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Trichloroethylene and 1,1-Dichloroethylene Concentrations in
Ground Water After Temporary Shutdown of the Reclamation
Well Field at Air Force Plant 44, Tucson, Arizona, 1999

ByD.D. Graham, T.J. Allen”, M.L. Barackman, W.H. DiGuiseppi®, and M.F. Wallace*

Executive Summary

Industrial activities beginning in the early 1940s resulted in extensive contamination of ground water
near the Tucson International Airport, Tucson, Arizona, including an area around Air Force Plant 44, an
industrial facility located on land owned by the U.S. Air Force and operated by a defense contractor.
Principal ground-water contaminants are volatile organic compounds, primarily trichloroethylene (also
called trichloroethene) and 1,1-dichloroethylene (also called 1,1-dichloroethene). A ground-water
reclamation system was put into operation in 1987 to extract and treat contaminated ground water at
Air Force Plant 44 and the downgradient area that is south of L os Reales Road. The ground-water
reclamation system consists of 25 extraction wells, 22 recharge wells, and a water-treatment facility.
Soil-vapor extraction techniques are being used to remove volatile organic compounds from the
unsaturated zone. More than 120,000 pounds of volatile organic compounds have been removed from the
regional aquifer and overlying unsaturated zone at Air Force Plant 44 and adjacent downgradient areas
south of Los Reales Road. Air Force Plant 44 and adjacent areas being remediated by the ground-water
reclamation system are about 7 square miles.

To assess ground-water cleanup progress at Air Force Plant 44 and surrounding areas south of
Los Reales Road, and possibly to identify areas that are resistant to cleanup attempts, ground-water
samples were collected and analyzed after water levels had returned to near-equilibrium conditions
following a 3-week shutdown of extraction and recharge wells. Modifications of the standard ground-
water sampling procedures used at the site also were tested. The modifications included tests of a
reduced-flow purging and sampling method in six monitoring wells and vertical-profile sampling in
five extraction wells at the reclamation well field.

The water treatment facility and all extraction and recharge wells at the reclamation well field were
shut down on April 15, 1999, and water levels were allowed to recover for about 3 weeks before samples
of ground water were obtained from 102 wells at Air Force Plant 44 and surrounding areas.
Concentrations of trichloroethylene and 1,1-dichloroethylene were determined for samples obtained
during the sitewide sampling effort. Data for 101 wells sampled in February 1999 before shutdown were
compared with data obtained for wells sampled in May 1999 after shutdown. Concentrations of

1Raytheon, P.O. Box 11337, Tucson, AZ 85734. Telephone: (520) 794-9450.

2Errol L. Montgomery & Associates, Inc., 1550 East Prince Road, Tucson, AZ 85719. Telephone: (520) 881-4912.

3Earth Tech, 5575 DTC Parkway, Englewood, CO 80111. Telephone: (520) 694—6660.

4Groundwater Resources Consultants, Inc., 6200 East 14th Street, Suite A200, Tucson, AZ 85711. Telephone: (520) 326—-1898.
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trichloroethylene increased in 36 wells, remained
the samein 32 wells, and decreased in 33 wells.
Increases in concentrations of trichloroethylene of
as much as 1,476 micrograms per liter and
decreases of as much as 2,292 micrograms per
liter were reported after shutdown. Concentrations
of trichloroethylene remained the samefor the two
sampling periodsin wells that had concentrations
that were at, or close to, the lower reporting limit
(0.5 micrograms per liter) before shutdown. Net
change in concentrations of trichloroethylene after
shutdown on a percentage basis ranged from an
increase of 1,300 percent to a decrease of

100 percent. Increases in concentrations of
1,1-dichloroethylene after shutdown of the
reclamation well field of as much as

66 micrograms per liter and decreases of as much
as411.6 micrograms per liter were reported.
Concentrations of 1,1-dichloroethylene remained
the same for the two sampling periodsin wellsthat
had concentrations that were at, or closeto, the
lower reporting limit (0.5 micrograms per liter)
before shutdown. Net change in concentrations of
1,1-dichloroethylene after shutdown on a
percentage basis ranged from an increase of

660 percent to a decrease of 100 percent.

Data obtained from the water samplesindicate
that the largest changes in concentrations of
trichloroethylene and 1,1-dichloroethylene
occurred in samples collected from wells
completed in the upper zone of the regional
aquifer, along the axis of the contaminant plume,
in close proximity to previoudly identified
historical disposal areas. Changes in contaminant
concentrations observed after shutdown of the well
field probably were the result of changesin
ground-water flow directions under nonpumping
conditions compared with those present when the
extraction and recharge wells were operating.
Minimal changes occurred at the perimeter of the
plume, which suggests that operation of the
reclamation well field has been successful at

containing the spread of the plume. New
contaminant-source areas were not identified
within the perimeter of the plume.

A modification of the standard sampling
technique used at Air Force Plant 44 wastested in
six wells. Inthese wells, greatly reduced flow rates
were used for well purging and sampling. Results
indicate no distinct pattern of change of
contaminant concentrations compared with
concentrations in samples subsequently obtained
using the standard technique, and no advantage
was evident for using this method in routine
sampling of the monitoring wells at Air Force
Plant 44.

Temperature profiles obtained before vertical -
profile sampling of selected wellsindicate little
temperature variation with depth. The
temperature-profile information suggests that
under nonpumping conditions, most of the water
enters these wells near the top of the screened
interval and moves downward in responseto a
hydraulic gradient in the regional aquifer. Samples
at depths below the top of the screened interval
probably do not accurately represent water from
the adjacent sediments.

Vertical-profile samples were obtained in five
wells and analyzed for concentrations of
trichloroethylene. None of the wells showed large
enough variation of contaminant concentrations
with depth to indicate that a major improvement in
extraction efficiency could be obtained by
pumping selectively from arestricted interval.
The largest variation in concentrations of
trichloroethylene with depth that was observed
ranged from 62 micrograms per liter near the top
of the screened interval to 42 micrograms per liter
near the bottom of the screened interval of one of
the wells. The lack of large variation is probably
the result of downward water flow in the casing of
these wells.

2 TCE and 1,1-DCE Concentrations in Ground Water, Air Force Plant 44, Tucson, Arizona, 1999



INTRODUCTION

The presence of contaminants in the regional
aguifer near the Tucson International Airport in
Tucson, Arizona (fig. 1), has been an issue of public
concern for many years. In early 1981, the U.S.
Environmental Protection Agency (USEPA) and the
Arizona Department of Health Services (ADHS)
identified contaminantsin ground water from the upper
several hundred feet of the regional aquifer near the
Tucson International Airport (U.S. Environmental
Protection Agency, 1988). The primary contaminant
detected was trichloroethylene (TCE), an industrial
solvent commonly used by electronics and aerospace
industries. TCE is also called trichloroethene in
currently accepted organic-chemistry nomenclature.

A number of potential sources wereidentified by the
USEPA and ADHS at the airport and in the adjacent
industrial area. Industrial activities that resulted in the
contamination of ground water near the Tucson
International Airport started in the early 1940s. At that
time it was common practice to dispose of liquid
wastes, including used solvents such as TCE, by
dumping them, without any form of treatment, directly
on the ground or into unlined pits and landfills (U.S.
Environmental Protection Agency, 1992).

In 1982, the USEPA designated the area near the
airport where contaminants were found in the regional
aquifer as the Tucson International Airport Area
(TIAA) Superfund Site and, in early 1983, the TIAA
Superfund Site was included on the National Priorities
List. The TIAA Superfund Site (fig. 1) includes
industrial, commercial, residential, and undevel oped
areas. Prior to 1981, municipal wellswithin the TIAA
Superfund Site boundaries provided water for more
than 47,000 people. As of 1998, 11 municipal-supply
wells and several private wells were taken out of
service because of contamination. The TIAA
Superfund Siteis about 11 mi2 and includes the Tucson
International Airport; northeastern areas of the
San Xavier Indian Reservation; residential areas of the
Cities of Tucson and South Tucson; the 162nd Tactical
Fighter Group, Arizona Air National Guard Base;
commercial properties; and Air Force Plant 44.

Air Force Plant 44, an industria facility on land owned
by the U.S. Air Force and operated by a defense

contractor, is at the southern end of the TIAA
Superfund Site on the southwest side of the Tucson
International Airport (fig. 2).

Principal contaminantsin ground water at
Air Force Plant 44 and other parts of the TIAA
Superfund Site include volatile organic compounds
(VOCs), primarily TCE, with lesser amounts of 1,1-
dichloroethylene (1,1-DCE) and 1,1,1-trichloroethane.
Dissolved chrome, a heavy metal, in the form of
hexavalent chromium, also was found in ground water
in concentrations that exceed drinking-water standards
(U.S. Environmental Protection Agency, 1988). Leake
and Hanson (1987) summarized the results of early
investigations of ground-water contamination in the
area around the Tucson International Airport and
delineated one large and two small areas of contam-
inated ground water in which concentrations of TCE
exceeded the USEPA Maximum Contaminant Level
(MCL) and the Arizona aquifer water-quality standard
of 5 ug/L. The largest of the areas of ground-water
contamination encompassed more than 5 mi2 of surface
area, with alength of about 35,500 ft and a width of
about 4,000 ft (Leake and Hanson, 1987). Air Force
Plant 44 is at the southeastern end of this area of
contamination. In this report, the areain which wells
produce water that exceedsthe MCL isreferred to asa
contaminant plume. The MCL for TCE is5 ug/L; the
MCL for 1,1-DCE is 10 ug/L. Several potential sources
of contaminants were identified, and these included
solvent-disposal areas, firefighting-training areas,
unlined waste-water evaporation ponds, unlined
ditches, and metals-sludge beds. Air Force Plant 44
includes several source areasidentified during the early
investigations. Remedial measures have been initiated
in parts of the TIAA Superfund Site, which includes
extensive soil and ground-water cleanup efforts at
Air Force Plant 44. At Air Force Plant 44, an extensive
network of extraction wellsis being used to remove
ground water that has been contaminated with TCE,
1,1-DCE, and other VOCs from the aquifer. A state-of-
the-art water-treatment facility is used to treat the water
to remove VOCs. Treated water is recharged to the
aquifer using anetwork of injection wells configured to
contain the spread of contaminated ground water.
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This ground-water reclamation system was put into
operation in 1987 and has operated with minimal
interruption. Soil-vapor extraction techniques put into
operation in 1995 are being used to remove VOCsfrom
the unsaturated zone. More than 120,000 |bs of TCE,
the principal contaminant at the site, and other VOCs
have been removed from the regional aquifer and
overlying unsaturated zone at Air Force Plant 44
(unpublished records on file at Raytheon, Tucson,
Arizona). The plume of contaminated ground water at
Air Force Plant 44 has been contained, and apparent
reductions in the size of the area of contamination and
concentrations of TCE and other VOCsin wells within
the boundaries of the plume have been observed
(Graham and Monical, 1997). Identifying areas where
the cleanup has been less effective and where
additional effort may be needed would maximize the
continued effectiveness of the ground-water
reclamation effort.

In astudy near an identified historical TCE
disposal areaat Air Force Plant 44, Brusseau and
others (19963, b) demonstrated a large rebound of
concentrations in samples collected from a multilevel
monitoring well when the pump in a nearby high-
capacity extraction well was shut off. Rebound of
concentrations of TCE from lessthan 100 ug/L to more
than 3,000 pg/L occurred within 20 days of shutting off
the pump in the nearby extraction well. Rebound was
not observed in samples collected from the discharge of
the high-capacity extraction well when the pump was
restarted. Concerns were raised that in some locations
at Air Force Plant 44 the monitor-well network might
not be providing representative TCE concentration data
because samples were collected from the discharge of
monitoring wells located near operating extraction
wells. It was proposed that the reclamation well field
be shut down temporarily so that sitewide sampling
could be done under nonpumping conditions and
modifications of the ground-water sampling procedure
could be tested. The study was done by the U.S.
Geologica Survey (USGS) in cooperation with the
U.S. Air Force.

Purpose and Scope

The purpose of thisinvestigation was to sample
ground water throughout Air Force Plant 44 after
shutdown of the reclamation well field for comparison
with data obtained under pumping conditions, test

modifications of the standard ground-water sampling
procedures to assess cleanup progress, and possibly
identify areas where cleanup efforts have been less
successful. The investigation was done primarily at
Air Force Plant 44 and in adjacent areas (fig. 2). The
study focused on TCE and 1,1-DCE, the two principal
ground-water contaminants. Components of the study
included the following items.

»  Sitewide sampling of the monitor-well network
after atemporary shutdown of the reclamation
well field for 3 weeks before sample collection.
The results were compared with data obtained
when the reclamation well field was in operation.

e Anaternative method for well purging and
ground-water sample collection was tested in
six wells, and the results were compared with data
obtained using the standard methods used at the
site. This alternative method involved purging and
sampling selected monitor wells at low pumping
rates to minimize disturbance of conditionsin the
well and preferential flow of ground water to the
wells that may occur when monitor wells are
purged and sampled at higher pumping rates. With
this technique, only small amounts of water are
purged from awell before sampling.

e Vertical-profile sampling was done to determine
contaminant distribution at different depthsin or
close to five selected extraction wells at the
reclamation well field. An experimental sampling
device was tested to overcome well-construction
constraints in some of the wells.

This report presents the results of investigations to
sample wells at Air Force Plant 44 and surrounding
areas after shutdown of the reclamation well field and
test modifications of normal sampling procedures. The
Unified Citizens Advisory Board for the TIAA
Superfund Site provided general guidance during the
investigation. This report has been prepared by the
USGS in partnership with personnel from Raytheon
and from hydrologic consulting firms engaged in
monitoring and cleanup activities at Air Force Plant 44.
The consulting firmsinclude Errol L. Montgomery and
Associates, Inc.; Groundwater Resources Consultants,
Inc.; and Earth Tech.

6 TCE and 1,1-DCE Concentrations in Ground Water, Air Force Plant 44, Tucson, Arizona, 1999



Previous Investigations

L eake and Hanson (1987) provide a summary of
the results of early investigations of ground-water
contamination in the area around the Tucson
International Airport. The early investigations were
completed before cleanup efforts were initiated.
Graham and Monical (1997) provide an updated
overview of the extent of ground-water contamination
at the TIAA Superfund Site and summarize
hydrogeol ogic conditions and other technical
information relevant to ongoing cleanup efforts. A TCE
Superfund Information Library, funded by the USEPA,
has been established in Tucson to serve as arepository
for information about the TIAA Superfund Site.
Included in the library are reports giving results of
characterization studies completed at Air Force Plant
44 and extensive information about soil and ground-
water cleanup efforts. The reader can contact the staff
of the library for more information:

TCE SUPERFUND INFORMATION LIBRARY

El Pueblo Neighborhood Center
101 W. Irvington Road

Tucson, AZ 85714-3099
Telephone: (520) 889-9194;
FAX: (520) 7418818

Acknowledgement

Professor Tom Stubblefield (professor emeritus,
University of Arizona), past chairman of the Unified
Citizens Advisory Board for the TIAA Superfund Site,
provided helpful guidance and advice.

PHYSICAL SETTING

Air Force Plant 44 isin the central part of the
Tucson Basin portion of the Santa Cruz River drainage
basin in southeastern Arizona (fig. 1). The Tucson
Basin is a broad, downfaulted, sediment-filled
depression surrounded by mountains. The surrounding
mountain ranges are the Santa Catalina Mountains to
the north, the Tucson Mountains to the west, the
Rincon Mountains to the east, and the Santa Rita
Mountains to the south. Maximum altitudesin the
mountains range from 6,000 to more than 9,000 ft
above sealevel. The Tucson Basin is 15 to 20 mi wide
in the southern and central parts, about 4 mi wide at the
northwest outlet, and about 50 mi long. In the central

part of the basin, the terrain generally isflat and has an
average dtitude of 2,600 ft above sealevel near

Air Force Plant 44. The Tucson Basin is drained to the
northwest by the Santa Cruz River and its major
tributaries—Rillito Creek and Cafiada del Oro.

All major surface drainages in the Tucson area are
ephemeral, except for reaches where discharge of
treated sewage effluent maintains streamflow. The
major streams generally are dry more than 300 days
each year and flows resulting from precipitation within
the basin generally last 3 days or less (Condes de la
Torre, 1970). At Air Force Plant 44 and other locations
at the TIAA Superfund Site, the drainage system
consists of ephemeral streams, drainage channels, and
subsurface storm drains. Large amounts of surface flow
at Air Force Plant 44 and surrounding areas occur only
during and immediately after periods of moderate to
heavy rainfall. Surface water leaving Air Force

Plant 44 drains toward the normally dry Santa Cruz
River.

The Tucson Basin is in the Sonoran desert, which
extends from central Arizonainto northwestern
Mexico. Summersin the basin include an average of
41 days with maximum temperatures exceeding 100°F.
Mean annual precipitation is 11 to 12 in. in the central
part of the basin; however, about 20 mi from Tucson on
Mount Lemmon, at an altitude of about 9,200 ft, the
annual precipitation is more than 30 in. (Sellers and
others, 1985). From July through September, most
precipitation in the basin occurs as intense, localized
thunderstorms. From December through March, frontal
storms produce widespread precipitation that generally
islessintense, but of longer duration than summer
precipitation.

HYDROGEOLOGIC SETTING

The sedimentsin the Tucson Basin are derived
from the weathering and erosion of rocksin the
surrounding mountains. Sediments, such as clay, silt,
sand, and gravel were transported into the basin by
streams and deposited in layers of varying thickness
and composition. Interbedded with some of the deeper,
older sediments are volcanic rocks. The volcanic rocks
and the deeper, older sediments are unrelated to the
mountains that now surround the basin. A generalized
geologic section of the basin near Air Force Plant 44 is
shown in figure 3. Anderson (1987) provides a
thorough review of the geologic history of the
Tucson Basin.

Physical Setting 7
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Figure 3. Generalized geologic section of the Tucson Basin near Air Force Plant 44, Tucson, Arizona.

Regional Aquifer

The water-bearing materials that make up the
regional aguifer inthe Tucson Basin consist principally
of unconsolidated to semiconsolidated layered
sediments and rocks. These layered sediments and
rocks are at least 20,000 ft thick in the center of the
basin and form asingle, hydraulically continuous
regional-aquifer system. Although the sediments and
consolidated sedimentary rocks that fill the basin are
interconnected hydraulically to form a single regional

8 TCE and 1,1-DCE Concentrations in Ground Water, Air Force Plant 44, Tucson,

aquifer, only the upper part of the thick water-saturated
sequence is used for water-supply purposes. Well
yields tend to decrease with increasing depth bel ow
land surface. For practical considerations, such asthe
cost of drilling wells and the expense of pumping water
from great depths, only about the upper 1,000 ft of the
aquifer is utilized as awater source. The mountains
surrounding the basin are composed of various types of
bedrock, whichyield little or no water and therefore are
not considered to be part of the regional aquifer
(Davidson, 1973).

Arizona, 1999



The deposits that make up the regional aquifer
consist of geologic formations that range in age from
middle Tertiary to Quaternary—deposition began about
35 million years ago (table 1). In the Tucson Basin, the
principal ground-water supply comes from coarse-
grained, water-saturated sediments such as sand and
gravel. The upper layers of the regional aquifer used for
water-supply purposes are composed mainly of sand
and gravel that typically contain a considerable amount
of finer-grained sediments such as silt and clay.
Because of the nature of the processes by which these
aluvia sediments were deposited in the basin, layers
rarely are uniform in grain size. Discontinuous layers
of silt and clay are common within the aquifer. Lenses
of silt and clay often are interbedded with gravel.

The sediments vary in the degree to which they are
compacted and cemented with depth and location
within the basin. Similarly, the layers of sediment vary
in their ability to store and transmit water with depth
and location within the basin. Information about the
lithology and water-bearing properties of the sediments
and sedimentary rocks that fill and surround the basin
is provided by Davidson (1973). The sediments
underlying Air Force Plant 44 and surrounding areas,
like those of much of the basin, are highly
heterogeneous with particle sizes ranging from clay to
coarse gravel. Throughout much of the area near

Air Force Plant 44, the regional aquifer is considered to
be divided into upper and lower zones that are
separated by an areally extensive, clay confining layer.
Contaminated ground water is found primarily in the
upper zone of the aquifer in the area near Air Force
Plant 44, although there are small areas with
contaminated ground water in the lower zone.

The levels at which water standsin wellsthat are
completed in the upper part of the water-saturated
sediments reveal the location of the water table, which
delineates the upper boundary of the aquifer. Except
where it has been reshaped by the drawdown effects of
water being pumped from wells, the shape of the water
table generally is similar in configuration to the
contours of the land surface. The water table also may
be elevated temporarily near sources of recharge, such
as streams and washes, or other places where water
collects on the land surface and percolates downward
to the aquifer. Fluctuations in the depth to the water
table occur seasonally and over shorter time intervals
with changes in the quantity and distribution of water
that is recharging or being withdrawn from the aquifer.
Near Air Force Plant 44, the configuration of the water
table fluctuates mainly because of changesin the rates
of water withdrawal or recharge of wells that make up
the ground-water reclamation well field.

At Air Force Plant 44 and surrounding areas,
thickness of the unsaturated zone ranges from about
80 to 150 ft or more when the reclamation well field is
operating. Because the configuration of the water table
is changing continually in response to changesin
ground-water withdrawals and recharge to the aquifer,
the boundary between the aquifer and unsaturated zone
changes continually along with the thickness of the
unsaturated zone. The unsaturated zone is important at
Air Force Plant 44 and other parts of the TIAA
Superfund Site because it is the link between the land
surface, where contaminants originated, and the
underlying aquifer. Large amounts of TCE, 1,1-DCE,
and other contaminants have been found in the
unsaturated zone in localized areas at Air Force Plant
44 and other locations at the TIAA Superfund Site
(Earth Technology Corporation, 1992; Daniel B.
Stephens and Associates, Inc., 1995a, b).

At some locationsin the Tucson Basin, particularly
in areas where water recharges the aquifer, pockets of
water-saturated sediments exist within the unsaturated
zone (Hargisand Montgomery, 1982; Mock and others,
1985). Often thisis atemporary condition occurring
after recharge or a sudden lowering of the water table
because of water being pumped from nearby wells.
Ordinarily, water in these perched layers eventually
drainsto the aquifer below or islost to evaporation and
transpiration. The low-permeability sediment layers
that intercept downward moving water and cause
perching to occur, however, may cause the intercepted
water to spread laterally beneath recharge areas.
Eventually, water |eaks downward through or around
these layers and may recharge a substantial area of the
underlying aquifer (Wilson, 1971; U.S. Environmental
Protection Agency, 1986).

Near Air Force Plant 44 in the southeastern part of
the TIAA Superfund Site, athick sequence of
sediments consisting mainly of discontinuous sandy
clay and clayey sand lenses acts as a confining layer
that restricts vertical movement of water within the
aquifer. Vertical flow through this confining layer
occurs at asubstantially reduced velocity and flow rate.
Where the confining layer is present, the aquifer is
considered to be subdivided into upper and lower
zones. Where the confining layer is absent, thin, or
indistinct, the aquifer is considered to be undivided.

In general, the confining layer is thought to be present
throughout the area underlying Air Force Plant 44 and
adjacent parts of the study area south of Los Reales
Road (Mock and others, 1985).

Hydrogeologic Setting 9



Table 1.

Tucson, Arizona

[Modified from Anderson, 1987]

Geologic units and components of the Tucson regional-aquifer system and their environmental significance at Air Force Plant 44,

Geologic age Stratigraphic units

Components of the Tucson regional-aquifer system and their environmental
significance

Alluvium of the University, Cemetery,

and Jaynes terraces
Holocene
>
gt Unconformity
=z
D: .
w Fort Lowell Formation
|_
<
o)
O .
Pleistocene
Unconformity
Upper Tingja beds
Pliocene
Unconformity
Middle Tingja beds
Unconformity
2
<< Miocene
|
|_
Lower Tingja Beds
Unconformity
Pantano Formation
Oligocene
Unconformity
Eocene and Pre-Oligoceneigneous, metamorphic,
and
older

sedimentary rocks

Unsaturated zone—\Water only partialy fills the voids between sediment particles. Consists
principally of aluvia stream and flood-plain deposits. In many places, sediments of the Fort
Lowell Formation constitute part of the unsaturated zone. Beneath and near stream channels, the
aluvia deposits may be saturated with water and constitute the capillary fringe and upper part of
theregional aquifer. At Air Force Plant 44, some contaminants that originated at the land surface
now reside in the unsaturated zone.

Capillary fringe—Water held by capillary forces fills the voids between sediment particles
immediately above the water table. Thickest where sediments are fine grained and in locations
where recharge from above occurs. Thinnest where sediments are coarse grained or where no
recharge from above occurs. Contaminants trapped in fine-grained sedimentsin the capillary
fringe may be particularly resistant to removal.

Tucson regional aquifer—Upper limit is the water table. Lower limit and horizontal boundaries
are the bottom and edges of the Tucson Basin, respectively. In the central part of the Tucson
basin, the regional aquifer may be subdivided into upper and lower aquifer zones, which are
separated by a confining unit consisting of clayey silt to sandy clay of the upper Tingja. The
confining unit, where present, slows water movement between the upper and lower aquifer zones.
The confining unit is present throughout Air Force Plant 44, where suspected sources of TCE
contamination are located; in the western to northwestern portions of the Tucson International
Airport Area Superfund Site, the aquifer is undivided. Sediments that make up the regional
aquifer become progressively more consolidated with depth. Well yields tend to decrease with
increasing depth below land surface; generally only the upper 1,000 ft of the aquifer isused asa
water source. At greater depths, water quality commonly isless suitable for potable uses.

Confining unit—Restricts flow of ground water into or out of the regional aquifer.
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At Air Force Plant 44 and throughout much of the
TIAA Superfund Site, the upper zone of the regional
aquifer isabout 70 to 120 ft thick and extends from the
water table to a depth of 200 to 220 ft below the land
surface. The upper zone consists of sand and gravel
layers and thin, discontinuous layers of clayey, silty
sediments that do not transmit water readily.

At Air Force Plant 44, contaminated ground water is
found mainly in the mixed sediments of the upper zone
of the regional aquifer. The upper zone of the regional
aquifer at Air Force Plant 44 is underlain by athick
sequence of clayey sediments, which extendsto depths
ranging from about 300 to 350 ft below land surface.
This confining layer generally has a thickness of 100 ft
or more at Air Force Plant 44. Beneath the confining
layer, at depths ranging from about 300 to 350 ft below
land surface, isthe top of the lower zone of the regional
aquifer. Sediments in the lower zone consist of clayey
sand and sandy clay, and occasional thin layers of
gravel or sand. The sediments of the lower zone contain
more clay, are more poorly sorted, and are more
heavily cemented than in the upper zone and, therefore,
do not store and transmit water as readily (Davidson,
1973).

In general, the agquifer contains more fine-grained
sediments in the southeastern part of the TIAA
Superfund Site, near Air Force Plant 44, than in the
northwestern part. In some parts of the TIAA
Superfund Site, the upper zone of the regional aquifer
appears to be further subdivided because of layers of
fine-grained sediments; however, these layers are
continuous only for short distances. Similarly, the
confining layer may contain layers of coarse-grained
sediments that are continuous only for short distances.
The layered, interlaced nature of the sedimentary
deposits that make up the regional aquifer, particularly
where the confining layer is present, has a distinct
effect on the way that water moves through the water-
saturated sediments—horizontal water movement
occurs much more readily than vertical movement
(Wilson, 1971). Although downward hydraulic
potential created by regional water withdrawals occurs
throughout the area occupied by Air Force Plant 44,
downward water movement is impeded where the
confining layer is present and not breached by wells.

Water Movement in the Regional Aquifer at
Air Force Plant 44

In awater-table aquifer like that of the Tucson
Basin, ground water moves in response to gravity,
moving laterally from areas where the atitude of the
water table is high to areaswhere it is lower. Often this
isin the direction of the overlying surface drainage
such as along streams and washes. Where ground-
water withdrawal s have lowered the water table and
created localized depressions, water moves from
surrounding areas toward the centers of the
depressions.

Near Air Force Plant 44 the water table slopes to
the northwest, except where pumping has created
localized depressions or where injection wellsthat are
operated for purposes of cleanup have created recharge
mounds. The configuration of the water table in areas
where drawdown cones and recharge mounds have
been created by cleanup effortsis changing continually
in response to changes made to the distribution of water
removal and reinjection to the aquifer. Local variations
in the direction of ground-water flow are common
because of the effects of nearby pumped wells. South
of Los Reales Road, extraction wells operated for
cleanup purposes have created several steep, and
sometimes overlapping, drawdown cones
(Groundwater Resources Consultants, Inc., 1998).
The configuration, depth, and lateral extent of these
drawdown cones vary continually with changesin the
distribution and withdrawal rates of the extraction
wells. The distribution and recharge rates of wells of
the reclamation well field also have an effect on the
movement of water in the aquifer. The combined
effects of extraction wells near the axis of the TCE
contaminant plume and recharge wells located outside
the perimeter of the contaminant plume are intended to
create a“ capture zone” that minimizes movement of
ground water from areas where it is contaminated.
North of Los Reales Road, the overal lateral direction
of ground-water movement is toward the northwest.

At Air Force Plant 44, depth to water in wells
completed in the upper zone of the regiona aquifer
ranges from about 80 to 150 ft. In May 1999, extraction
and injection wells of the reclamation well field were
shut down for about 3 weeks before water levels were
measured throughout the site; dates of measurement,
depth to water, and water-level atitude above sealevel
are given in Groundwater Resources Consultants, Inc.
(1999, appendix B-1). The configuration of the water
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table at Air Force Plant 44 after shutdown of extraction
and injection wells at the reclamation well field in
May 1999 indicates a dight gradient to the northwest
(fig. 4). Although the water-table configuration shown
in figure 4 represents close-to-static conditions, areas
of water-level depression created by past pumping and
ground-water mounding created by past recharge of
treated water by injection wells at the reclamation well
field have not fully dissipated, and subdued remnants
of these features are present.

GROUND-WATER CLEANUP AT
AIR FORCE PLANT 44

In recent years, much effort and expense has been
directed toward minimizing the adverse environmental
consequences of historical-disposal practices and
cleaning up ground-water contamination at Air Force
Plant 44 and adjacent areas. Permanent aquifer
restoration requires that contaminants be removed from
the sediments above the water table aswell asfrom the
aquifer. Mgjor ground-water cleanup activitiesinitiated
at Air Force Plant 44 include: construction and
operation of a network of extraction and recharge
wells, used in conjunction with alarge-scale treatment
facility for the part of the TIAA Superfund Site south
of Los Reales Road, where large concentrations of
TCE and 1,1-DCE in ground water are found in some
locations; and removal of these VOCs from sediments
of the unsaturated zone that lie above the water table
near disposal areas.

Ingeneral, TCE, 1,1-DCE, and other VOCsthat are
dissolved in ground water are removed by extracting
water from the aquifer and aerating it to alow the
VOCsto escape into the air; the VOCs are then
recaptured by passing the air through an absorbing
material such as granular-activated carbon. Removal of
VOCs from the unsaturated zone is accomplished by
pumping out air containing VOCs in the vapor phase
and capturing the VOCs by passing the air through an
absorbing material.

Removal of Volatile Organic Compounds from
Ground Water

A reclamation well field consisting of a network of
extraction and recharge wells (fig. 5) and a ground-
water treatment facility were put into operation to
contain the spread of the part of the contaminant plume
that is south of Los Reales Road and treat the
contaminated ground water. This pump-and-treat
facility has been operating since 1987. A network of

21 wells perforated in the upper zone of the regional
aquifer and 4 wells perforated in the underlying lower
zone of theregional aguifer is used to extract
contaminated ground water. The ground water is then
processed at the treatment facility and returned to the
aquifer through a network of 22 recharge wells at the
periphery of the contaminant plume south of

L os Reales Road. Contaminated ground water is found
principally inthe upper zone of theregional aquifer; for
this reason, most of the water that is extracted for
cleanup purposes is from the upper zone. All of the
recharge wells are perforated in the upper zone of the
regional aquifer; two of these wells also are perforated
in the lower zone of the regional aquifer. Construction
details of wellsthat are part of the reclamation well
field are given in Groundwater Resources Consultants,
Inc. (1999, Appendix E-1).

Another component of the ground-water cleanup
effort isanetwork of 41 wells completed in fine-
grained saturated sedimentsin an area of
approximately 100 acres in the northwest corner of
Air Force Plant 44 (Haley and Aldrich, Inc., 2000).
This network of ground-water and vapor-extraction
wellswas put in operation in April 1997. In this area,
the water table is considerably higher than in
surrounding areas and has been designated as the
shallow ground-water zone (formerly known as the
perched zone in many site-related documents).

The sediments in which these wells are completed
consist of clay, sandy clay, and clayey sand. The wells
yield only small quantities of water and vapor and,
therefore, were not sampled in this study. Only small
quantities of VOCs are removed from sedimentsin this
area because pumping rates of extraction wells are low
(Haley and Aldrich, Inc., 2000).

The ground-water treatment facility consists
principally of air-stripping towers where ground water
is brought into contact with air to allow VOCsto
volatilize and granular-activated carbon sorption units
to recapture the volatilized contaminants from the air
stream. When the capacity of the carbon to hold the
contaminants is used up, the carbon is replaced. Total
cumulative volume of ground water extracted and
treated from April 1987 through June 1998 was about
16.911 billion gallons (51,899 acre-ft). An estimated
20,000 Ibs of VOCs, primarily TCE, have been
removed from ground water at the facility. More than
98 percent of the ground water extracted from the
regional aquifer through operation of the reclamation
well field was recharged to the upper zone of the
regional aquifer after treatment (Groundwater
Resources Consultants, Inc., 1998).

12 TCE and 1,1-DCE Concentrations in Ground Water, Air Force Plant 44, Tucson, Arizona, 1999
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EXPLANATION

— — BOUNDARY OF TOHONO O'ODHAM NATION

AIR FORCE PLANT 44 BOUNDARY

— 2,465 — CONTOUR OF EQUAL WATER-LEVEL
ALTITUDE, IN FEET ABOVE MEAN
SEA LEVEL—Interval 5 feet

M-37@ UPPER ZONE MONITOR WELL—Letter and

number are well identifier

©®R-6 RECLAMATION WELL—Letter and number are

“*- HACHURES INDICATE AREA OF DEPRESSION

well identifi

er; "E" denotes extraction well,

"R" denotes recharge well

Figure 4. Configuration of the water table, upper zone of the regional aquifer, May 1999, after temporary shutdown of
reclamation well field, Air Force Plant 44, Tucson, Arizona. measurements made May 3 to May 24, 1999.
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EXPLANATION
— - — BOUNDARY OF TOHONO O'ODHAM NATION
--—- AIR FORCE PLANT 44 BOUNDARY
EXTRACTION WELL—Letter and number are well identifier
R-7® RECHARGE WELL—Letter and number are well identifier

®M-9 WELL USED TO TEST REDUCED-FLOW SAMPLING TECHNIQUES—Letter and
number are well identifier

WELL USED TO DETERMINE VARIATIONS OF CONTAMINANT CONCENTRATIONS
WITH DEPTH—Letter and number are well identifier

E-4® EXTRACTION WELL USED TO DETERMINE VARIATIONS OF CONTAMINANT
CONCENTRATIONS WITH DEPTH—Letter and number are well identifier

Figure 5. Location of extraction and recharge wells at the reclamation well field, wells used to test reduced-flow sampling

techniques, and well sampled to determine variations of contaminant concentrations with depth, Air Force Plant 44,
Tucson, Arizona.
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Removal of Volatile Organic Compounds from the
Unsaturated Zone

At Air Force Plant 44, VOCs are being removed
from the unsaturated zone in conjunction with removal
of VOCs from the underlying aquifer. In August 1994,
cleanup of several areasat Air Force Plant 44 that were
contaminated with TCE and other solvents was
initiated using a dual -phase extraction (DPE) system,
an enhancement to the existing ground-water
reclamation system. The DPE system is intended to
remove dissolved VOCs from ground water and VOCs
as vapors from overlying sediments. The DPE system
has been used with several wells perforated in the
upper zone of the aquifer that are part of the pump-and-
treat cleanup system at Air Force Plant 44
(Groundwater Resources Consultants, Inc., 1999).
Ground water is extracted from the well and sent to the
treatment facility for removal of VOCswhile soil vapor
is removed simultaneously from the unsaturated zone
near the well and directed through onsite canisters of
granular-activated carbon for removal of VOCs.

A blower isused to create a vacuum in the well casing
for removal of soil vapor. Soil vapor is extracted
through openingsin the well screen that are above the
water table in the drawdown cone created when water
is extracted from the well.

The DPE system has been used to remove large
guantities of the VOCs from the subsurface at
Air Force Plant 44. VOCs have been removed from the
unsaturated zone at rates as high as several hundred
pounds per month. The DPE system is used mainly
where large amounts of VOCs remain in sediments
above the water table near historical-disposal areas.

In several areas of Air Force Plant 44, TCE and
other VOCs in vapor form are being removed from the
unsaturated zone by means of a soil-vapor extraction
(SVE) system. Air containing VOCsin the vapor phase
is pumped from more than a hundred shallow wells
completed in the unsaturated zone near disposal areas
by using vapor-extraction blower units. Contaminants
are removed by passing the evacuated air stream
through canisters containing granular-activated carbon.
By the end of 1998, it is estimated that more than
100,000 Ibs of VOCs, mainly TCE, were removed from
the unsaturated zone by using the DPE and SVE
systems.

CHEMICAL ANALYSES USED TO DETERMINE
CONCENTRATIONS OF TRICHLOROETHYLENE
AND 1,1-DICHLOROETHYLENE IN

GROUND WATER

Samples of ground water collected for the various
components of this study were analyzed at an onsite
laboratory at Air Force Plant 44 operated by Raytheon.
The onsite laboratory is certified by the ADHS and
uses analytical methods approved by the USEPA.

A total of 25 sample splits were obtained by USGS
personnel at selected wells and sent to a USGS-
approved contract |aboratory (Quanterra Labs, Arvada,
Colorado) for independent analyses of concentrations
of TCE, 1,1-DCE, and other VOCs using USEPA
Method 8021b. In general, concentrations of TCE and
1,1-DCE in sample splits sent to the USGS-approved
contract laboratory were the same as, or slightly lower
than those determined at the onsite laboratory. Data
obtained from the onsite laboratory at Air Force Plant
44 are presented in tables 2-5; data obtained for sample
splits sent to the contract |aboratory are presented in
tables4 and 5. Because it is the more compl ete data set,
and for reasons of consistency, data obtained from the
onsite laboratory are used to delineate the TCE and
1,1-DCE contaminant plumes and in the discussions of
results of the various components of this investigation.

SITEWIDE GROUND-WATER SAMPLING

TO DETERMINE CONCENTRATIONS OF
TRICHLOROETHYLENE AND
1,1-DICHLOROETHYLENE AFTER TEMPORARY
SHUTDOWN OF RECLAMATION WELL FIELD

Monitoring for concentrations of TCE and other
VOCsin ground water has been done on aregular basis
at Air Force Plant 44 and surrounding areas since the
early 1980s. Data from this monitoring have been used
to characterize the extent and magnitude of ground-
water contamination and to observe changes in ground-
water quality associated with operation of the
reclamation well field. Since startup of the reclamation
well field in 1987, ground-water monitoring has been
done while the extraction and recharge wells of the
reclamation well field were operating. Because many
of the monitor wells are located in areas where ground-
water levels and flow directions are affected by
operation of the reclamation well field, samples
collected in this manner are representative of VOC

Results of Ground-Water Sampling After Shutdown of the Reclamation Well Field 15



concentrations in the aguifer under pumping
conditions. The data might not be representative of
concentrations under nonpumping conditions, and,
therefore, may not be a completely accurate portrayal
of cleanup progress. Although concentrations were
expected to be similar or identical under pumping and
nonpumping conditions in many locations, previous
investigations in some locations (Brusseau and others,
19964, b) indicated that a pronounced rebound of
contaminant concentrations might occur with the
shutdown. In order to obtain VOC concentration data
under near-equilibrium conditions, the reclamation
well field was shut down for sufficient time to allow
water levels to recover and VOC concentrations to
rebound. Previous studies at Air Force Plant 44 in
which rebound of concentrations of TCE were
observed (Brusseau and others, 1996b) suggested that a
period of about 3 weeks would be sufficient to observe
significant rebound. Concentrations of VOCs were
determined for samples of ground water obtained from
101 wellsfrom February 1 to March 4, 1999, during
pumping conditions, for comparison with samples
taken at the study area under nonpumping conditions.
The ground-water treatment plant and reclamation
well field at Air Force Plant 44 was shut down on
April 15, 1999. Sitewide ground-water sampling was
done by personnel from Raytheon and Groundwater
Resources Consultants, Inc. Sampling and sample-
handling protocols were used for ground-water
monitoring at the site. Samples were collected after
purging three casing volumes of water from each well
as pH, electrical conductivity, and temperature were
monitored. Samples were collected after confirming
that successive measurements of these field properties
showed negligible change. USGS personnel observed
sample collection and obtained sample splits at
selected monitor wells. Samples were collected from
all monitor and extraction wells that normally are
sampled during annual monitoring rounds required by
the USEPA. From May 3 to May 25, 1999, 102 wells
were sampled at the site to determine the distribution of
TCE and 1,1-DCE in ground water after shutdown of
extraction and recharge wells at the reclamation well
field. Of the wells sampled, 90 are completed in the
upper zone of the regional aquifer. Sample splits were
collected at six of the wells sampled as part of the
sitewide sampling effort. Sample splits were obtained
at wells M-5, M-8, M-9, M-12A, M-16, and M-20.
Extraction wells are equipped with high-capacity
submersible pumps and monitor wells are equipped
with dedicated submersible sampling pumps. Most of
the monitor wells are constructed of 4-inch-diameter

stedl casing; extraction wells and other wells sampled,
such as the Credit Union well, are constructed of 6- to
8-inch-diameter steel casing. Well-construction
information, such as well diameter, total depth of
borehole, depth cased, perforated interval, and
cemented interval are detailed in Groundwater
Resources Consultants, Inc. (1999, Appendix E,
tables E-1 and E-3). Wells were purged a minimum of
three casing-volumes before sampling. Flow rates for
purging and sampling ranged from 1 to 44 gal/min, and
most monitor wells were purged and sampled at rates
of about 10 to 15 gal/min (Groundwater Resources
Consultants, Inc., 1999, Appendix E, table E-3).
Samples were collected after several successive
measurements of field properties (pH, electrical
conductivity, and temperature) showed negligible
change. The sampling was scheduled so that wells at
the periphery of the TCE plume were sampled first to
allow maximum time for contaminant concentrationsto
rebound in more central areas of the plume where
rebound was considered more likely. This sampling
schedule also served to minimize the time that the
reclamation well field needed to be shut down.
Operation of the reclamation well field resumed on
June 2, 1999, after sitewide sampling activities were
completed.

RESULTS OF SITEWIDE GROUND-WATER
SAMPLING TO DETERMINE CONCENTRATIONS
OF TRICHLOROETHYLENE AND 1,1-
DICHLOROETHYLENE AFTER TEMPORARY
SHUTDOWN OF RECLAMATION WELL FIELD

Concentrations of TCE ranging from less than the
analytical method reporting limit (0.5 ug/L) to
1,610 ng/L were determined for ground-water samples
collected after shutdown of the reclamation well field
(table 2). The highest concentrations of TCE were
found in samples collected from extraction wells E-14
(1,610 pg/L) and E-16 (260 pg/L) and monitor wells
M-18 (918 pg/L), M-5 (415 pg/L), M-17 (393 pg/L),
and M-80 (381 pg/L). Samples were collected for
analysis of TCE concentrations from 101 of the
102 wells from February to March 1999, before
shutdown of the reclamation well field. Samples were
collected again after the reclamation well field was
shut down. Comparison of the 2 data sets showed that
in samples collected after shutdown, concentrations
of TCE increased in 36 wells, remained the same
in 32 wells, and decreased in 33 wells (table 2).
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Table 2. Comparison of trichloroethylene (TCE) concentrations in ground water before and after temporary shutdown of reclamation well
field, Air Force Plant 44, Tucson, Arizona

[TCE, trichloroethylene; <, less than; ---, not calculated; M, monitoring well; E, extraction well; R, recharge well; NA, not available]

Samples collected before shutdown Samples collected after shutdown
of reclamation-well field of reclamation-well field
TCE TCE
Zone of concentration, in concentration, in Net change,
Well regional micrograms micrograms Net change in micrograms

number aquifer Date per liter Date per liter (percent) per liter
M-18 Upper 02-24-99 3,210 05-13-99 918 -71 -2,292
M-20 Upper 02-09-99 1,910 05-10-99 75 -100 -1,902.5
M-17 Upper 02-15-99 607 05-13-99 393 -35 -214
E-21 Upper 02-19-99 328 05-24-99 130 -60 -198
M-64 Upper? 02-15-99 392 05-13-99 221 -44 -171
E-20 Upper 02-04-99 113 05-20-99 24 -79 -89
M-80 Upper 02-15-99 438 05-14-99 381 -13 -57
M-23 Upper 02-22-99 111 05-12-99 64 -42 -47
E-12 Upper 02-19-99 69 06-03-99 24 -65 -45
M-3B Lower 02-16-99 76 05-17-99 38 -50 -38
M-10 Upper 02-22-99 98 05-12-99 63 -36 -35
M-68 Upper? 02-09-99 111 05-17-99 79 -29 -32
E-13 Upper 02-19-99 38 05-24-99 7.3 -81 -30.7
M-8 Upper 02-22-99 134 05-10-99 105 -22 -29
M-5 Upper 02-08-99 436 05-10-99 415 -5 -21
E-3 Upper 02-23-99 17 05-21-99 13 -92 -15.7
M-2B Upper 02-16-99 65 05-13-99 50 -23 -15
E-4 Upper 02-23-99 18 05-20-99 41 =77 -13.9
EL-1 Lower 02-19-99 9.2 05-20-99 <5
E-7 Upper 02-24-99 10 05-21-99 11 -89 -89
M-41 Upper 03-04-99 269 05-21-99 265 -1 -4
M-67 Upperl 02-09-99 6.1 05-17-99 35 -43 -2.6
M-11 Upper 02-08-99 8.6 05-12-99 6.4 -26 -22
EPA-2A2 L ower 02-11-99 8.8 05-19-99 6.9 -22 -1.9
M-63 Upperl 02-03-99 2.6 05-04-99 14 -46 -1.2
M-61 Upperl 02-24-99 2.3 05-14-99 11 -52 1.2
E-24 Upper 02-23-99 44 05-21-99 43 -2 -1
M-6 Upper 02-04-99 14 05-06-99 7 -50 -7
M-24A Upper 02-15-99 6.5 05-12-99 5.9 -9 -6
EPA-52 Upper 02-09-99 6.4 05-17-99 6 -6 -4
M-14 Upper 02-01-99 1 05-03-99 6 -40 -4
EPA-42 Upper 02-10-99 35 05-18-99 31 -11 -4
M-70 Upper 02-05-99 7.7 05-13-99 74 -4 -3
Credit Upper 02-10-99 14 05-20-99 14 0 0

Union?
E-17 Upper 02-23-99 29 05-21-99 29 0
E-18 Upper 02-19-99 61 05-21-99 61 0

See footnotes at end of table.
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Table 2. Comparison of trichloroethylene (TCE) concentrations in ground water before and after temporary shutdown of reclamation well
field, Air Force Plant 44, Tucson, Arizona—Continued

Samples collected before shutdown Samples collected after shutdown
of reclamation-well field of reclamation-well field
TCE TCE
Zone of concentration, in concentration, in Net change,
regional micrograms micrograms Net change in micrograms

Well number aquifer Date per liter Date per liter (percent) per liter
EPA-22 Upper 02-22-99 <5 05-18-99 <5 0 0
M-1A Upper 02-04-99 <5 05-06-99 <5 0 0
M-1B L ower 02-15-99 <5 05-13-99 <5 0 0
M-2C Lower 02—-23-99 <5 05-24-99 <5 0 0
M-12B L ower 02—22-99 8.7 05-17-99 8.7 0 0
M-15 Upper 02-01-99 <5 05-03-99 <5 0 0
M-19 Upper 02-02-99 <5 05-04-99 <5 0 0
M-21 Upper 02-03-99 <5 05-04-99 <5 0 0
M-22A Upper 02-01-99 <5 05-03-99 <5 0 0
M-22B Lower 02-01-99 <5 05-03-99 <5 0 0
M-24B L ower 02-05-99 <5 05-12—99 <5 0 0
M-25 Upper 02-02—99 1 05-06-99 1 0 0
M-27 Lower 02-04-99 <5 05-13-99 <5 0 0
M-29 L ower 02-05-99 <5 05-06-99 <5 0 0
M-30 Upper 02-04-99 <5 05-06-99 <5 0 0
M-31 Upper 02-04-99 <5 05-06—99 <5 0 0
M-32 Upper 02-03-99 <5 05-06-99 <5 0 0
M-33 Upper 02-05-99 <5 05-18-99 <5 0 0
M-37 Upper 02-10-99 <5 05-18-99 <5 0 0
M-38 Upper 02-10-99 <5 05-18-99 <5 0 0
M-39 Upper 02-10-99 <5 05-18-99 <5 0 0
M-56 Upper 02-01-99 <5 05-03-99 <5 0 0
M-58 Upper 02-03-99 <5 05-04-99 <5 0 0
M-59 Upper 02-03-99 <5 05-04-99 <5 0 0
M-60 Upper 02-04-99 <5 05-04-99 <5 0 0
M-62 Upper® 02-03-99 <5 05-04-99 <5 0 0
M-71 Upper 02-03-99 <5 05-04-99 <5 0 0
M-74 Upper 02-03-99 <5 05-04-99 <5 0 0
M-79 Upper 02-01-99 <5 05-03-99 <5 0 0
M-55A Upper 02-02—99 12 05-03-99 13 8 A
EPA-12 Upper 02-10-99 36 05-18-99 3.9 8 3
M-78 Upper 02-02-99 21 05-04-99 2.4 14 3
M-35 Upper 02-05-99 15 05-06-99 18 20 3
M-26 Lower 02-11-99 59 05-17-99 6.3 7 4
M-75 Upper 02—24-99 36 05-14-99 41 14 5
coBB3 Upper 02-16-99 7 05-25-99 13 86 .6
M-28 Upper 11-06-98 4.1 05-07-99 4.7 15 .6
M-13 Upper 02-08-99 6.1 05-12-99 6.8 11 7
E-1 Upper 02-23-99 6.1 05-20-99 7 15 9
M-7 Upper 02-08-99 20 05-14-99 21 5 1
M-16 Upper 02-15-99 12 05-10-99 13 8

See footnotes at end of table.
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Table 2.
field, Air Force Plant 44, Tucson, Arizona—Continued

Comparison of trichloroethylene (TCE) concentrations in ground water before and after temporary shutdown of reclamation well

Samples collected before shutdown
of reclamation-well field

Samples collected after shutdown

of reclamation-well field

TCE TCE
Zone of concentration, in concentration, in Net change,
regional micrograms micrograms Net change in micrograms
Well number aquifer Date per liter Date per liter (percent) per liter
M-40 Upper 11-13-98 7.6 05-14-99 8.6 13 1
JACKS3 Upper 02-16-99 19 05-25-99 33 74 14
SF-5t Upper 02-17-99 11 05-19-99 13 18 2
EPA-3 Upper 02-10-99 18 05-14-99 4.6 156 2.8
E-8 Upper 02-24-99 11 05-21-99 14 27 3
EL-2 Lower 02-19-99 45 05-20-99 48 7 3
M-9 Upper 02-22-99 14 05-10-99 49 11 5
M-12A Upper 02-08-99 17 05-10-99 22 29 5
M-36 Upper 02-15-99 5 05-14-99 7 1,300 6.5
EL-3 Lower 02-19-99 15 05-21-99 27 80 12
R-12M Upper 02-22-99 11 05-19-99 24 118 13
E-23 Upper 02-23-99 53 05-21-99 69 30 16
R-13M Upper 02-23-99 7.4 05-19-99 26 251 18.6
M-77 Upper 02-15-99 132 05-14-99 153 16 21
R-14AM Upper 11-18-98 11 05-19-99 34 209 23
E-2 Upper 02-23-99 55 05-21-99 79 44 24
EL-4 Lower 02-19-99 32 05-21-99 28 775 24.8
E-19 Upper 02-19-99 75 05-24-99 136 81 61
M-3A Upper 02-16-99 46 05-20-99 141 207 95
E-15 Upper 02-19-99 90 05-12-99 234 160 144
M-69 Upperl 02-19-99 66 05-21-99 213 223 147
E-10 Upper 02-04-99 18 05-19-99 200 1,011 182
E-16 Upper 02-04-99 19 05-20-99 260 1,268 241
E-14 Upper 02-04-99 134 05-20-99 1,610 1,101 1,476
M-65 Upperl! NA NA 05-13-99 59

wells M-61, M-62, M-63, M-64, M-65, M-67, M-68, and M-69 are selectively screened wellsin well clusters. Data from these wells were not used to contour dichloroethylene
concentrations in figures 9 and 10 because they are representative of only selective small intervals of the upper zone of the regiona aquifer.

2Monitor well.
SPrivate well.

Increases in concentrations of TCE after shutdown
ranged from 0.1 ug/L to 1,476 ng/L. The largest
increases in concentrations of TCE werefound in
extraction wells E-14, E-16, and E-10; increasesin
these wells after shutdown were 1,476 pg/L, 241 ug/L,
and 182 ng/L, respectively. Decreases ranged from 0.3
pg/L to 2,292 ug/L. The largest decreasesin
concentrations of TCE were found in monitor wells
M-17, M-18, and M-20; decreases in these wells after
shutdown were 214 pg/L, 2,292 png/L, and 1,902 ng/L,
respectively. Wells showing the largest changesin TCE
concentrations are all completed in the upper zone of

the regional aquifer. Concentrations of TCE remained
the same for the two sampling periodsin most wells
that had concentrations that were at, or close to, the
lower reporting limit before shutdown. Other wellsin
which concentrations of TCE remained the same after
shutdown include monitor wells M-12B and M-25,
extraction wells E-17 and E-18, and the Credit Union
well. Net change in concentrations of TCE after
shutdown on a percentage basis ranged from an
increase of 1,300 percent to a decrease of 100 percent
(table 2). The aredl distribution of wells having a
change of apparent concentrations of TCE of 10 pg/L
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or moreisshowninfigure 6. In general, wells showing
the largest change in concentrations of TCE are
completed in the upper zone of the aquifer and are
located in the central portion of Air Force Plant 44,
near historical-disposal areas.

On the basis of samples obtained from 90 wells
completed in the upper zone of the regional aguifer
from February 1 to March 4, 1999, and from May 3 to
May 25, 1999, the areal distribution of concentrations
of TCE in ground water from wells completed in the
upper zone before shutdown (fig. 7) generally was
similar to the areal distribution after shutdown (fig. 8),
although some wells inside the plume perimeter
yielded water having markedly higher or lower
concentrations of TCE. Minor changesin the
delineated area of contamination after shutdown
occurred, particularly in the northwestern part of the
study area, because of small changes in concentrations
of TCE in samples from wells at or near the plume
perimeter. Large changes in concentrations of TCE
occurring near identified source areas close to the axis
of the plume had little effect on delineation of the
plume perimeter.

Concentrations of 1,1-DCE ranging from less than
the lower reporting limit (0.5 pg/L) to 113 ng/L were
determined for samples of ground water collected after
shutdown (table 3). The highest concentrations of
1,1-DCE were found in samples collected from
monitor wells M-5 (113 pg/L), M-77 (71 pg/L), and
M-69 (62 ug/L) and extraction wells E-14 (76 ug/L) and
E-15 (46 ug/L). Samples were collected for analysis of
1,1-DCE concentrations from 101 of the 102 wells
from February to March 1999, before shutdown of the
reclamation well field. Samples were collected again
after the reclamation well field was shut down.
Comparison of the two data sets showed that increases
in concentrations of 1,1-DCE after shutdown ranged
from 0.2 ug/L to 66 pug/L. The largest increasesin
concentrations of 1,1-DCE were found in extraction
wells E-14 and E-15 and monitor well M-69; increases
in these wells after shutdown were 66 pg/L, 34 ug/L,
and 44 pg/L, respectively. Decreases in concentrations
of 1,1-DCE ranged from 0.1 pg/L to 411.6 ug/L.

The largest decreases in concentrations of 1,1-DCE
were found in monitor wells M-20 and M-80 and
extraction well E-12; decreases in these wells after
shutdown were 411.6 ug/L, 17 pg/L, and 17.8 ug/L,
respectively. Wells showing the largest changesin

1,1-DCE concentrations are all completed in the upper
zone of the regional aquifer. Concentrations of
1,1-DCE remained the same for the two sampling
periodsin 50 wellsthat had concentrations that were at,
or closeto, the lower reporting limit before shutdown.
Net change in concentrations of 1,1-DCE after
shutdown on a percentage basis ranges from an
increase of 660 percent to a decrease of 100 percent
(table 3). In genera, wells showing the largest change
in concentrations of 1,1-DCE are in the central part of
Air Force Plant 44, close to previously identified
historical-disposal aress.

On the basis of samples obtained from 81 wells
completed in the upper zone of the regional aquifer
from February 1 to March 4, 1999, and from May 3 to
May 25, 1999, the areal distribution of concentrations
of 1,1-DCE in the upper zone before shutdown (fig. 9)
generally issimilar to the areal distribution after
shutdown (fig. 10), athough some wellsinside the
plume perimeter yield water having markedly higher or
lower concentrationsof 1,1-DCE. Minor changesin the
delineated area of contamination after shutdown occur
because of small changesin concentrations of 1,1-DCE
in samples from wells at or near the plume perimeter.
The largest changesin concentrations of 1,1-DCE
occur closeto the axis of the plume; these changes have
little effect on delineation of the plume perimeter.

Sitewide ground-water sampling after shutdown of
extraction and recharge wells of the reclamation well
field indicated changes in apparent concentrations of
TCE and 1,1-DCE in ground water from many wells at
the site. Large increases in contaminant concentrations
(rebound) after shutdown, however, were observed
only in wells near known historical disposal areas.
Large increasesin concentrations of TCE and 1,1-DCE
after shutdown were observed mainly in extraction
wells along the axis of the contaminant plume in close
proximity to previously identified historical-disposal
areas. Within the plume interior, there were no
indications of unexpected source areas, nor were major
modifications to the delineation of the plume perimeter
indicated.
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Figure 6. Difference in concentration of trichloroethylene (TCE) in samples collected from wells in February 1999, before
temporary shutdown of reclamation well field, and in samples collected in May 1999, after shutdown of well field; and contours of

TCE concentration based on samples collected in May 1999. Only wells showing differences of 10 micrograms per liter or more are
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Figure 7. Concentrations of trichloroethylene (TCE) in ground water from the upper zone of the regional aquifer, February 1999,
before temporary shutdown of reclamation well field, Air Force Plant 44, Tucson, Arizona.

22 TCE and 1,1-DCE Concentrations in Ground Water, Air Force Plant 44, Tucson, Arizona



Los Reales Road *«

Tucson
(Noy International
('\IB). Airport
/
EPA-4 !
@nHe M31.(ND) N\
| i (4.6) 4
5T @era- o \M-32
?A'\]%? ‘ ?EPA 2(ND) (ND) J .m%?
® EPA-1 E-4 Credit
Boe &1 G
~ N\ LA = e A A e e T T
E-24
(43)

Tohono O'odham @ (3.3
Nation

Cobblo ||
(San Xavier 1.3) 1
District) H
1
H M-24A
| |1 (5.9)
Q|
®
5
[ZBInN}
Tl
| G| oM-22AND) o
2 M-78(2.4)
0 1,000 2,000 FEET | eh — 'V|-19(ND)0M 7541 200 Vo1
h ) M-55A(1.3) M-59(ND)@ @ >\ ND
} M-56(ND
0 250 500 METERS | ;#M—ZQ,(NQ),_fg__)ﬁ_ugfle;s_/*geeﬁ_! ------------------ LR ——— ]
Modified from Groundwater Resources Consultants, Inc. (1999) M-74(ND) M-71(ND)

EXPLANATION
— - — BOUNDARY OF TOHONO O'ODHAM NATION

®M-32 MONITOR WELL IN UPPER ZONE OF REGIONAL
—————— BOUNDARY OF AIR FORCE PLANT 44

AQUIFER — Letter and number are well identifier

2.4) TRICHLOROETHYLENE CONCENTRATION, IN
—50— CONTOUR OF EQUAL TRICHLOROETHYLENE @4 MICCF{gGF?AMS PER LI'EE?R c ON,
CONCENTRATIONS, IN MICROGRAMS PER
LITER—Interval variable (ND) LESS THAN MINIMUM REPORTING LIMIT

CONCENTRATIONS OF TRICHLOROETHYLENE, (0.5 MICROGRAMS PER LITER)
IN MICROGRAMS PER LITER Jack O PRIVATE WELL IN UPPER ZONE OF REGIONAL
[l 1,000 AQUIFER — Name is well identifier
[ 500 E-4® RECLAMATION WELL — Letter and number are well
D 200 identifier; "E" denotes extraction well, "R" denotes
[J100 recharge well
50
5

Figure 8. Concentrations of trichloroethylene (TCE) in ground water from the upper zone of the regional aquifer, May 1999, after
temporary shutdown of reclamation well field, Air Force Plant 44, Tucson, Arizona.
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Table 3. Comparison of 1,1-dichloroethylene (1,1-DCE) concentrations in ground water before and after temporary shutdown of
reclamation well field, Air Force Plant 44, Tucson, Arizona

[1,1-DCE, 1,1-dichloroethylene; <, less than, ---, not calculated; M, monitoring well; E, extraction well; R, recharge well]

Samples collected before shutdown of Samples collected after shutdown
reclamation well field of reclamation well field
1,1-DCE 1,1-DCE
Zone of concentration, in concentration, in Net change,
Well regional micrograms micrograms Net change in micrograms
number aquifer Date per liter Date per liter (percent) per liter
M-20 Upper 02-09-99 413 05-10-99 14 -100 -411.6
E-12 Upper 02-19-99 27 06-03-99 9.2 -66 -17.8
M-80 Upper 02-15-99 63 05-14-99 46 -27 -17
M-68 Upper! 02-09-99 33 05-17-99 21 -36 -12
M-10 Upper 02-22-99 38 05-12-99 27 -29 -11
E-21 Upper 02-19-99 17 05-24-99 9.6 -44 -14
E-13 Upper 02-19-99 8.2 05-24-99 9 -89 -7.3
M-18 Upper 02-24-99 12 05-13-99 52 -57 -6.8
M-8 Upper 02-22-99 21 05-10-99 15 -29 -6
E-3 Upper 02-23-99 2 05-21-99 <5 -25
E-24 Upper 02-23-99 9 05-21-99 6.6 -27 -24
E-4 Upper 02-23-99 27 05-20-99 5 -81 -2.2
M-23 Upper 02-22-99 4.3 05-12-99 21 -51 -2.2
E-7 Upper 02-22-99 1 05-21-99 <5 -15
R-12M Upper 02-22-99 7 05-19-99 <5 -1.2
M-9 Upper 02-22-99 43 05-10-99 34 -21 -9
M-3B Lower 02-16-99 5 05-17-99 45 -10 -5
M-64 Uppert 02-15-99 1.6 05-13-99 11 -31 -5
M-2B Upper 02-16-99 10 05-13-99 9.6 -4 -4
EPA-2A%  Lower 02-11-99 12 05-19-99 11 -8 -1
M-11 Upper 02-08-99 .6 05-12-99 .6 0 0
COBB3  Upper 02-16-99 <5 05-25-99 <5 0 0
E-10 Upper 02-04-99 <5 05-20-99 <5 0 0
E-20 Upper 02-04-99 <5 05-20-99 <5 0 0
EL-1 Lower 02-19-99 <5 05-20-99 <5 0 0
EPA-22 Upper 02-22-99 <5 05-18-99 <5 0 0
JACKS Upper 02-16-99 <5 05-25-99 <5 0 0
M-1A Upper 02-04-99 <5 05-06-99 <5 0 0
M-1B Lower 02-15-99 <5 05-13-99 <5 0 0
M-2C Lower 02-23-99 <5 05-24-99 <5 0 0
M-6 Upper 02-04-99 <5 05-06-99 <5 0 0
M-14 Upper 02-01-99 <5 05-03-99 <5 0 0
M-15 Upper 02-01-99 <5 05-03-99 <5 0 0

See footnotes at end of table.
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Table 3. Comparison of 1,1-dichloroethylene (1,1-DCE) concentrations in ground water before and after temporary shutdown of
reclamation well field, Air Force Plant 44, Tucson, Arizona—Continued

Samples collected before shutdown Samples collected after shutdown
of reclamation well field of reclamation well field
1,1-DCE 1,1-DCE
Zone of concentration, in concentration, in Net change,
Well regional micrograms micrograms Net change in micrograms
number aquifer Date per liter Date per liter (percent) per liter
M-16 Upper 02-15-99 <5 05-10-99 <5 0 0
M-17 Upper 02-15-99 <5 05-13-99 <5 0 0
M-19 Upper 02-02-99 <5 05-04-99 <5 0 0
M-21 Upper 02-03-99 <5 05-04-99 <5 0 0
M-22A Upper 02-01-99 <5 05-03-99 <5 0 0
M-22B Upper 02-01-99 <5 05-03-99 <5 0 0
M-24A Upper 02-15-99 <0.5 05-12-99 <0.5 0 0
M-24B Lower 02-05-99 <5 05-12-99 <5 0 0
M-25 Upper 02-02-99 <5 05-06-99 <5 0 0
M-26 Lower 02-11-99 <5 05-17-99 <5 0 0
M-27 Lower 02-04-99 <5 05-13-99 <5 0 0
M-29 Lower 02-05-99 <5 05-06-99 <5 0 0
M-30 Upper 02-04-99 <5 05-06-99 <5 0 0
M-31 Upper 02-04-99 <5 05-06-99 <5 0 0
M-32 Upper 02-03-99 <5 05-06-99 <5 0 0
M-33 Upper 02-05-99 <5 05-18-99 <5 0 0
M-35 Upper 02-05-99 <5 05-06-99 <5 0 0
M-37 Upper 02-10-99 <5 05-18-99 <5 0 0
M-38 Upper 02-10-99 <5 05-18-99 <5 0 0
M-39 Upper 02-10-99 <5 05-18-99 <5 0 0
M-55A Upper 02-02-99 <5 05-03-99 <5 0 0
M-56 Upper 02-01-99 <5 05-03-99 <5 0 0
M-58 Upper 02-03-99 <5 05-04-99 <5 0 0
M-59 Upper 02-03-99 <5 05-04-99 <5 0 0
M-60 Upper 02-04-99 <5 05-04-99 <5 0 0
M-61 Upper® 02-24-99 <5 05-14-99 <5 0 0
M-62 Uppert 02-03-99 <5 05-04-99 <5 0 0
M-63 Upper? 02-03-99 <5 05-04-99 <5 0 0
M-67 Uppert 02-09-99 <5 05-13-99 <5 0 0
M-70 Upper 02-05-99 <5 05-17-99 <5 0 0
M-71 Upper 02-03-99 <5 05-13-99 <5 0 0
M-74 Upper 02-03-99 <5 05-04-99 <5 0 0
M-75 Upper 02-24-99 <5 05-04-99 <5 0 0
M-78 Upper 02-02-99 <5 05-04-99 <5 0 0

See footnotes at end of table.
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Table 3. Comparison of 1,1-dichloroethylene (1,1-DCE) concentrations in ground water before and after temporary shutdown of
reclamation well field, Air Force Plant 44, Tucson, Arizona—Continued

Samples collected before shutdown of Samples collected after shutdown
reclamation well field of reclamation well field
1,1-DCE 1,1-DCE
Zone of concentration., in concentration, in Net change,
Well regional micrograms micrograms Net change in micrograms
number aquifer Date per liter Date per liter (percent) per liter
M-79 Upper 02-01-99 <5 05-03-99 <5 0 0
R-13M Upper 02-23-99 <5 05-19-99 <5 0 0
R-14AM  Upper 11-18-98 <5 05-19-99 <5 0 0
M-12B Lower 02—22-99 16 05-17-99 18 13 2
Credit Upper 02-10-99 14 05-20-99 16 14 2
Union?
EPA-12 Upper 02-10-99 9 05-18-99 12 33 3
E-1 Upper 02-23-99 5 05-20-99 8 60 3
M-7 Upper 02-08-99 25 05-14-99 29 16 4
E-8 Upper 02-24-99 13 05-21-99 19 46 .6
M-12A Upper 02-08-99 8 05-10-99 14 75 .6
M-40 Upper 11-13-98 20 05-19-99 26 30 .6
EL-2 Lower 02-19-99 48 05-20-99 54 13 0.6
SF-5 Upper 02-17-99 13 05-19-99 21 62 .8
EPA-42 Upper 02-10-99 <5 05-18-99 5
EPA-52 Upper 02-09-99 <5 05-17-99 .6
E-17 Upper 02-23-99 6.6 05-21-99 7.7 17 11
EL-3 Lower 02-19-99 7 05-21-99 2 186 13
M-13 Upper 02-08-99 <5 05-12-99 8
E-16 Upper 02-04-99 <5 05-20-99 1
EPA-32 Upper 02-09-99 <5 05-14-99 1
M-36 Upper 02-15-99 <5 05-14-99 12
E-18 Upper 02-19-99 46 05-21-99 6.7 46 21
EL-4 Lower 02-19-99 5 05-21-99 35 600 3
E-23 Upper 02-23-99 6.1 05-21-99 9.3 52 32
E-2 Upper 02-23-99 4.4 05-21-99 9.3 111 49
M-5 Upper 02-08-99 99 05-10-99 113 14 14
E-19 Upper 02-19-99 20 05-24-99 39 95 19
M-3A Upper 02-16-99 49 05-12-99 24 390 19.1
M-77 Upper 02-15-99 49 05-14-99 71 45 22
E-15 Upper 02-19-99 12 05-21-99 46 283 34
M-69 Uppert 02-19-99 18 05-19-99 62 244 44
E-14 Upper 02-04-99 10 05-21-99 76 660 66

1Wells M-61, M-26, M-63, M-64, M-67, M-68, and M-69 are selectively screened wellsin well clusters. Data from these wells were not used to contour dichloroethylene
concentrations in figures 9 and 10 because they are representative of only selective small intervals of the upper zone of the regional aquifer.

2Monitor well.

SPrivate well.
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Figure 9. Concentrations of 1,1-dichloroethylene (1,1-DCE) in ground water from the upper zone of the regional aquifer, February
1999, before temporary shutdown of reclamation well field, Air Force Plant 44, Tucson, Arizona.
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Figure 10. Concentrations of 1,1-dichloroethylene (1,1-DCE) in ground water from the upper zone of the regional aquifer, May
1999, after temporary shutdown of reclamation well field, Air Force Plant 44, Tucson, Arizona.
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There were no observed increases in concen-
trations of TCE in samples from wells having
concentrations of less than the method reporting limit
(0.5 ug/L) before shutdown, and only minor changesin
contaminant concentrations in a small number of wells
located outside of the plume perimeter. The minimal
changes required to delineate the perimeter of the area
where concentrations of TCE exceed 5 pg/L inthe
upper zone of the regional aquifer using data from
samples collected after shutdown, compared with data
obtained before shutdown, suggest that operation of the
reclamation well field has been successful at containing
the spread of the ground-water contaminant plume at
Air Force Plant 44. Containment of the ground-water
contaminant plume, while simultaneously removing
contaminant from the unsaturated zone benesth
historical-disposal areas, islikely to remain important
for successful cleanup efforts at Air Force Plant 44.
Containment of the ground-water contaminant plume
also isimportant because of the proximity of
municipal-supply wells.

Decreases of contaminant concentrationsin
samples collected after shutdown also were observedin
many wells. Large decreases were observed in many
wells along the axis of the plume. Decreasesin
concentrations of TCE ranging from slightly less than
10 pg/L to more than 2,000 pg/L occurred in 19 wells;
smaller decreases occurred in 14 other wells.

The largest decreases in concentrations of TCE
occurred in monitor wells along the axis of the plume
in close proximity to previously identified historical-
disposal areas. Operation of extraction and recharge
wells of the reclamation well field creates a ground-
water flow field that has an effect on contaminant
concentrations observed in samples collected from
many wells at the site. Increases or decreases of more
than 10 ug/L were observed in more than half of the
wells sampled within the perimeter of the plume.
Changes in contaminant concentrations in water
samples from some wells after shutdown are probably
the result of changes in ground-water flow directions
when wells are shut down, compared with those
present when the well field is operating. The effect of
these changes in ground-water flow directions is most
marked in wells close to contaminant-source areas,
such as M-18 and M-20, where concentration gradients
are steepest and shutdown of extraction wells causes
large changes in hydraulic gradients. In such locations

within the plume perimeter, large observed decreasesin
contaminant concentration after shutdown suggest that
nearby extraction wells, when operating, have the
effect of pulling water from adjacent areas that are
more highly contaminated towards monitor wellsin
less contaminated areas. When these extraction wells
are shut down, contaminant concentrations in samples
collected from the monitor wells are more
representative of ground water near the monitor well
and areas that are immediately upgradient under
nonpumping conditions.

Testing of Modifications of Ground-Water
Sampling Procedures

In addition to testing the effects of shutdown of
extraction and recharge wells at the reclamation well
field on sitewide contaminant concentrations in ground
water, the following modifications of the ground-water
sampling procedures normally used at the site were
tested in this study. Reduced-flow sampling was used
to obtain ground-water samples at selected wells using
low flow rates for purging and sampling. Vertical-
profile sampling was used to determine vertical
distribution of contaminantsin selected wellsfor the
purpose of assessing the possibility of improving
contaminant-extraction efficiency.

Reduced-Flow Sampling

In previous studies done at Air Force Plant 44
(Brusseau and others, 1996b) in which rebound of
concentrations of TCE was observed with cessation of
extraction-well pumping, sampling was done at low
flow ratesin a specially installed, multilevel, depth-
discrete, monitor well. Rebound was not observed in
samples collected from anearby extraction well
operating at a much higher flow rate. Concern was
rai sed because the conventional sampling method,
which involves pumping monitor wells at a high-flow
rate—typically 10 to 15 gal/min—might mask rebound
effects that could occur during the sitewide sampling
after shutdown. To test for this effect, it was decided to
modify the conventional sampling method by reducing
flow ratesin several of the monitor wells at the site.
The sampling strategy used is based on the low-flow,
minimal drawdown method proposed by Puls and

Results of Sitewide Ground-Water Sampling to Determine Concentrations of TCE and 1,1-DCE in Ground Water 29



Barcelona (1996). Low-flow sampling methods were
devel oped to minimize the physical disturbance of the
sediments near awell as aresult of high ground-water
velocities. In some situations, high ground-water
velocities can mobilize colloidal-sized solids and may
result in water samples that have elevated
concentrations of metals or various organic
contaminants that sorb to aquifer solids. Although
mobilization of colloids was not considered to be a
factor in contaminant movement at Air Force Plant 44,
this sampling method was tested to determine if high-
flow rates for sampling might be masking rebound
caused by slow diffusion of contaminants from fine-
grained sediments, rate-limited desorption of
contaminants from aquifer solids, preferential ground-
water flow in coarse-grained sediments, or other
factors. Low-flow sampling involves purging and
sampling the well at alow flow rate, typically lessthan
0.25 gal/min, with the intake of the pump set in an open
section of the screened interval. Instead of attempting
to purge all the stagnant water from the well casing,
only the small-diameter pump-riser pipeis purged.
Field properties such as temperature, electrical
conductance, and pH are monitored and samples are
collected after several successive measurements
indicate negligible changes in these properties.

Low-flow sampling methods were designed for
wells with short screened intervals. Water pumped
from awell during low-flow sampling originates
chiefly from the area surrounding the well screen
adjacent to the pump, and mixing of the pumped water
with water from the casing above and below the
screened interval is limited. Many monitor wells at
Air Force Plant 44 have multiple screened intervalsthat
extend across 60 to 80 ft of saturated aquifer thickness
and, thus, are not optimally suited for low-flow
sampling techniques. In addition, the submersible
pumpsinstalled in the monitor wells at Air Force
Plant 44 are designed to pump at flow rates of 10 to
15 gal/min. At these pumping rates, the flow of water
past the pump serves to cool the pump motor. At low
rates, the flow of water past the pump motor may be
insufficient to provide adequate cooling if the pumpis
operated for a prolonged period of time. Because of
these limitations, the data resulting from this adaptation
of low-flow sampling techniques should be regarded as
experimental.

Six monitor wellswere selected for sampling using
the low-flow technigue—M-5, M-8, M-9, M-12A,
M-16, and M-20 (fig. 5). Two of thesewellsarein
areas having high concentrations of TCE, two arein
areas having intermediate concentrations, and two are
near the perimeter of the plume where concentrations
are low. Samples were collected using dedicated
submersible pumps that were operated at discharge
rates closeto or below the lower limit recommended by
the manufacturer. Valves were installed at each of the
well-heads to restrict pumping rates. Pump intakes
were set in a section of well screen near the center of
the open interval. Before sampling, the volume of
water contained in the pump and riser column was
calculated. Purging of the pump-discharge line and
sampling was accomplished at a flow rate of about
0.1 gal/min. Flow rates were measured by determining
the time it took to fill acontainer of known volume.
Depth to ground water was measured before starting
the pump and severa times during the low-flow
purging period to confirm that negligible drawdown of
water levels in the sampled well was occurring. Water
levels, temperature, specific conductance, and pH were
monitored during the purging operation and samples
were collected when at least 1.5 times the volume of
water filling the pump-discharge line had been purged
and changesin field properties were negligible.
Replicate samples collected as close to the same time
as practicable were obtained using the low-flow
sampling method at each of the six wellsfor analysis at
the onsite laboratory. Sample splits were obtained for
independent analysis by alternately filling sample vials
for the contract and onsite laboratories. After sampling
each well using the low-flow technique, the restricting
valve installed at the wellhead was opened, and the
well was sampled using the conventional method—
purging at least three casing volumes and using flow
rates of approximately 10-15 gal/min for purging and
sampling—as part of the sitewide sampling. Replicate
samples were collected at wells M-8 and M-16 using
the conventional sampling method for analysis at the
onsite laboratory. Sample splits for independent
analysis at the contract laboratory were obtained for the
six wells sampled using the low-flow and standard-
sampling techniques.
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Results of Reduced-Flow Sampling

A distinct pattern of change was not evident in
contaminant concentrations in samples obtained using
the low-flow technigue compared with concentrations
in samples from the same six wells using the standard
technique (table 4). Both increases and decreasesin
concentrations of TCE were observed when using the
low-flow technique, and most of the differences were
within arange of normal sampling and laboratory
variation. Concentrations of TCE in ground water were
markedly higher in samples collected from monitor
well M-20 using the low-flow technigue. Concen-
trations of TCE in well M-20 were reported at 164 and
260 pg/L when sampled with the low-flow technique
and only 7.5 ug/L when sampled using the standard
technique. Results of analyses performed for
concentrations of 1,1-DCE in the six wells sampled
using the low-flow and standard sampling methods
were similar. Minor increases or decreases of
concentrations within the range of normal laboratory
variation were observed in samples collected from
wellsM-5, M-8, M-9, M-12A, and M-16, and amarked
increase was observed in contaminant concentration in
a sample collected from well M-20 when sampled
using the low-flow method. Well M-20 iscloseto a
historical disposal site in an area where concentration
gradients are steep. Reduced concentrations of TCE
and 1,1-DCE in samples from this well when purged
and sampled at higher flow rates may be the result of
drawing less contaminated water from nearby areas,
thus “diluting” contaminant concentrations.

No distinct pattern of change of contaminant
concentrations was observed in samples obtained by
using the low-flow technique compared with concen-
trations in samples obtained using the standard
technique from the same six monitor wells. The long
screened intervals of monitor wells at Air Force
Plant 44 are not well suited for using the low-flow
sampling technique, and no advantage to using this
method was evident.

Vertical-Profile Sampling

Large volumes of ground water that have small
concentrations of VOCs are pumped from extraction
wellsE-2, E-3, E-4, E-8, and E-24 in the northwest part
of the reclamation well field. These wells are screened
through almost the entire thickness of the upper zone of
the regional aquifer. Variations in contaminant
concentrations are possible at different depths within
the upper zone of the aquifer. An attempt was made to
identify variationsin TCE and 1,1-DCE concentrations

at different depths at or near wells that have the highest
contaminant concentrations in water to explore the
possibility of improving the efficiency of contaminant
removal.

Variationsin the vertical distribution of
contaminant concentrations in the upper zone of the
aquifer would be determined most accurately by using
specialy constructed monitor wells to sample from
specificisolated zones within the aquifer. Alternatively,
it was decided to test the possibility of determining the
vertical distribution of TCE in ground water by
collecting discrete samples from specific depthsin the
long screened intervals of existing wells. Because the
existing wells are not constructed to isolate specific
layersin the aquifer, it was anticipated that vertical
flow of ground water within the casing might obscure
some of the vertical variability of concentrations of
TCE; therefore, at best, the results are considered to be
ascreening-level evaluation. Beforeinserting sampling
devices, temperature profiles were obtained in each of
the wells using a submersible temperature transducer.
The temperature profiling was performed to see if
vertical water movement could be detected in the wells
in which depth-discrete sampling was to be done.

Access for sampling devices inside the well
casings of extraction wells of the reclamation well field
at Air Force Plant 44 is constrained in each well by the
presence of a dedicated submersible pump, pump-riser
column, cable for providing electrical current to the
pump, water-level tranducer cable, and water-level
sounder access tube. Use of a standard sampling pump
in these wells was precluded by the well-bore
obstructions.

An inexpensive, small-diameter experimental-
sampling device capable of dlipping past the various
well obstructions was devised. The sampling device
consists of small-diameter polyethylene tubing with a
check valve at the lower end and an even smaller-
diameter polyethylene sample delivery tube inside the
larger tube. Samples are obtained at each depth by
lowering the device to the desired depth, alowing
water to enter the larger tubing through the check valve
and then using air pressure from a small electrically-
powered laboratory air compressor to close the check
valve and lift the sample to the surface through the
smaller-diameter tubing. Some losses of TCE and
1,1-DCE and some carryover from previously sampled
depths could occur; therefore, comparison testing using
a standard-sampling pump was done to attempt to
quantify the magnitude of these effects. A Grundfos
Redi-Flow sampling pump was used as the standard for
comparison testing and for all vertical-profile sampling
in wells not having well-bore obstructions.
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Table 4. Comparison of trichloroethylene (TCE) and 1,1-dichloroethylene (1,1-DCE) concentrations in samples of ground water collected
using low-flow purging and sampling method and standard sampling method from selected wells, Air Force Plant 44, Tucson, Arizona

[TCE, trichloroethylene; 1,1-DCE, 1,1-dichloroethylene; Do., ditto; <, less than]

TCE, in 1,1-DCE, in Sampling
Well number Date Time micrograms per liter micrograms per liter method

Samples analyzed at onsite laboratory

M-5 05-10-99 1600 421 112 Low flow
Do. 05-10-99 1609 420 109 Low flow
Do. 05-10-99 1627 415 113 Standard

M-8 05-10-99 1144 114 16 Low flow
Do. 05-10-99 1153 104 14 Low flow
Do. 05-10-99 1211 105 15 Standard
Do. 05-10-99 1211 116 17 Standard

M-9 05-10-99 1331 74 6.8 Low flow
Do. 05-10-99 1345 67 4.6 Low flow
Do. 05-10-99 1409 49 34 Standard

M-12A 05-10-99 1025 18 14 Low flow
Do. 05-10-99 1041 25 2 Low flow
Do. 05-10-99 1101 22 14 Standard

M-16 05-10-99 0846 17 <5 Low flow
Do. 05-10-99 0846 17 <5 Low flow
Do. 05-10-99 0907 17 <5 Low flow
Do. 05-10-99 0933 13 <5 Standard
Do. 05-10-99 0934 13 <5 Standard

M-20 05-10-99 1445 260 50 Low flow
Do. 05-10-99 1500 164 34 Low flow
Do. 05-10-99 1523 7.5 14 Standard

Sample splitsanalyzed at contract laboratory in Colorado

M-5 05-10-99 1610 270 45 Low flow
Do. 05-10-99 1630 290 44 Standard
M-8 05-10-99 1155 7 4.2 Low flow
Do. 05-10-99 1215 90 7.2 Standard
M-9 05-10-99 1345 53 15 Low flow
Do. 05-10-99 1410 37 4 Standard
M-12A 05-10-99 1045 23 11 Low flow
Do. 05-10-99 1100 19 18 Standard
M-16 05-10-99 0900 15 <5 Low flow
Do. 05-10-99 0933 13 <5 Standard
M-20 05-10-99 1500 120 13 Low flow
Do. 05-10-99 1525 6.4 <5 Standard
Do. 05-10-99 1530 59 <5 Standard

1Reported valueisfor cis-1,2-dichloroethylene isomer.
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Permission was obtained from Tucson Water to
samplewell SC-7, aformer municipal-supply well near
the northwest corner of Air Force Plant 44 (fig. 5).
Well SC-7 has alarge-diameter casing and is not
presently equipped with a pump. The well bore
provided easy access for sampling devices and allowed
for side-by-side comparison sampling with the standard
sampling pump and the experimental air-lift sasmpling
device, which were fastened together in an arrangement
that allowed samplesto be obtained from about the
same depth with both devices. Samples were collected
at 10-foot intervals at depths ranging from 110 to 190 ft
below land surface (table 5). In well SC-7, nine
samples were collected using the standard sampling
pump, and nine samples were collected using the
experimental-sampling device. At each depth, samples
were obtained first using the experimental sampling
device, then using the standard sampling pump, which
was likely to cause agreater disturbance. Sampleswere
analyzed for TCE and 1,1-DCE concentrations at the
onsite laboratory. A duplicate sample was obtained at a
depth of 150 ft by using the standard sampling device
for analysis at the onsite laboratory, and additional
samples were obtained using each of the sampling
devices at a depth of 140 ft for independent analyses at
the contract laboratory in Colorado.

In addition to well SC-7, wells E-4 and E-24 were
sampled using the experimental sampling device.
Samples were collected at six depthsin well E-4 and at
eight depths in well E-24. In addition to well SC-7,
wells E-3M and E-8M were sampled using the standard
sampling pump. Wells E-3M and E-8M are monitor
wells close to extraction wells E-3 and E-8,
respectively. These monitor wells do not have well-
bore obstructions and permit the use of a standard
submersible-sampling pump. Samples were collected
at eight depthsin well E-3M and at four depthsin well
E-8M. Samples were analyzed at the onsite |aboratory
to determine concentrations of TCE and 1,1-DCE.
Additionally, 10 sample splits were obtained at various
depthsin wells E-4, E-24, E-3M, and E-8M for
independent analyses at the contract 1aboratory
(table 5).

Results of Vertical-Profile Sampling

Temperatures recorded at various depthsin wells
E-3M, E-4, E-4M, E-8M, E-24, and SC-7 ranged from
dlightly less than 70°F to slightly more than 72.5°F
(fig. 11). The temperature profiles were obtained
before sampling activities began at, or near, these
wells. Profiles obtained in wells E-24, E-4, E-3M, and
SC-7 indicated little variation of temperature with
depth. Ordinarily, temperatures are expected to
increase with increasing depth in an aquifer. The lack
of temperature increase with depth in these wells
suggests that, under nonpumping conditions, water
enters each of the wellsmainly at the top of the
screened interval and flows downward through the
wells. The downward flow in these wellsis aresponse
to ahydraulic potential in the regional aquifer. Because
sediments surrounding these wells have a distinctly
lower hydraulic conductivity than the well bores,
downward flow through the well screens generaly is
unimpeded; thus the well screens act as preferred flow
paths for water entering at the top of the screened
interval and exiting near the bottom of the screened
interval. Temperature profiles obtained before
sampling activities commenced at wells E-4M and
E-8M, unlike those of wells E-3M, E-4, E-24, and
SC-7, indicated increasing temperature with depth
(fig. 11). Well E-4M is a monitor well within about
10 ft of extraction well E-4. The temperature profile
obtained in well E-4M indicated increasing
temperature with depth, in contrast to the profile
obtained in well E-4, which is about 20 ft from well
E-4M (fig. 11). Unlike extraction well E-4 and the
other wellsin which the temperature profile was
measured, monitor well E-4M has a short screened
interval; therefore, a preferred flow path for downward
flow is not created. For this reason, water in the casing
above the well screen of E-4M is closer to being static
and, thus, closer to being in thermal equilibrium with
the surrounding sediments, which resultsin a different
temperature profile. Well E-8M isin an areawhere the
aquifer sediments are coarse grained; thus, the contrast
in hydraulic conductivity between the sediments and
thewell boreis not as obvious. For this reason, the well
does not act as a preferred flow path to the extent that
wells E-3M, E-4, E-24, and SC-7 do, and the
temperature profile probably more closely reflects the
increasing temperature expected with increasing depth
in the aquifer.

Results of Sitewide Ground-Water Sampling to Determine Concentrations of TCE and 1,1-DCE in Ground Water 33



Table 5. Concentrations of trichloroethylene (TCE) and 1,1-dichloroethylene (1,1-DCE) in samples collected using standard sampling pump
and experimental air-lift sampler at various depths in selected wells, Air Force Plant 44, Tucson, Arizona

[Concentrations in samples obtained using an experimental air-lift sampler may not be representative of concentrations in the aquifer because of losses that
occurred during the sampling process. TCE, trichloroethylene; 1,1-DCE, dichloroethylene; Do., ditto; <, less than]

TCE, 1,1-DCE,
inmicrograms  in micrograms  Depth of pump intake, in
Well number Date Time per liter per liter feet below land surface Sampler used

Samples analyzed at onsite laboratory

SC-7 05-11-99 1043 62 6.4 110 Standard sampling pump
Do. 05-11-99 1041 30 6.2 110 Air-lift sampler
Do. 05-11-99 1111 56 12 120 Standard sampling pump
Do. 05-11-99 1112 30 8.9 120 Air-lift sampler
Do. 05-11-99 1135 45 12 130 Standard sampling pump
Do. 05-11-99 1135 32 9.9 130 Air-lift sampler
Do. 05-11-99 1305 51 12 140 Standard sampling pump
Do. 05-11-99 1305 26 6.4 140 Air-lift sampler
Do. 05-11-99 1343 49 10 150 Standard sampling pump
Do. 05-11-99 1344 49 8.8 150 Standard sampling pump
Do. 05-11-99 1343 23 6.1 150 Air-lift sampler
Do. 05-11-99 1413 48 10 160 Standard sampling pump
Do. 05-11-99 1413 6.3 12 160 Air-lift sampler
Do. 05-11-99 1500 47 94 170 Standard sampling pump
Do. 05-11-99 1500 12 38 170 Air-lift sampler
Do. 05-11-99 1529 45 9.9 180 Standard sampling pump
Do. 05-11-99 1529 21 5.4 180 Air-lift sampler
Do. 05-11-99 1606 42 9.8 190 Standard sampling pump
Do. 05-11-99 1606 8.8 21 190 Air-lift sampler
E-4 05-17-99 1013 2.9 <5 112 Air-lift sampler
Do. 05-17-99 1043 4 5 122 Air-lift sampler
Do. 05-17-99 1109 4 5 132 Air-lift sampler
Do. 05-17-99 1110 5.2 .6 132 Air-lift sampler
Do. 05-17-99 1131 4.6 5 142 Air-lift sampler
Do. 05-17-99 1153 23 <5 157 Air-lift sampler
Do. 05-17-99 1210 4.4 <5 180 Air-lift sampler
Do. 41 5 199 Dedicated high-capacity
05-20-99 1136 submersible pump
E-3M 05-13-99 1253 34 11 125 Standard sampling pump
Do. 05-13-99 1317 29 .6 135 Standard sampling pump
Do. 05-13-99 1334 30 7 150 Standard sampling pump
Do. 05-13-99 1350 28 .6 180 Standard sampling pump
Do. 05-13-99 1406 27 7 190 Standard sampling pump
Do. 05-13-99 1425 26 .6 200 Standard sampling pump

ISee footnote at end of table.
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Table 5. Concentrations of trichloroethylene (TCE) and 1,1-dichloroethylene (1,1-DCE) in samples collected using standard sampling pump
and experimental air-lift sampler at various depths in selected wells, Air Force Plant 44, Tucson, Arizona—Continued

TCE, 1,1-DCE, Depth of pump intake,
in micrograms  in micrograms in feet below land
Well number Date Time per liter per liter surface Sampler used
Do. 05-13-99 1441 25 5 210 Standard sampling pump
Do. 05-13-99 1457 24 <5 220 Standard sampling pump
E-31 1.9 <5 210 Dedicated high-capacity
06-01-99 1357 submersible pump
E-8M 05-13-99 949 55 15 155 Standard sampling pump
Do. 05-13-99 1005 53 12 165 Standard sampling pump
Do. 05-13-99 1021 53 15 175 Standard sampling pump
E-8M 05-13-99 1036 48 13 185 Standard sampling pump
E-gl 14 1.9 168 Dedicated high-capacity
05-21-99 936 submersible pump
E-24 05-12-99 941 38 9.3 110 Air-lift sampler
Do. 05-13-99 1035 51 16 185 Standard sampling pump
Do. 05-12-99 1015 30 7 120 Air-lift sampler
Samples analyzed at onsite laboratory
Do. 05-12-99 1038 27 5.8 130 Air-lift sampler
Do. 05-12-99 1102 24 4.9 140 Air-lift sampler
Do. 05-12-99 1130 29 5.3 150 Air-lift sampler
Do. 05-12-99 1131 34 6.1 150 Air-lift sampler
Do. 05-12-99 1158 32 6.2 160 Air-lift sampler
Do. 05-12-99 1308 22 45 170 Air-lift sampler
Do. 05-12-99 1328 39 5.9 180 Air-lift sampler
Do. 43 6.6 Dedicated high-capacity
05-21-99 1043 189 submersible pump
Sample splits analyzed at contract laboratory in Colorado
SC-7 05-11-99 1305 50 4 140 Standard sampling pump
Do. 05-11-99 1305 24 2.7 140 Air-lift sampler
E-4 05-17-99 1043 5 <5 122 Air-lift sampler
Do. 05-17-99 1131 18 <5 142 Air-lift sampler
Do. 05-17-99 1210 36 <5 180 Air-lift sampler
E-3M 05-13-99 1255 27 <5 125 Standard sampling pump
Do. 05-13-99 1500 28 <5 220 Standard sampling pump
E-8M 05-13-99 949 54 5 155 Standard sampling pump
Do. 05-13-99 1035 46 .8 185 Standard sampling pump
E-24 05-12-99 940 38 55 110 Air-lift sampler
Do. 05-12-99 1102 28 17 140 Air-lift sampler
Do. 05-12-99 1328 31 9 180 Air-lift sampler

IWells E-3 and E-8 are extraction wellsimmediately adjacent to monitor wells E-3M and E-8M, respectively. Monitor wells E-3M and E-8M are constructed of 2-inch-diameter
steel casing that permitted the use of a standard sampling pump.
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Figure 11. Temperature profiles in selected wells at Air Force Plant 44, Tucson, Arizona.

Wellsthat were sampled subsequently to determine
variations of contaminant concentrations with depth
have long screened intervals. For reasons described
above, the temperature profile information suggests
that under nonpumping conditions, water enters the
screens of these wells near the top of the screened
intervals and moves downward. If large amounts of
water were entering the wells from lower in the
screened intervals, it islikely that temperature
increases would have been observed. Thus, samples
collected at different depths within the screened
interval probably do not accurately represent water
from the adjacent sediments at depths below the top of
the screened interval.

Results of analyses of comparison samples
collected at depths of 110-190 ft from well SC-7 using
the experimental air-lift sampler and the standard
sampling pump indicate that concentrations of TCE
and 1,1-DCE in samples obtained with the air-lift
sampler are moderately to considerably lower, which
suggests losses of VOCs during the sampling process
(table 5). When plotted together, concentrations of
TCE and 1,1-DCE in samples collected using the
two devices (fig. 12) indicate that contaminant
concentrations in samples obtained with the air-lift
sampler were variable and inconsistent with samples
obtained using the standard sampling pump. For
example, concentrations of 1,1-DCE in five samples
obtained at depths of 150-190 ft in well SC-7 using the
standard sampling pump were similar or identical and

ranged from 9.4 to 10 ug/L. Corresponding samples
obtained using the experimental air-lift sasmpler had far
more variable concentrations that ranged from 1.2 to
6.1 ng/L (fig. 12). The experimental sampler was used
only for subsequent vertical-profile sampling in wells
having obstructionsthat precluded the use of a standard
sampling pump. Contaminant concentrationsin

sampl es obtai ned with the experimental air-lift sampler
probably are inaccurate to varying degrees and are
biased toward |ower-than-actual concentrationsin the
wells.

Samples collected in extraction well E-24 at eight
depths that ranged from 110 to 180 ft using the
experimental sampler had concentrations of TCE that
ranged from 22 to 39 pg/L and concentrations of
1,1-DCE from 4.5t0 9.3 ug/L (table 4, fig. 13). After
completion of sampling activitiesin well E-24, the
sampler snagged on well-bore obstructions when lifted
from the well and could not be retrieved. A new
sampler was fabricated before subsequent sampling of
well E-4. Samples collected at six depths that ranged
from 112 to 180 ft in extraction well E-4 using the
experimental air-lift sampler had concentrations of
TCE that ranged from 2.3 to 5.2 pg/L and concen-
trations of 1,1-DCE from less than the method
reporting level (0.5 ug/L) to 0.6 ug/L (table 4, fig. 13).
The sampler used in well E-4 also became snagged on
obstructions when lifted from the well after completion
of sampling activities and could not be retrieved.
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Figure 12. Concentrations of trichloroethylene (TCE) and 1,1-dichloroethylene (1,1-DCE) in samples obtained at various depths
in well SC-7 using the experimental air-lift sampler and standard sampling pump, Air Force Plant 44, Tucson, Arizona.
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Figure 13. Graph showing Concentrations of trichloroethylene (TCE) in samples obtained at various depth in selected wells,
May 1999, Air Force Plant 44, Tucson, Arizona. Concentrations in samples obtained using experimental air-lift sampler may not
be representative of concentrations in the aquifer because of losses occurring during the sampling process.
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Samples collected at eight depths that ranged from
125 to 220 ft in well E-3M by using the standard
sampling pump had concentrations of TCE that ranged
from 24 to 34 ug/L and concentrations of 1,1-DCE
from less than the method reporting level (0.5 ug/L) to
1.1 ng/L. A sample obtained at alater date from nearby
extraction well E-3 had a TCE concentration of
1.9 ug/L and a concentration of 1,1-DCE that was less
than the method reporting level. Samples collected at
four depths that ranged from 155 to 185 ft in well
E-8M by using the standard sampling pump had
concentrations of TCE that ranged from 48 to 55 ug/L
and concentrations of 1,1-DCE that ranged from 1.2 to
1.6 ng/L.

The largest variation in concentrations of TCE
with depth was observed in well SC-7 with concen-
trations that ranged from 62 ug/L near the top of the
screened interval to 42 pg/L near the bottom of the
screened interval (fig. 13, table 4). Other wells for
which depth-discrete samples were obtained showed
less variation in concentrations of TCE with depth.

In part, the lack of large variation may be because of
downward water flow in the boreholes of these wells.
None of the wells showed large enough variation of
contaminant concentrations with depth to indicate that
amajor improvement in extraction efficiency could be
obtained by selectively pumping from arestricted
interval.

SUMMARY AND CONCLUSIONS

Industrial activities beginning in the early 1940s
resulted in extensive contamination of ground water
near the Tucson International Airport in Tucson,
Arizona, including the area occupied by Air Force
Plant 44, which is an industria facility on land owned
by the U.S. Air Force and operated by a defense
contractor. Principal ground-water contaminants
included VOCs, primarily TCE and 1,1-DCE. At
Air Force Plant 44, a ground-water reclamation system
was made operational in 1987. The system currently
consists of 25 extraction wells, 22 recharge wells, and a
water-treatment facility. Soil-vapor extraction
techniques are being used to remove VOCs from the
unsaturated zone. More than 120,000 |bs of VOCs have
been removed from the regional aquifer and overlying
unsaturated zone at Air Force Plant 44. The plume of
contaminated ground water originating from historical-
disposal areasat Air Force Plant 44 has been contained.

The size of the area of contamination has been reduced,
and reductions in concentrations of TCE and 1,1-DCE
in samples of ground water collected within the
boundary of the contaminated area also were apparent.

Thisinvestigation was done at Air Force Plant 44
to provide an improved basis for assessing ground-
water cleanup progress and possibly to identify areas
where cleanup attempts have been less successful.
Sitewide ground-water sampling was performed after
shutdown of extraction and recharge wells of the
reclamation well field to allow water levels to recover.
Modifications of the standard ground-water sampling
procedures used at the site also were tested. The
modifications included tests of areduced-flow purging
and sampling method in six monitoring wells and
vertical-profile sampling in five extraction wells at the
reclamation well field. To overcome well-construction
constraints in some of the wellsin which vertical-
profile samples were collected, an experimental air-lift
sampling device was devised and tested.

The ground-water treatment plant and extraction
and recharge wells of the reclamation well field were
shut down on April 15, 1999. Water levels were
alowed to recover for about 3 weeks before samples of
ground water were obtained from 102 wells at
Air Force Plant 44 and surrounding areas.
Concentrations of TCE and 1,1-DCE were determined
for samples obtained during the sitewide sampling
effort. Comparison of data obtained in February 1999,
before shutdown, to data obtained in May 1999, after
shutdown, indicatesthat after shutdown, concentrations
of TCE increased in 36 wells, remained the samein
32 wells, and decreased in 33 wells. Increasesin
concentrations of TCE after shutdown ranged from
0.1 pg/L to 1,476 pg/L. Decreases in concentration of
TCE ranged from 0.3 ug/L to 2,292 nug/L.

Concentrations of TCE remained the same for the
two sampling periods in wells that had concentrations
that were at, or close to, the lower reporting limit
before shutdown. Net change in concentrations of TCE
after shutdown on a percentage basis ranged from an
increase of 1,300 percent to a decrease of 100 percent.
In general, wells that showed the largest change in
concentrations of TCE are in the central part of
Air Force Plant 44, near previoudly identified
historical-contaminant-disposal aress.

Increases in concentrations of 1,1-DCE after
shutdown ranged from 0.2 ug/L to 66 ug/L. Reported
decreases in concentration of 1,1-DCE ranged from
0.1 pg/L to 411.6 ng/L. Concentrations of 1,1-DCE
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remained the same for the two sampling periodsin
wells that had concentrations that were at, or close to,
the lower reporting limit before shutdown. Reported
net change in concentrations of 1,1-DCE after
shutdown on a percentage basis ranged from an
increase of 660 percent to a decrease of 100 percent.
In general, wells that showed the largest change in
concentrations of 1,1-DCE are located in the centra
part of Air Force Plant 44, near previously identified
historical disposal areas.

Changes in contaminant concentrations observed
after shutdown probably were the result of changesin
ground-water flow directions under nonpumping
conditions compared with flow directions present when
the extraction and recharge wells are operating.

The areal distribution of concentrations of TCE in
ground water from wells completed in the upper zone
of theregional aquifer after shutdown generally was
similar to the areal distribution before shutdown. Some
wells inside the plume perimeter, however, yielded
water having markedly higher or lower concentrations
of TCE. Minor changesin the delineated area of
ground-water contamination in the upper zone of the
regional aquifer after shutdown occurred because of
small changesin concentrations of TCE in samples
from wells at or near the plume perimeter. This effect
was most evident in the southern part of the study area.
Data from samples collected after shutdown indicated
that operation of the reclamation well field has been
successful at containing the spread of the plume as
indicated by minimal changes required to delineate the
TCE plume perimeter. Unexpected contaminant source
areas were not found within the plume interior.

The standard sampling technique was modified by
using reduced flow ratesin six wells for well purging
and sampling. There was no distinct pattern of change
of contaminant concentrations compared with samples
obtained subsequently using the standard technique.
No advantage to using this method for sampling the
monitoring wells at Air Force Plant 44 was evident.

Temperature profiles obtained before vertical-
profile sampling of selected wellsindicated little
temperature variation with depth, which suggests that,
under nonpumping conditions, water enters each of the
wellsmainly at the top of the screened interval and
flows downward through the wells. Samples taken at
different depths within the screened interval, therefore,
probably do not accurately represent water from the
adjacent sediments at depths below the top of the
screened interval.

Vertical-profile samples were obtained in five
wells. The largest variation in concentrations of TCE
with depth was observed in well SC-7; concentrations
ranged from 62 pg/L near the top of the screened
interval to 42 ug/L near the bottom of the screened
interval. Other wells for which depth-discrete samples
were obtained showed less variation in concentrations
of TCE with depth. The lack of large variation may be
the result of downward water flow in the boreholes of
these wells. None of the wells showed enough of a
variation of contaminant concentrations with depth to
indicate that a major improvement in extraction
efficiency could be abtained by pumping selectively
from arestricted interval.
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