Contamination of Ground Water at the
Tucson International Airport Area
Superfund Site, Tucson, Arizona—
Overview of Hydrogeologic
Considerations, Conditions as of
1995, and Cleanup Efforts

By D.D. GRAHAM and J.E. MONICAL

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 97—4200

Prepared in cooperation with the
U.S. AIR FORCE

Tucson, Arizona
1997



U.S. DEPARTMENT OF THE INTERIOR

BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Gordon P. Eaton, Director

Any use of trade, product, or firm names in this publication is for
descriptive purposes only and does not constitute endorsement by

the U.S. Government.

For additional information
write to:

District Chief

U.S. Geological Survey

Water Resources Division

520 North Park Avenue, Suite 221
Tucson, AZ 85719-5035

Copies of this report can be
purchased from:

U.S. Geological Survey
Branch of Information Services
Box 25286, Federal Center
Denver, CO 80225-0286



CONTENTS

Page
DefINItioN OF tEITNS ...cccoviiiiiriiiinieiiinr ettt s sr et s b e e ssaeabsesss b sbe e saesanes VI
ADSITACE «reveeieeeenetereiite et et et e s et ete e st et e s e ete e se st st eueatsa st et b e s e s e et et e et atateses et ese e atsa e st beseatter et eneanens 1
INEFOAUCHION ..eovtiiiieiee ettt sttt as s rasas e st s s e st st s sessssaesssnsnssasansenssnnessasaassasnne 2
PUIPOSE ANA SCOPE .....covemcueriemiieniiiiniteaeesestiser bbbt st bbbttt sae e been st sb b et e emttsse bt ssastsntsanes 4
Additional sources of INfOrMALION.........c.cccvueemereetiiireeeeetntres st reseer ettt eeaeaeeessesearanene 6
PhySiCal SELHIG....c.erviererririiiieriiccrieri ettt ase e sesse s e e saassassn s s sesessessressasaas 7
HYArogeologiC SEIIIE ...ccveurreriiiiiiciniiiiineniereeer ettt saeaesa et sasss st srssssensssssasassssssassastsstssans 7
Regional aquifer, capillary fringe, and unsaturated Zone............ccceverrererrreerennescerereseensnreereenersessenees 7
How water MOVes il the QUITET ........cicviiiieiriniiirireeerrrenaeies et etssesassaseessesassessesenssssssssnesesnssncs 13
Effect of aquifer irregularities on the movement of ground Water.........ccoccvveviinircrenenenenicnienienscnnes 14
Behavior of contaminants beneath the land surface. .......cccococoicencvnnencnnnienens weeteretee e nae e neas 16
How the aquifer became contaminated ............coccorereienrieiieinereere et teseste st e st ee st eneseneeseesbeneas 18
Conditions @8 OF 1995 .......cciiiiierriienieteerrientssireeereestestste e sen e st asaesesasstssensssesensenteseasentansssenssnsnsensesessensenses 20
Distribution of trichloroethylene (TCE) in ground Water .........c.ccceveererererereenrencerenenrescrseseereeseesessesess 20
Limitations of map showing distribution of trichloroethylene (TCE) in ground water ..............co..... 21
CLEANUP CITOITS ....creeirieririiecee ettt st st s st s b e R bbbt s s b aa s s bt sae st s b enesas 22
CharacteriZation STUGIES ......ccocveeveetiiiririereeire et eteeere et esesran e e s et st es e eseeste et et ene s enseasssenssaesees 23
Removal of volatile organic compounds (VOC’s) from ground water........c.cccceerererrrrscrsencnnneinian 23
Removal of volatile organic compounds (VOC’s) from the capillary fringe
aNd UNSATUTALEA ZONEC......ccceceeeeiriiireirrenerecse ettt e s e saeee st aseeseostesteneosessbaeesessessbessesrsensessesses 24
Removal of heavy metals from the unsaturated zone and hexavalent
chromium from SroUnd WaLeT ..........ccoceciererierrieneiere et seenssaee e see st san e sasatssesssnnen 26
Potential limitations for aqUIfET TESIOTALION. .........ccevriueeiriiiiriier ettt st aens 26
TAIHIE .ottt et e bbb e e e e R s s b e sh b e e R s s R e s R b as 26
REDOUNA ...ttt et sttt st sb et bbbt st st et sr et et e sebe b enes 27
Solubility of trichloroethylene (TCE) compared with the maximum
contaminant leVel (IMCL) ...coiv ittt ctesetesresresste st sae st ssesessasseessnassasseesssessassses 28
Heterogeneity and dead-end ZONES.........c.cvveeeeriecrnirieneninicnuraseesneesessesaesesseseesensesessesseseseessessensenssnes 28
Delayed drainage in drawdOWI COMES........cceetreereeinreriniieneeieeentesitesereeses et sesseeeeneeeesassseseesuensanes 29
Slow removal from capillary fIiNGE .........cccvverirrirninicie ettt s ereae 30
Nonuniform flow to a well and nonuniform vertical distribution of contaminants ............c.cececcneee.. 30
Attempts to improve cleanup ffOrtS .........cciviieereciernier ettt sae s se et seasaeseenees 30
Containment and prevention of ground-water CONtAMINAtION. .........cevveerererererersentenseseeseeseseensessessesesses 32
SUITINIBIY ...ttt et te vttt e ettt e eue st as st e st e eas e s e e st e s te st e e s s aee e e s e ereeassseteeseese st e saebse s e sesastanresbassnsessbssres 32
RETETENCES CIEEA. ... veteueeiereeeieeeic et e ettt et se e e st e s et e s ne st et e s e et emaeese e steae st sesameeseutatsaesenteasasans 34
TCE Superfund Information Library shelf indeX ........cccooeniniecinnisinninecnninicnecsenennccssesesissesees 37
FIGURES

1-2. Map showing:
1. Tucson International Airport Area Superfund Site, Tucson Basin,
SOUhEASIEIT ATIZOMIA ...c.ccuiuievrereeueririeneetrtserreseeteeas st sesseseesessestnestenensasesaneseeneasesssaeesenersentans 3
2. Approximate area of trichloroethylene contamination in ground water,
December 1995, and western edge of confining layer that divides the upper

and lower zones of the regional AQUITET ..........cccecriieriviniiineniirnieen e ssesaerens 5
3. Generalized geologic section of the upper Santa Cruz River Basin near the Tucson
International Airport Area Superfund Site, TUCSON, ATIZONA .......ccverevverenrieriirenresieraeressereessesaraens 8

Contents il



4-8. Schematic diagram showing:
4. Generalized features of the regional-aquifer system in part of
the Tucson International Airport Area Superfund Site ..........ccoeeeeevieieeieecnrereeeerreeeeseseerennns 10
5. Drawdown cone and general features of a typical extraction well........c.ccoceveierecreinevenrennns 13
6. Vertical component of ground-water flow indicated by water
levels in monitor wells completed at different depths in the aquifer,

Tucson International Airport Area Superfund Site, Tucson, Arizona..........ccceververveernrennn 15
7. Generalized distribution of trichloroethylene (TCE) and heavy metals
beneath the 1and SUITACE .........ooeieeietieee ettt ae e e eesaetesasesesressetesneesenseennes 17

8. Features of the dual-phase extraction (DPE) system for simultaneous
removal of volatile organic compounds in the vapor phase from the
unsaturated zone and contaminated ground water from the aquifer ..........ccocooevvevvveiiinnenns 25
9-10. Graphs showing:
9. Concentrations of trichloroethylene (TCE) and dichloroethylene (DCE) entering
the ground-water treatment facility south of Tucson International Airport and
cumulative amounts of TCE and DCE removed.........ccccoieveiririnieneerecnsencnennesesnessienens 27
10. Decline of concentrations of trichloroethylene (TCE) in monitor well as
extraction well 12 feet away is pumping and rebound of concentrations
after cessation Of PUMIPING ....cccoevviriiiinirmiiniictiienitnt ettt b ssss e saesae s 28
11. Schematic diagram showing extraction well completed in mixed sediments..........ccceeverrrervennene 31

TABLE

1. Geologic units and components of the Tucson regional-aquifer system and
their environmental significance at the Tucson International Airport

Area SUPEITUNA SILE ...ccvireceiiiiiiitiiitr ettt s bbb ae s s 9
CONVERSION FACTORS
Multiply By To obtain
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
pound (Ib) 0.4536 kilogram
gallon (gal) 3.785 liter

In this report, temperature is reported in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C)
by using the following equation:

°C = (°F-32)/1.8

UNITS OF CHEMICAL CONCENTRATIONS

The metric units milligrams per liter (mg/L) and micrograms per liter (ug/L) are used to express concentrations
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common table salt. A microgram is 1,000 times smaller than a milligram. A liter is slightly more than a quart. In
this report, concentrations of organic chemicals and heavy metals dissolved in water are given in micrograms per
liter. In other documents, parts per million (ppm) and parts per billion (ppb) often are used to express
concentrations of chemicals dissolved in water. The units microgram per liter (ug/L) and parts per billion (ppb)
essentially are equivalent, as are the units milligrams per liter (mg/L) and parts per million (ppm) at
concentrations of less than 7,000 mg/L.

VERTICAL DATUM

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

Terms used in this report are listed below.

Aquifer—aA unit of saturated unconsolidated sediments, such as sand or gravel, or consolidated rocks that will
yield water in significant quantities to wells and springs and allow the water to move from one location to
another.

Capillary fringe—A zone of sediments that overlies the water table in which some or all of the spaces between
sediment particles are filled with water and held against the pull of gravity by suction.

Capillary suction—A force that draws water into the small spaces between sediment particles and holds it
against the pull of gravity similar to the process by which a spill is picked up with a paper towel.

Confining unit—A layer of geologic material, such as clay, that slows the vertical movement of water in an
aquifer or between two aquifers. A confining unit is sometimes referred to as an aquitard.

Dense nonaqueous-phase liquids (DNAPLs)—A liquid chemical, such as TCE, that is heavier than water and
does not readily mix with or dissolve in water.

Drawdown cone—A depression in the water table created by the removal of water from the aquifer by pumping
from a well; also may be referred to as a cone of depression.

Dual-phase extraction (DPE)—A ground-water cleanup system in which ground water is extracted from the
aquifer for treatment at the same time as soil vapor is removed from the unsaturated zone.

Geographic-information system (GIS)—A computerized information storage-and-retrieval system for data
that have a geographic component.

Gravel pack—Well-sorted, coarse-grained sediment that is installed in the annular space surrounding a well
screen.

Heterogeneity—Not the same everywhere; having nonuniform properties.

pH—A measure of the acidity of water. A neutral water has a pH of 7.0, an alkaline water has a pH of more than
7.0, and an acidic water has a pH of less than 7.0.

Perched ground water —Water found in pockets of saturated sediments underlain by unsaturated sediments.

Permeability—A measure of the ability of rocks or sediments to transmit water or other fluids.

Porosity—The property of rocks and sediments of having openings or void spaces between the solid particles;
usually expressed quantitatively as a ratio or percentage.

Preferential flow—Movement of water and dissolved chemicals along distinct pathways rather than as uniform
flow. Flow may follow interconnected cracks or zones having high permeability. Preferential flow is also
referred to as bypass flow.

Pump and treat—A ground-water cleanup technique in which water is removed from an aquifer using
extraction wells. The water is treated to remove contaminants and then recharged to the aquifer or used for
water-supply purposes.

Rebound—An increase in contaminant concentrations in ground water after a period of decreasing or constant
concentrations and after an extraction well is shut off.

Recharge area—A place where water enters the ground and percolates down to the aquifer.

Screened interval—The length of well casing that is perforated or slotted to receive water from the aquifer.

Soil-vapor extraction (SVE)—A cleanup technique by which VOC’s, such as TCE, are removed from the
unsaturated zone.

Sorption—Sorption occurs when contaminants adhere to soil particles.

Tailing—A leveling off in the rate of decline of contaminant concentrations, and may indicate that sources of
contaminant are continuing to be dissolved in ground water or that removal is being limited by other factors.

Tucson Airport Remediation Project (TARP)—A ground-water cleanup system north of the main area of
ground-water contamination at the Tucson International Airport Area Superfund Site.

Unsaturated zone—A shallow subsurface zone that contains both water and air; also may be called the vadose
Zone.

Volatile organic compound (VOC)—An organic compound, such as TCE, that readily changes from a liquid
to a gas or vapor.

Water table—A surface beneath the ground defined by the levels at which water stands in wells that are
completed in the upper part of an aquifer. The water table defines the upper boundary of the aquifer.
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Contamination of Ground Water at the Tucson
International Airport Area Superfund Site,
Tucson, Arizona—Overview of Hydrogeologic
Considerations, Conditions as of 1995,

and Cleanup Efforts

By D.D. Graham and J.E. Monical

Abstract

Organic contaminants in ground water from parts of the sole-source regional aquifer
underlying the City of Tucson in Pima County, southeastern Arizona, have been an issue of public
concern for many years. Characterization studies done subsequent to studies in the early 1980's
have provided much additional information about the extent of contamination at the Tucson
International Airport Area Superfund Site. Cleanup activities have been initiated at many
locations at the site. The principal contaminant in ground water is trichloroethylene (commonly
referred to as TCE), which is a volatile organic compound that was widely used as an industrial
solvent at several locations in the study area. Other volatile organic compounds, including
trichloroethane, dichloroethylene, chloroform, and xylene, are in ground water at the site at much
lower concentrations. Heavy metals, such as lead, cadmium, nickel, and chromium, released as
components of an industrial waste stream, also are contaminants of concern. Heavy metals
generally were immobilized at shallow depths in the unsaturated zone and have not been found in
ground water. Chromium in the form of hexavalent chromium is the exception.

Monitoring of concentrations of TCE and other organic and inorganic compounds in ground
water is done throughout the site. Data provided by industries and government agencies involved
with monitoring and cleanup efforts at the site were used to create a unified geographic-
information system data base. Data for concentrations of TCE for December 1995 were plotted
using this storage-and-retrieval system. Areas with wells that yield water with concentrations of
TCE that exceed 5 micrograms per liter were delineated. The main area of contaminated ground
water is similar in overall shape and extent to the area delineated in a study done in 1987 using
data for 1984. South of the airport, a small reduction in the width of the main area of
contaminated ground water is evident, and concentrations of TCE in the discharge of several wells
within the delineated area have declined. Two smaller areas of contaminated ground water are
immediately north and northeast of the airport as in 1984. Data for 1995 suggest an increase in
size of the contaminated area immediately north of Tucson International Airport. The apparent
increase in size may be because additional wells were completed to better define the area of
contaminated ground water. Recently completed characterization studies indicate concentrations
of TCE in ground water as large as 74,000 micrograms per liter in samples taken from a layer of
fine-grained sediments at the uppermost part of the aquifer in an area on the west side of Tucson
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International Airport immediately north of Los Reales Road. As of 1995, this area has the largest
concentrations of TCE in ground water.

Many potential sources of contaminants have been identified throughout the Tucson
International Airport area, and cleanup techniques were put into operation at some locations. For
the area of ground-water contamination south of Los Reales Road, cleanup efforts were initiated
in 1987 that were designed to contain the movement of contaminated ground water, extract
contaminated ground water, remove contaminants, and recharge the treated water. Cleanup efforts
resulted in the treatment of over 13 billion gallons of ground water and the removal of an
estimated 17,000 pounds of volatile organic compounds, mainly TCE, by the end of 1995. Near
historical disposal areas, cleanup efforts also focused on removing contaminants from the
sediments that overlie the upper zone of the regional aquifer. For example, by the end of 1995,
about 29,000 pounds of volatile organic compounds, mainly TCE, was removed from the
sediments that overlie the upper zone of the aquifer in an area south of the airport.

Although the size of the area where ground water has been contaminated with TCE has not
increased and concentrations of TCE in water from many wells have declined, indications are that
permanent aquifer restoration may be more difficult and time consuming than originally
anticipated. The heterogeneity of the sediments in the regional aquifer and overlying capillary
fringe and unsaturated zone hinders cleanup efforts. Near disposal areas, large concentrations of
TCE commonly are associated with fine-grained sediments that have high porosity and low
permeability. Slow dispersal from these sediments may limit cleanup efforts as may the tendency
of undissolved TCE to become entrapped or to sorb to sediment particles. Continuation of a
strategy of containment probably will remain important because of the difficulty of removing all
traces of contaminants from the subsurface.

The purpose of this report is to provide an overview as of 1995 of the extent of ground-water
contamination at the site and summarize technical information relevant to cleanup efforts. To
make the report useful to a broad audience, a “Definition of Terms” has been provided at the front
of the report, and many technical terms are explained in the text.

INTRODUCTION

Contaminants in ground water in parts of the
regional aquifer, which underlie the City of Tucson
in Pima County, southeastern Arizona (fig. 1), have
been an issue of public concern for many years.
Initial indications of ground-water contamination
in southwest Tucson date back to the 1950's, when
water from a municipal well was found to have
large concentrations of chromium. Also, people
living near Tucson International Airport
complained that water from their private wells had
a foul odor (U.S. Environmental Protection
Agency, 1995). In early 1981, the U.S.
Environmental Protection Agency (USEPA) and
the Arizona Department of Health Services
(ADHS) identified contaminants in ground water
from the upper several hundred feet of the regional

aquifer near Tucson International Airport (U.S.
Environmental Protection Agency, 1988, p. 2). The
primary contaminant detected was
trichloroethylene (TCE), an industrial solvent in
common use by electronics and aerospace
industries. Historically, TCE has been used for
degreasing metals, dry-cleaning operations,
refrigerants, and as a component of septic-tank
cleaning fluids. Several private and municipal
wells were removed from service when
concentrations of TCE in excess of drinking-water
standards were detected. A number of potential
sources were identified by the USEPA and ADHS
at the airport and in the adjacent industrial area.
Industrial ~ activities that resulted in the
contamination of ground water with TCE near
Tucson International Airport began in the early
1940's. At that time, the common practice was to
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dispose of liquid wastes including used solvents,
such as TCE, by dumping them directly on the
ground without any form of treatment (U.S.
Environmental Protection Agency, 1992, p. 1).

In 1982, the USEPA identified the boundaries
of the Tucson International Airport Area Super-
fund Site, hereafter referred to as the Airport Area
Site. In early 1983, the site was included on the
National Priorities List. The site is bounded on the
west by the ephemeral Santa Cruz River, on the
east by Alvernon Way, on the north by Ajo Way,
and on the south by Hughes Access Road (fig. 2).
The site includes industrial, commercial, residen-
tial, and undeveloped areas (U.S. Environmental
Protection Agency, 1988, p. 1).

Initial investigations determined that several
contaminants were in the ground water. Principal
contaminants included volatile organic compounds
(VOC's), primarily TCE, with lesser amounts of
trichloroethane (TCA), dichloroethylene (DCE),
chloroform, benzene, and xylene. Dissolved chro-
mium, a heavy metal in the form of hexavalent
chromium, also was found in ground water in
concentrations that exceeded drinking-water stan-
dards (U.S. Environmental Protection Agency,
1988, p. 3). Several potential sources of contami-
nants were identified and included solvent-disposal
areas, firefighting-training areas, unlined waste-
water evaporation ponds and ditches, and
metal-sludge beds. Leake and Hanson (1987)
summarized the results of these and several other
investigations of ground-water contamination in
the area around Tucson International Airport.
Leake and Hanson (1987) delineated one large and
two small areas of contaminated ground water in
which concentrations of TCE exceeded the USEPA
maximum contaminant level (MCL) and the
Arizona State Action Level of 5 pug/L. The largest
of the areas of ground-water contamination was
about 5 mi? in surface area, was about 35,500 ft
long, and about 4,000 ft wide.

Since 1987, additional areas that were thought
to be contributing to contamination of ground
water by organic solvents have been identified, and
much additional work has been directed to site
characterization, installation of additional monitor
wells, collection of water-quality data, and selec-
tion of cleanup procedures. Cleanup has been initi-
ated in many areas of the site, and data relevant in
the assessment of results of these procedures are

being collected. A vast amount of information has
been released, in various forms, to regulatory agen-
cies and the public.

Public interest in the effect of releases of
organic solvents and other contaminants on
ground-water quality in the area has remained high
in the years succeeding the initial contamination
studies. The large amount and technical nature of
the information released to the public have made it
difficult for the public to stay current and develop
an understanding of technical issues relevant to
cleanup efforts and progress being made to resolve
them.

Regulatory oversight for cleanup efforts at the
airport site is the responsibility of the USEPA,
Region 9. The cleanup efforts for the part of the
Superfund site that is south of Los Reales Road is
being overseen by the U.S. Air Force as the lead
agency. Oversight is provided by USEPA,
Region 9; Arizona Department of Environmental
Quality (ADEQ); and Arizona Department of
Water Resources (ADWR).

Because Tucson is in a desert region, ground
water is a valuable resource. Alternative sources of
water are distant, expensive to transport to the area,
and may require extensive treatment to be used for
water-supply purposes. As of 1995, ground water
from the regional aquifer, which underlies the
Tucson Basin, and from nearby Avra Valley
provides all of the water being used for municipal,
private, and industrial supplies by the City of
Tucson, the City of South Tucson, nearby tribal
lands of the Tohono O'odham Nation, and in
adjacent areas of Pima County. The regional
aquifer of the Tucson Basin was designated as a
sole-source water supply (U.S. Environmental
Protection Agency, 1984). This report, the product
of compilation, review, summary, and inter-
pretation of existing hydrologic and geologic data
from many sources, has been prepared by the
USGS in cooperation with the U.S. Air Force.

Purpose and Scope

The purpose of this report is to provide a
succinct, updated overview of the extent of
ground-water contamination at the site and
summarize technical information relevant to
cleanup efforts. In this report, discussion is limited
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