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I Executive Summary

Groundwater contamination, specifically trichloroethylene and other volatile organic
compounds, was found in the vicinity of the Cities of Goodyear and Avondale and the Phoenix-
Goodyear Airport Site was placed on the National Priorities List in 1983. In 1984, the Arizona
Department of Water Resources entered into a Cooperative Agreement with the U.S.
Environmental Protection Agency to develop and operate a computer model of the geohydrologic
system for the Phoenix-Goodyear Airport area as part of the overall Remedial Investigation/
Feasibility Study. This model is used to evaluate the Remedial Alternatives for the
Endangerment Assessment portion of the Feasibility Study. It was not used for source
identification or verification.

A detailed groundwater investigation to support the modeling study was undertaken. The
information presented in this report is the result of that effort. Given the limitations of the
available data, the groundwater flow modeling results achieved a reasonable match between
simulated and observed parameters. A detailed sensitivity analysis was conducted to determine
the geohydrologic parameters considered to impact the flow and transport model results. The
results of the sensitivity analysis illustrated that order of magnitude changes in parameters such
as horizontal hydraulic conductivity of sub-unit A and storage terms had little or no effect on the
flow model predictions. Also brought out by the sensitivity analysis was that those parameters
that significantly affected the flow model results (i.e., horizontal hydraulic conductivity) were
factors known with more certainty based on field data.

The modeling feasibility study was conducted under three different Base Cases of future
water use. Base Case 1 is very conservative and assumes continued agricultural pumpage and
the addition of all the City of Goodyear’s proposed wells under its water masterplan but does not
include the Section 16 Operable Unit Feasibility Study. The Section 16 Operable Unit was
designed by ICF Technology, Incorporated for Goodyear Tire and Rubber Corporation to
remediate the contamination in Sub-unit A of the Upper Alluvial Unit Aquifer at the Phoenix-
Goodyear Airport. Base Case 2 assumes continued agricultural recharge and pumpage, and
includes the Section 16 Operable Unit. Base Case 3, probably the most realistic scenario, phases
in the City of Goodyear’s proposed wells and phases out agriculture and related pumpage and
recharge in accordance with the City of Goodyear’s urbanization projections. This Base Case
also includes the Section 16 Operable Unit.

The results from the groundwater extraction alternatives for each Base Case are presented
in Table 1. An accelerated reduction of contamination to meet Applicable or Relevant and
Appropriate Requirements (ARAR’s; Alternative 4) showed the greatest percent reduction in
contamination, ranging from 81 to 83 percent for Base Cases 2 and 3, respectively. This was
accomplished by pumping 3600 acre-feet (ac-ft) of groundwater per year from three additional
remediation wells. However, a reduction of contamination to meet ARAR’s (Alternative 3)
resulted in a 75 percent reduction in contamination for both Base Case 2 and 3 by the addition
of one remediation well pumping 1200 ac-ft of groundwater per year (see Table 1).



Base Case 1

Base Case 2

Base Case 3

Base Case 1

Base Case 2

Base Case 3

Altemative 1
No Action
Alternative

1280

1065

325

18%

75%

76%

Altemnative 2 *
Containment of
Groundwater

Altemative 3
Reduction of
Contamination to
meet ARAR’s

1280

1070

315

316

17%

75%

15%

Alternative 4
Accelerated
Reduction of
Contamination to
meet ARAR’s

1280

896

247

220

30%

81%

83%

Alternative §
Reduction of
Contamination to
Exceed ARAR's

1280

896

288

275

23%

77%

78%

Altemative 6
Accelerated
Reduction of
Contamination to
Exceed ARAR's

1280

1022

283

306

20%

8%

76%

* Alternative 2 not run at this time.




II. Introduction
Background

In 1981 the Arizona Department of Environmental Quality (ADEQ; formerly the Arizona
Department of Health Services) sampled groundwater wells in the vicinity of the Cities of
Avondale and Goodyear and the Phoenix-Goodyear Airport (the Airport). Results of this
sampling even indicated that groundwater in this area was contaminated with chromium and
volatile organic compounds (VOCs) such as trichloroethylene (TCE) that exceeded the state’s
drinking water guidelines. As a result, the Phoenix-Goodyear Airport site was placed on the
National Priorities List (NPL) in 1983 and a Remedial Investigation (RI) was initiated.

The Phoenix-Goodyear Airport (PGA) site is located approximately 20 miles west of
downtown Phoenix and encompasses an area of approximately 35 square miles. Figure 1 shows
the overall site location. This area includes the Cities of Avondale and Goodyear and the
Phoenix-Goodyear Airport. It is characterized by agricultural lands which at this time depend
on groundwater as their main source of water for irrigation. Wells also supply the only source
of drinking water to the entire population within the study area. This population is currently at
17,500 for the cities of Avondale and Goodyear combined (Valley National Bank, 1987), and is
expected to grow substantially within the next few years.

Throughout the Remedial Investigation, the U.S. Navy, Goodyear Aerospace Corporation
(GAC) and Unidynamics Phoenix, Incorporated (UPI) have been identified as potentially
responsible Parties (PRPs). Groundwater contamination encompasses an area of approximately
one square mile located in the vicinity of the Loral Corporation (formerly GAC) and the airport
facilities. TCE concentrations in this area range from below the EPA action limit of 5 parts per
billion (ppb) to approximately 7500 ppb (December 1986 sampling event). Groundwater
contamination also exists in the vicinity of the UPI facility, which is located approximately three-
quarters of a mile north of the Loral facility (refer to Figure 1). TCE concentrations in this area
range from the 1 ppb detection limit to 180,000 ppb (June 1987 sampling event) and the
contaminated zone encompasses an area of approximately one-half square mile.

The disposal of waste products at these facilities occurred from the late 1940’s until the
late 1970’s. Disposal practices documented in the Source Verification/Field Investigation Report
by Ecology and Environment (E&E, 1986) indicate that discarded solvents containing many
chemical compounds were used by GAC, UPI and the U.S. Navy. Common waste disposal
practices for solvents at that time included disposal to on-site dry wells, sewer systems, sludge
drying beds and, as in the case of the Navy, directly onto the land surface during de-greasing and
paint-stripping of aircraft. Possible contaminant source areas for GAC and the airport have been
identified as mentioned above during the Operable Unit Investigation of Section 16 at PGA
(CH?*M-Hill, 1987). Contaminant source areas at the UPI facility have been identified as four
on-site dry wells (E&E, 1986). The contamination to date is found in the Upper Alluvial Unit
only and does not affect the Middle Fine-Grained or Lower Conglomerate Units. Therefore, only
the contaminated Upper Alluvial Unit is addressed with the model.



As part of the Remedial Investigation/Feasibility Study (RI/FS) the Arizona Department
of Water Resources (ADWR) entered into a Cooperative Agreement (CA) with the EPA in 1984
to conduct groundwater modeling studies for both the Phoenix-Goodyear Airport (PGA) and
Indian Bend Wash (IBW) superfund sites. This report presents the results of the PGA
groundwater flow and contaminant transport modeling and also provides the data gathered
through all modeling efforts by ADWR for this site.

Authorization

The Arizona Department of Water Resources (ADWR) entered into a Cooperative
Agreement (CA; contract No. V-009383-01) with the EPA to develop and operate a computer
model of the geohydrologic systems-and data base management system for the Indian Bend Wash
(IBW) and Phoenix-Goodyear Airport (PGA: formerly Phoenix-Litchfield Airport) areas as part
of the overall Remedial Investigation/Feasibility Study (RI/FS). Funding for these model studies
has been provided for under this grant since October 10, 1984. The PGA model study was
completed in June of 1989 and any subsequent funds were provided to the IBW model study for
completion. In addition to this grant, much of the modeling study at the PGA site has been
funded at the ADWR’s own expense.

Purpose

The purpose of the contaminant transport modeling and data base management is to
support the efforts of the EPA and its contractors in their Phoenix-Goodyear Airport Remedial
Investigation/Feasibility Studies of groundwater contamination. It is also a way of compiling and
organizing hydrogeologic and contaminant data at the site. The overall goal of the PGA
modeling study is to accurately define the hydrologic system that exists in this area and to

evaluate alternative Remedial Actions (RA’s) that will allow containment and cleanup of
contaminated groundwater.

Scope of Work
The original scope of work for the PGA modeling study encompassed. the following:
*  Operate and maintain a computerized data base for modeling data.

* Develop and operate computerized numerical models of the groundwater systems of
the PGA study area.

+ Simulate groundwater flow regimes and movement of selected contaminants in
response to stresses that occur in the groundwater systems.

 Calibrate models using historic data and use to determine probable source of
contaminants.



+ Simulate future response of contaminants in groundwater to a variety of Remedial
Alternatives (RA’s).

+ Identify data deficiencies and possible locations for Phase II monitor wells.
+ Confirm nature, extent and severity of contamination in study area and test
information collected by EPA and participating PRP’s on potential sources and

amounts of contaminant disposed of.

The use of the model to determine the probable source of contaminants was infeasible due
to the dearth of historic data regarding disposal practices and quantities of solvents disposed.

Organization
The remainder of this report is arranged in the following order:

+ Chapter III discusses the hydrogeologic framework, including the regional setting,
geohydrologic units, and groundwater conditions;

» Chapter IV discusses the modeling approach, site-specific data, and groundwater flow
and contaminant transport modeling assumptions;

+ Chapter V provides the results of the groundwater flow and contaminant transport
calibration and an analysis of the accuracy of the parameters used;

+ Chapter VI includes the Groundwater Modeling Feasibility Study and provides an
analysis of Groundwater Extraction Alternatives 1 through 6 (as provided by the
EPA);

» Chapter VII provides conclusions and recommendations as a result of this study;
» Chapter VIII provides the references, figures and appendices to the report.

The appendices include the results of the regional two-dimensional groundwater flow
modeling at the PGA site, the three-dimensional groundwater flow model calibration history, and
sensitivity analysis.

Acknowledgments
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III.  Hydrogeologic Framework
Regional Setting

The Phoenix-Goodyear Airport (PGA) site is located approximately twenty miles west of
Phoenix in the West Salt River Valley, a broad alluvial basin located in the Basin and Range
physiographic province. The area of study is bounded on the south by the Sierra Estrella
Mountains and on the west by Cotton Lane (see Figure 1). To the north is the City of Litchfield
Park and to the east is the Agua Fria River. The confluence of the Gila and Salt Rivers lies
about two miles east of the study area. The Gila River flows perennially from east to west at
the southern end of the study area. This is due to effluent releases from the 23rd and 91st
Avenue Waste Water Treatment Plants. The Agua Fria River flows only in response to flood
events in conjunction with releases from upstream dams. Land surface elevations range from less
than 900 feet at the Gila River to over 1,000 feet above sea level near Litchfield Park.

In this arid region precipitation averages less than 10 inches per year (National Oceanic
and Atmospheric Administration, 1986). Extensive agriculture in the PGA area is possible
through a network of private wells and groundwater-supplied canals. The Cities of Avondale and
Goodyear lie in the center of the PGA area (Figure 1). The communities have a combined
population of 17,500 (Valley National Bank, 1987) and host the Unidynamics Phoenix, Inc. (UPI)
and Goodyear Aerospace Corporation (GAC) industrial facilities, which have been named as
PRPs. The Goodyear Aerospace Facility was sold to the Loral Corporation, however, GAC
retains liability for contaminated soils and groundwater at the site. The PGA (the Airport) is
located just west and southwest of Goodyear and Avondale. '

Hydrogeologic Units

The hydrogeologic units in the PGA area are, in descending order: the Upper Alluvial
Unit (UAU), the Middle Fine-Grained Unit (MFU), the Lower Conglomerate Unit (LCU), and
the Basement Complex. The UAU, MFU, and LCU are alluvial basin-fill units of middle-to-late
Tertiary age (Eberly and Stanley, 1978). The Basement Complex is composed mainly of
Precambrian-age crystalline rocks (schist and gneiss) and forms the floor and margins of the West
Salt River Valley Basin.

Upper Alluvial Unit (UAU)

The UAU contains the highest observed concentrations of trichloroethylene (TCE) and
chromium in the study area, and is thus the unit of most concern. The UAU is composed of
predominantly coarse sediments consisting of gravel and sand deposited by the through-flowing
Gila River system in the last 3.3 million years (Laney and Hahn, 1986). Fine-grained sediments
also occur in the UAU. The UAU is transitional with the underlying MFU, and a transition zone
of interbedded clay and coarse material reaches a thickness of 100 feet toward the basin center. -
UAU thickness ranges from over 400 feet near the basin center to less than 200 feet on the basin
margin. In general, the UAU is coarsest near the Gila and Agua Fria Rivers, and contains more



fine-grained sediments towards the basin center. The unit is unconsolidated and the average
horizontal hydraulic conductivity is approximately 750 gpd/ft* (gallons per day/foot squared;
ADWR, 1987). Vertical hydraulic conductivity is estimated to be about one-tenth to one-fifth
of horizontal hydraulic conductivity (Bouwer, 1978). The UAU is the watertable aquifer in the
PGA area, and many wells withdraw groundwater from this unit.

As a result of the ongoing remedial investigation, the UAU has been divided into three
sub-units, labeled A, B, and C from top to bottom. Geologic cross-sections through the UAU
were prepared from correlation of geophysical and driller’s logs. A location map for these cross-
sections is provided in Figure 2 and the cross-sections are illustrated in Figures 3a through 3c.
Sharp contacts which probably represent erosional surfaces at the base of the coarser A and C
sub-units were the primary horizons correlated. Coarse and fine facies were also correlated.
Data provided in Table 2 are the basis of the maps’ construction. A structure contour map and
related isopach map for each sub-unit is presented in Figures 4a through 4g. Table 2 lists the
data points for these maps and cross-sections. Refer to Figure 2 for the orientation of these
maps.

Sub-unit A comprises mostly coarse grained sediments. Two zones are generally
recognizable in geophysical logs of sub-unit A: A finer upper zone and a coarser lower zone.
Data values used to construct the isopach and structure maps in Figures 4b and 4e were chosen
at the base of the deeper coarse zone, usually 100 to 150 feet below land surface. In contrast
to the other UAU sub-units, sub-unit A is thickest (over 150 feet) at the basin margin near the
Sierra Estrella Mountains and Gila River in the south PGA area. Sub-unit A is thinnest (less than
100 feet) near the GAC and PGA facilities, several miles from the basin margin. The average
horizontal hydraulic conductivity is estimated at 550 gpd/ft* (ADWR, 1988), and assumed to be
isotropic throughout the study area. Vertical hydraulic conductivity is estimated to be about one-
fifth to one-tenth of the horizontal value (Bouwer, 1978). Specific yield is estimated at 10%.

Sub-unit B is composed of fine grained silts and clays with an average horizontal
hydraulic conductivity of 150 gpd/ftt (ADWR, 1988). Vertical hydraulic conductivity is
estimated to be one-hundredth or less (Freeze and Cherry, 1979) of the horizontal value. Specific
yield is estimated at 5% and storage coefficient is estimated at .0005. Data values used to
construct the isopach and structure maps in Figures 4c and 4f were chosen at the coarse zone that
defines that contact between sub-units B and C. The sub-unit is thickest (to 100 feet) in the
basin center and thins to less than 50 feet at the basin margin. Near the Sierra Estrella
Mountains and the Gila River in the south PGA area, sub-unit B becomes quite coarse. In this
area sub-unit B cannot be distinguished and the UAU section is uniformly coarse-grained. The
hydraulic conductivity of sediments in this area are estimated at 350 gpd/ft* (ADWR, 1988).

Sub-unit C comprises up to 150 feet of very coarse-grained materials with an average
horizontal hydraulic conductivity of 1025 gpd/ft? and ranges from 1,000 to 5,000 gpd/ft". These
values are based on analysis of aquifer test data and are assumed to be isotropic throughout the
model domain. Vertical hydraulic conductivity is estimated at one-fifth to one-tenth of the



Well Location Log Type* | Elevation Base | Elevation Base | Elevation Base
Number(s) of Sub-unit A | of Sub-unit B | of Sub-unit C
B-1-2 25BBC2 D NP** NP 675
B-1-2 25DBAL1, D NP NP 705
DBA2
B-1-2 24BDCl, D,D NP NP 675
BDC2
B-1-2 24BBB D 740 NP NP
B-1-2 24BAC D 720 Phokk 625
B-1-1 19CCB D NP NP ?
B-1-2 24ABC D 725 710 655
B-1-2 24AA1, AA2 D,D ? ? 650
B-1-1 29DDA2 D NP NP 695
B-1-1 19BBA D 775 705 645
B-1-1 20CBC D 810 ? 635
B-1-1 28BCA D 790 765 705
B-1-1 20BBBI, DD 825 695 640
BBB2
B-1-1 18BDC D 865 815 ?
B-1-1 28BBA D 800 765 680
20 EMW-23 G 827 756 650
B-1-1 20ADD D 830 780 ?
B-1-1 18BAA D 870 815 710
20 EMW-24 G 829 739 619
B-1-1 17BCB D 855 785 685
B-1-1 8CCC D 855 ? - 685
B-1-1 7CAAL, D,D 865 ? 715
CAA2
B-1-1 21ABA D ? 815 660




D - Driller’s Log
G - Geophysical Log

Well Location Log Type* | Elevation Base | Elevation Base | Elevation Base
Number(s) of Sub-unit A of Sub-unit B | of Sub-unit C
B-1-1 20AAA D ? 815 ?
16 EMW-18 G 844 824 657
16 EMW-19 G 851 802 669
B-1-1 17AAD]1, D,D 865 790 645
AAD2
B-1-1 16DBD D 850 ? 660
16 EMW-20 G 840 790 665
B-1-1 8BBA D 850 765 675
16 EMW-1 G 843 780 659
16 EMW-21 G 841 794 658
16 GMW-1 G 869 791 653
B-1-1 SDCBI, D,D,D 845 ? 640
DCB2, DCB3
B-1-1 15DCA D 860 780 660
B-1-1 15BAD D 840 790 650
9 UMW-1 D 820 758 640
9 UMW-6 G 830 787 622
B-1-1 10DDB D 815 725 590
B-1-1 10BDB D 825 720 615
B-1-1 10AA1, AA2 D,D ? ? 625
B-1-1 4AAB D 820 785 640
B-1-1 3DAC D 805 715 ?
B-1-1 33BDD1, D,D 800 ? ?
BDD2
*Log Types:

NP** = Contact Not Present
%% = Contact Not Distinguishable
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horizontal hydraulic conductivity (Bouwer, 1978). Specific yield is estimated at 20% and storage
coefficient is estimated at 0.001. The majority of wells within the PGA study area are perforated
in sub-unit C. The sub-unit is highly transmissive and yields most of the water to wells
completed in the UAU. Two coarse zones can be distinguished in sub-unit C with use of
geophysical logs - a lower, sharp-based zone that fines upward and an upper zone that coarsens
upward. Data values used to construct the isopach and structure maps in Figures 4d and 4g were
chosen at the distinct base of the lower coarse zone, usually at 250 to 350 feet below land
surface. Sub-unit C is thickest (up to 150 feet) in the center of the model area, and thins to less
than 50 feet near the Sierra Estrella Mountains. The cross sections (Figures 3a through 3c)
illustrate the relationships of sub-units A, B, and C within the UAU throughout the model area.

Middle Fine-Grained Unit (MFU)

The Middle Fine-Grained Unit (or MFU) consists partially of silt-size particles. A brown
sticky clay is also commonly described in driller’s logs of the MFU. Sand and gravel stringers
do occur, especially at the top and bottom of this unit, where transitional contacts occur with the
coarser overlying UAU and underlying LCU. Typically, the MFU is weakly cemented by calcite.
It is over 1,000 feet thick in the basin center and thins to zero thickness at the basin margin.
Wells drilled in the southwest part of the PGA area near the Sierra Estrella Mountains penetrated
MFU sections less than 50 feet thick, or did not penetrate any fine-grained materials
representative of the MFU. Therefore, the MFU is considered to "pinch out" in this area.
Horizontal hydraulic conductivity of the MFU over most of the study area is estimated at 45
gpd/f¢ (Montgomery and Associates, 1986) and is assumed to be isotropic. However, due to its
thickness the transmissivity values can be high. Many wells in the study area draw appreciable
amounts of groundwater from the MFU. The vertical hydraulic conductivity of the MFU is not
known with certainty but has been estimated to range between .002 ft/day to .004 ft/day for the
Middle Alluvial Unit that occurs in the East Salt River Valley (Montgomery and Associates,
1987).

Lower Conglomerate Unit (LCU)

The Lower Conglomerate Unit (or LCU) consists of coarse gravel, boulders, and sand
along the margins of the West Salt River Valley basin. The LCU becomes finer-grained towards
the center of the basin near Luke Air Force Base. The LCU also becomes thicker towards the
basin center, reaching a maximum thickness of over 10,000 feet. The LCU thins to a feather
edge along the basin margin, such as along the Gila River bed at the base of the Sierra Estrella
Mountains in the south part of the PGA area. The LCU has been cemented by calcite to various
degrees, which reduces its ability to store and transmit groundwater. Horizontal hydraulic
conductivity is assumed to be isotropic and to average about 170 gpd/f¢ (Montgomery and
Associates, 1986). Due to its great thickness and coarse-grained makeup, the LCU is an
important aquifer. Several production wells in the PGA study area draw water from the LCU.
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Basement Complex

The basement complex comprises mainly Precambrian schist and granites overlain by the
Tertiary-age Red Unit (Laney and Hahn, 1986). Locally Tertiary volcanic rocks may also be
present as part of the basement complex. In the PGA area the Red Unit is not considered to be
an important aquifer but rather part of the Basement Complex. These rocks form the floor and

margins of the West Salt River Valley basin, and create a nearly impermeable barrier to
groundwater flow (Ross, 1978).

Groundwater Conditiéns

The three main hydrogeologic units described above (UAU, MFU, and LCU) can be
characterized as three distinct aquifers each with unique physical and hydraulic properties. These
aquifers occur within the PGA study area in the West Salt River Valley. The importance and
significance of these aquifers are discussed below in descending order beginning with the Upper
Alluvial Unit aquifer.

Upper Alluvial Unit Aquifer

Sub-unit A of the UAU is under unconfined or water-table conditions. Recharge,
including effluent, canal losses and irrigation returns directly impacts the quantity and quality of
the groundwater in sub-unit A. Groundwater flow is generally to the west in the PGA area,
paralleling surface topography along the course of the Gila River. Southwesterly and north-
westerly components of flow are apparent from detailed water level data in sub-unit A. The net
result is a groundwater divide through the middle of the model area. Groundwater flow
directions diverge slightly on either side of this divide (see Figures 5a and 5b). Many wells in
the PGA area tap sub-unit A of the UAU.

Sub-units B and C are assumed to behave in a hydrologically similar manner. Figures
6a and 6b are water level maps for sub-units B and C. The fine-grained sub-unit B serves as an
aquitard to separate the coarse sub-unit A from the coarse sub-unit C. Water table elevations in
the PGA area are sufficiently high to fully saturate sub-units B and C. These two UAU sub-units
are under semi-confined conditions. Data indicate that under quiescent, or winter-time conditions
when pumpage is minimal, heads in sub-units B and C are approximately five feet lower than
heads in sub-unit A, as shown in the hydrographs in Figures 7a through 7c. The groundwater
flow direction in sub-units B and C is generally due west.

UAU water levels, gradients and flow directions have changed drastically during the past
forty years, as shown in Figures 8a through 8f. Water levels declined prior to the mid-1960’s
due to increased agricultural pumpage. Consequently the UAU was largely dewatered and
agricultural users were forced to deepen their wells and withdraw water from the underlying
MFU and LCU. In the early 1960’s large pumping centers apparently were numerous, and
groundwater flow directions and hydraulic gradients were erratic and often in contrast to the
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present system, as shown in Figure 8b. In the mid-1960’s the UAU began to accumulate water
in storage due to recharge from overlying agricultural land and from Gila River recharge, as
increasing amounts of effluent discharged from the 23rd and 91st Avenue Wastewater Treatment
Plants began to maintain more consistent flow in the previously ephemeral Gila River. Several
important flood and recharge events in the Gila River channel also occurred in 1965, 1968, and
1973, along with controlled upstream releases during those same years. UAU groundwater levels
in the PGA area began to rise and are still rising today.

The net result on the UAU due to increased Gila River flows downstream from its
confluence with the Salt River has been waterlogging, in which water levels in the aquifer
approximate that of the land surface at the river level (Montgomery and Associates, 1986). Since
the mid-1960’s the waterlogging situation has progressed upstream from Gillespie Dam to the -
confluence of the Salt and Gila Rivers. This upstream progression of waterlogging is paralleled
by a general upstream progression through time of dense phreatophyte growth along the Gila
River channel punctuated by streambed denudation from flood events (Graf and Smith, 1976).
In addition, groundwater salinated from irrigation deep percolation became diluted with lower-
salinity effluent recharged into the system, thereby beneficially affecting the water quality. At
present UAU water levels are currently rising at one to two feet per year in the PGA area as a
whole (ADWR, 1988).

Since the early 1970’s to the present, groundwater flow patterns have shown the same
trend of generally westward flow (refer to Figures 8c through 8f). This indicates a stabilization
of the geohydrologic system with respect to effluent flow in the perennial Gila River, and a
probably direct hydraulic connection between flow in the Gila River channel and the adjacent
UAU aquifer. It is then reasonable to assume that negligible recharge to an already fully
saturated groundwater system has occurred due to effluent flow in the Gila River channel since
the mid-1970’s (Halpenny, personal communication, 1987), although effluent must certainly be
lost due to evapotranspiration by abundant phreatophyte growth. Gila River flood flows after the
mid-1970’s are also considered to contribute negligible recharge to the adjacent aquifer.

Middle Fine-Grained Unit and Lower Conglomerate Unit Aquifers

The MFU and LCU have not been studied in great detail. Both aquifers appear to be
under confined conditions. This assumption is supported by regional water level data and sparse
aquifer tests throughout the West Salt River Valley. Precise groundwater flow directions in these
units are not known with certainty, but they are generally from the basin margins toward a
pumping center in the middle of the West Salt River Valley Basin (Reeter and Remick, 1986).
Towards the basin center, heads in the LCU are lowest in elevation, heads in the MFU are
intermediate, and heads in the UAU are the highest in elevation. Sparse data indicate that under
equilibrium conditions the head difference between the MFU and UAU is from 5 to 15 feet in
the vicinity of Litchfield Park and Luke Air Force Base, near the basin center. At the basin
margin, little lithologic contrast exists between the MFU and UAU, and it is therefore assumed
that little head difference exists in this area.
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Water Budget

A conceptual water budget is presented in Table 3. Components of the water budget
comprise inflows, outflows, and change in storage. Values listed are in acre-feet per year and
represent the average yearly amount of water attributed to the respective component for the
model simulation period (1978 to 1987). A detailed water budget for the regional PGA study
area that includes the area bounded on the north by Litchfield Park, on the west by Cotton Lane,
on the south by the Sierra Estrella Mountains and on the east by 115th Avenue is given in
Appendix A. The water budget in Table 3 was derived for the contaminant transport model
domain. All of the water budgets were derived for the UAU only and do not account for any
budget components in the MFU or LCU. This is because there are no known sources of
contaminant in either of these units to date and. the MFU serves as a hydraulic barrier to flow
of groundwater from the UAU.

Inflows to the UAU within the PGA model domain comprise groundwater underflow and
recharge. Underflow occurs from the east and accounts for approximately one-half of all the
inflow to the hydrologic system within the model domain. Approximately 18,000 ac-ft/yr of
water is supplied to the model domain by groundwater inflow. This figure is based on flow net
analysis and previous three-dimensional groundwater flow modeling for the PGA site, (see
Appendix A).

The majority of recharge is attributed to agriculture irrigation deep percolation and canal
losses, with lesser amounts estimated from miscellaneous industrial wastewater sources and
municipal recharge. Recharge sources specified within the model domain are shown in Figure
9. Approximately 9,600 ac-ft of recharge can be attributed to agricul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>