

Page
DMI101ID and DMIO02D ...ttt et ee e 82
DMI104D and DMI0SD ...ttt an 83
DMI107D and DMIOOD .......ooee e 84
DMI110D and DMILI3D ..ottt ee e eeaans 85
DMI117D and DMILBD ..o e 86
MWI10and MWL ettt e eenaeeae e 87
MWI12and MWL oot 88
MW20 and MW3TD oo e 89
MW39D and MWAOD ...t et erae e 90
MWA2P and MWA3D ..ot et an 91
MWA4D and MWOILS ..o et s et e e ee e ans 92
MW62D and MW206D .........oooiieiieee ettt e e en e 93
MW207D and MW226D ...t e 94
MW22TDD oo et e eeeaae e e e e e e e e aeenae e ennees 95

(NGamma = Natural gamma log; Conduct = Electro-magnetic conductivity log;

CPS = counts per second; mS/m = millisiemens per meter; © = curve of Conduct

log in that area is affected by metal near the well casing, not lithologic or water-quality
changes)
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Well DM101D Well DM1 020D

¢ NGamma N
0 CPS 100

g NGomma o
0 P 100

DEPTH, IN FEET BELOW LAND SURFACE

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells DM101D and DM102D.



Weli DM104D

DEPTH, IN FEET BELOW LAND SURFACE

Well DM105D

K NGammo 3
0 CPS 100

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells DM 104D and DM105D.
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DEPTH, IN FEET BELOW LAND SURFACE

Well DM1070D

Well DM109D

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells DM 107D and DM 109D.
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BELOW LAND SURFACE

DEPTH, IN FEET

Well DM110D Well DM113D

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells DM 110D and DM113D.
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DEPTH, IN FEET BELOW LAND SURFACE

Well DM117D

Well DM118D

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells DM117D and DM118D.
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Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells MW10 and MW 1.
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Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells MW 12 and MW 19.
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Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells MW20 and MW37D.
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DEPTH, IN FEET BELOW LAND SURFACE

Well MW39D

Well MW40D

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells MW39D and MW40D.
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DEPTH, IN FEET BELOW LAND SURFACE

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County. Delaware, for wells MW42P and MW43D.
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Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells MW44D and MW61S.

92



DEPTH, IN FEET BELOW LAND SURFACE

Well MW620 Well MW206D

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells MW62D and MW206D.
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Well MW2070 Well MW226D

DEPTH, IN FEET BELOW LAND SURFACE

Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for wells MW207D and MW226D.
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Geophysical logs at the natural-attenuation study area, Dover Air Force Base,
Kent County, Delaware, for well MW227D.
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