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Abstract

The Phoenix Active Management Area groundwater flow model focuses on the hydrologic
system of the Salt River Valley, the most intensive water use area of the state. The goal of the
hydrologic study and modeling effort was to develop a quantitative tool to test various
groundwater management scenarios.

The predevelopment hydrologic system (circa 1900) of the Salt River Valley is analyzed.
Various components of groundwater inflow and outflow are identified. A predevelopment
groundwater budget is presented. The total inflows and outflows were in approximate balance
and equaled approximately 139,000 acre-feet per year.

The modern hydrologic system (1978-1988) is analyzed. The various components of
groundwater inflow and outflow are identified. Detailed descriptions of the methodologies used
to analyze the components of flow are provided. A groundwater budget for the period 1978-1988
is presented. The total inflows were approximately 13.5 million acre-feet and the total outflows
were approximately 14.0 million acre-feet. The estimated decrease in the volume of groundwater
in storage was 0.5 million acre-feet.

Various recommendations are provided to improve future data collection and analysis
efforts. The recommendations include: 1) development of a comprehensive aquifer test database
to provide additional hydraulic conductivity data, 2) study the use of vertical extensometers and
gravity change data to estimate storage properties of aquifers, 3) revision and enlargement of the
Salt River Valley water level measurement index line, 4) improvement of the current stream gage

network in the Salt River Valley.
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CHAPTER ONE. BACKGROUND ON MODEL DEVELOPMENT

I INTRODUCTION

Arizona’s Groundwater Management Act of 1980 was enacted to address the groundwater
overdraft problem occurring in several areas of the state. The Act established the Arizona
Department of Water Resources (ADWR), and also established four administrative areas in
Arizona, known as Active Management Areas (AMAs), in which intensive groundwater
management is required to address severe impacts on groundwater supplies due to extensive
groundwater withdrawals. The groundwater flow model discussed in this report was designed
to serve as a planning tool for groundwater management in the Phoenix AMA.

The Phoenix AMA, located in central Arizona, covers 5,646 square miles. The Phoenix
AMA consists of seven groundwater sub-basins: East Salt River Valley (ESRV), West Salt River
Valley (WSRV), Hassayampa, Rainbow Valley, Fountain Hills, Lake Pleasant, and Carefree. The
ESRV and WSRYV sub-basins are collectively referred to as the Salt River Valley (SRV). The
focus of this modeling study is the SRV, the largest and most populous urban area in Arizona
(Figure 1). Phoenix, the state’s largest city, is centrally located in the SRV. The densely
populated urban area extends several miles east and west of Phoenix and includes the cities of
Tempe, Scottsdale, Mesa, Glendale, Chandler and Peoria, and many smaller cities and Indian
communities. During the 1980 to 1985 period, the population of the SRV grew from 1,511,000

to 1,850,393 (ADWR, 1991).



Extensive water use occurs within the SRV. The combined water demand of the
agricultural, municipal, and industrial sectors is the greatest of any area in the state. In 1988 the
total estimated water use in the SRV was approximately 2.1 million acre-feet, of which
approximately 1.0 million acre-feet was pumped groundwater (ADWR, 1992a). The total volume
of groundwater pumped from the aquifers of the SRV between the early 1900°s and 1984 was
approximately 83 million acre-feet (USGS, 1986). Based on water level changes and assumed
aquifer storativity it is estimated that the volume of groundwater in storage was reduced by
approximately 23 million acre-feet during that period (ADWR, 1992b).

It is apparent that the historic trend in groundwater depletion, coupled with continued
intensive demand on the groundwater system calls for careful management of the groundwater
resources of the SRV, For these reasons the Phoenix AMA was established to reach a goal of
safe-yield of the AMA’s groundwater resources by 2025, or earlier. The ADWR has interpreted
safe-yield to be the amount of groundwater that can be withdrawn without causing long-term
aquifer depletions and water level declines. To achieve safe-yield the Phoenix AMA must
develop a series of comprehensive and effective water management plans. To aid the Phoenix
AMA in water management planning the modeling section of the Hydrology Division of the
ADWR began the development of a three-dimensional groundwater flow model of the SRV area
in November 1987.

The modeling effort has been divided into two phases. Phase I, documented in this report,
consists of the hydrologic and geologic characterization of the study area. Phase I also includes
a discussion of the methodologies used to compile and analyze groundwater recharge, pumpage,

evapotranspiration, and underflow. Phase II will include the development and calibration of the



numerical computer model, as well as recommendations for future modeling efforts. Phase 11 is

currently underway.

II.  GOAL AND OBJECTIVE OF THE MODELING EFFORT

The ultimate goal of the SRV groundwater modeling effort is to provide an analytical tool
capable of quantifying the effects of various groundwater management and conservation scenarios
on the groundwater resources within the study area. The objectives were: 1) perform a
comprehensive search and collection of all current and historic hydrologic, geologic, and land use
parameters, 2) develop a groundwater database of the assembled data, 3) develop a three-
dimensional groundwater flow model, 4) develop recommendations concerning future data

collection and model improvement efforts.

IIl. PURPOSE OF THE PHASE I REPORT

The purpose of the Phase I report is to document the data collection activities, and the
analysis of the hydrogeologic data. The report also discusses the methodologies used in

determining groundwater recharge, pumpage, evapotranspiration, and underflow.



IV.  PREVIOUS INVESTIGATIONS

The first regional hydrologic and geologic studies in the SRV area were conducted around
the turn of the century by the United States Geological Survey (USGS). Davis (1897) reported
on irrigation and surface water supplies near Phoenix. Lippincott (1900) discussed the storage
of water on the Gila River. The Lippincott report focused on the water supply and potential
reservoir sites. The storage of water on the Salt River was investigated by Davis (1903). Lee
(1904, 1905) reported on the underground waters of the Gila and Salt River Valleys. The Lee
reports contain a wealth of historical information concerning well records, water level data, water
quality data, along with excellent discussions of the geology and hydrology of the Gila and Salt
River Valleys.

Several recent studies have contributed to the understanding of the modern hydrogeology
of the area. In 1976 the United States Bureau of Reclamation (USBR) studied the geology and
groundwater resources of Maricopa and Pinal Counties as a part of the Central Arizona Project
(USBR, 1976). Ross (1978) produced maps showing groundwater conditions in the WSRV.
Reeter and Remick (1983) produced maps showing groundwater conditions in much of the study
area. Laney and Hahn (1986), and Brown and Pool (1989) reported on the hydrogeology of the
ESRV and WSRY sub-basins, respectively. In addition to the reports mentioned there have been
numerous local hydrologic and geologic studies conducted in the area. A useful reference for
additional hydrologic reports on the area is the ADWR Bibliography of Selected Reports on

Groundwater in Arizona (Remick, 1987).



Several groundwater modeling studies have been conducted in the region. Anderson
(1968) constructed an electric analog model of the Central Arizona region. The Anderson model
was used to analyze groundwater depletions projected for 1974 and 1984. Long and others
(1982) constructed a digital, two-dimensional regional groundwater flow model of the SRV. The
model was developed to aid in groundwater planning and management programs. Thomsen and
Eychaner (1991) constructed a two-dimensional model of the predevelopment hydrologic system
of the Gila River Indian Reservation. Thomsen and Porcello (1991) constructed a two-
dimensional model of the predevelopment hydrogeologic system of the Salt River Indian
Reservation. Both of the predevelopment models were developed to describe the hydrologic
conditions that existed on the reservations prior to development by non-Indian settlers, and are
useful to the understanding of the predevelopment groundwater system of the SRV which is

discussed later in this report.

V. DATA SOURCES, DATA LIMITATIONS, AND PERIOD OF DATA
COLLECTION

A wide variety of data sources have provided information for the modeling effort. Water
level data and well construction data have been collected and compiled by the ADWR and the
USGS, and were accessed through ADWR's wellsite and water level database, the Groundwater
Site Inventory (GWSI) and ADWR’s well registration database, the "55" Well File. Pumpage
data were provided by various municipalities, rrigation districts, Indian communities, and the
ADWR Registry of Groundwater Rights (ROGR) database. Geologic data were provided from

geophysical logs, drillers’ logs, geologists™ logs, particle-size logs, gravity surveys, and other



reports. USGS stream gage data and irrigation district reports on surface water deliveries and
canal conditions were used to quantify various components of groundwater recharge. Irrigation
data were supplied by aerial photo interpretation, and Landsat image analysis. Evapotranspiration
data were provided from Landsat image analysis, and other reports. Each of these data sources
are discussed in greater detail later in this report.

Although a wide variety of hydrologic, geologic, and water use data were available the
data were limited in many parts of the study area. Water level data were limited or non-existent
in many parts of the study area due to the lack of wells in non-agricultural or non-urban areas.
Water level data were also limited temporally, since only a relatively small number water levels
are measured in most years. Aquifer test data, and sub-surface geologic data were also lacking
in many locations throughout the study area.

Hydrologic, geologic, and water use data were collected for the period 1978 through 1988,
This period was selected due the greater availability of water level data and pumpage data. The
period was also selected to provide continuity with previous modeling efforts which had compiled

pumpage and recharge data through 1977 (Long and others, 1982).



CHAPTER TWO. HYDROGEOLOGIC SYSTEM

I REGIONAL SETTING: GEOGRAPHY, PHYSIOGRAPHY, AND CLIMATE

The SRV is located in central Arizona (Figure 1). The study area of this report
encompasses the heaviest water use area of the state and includes: the ESRV and WSRYV sub-
basins of the Phoenix AMA, and the northern portion of the Maricopa-Stanfield (MST) sub-basin
of the Pinal AMA. Two major Indian communities are located within the study area . The Gila
River Indian Community (GRIC) is located along the Gila River in the southern portion of the
ESRV and northern portion of the MST sub-basin.  The Salt River Pima-Maricopa Indian
Community (SRPMIC) is located along the Salt River in the east-central section of the ESRV.

The study area is part of the Basin and Range physiographic province and consists of
gently-sloping alluvial plains separated by predominantly north to northwest-trending mountain
ranges (Anderson and others, 1990). Land surface elevations range from less than 800 feet above
mean sea level at Gillespie Dam to over 6,000 feet above mean sea level in the Superstition
Mountains. Elevations on the basin floors typically range from 1,000 to 2,500 feet above mean
sea level.

The climate of the study area is semi-arid, with hot summers and mild winters. Average
annual temperatures range from 71° F at Phoenix to 68" F at Carefree (Brazel and others, 1981).
Average annual precipitation ranges from 7 inches to 8 inches, with higher elevations receiving

more rainfall (ADWR, 1991). A small majority of the precipitation occurs in winter, however,



July and August receive considerable amounts from thunderstorms associated with the summer
monsoon.

The study area is drained by three major streams -- the Salt, Gila, and Agua Fria Rivers.
The Salt River below Granite Reef Dam is ephemeral, flowing only in response to local flooding
and releases from upstream reservoirs. The Gila River from Ashurst-Hayden Dam to near its
confluence with the Salt River is also ephemeral, flowing only in response to flooding and
reservoir releases. Below the confluence with the Salt River, the Gila River flows perennially
due to effluent discharge from the City of Phoenix 91st Avenue Wastewater Treatment Plant.

The Agua Fria River is ephemeral.

1. SOURCES OF GEOLOGIC DATA

The geology of the SRV was defined for the study using several types of subsurface data
from various sources. These data were used to construct detailed cross-sections, make
correlations, prepare structure contour maps, and assist in making preliminary estimates of
hydraulic conductivity and specific yield for each hydrogeologic unit. The methodology used to
define the geology of the SRV is outlined in the following sections.

Geologic data for the SRV study area include particle size data, driller’s logs, monitor
well logs from groundwater contamination sites, and logs from other sources. These data were
obtained from various sources, including ADWR files, the USGS, the Arizona Oil and Gas

Conservation Commuission (AOGCC), and various water providers.



A. Particle Size Data

In the 1970s the USGS initiated a program of collecting cuttings samples from water wells
drilled throughout the state. The samples were sieved and weighed at the USGS office in
Tucson, and the data were compiled in paper and computer files. Although the program has been
inactive for a number of years, the USGS now has an extensive database of particle size data
from hundreds of wells within the major urban and agricultural areas of the state. Included
within the files are estimated particle size information and geologist’s logs, where available.

Particle size data were used extensively by Laney and Hahn (1986) and Brown and Pool
(1989) in their hydrogeologic evaluations of the ESRV and WSRYV, respectively. Approximately
350 particle size logs were available for the SRV, nearly all of which were used to define breaks
between hydrogeologic units. Although the quality of particle size logs can vary considerably
depending on the drilling method used, the particle size logs were generally considered to be the
most reliable source of geologic data available for the study. For this reason, initial geologic
interpretations were made using primarily this data source. Other types of data, such as driller’s
logs. were used to provide additional geologic definition in areas where particle size logs were

unavailable.

B. Driller’s Logs

Although driller’s logs are commonly regarded as subjective and unreliable, they are very

abundant in the SRV. The original SRV Two-Dimensional model (Long. and others, 1982) was



developed from 1,788 selected driller’s logs which were entered into a Driller’s Log File on the
ADWR computer system. The Driller’s Log File was developed to facilitate geologic
interpretation and develop aquifer parameters for the model.

Because the Driller’'s Log File represented an extensive collection of logs available in a
format suitable for performing geologic evaluations, it was utilized as a significant source of
geologic data for the study. Additional driller’s logs were obtained from the well registry, or
"55" file, and the old well registry, or "35" file, located at the ADWR Basic Data Section. These
files were searched to obtain logs in areas with no available information, or in areas where
available logs were of insufficient depth. Approximately 400 additional logs were obtained for

this purpose, although not all were of sufficient quality to be used.

C. Monitor Well Logs

Approximately 60 logs from selected monitoring wells completed at most of the major
groundwater contamination sites in the SRV were obtained from the files. These typically
included both lithologic and geophysical logs and were generally of very good quality. Although
groundwater contamination sites are located throughout most of the urbanized parts of the SRV,

each site is relatively small. For this reason, these logs were only useful in small, selected areas.
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D. Logs From Other Sources

Approximately 60 logs were obtained from other sources for use in completing the
geologic evaluation. These included oil well logs from the Arizona Oil and Gas Conservation
Commission, Central Arizona Project (CAP) test hole logs from the USBR, geophysical logs from
the USGS, and lithologic and geophysical logs from several of the cities and major water
providers.

Most of the oil well logs were of poor quality or were not suitable for interpreting
lithologic breaks. However, a few oil well logs were of sufficient quality to provide this
information. In addition, critical information concerning the depth to bedrock, and the depth to
the top of the Luke salt body was also obtained from these logs.

All of the logs of test holes completed by the USBR as part of their hydrologic evaluation
for the CAP were used. Although few in number, the test holes were distributed evenly
throughout the SRV; most of the holes were completed to a depth of 2.000 feet. All of the holes
were logged in detail and were cored at selected intervals; a few contained geophysical logs as
well.

Approximately 20 geophysical logs were obtained from the USGS. which had compiled
the logs from various sources. Very few of these geophysical logs were useful, as corresponding
lithologic logs were not available.

A number of lithologic and geophysical logs of water supply wells maintained by the
cities, major water providers, and irrigation districts were obtained, either directly from the source

or from ADWR files. Entities which provided geologic data to the study included the City of

i1



Phoenix, the Salt River Project, the City of Scottsdale, the Roosevelt Irrigation District, and the

Roosevelt Water Conservation District, among others.
III. HYDROGEOLOGIC SETTING

The hydrogeologic setting of the Salt River Valley (SRV) is described in reports by Laney
and Hahn (1986) on the hydrogeology of the eastern part of the SRV and Brown and Pool (1989)
on the hydrogeology of the western part of the SRV. Part of the information presented in this
section was obtained from these sources. The remainder is from studies by the authors of this

report.
A. Structure

The SRV consists of two distinct but interconnected alluvial groundwater basins. The
western alluvial basin is approximately equivalent to the West Salt River Valley (WSRV)
subbasin of the Phoenix AMA; the eastern alluvial basin includes the East Salt River Valley
(ESRV) sub-basin of the Phoenix AMA and the northern part of the Maricopa Stanfield (MST)
sub-basin of the Pinal AMA. The alluvial basins are connected between South Mountain and the
Estrella Mountains and between South Mountain and the Papago Buttes (see Figure 1).

The alluvial basins are defined and partially surrounded by predominantly north to
northwest trending fault-block mountain ranges. The alluvial basins and most of the surrounding

mountains characteristic of present-day Basin and Range physiography were formed during a

12



period of high-angle block faulting that occurred between approximately 15 and 8 million years
ago (Shafiqullah and others, 1980). South Mountain is a northeast-trending arch structure that

was formed prior to Basin and Range faulting (Reynolds, 1985).

B. Hydrologic Bedrock Unit

The rocks that form the mountain ranges surrounding the alluvial basins are composed
predominantly of crystalline rocks of Precambrian to middle Tertiary age and extrusive rocks of
middle Tertiary to Quaternary age (Brown and Pool, 1989). The crystalline and extrusive rocks
form nearly impermeable boundaries to groundwater flow and are collectively referred to in this
report as the hydrologic bedrock unit.

“The crystalline rocks of the hydrologic bedrock unit are composed of various metamorphic
and granitic rocks, including schist, gneiss, metavolcanics, quartzite, granite and other granitic
rocks of Precambrian to middle Tertiary age. The extrusive rocks include middle to late Tertary
volcanic rocks of rhyolitic to basaltic composition and basalt flows of middle Teruary to
Quaternary age. The hydrologic bedrock unit may locally contain and transmit small quantities

of water where fractured, but is not regarded as an aquifer on a regional scale.

C. Red Unit

The mountain ranges surrounding the basins also include sedimentary rocks of Late

Tertiary age referred to as the red unit (Arteaga and others, 196%). The red unit has also been



referred to in the literature as the Tempe beds (Schulten and others, 1979) and the Camel’s Head
Formation (Cordy and others, 1978). The red unit occurs at Mount McDowell and the Papago
Buttes, and in the subsurface in east Phoenix and Scottsdale.

The red unit consists of reddish-colored, well-cemented breccia, conglomerate, sandstone
and siltstone (Laney and Hahn, 1986). The breccia and conglomerate are poorly sorted, with
particle sizes ranging from clay to boulders up to 15 feet in diameter. The sandstone and
siit%mne are better sorted and stratified. The upper part of the unit locally contains interbedded
volcanic flows and pyroclastic rocks. The red unit has been interpreted as consisting primarily
of alluvial fan deposits.

The red unit was deposited prior to the high-angle normal faulting that formed the alluvial
basins. The origin of the unit at the Papago Buttes may be related to the development of the
South Mountain arch structure (Reynolds, 1985). The age of the red unit may range from 17.5
to 22 million years, based on radiometric dating of volcanic rocks within the unit (Brown and
Pool, 1989).

Because the red unit is limited in areal extent and typically well-cemented, it is not a
significant source of water on a regional scale. In Paradise Valley, however, the unit yields more
water to wells than do the overlying units, probably due to fracturing and faulting (Arteaga and
others, 1968). The red unit has therefore been included with the basin-fill deposits for modeling

purposes.
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D. Basin-Fill Deposits

The alluvial basins of the SRV consist of thick basin-fill deposits of unconsolidated to
semiconsolidated clastic sediment of Late Tertiary to Quaternary age. Radiometric dating of
volcanic rocks within the basin fill suggest that the basin-fill deposits were formed between 15.8
and 3.3 million years ago (Laney and Hahn, 1986).

The basin-fill deposits range in thickness from less than 100 feet near the basin margins
to over 10,000 feet in the central areas of the basins (Figure 2). The thickest basin-fill deposits
in the WSRYV are near Luke Air Force Base, where the structure and lithology of the basin-fill
deposits have been influenced by a massive evaporite deposit referred to as the Luke Salt Body
(Eaton, Peterson and Schumann, 1972). The thickest basin-fill deposits in the ESRV occur east
of Gilbert, where a total thickness of over 9,000 feet has been recorded by geothermal
exploration drilling. The basin-fill deposits in the ESRV also exceed 7,000 feet in thickness east
of Scottsdale and 5.000 feet in thickness east of the Union Hills.

The basin-fill deposits consist of interbedded sequences of conglomerate, gravel, sand, silt,
clay and evaporites. These clastic sediments represent sequences of alluvial fan, playa and fluvial
deposits formed during the development of the alluvial basins. In general, the basin-fill deposits
become finer-grained toward the central areas of the alluvial basins and tend to coarsen upward.
These observed lithologic relationships are interpreted as representing alluvial fan and playa
deposits formed in closed basins during the early and middle stages of basin development,
followed by fluvial and alluvial fan deposits formed during the late stages of basin development

after the establishment of through-flowing drainages.
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The basin-fill deposits comprise the regional aquifer in the SRV and are the primary focus
of the modeling effort. Individual hydrogeologic units within the basin-fill deposits have been

defined for the model, as discussed in the following sections.

IV. HYDROGEOLOGIC UNITS DEFINED FOR THE MODEL

A. Definition of Hydrogeologic Units

An evaluation of available geologic information during the early stages of data
development indicated that the basin-fill deposits are characterized in most areas by a lower unit
consisting mainly of conglomerate and gravel, a middle unit consisting predominantly of silt and
clay, and an upper unit consisting mainly of gravel and sand. The units were defined using
particle size data and lithologic data, where available. Because these three units are characterized
by unique hydraulic properties, the basin-fill deposits were subdivided into three hydrogeologic
units for modeling purposes. The three hydrogeologic units are designated, in ascending order:
(1) Lower Alluvial Unit (LAU), (2) Middle Alluvial Unit (MAU) and (3) Upper Alluvial Unit
(UAU). The stratigraphic relationships among the three hydrogeologic units of the basin-fill
deposits, the red unit and the hydrologic bedrock unit are presented in Figure 3.

These three hydrogeologic units are partially equivalent to similar units defined in
previous investigations by the USBR (1976) and the USGS (Laney and Hahn, 1986; Brown and
Pool, 1989). There are, however, differences in definition of hydrogeologic units between the

USBR, USGS and ADWR based on the objectives of each investigation.
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Figure 3
Generslized Cross-Section of the Princpal Hydrogeologic Units of the SRV
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The USBR recognized three hydrogeologic units in their evaluation of the geology and
groundwater resources of Maricopa and Pinal counties for the Central Arizona Project. The
hydrogeologic units defined by the USBR were designated Upper Alluvial Unit, Middle Fine-
Grained Unit and Lower Conglomerate Unit. In many locations, the breaks between
hydrogeologic units defined by the USBR are similar to those defined in the current investigation.
In other locations, they are significantly different. In general, the UAU defined by the USBR
tends to be thicker than the UAU defined in the current investigation.

The USGS also recognized three hydrogeologic units in their evaluations of the
hydrogeology of the ESRV (Laney and Hahn, 1986) and the WSRV (Brown and Pool, 1989).
However, the hydrogeologic units defined by the USGS are significantly different from the
hydrogeologic units defined for the current investigation. In addition to using particle size data
to define hydrogeologic units, the USGS also used detailed lithologic descriptions obtained by
inspecting the drill cuttings used to develop the particle size data. As a result, the hydrogeologic
units defined by the USGS were defined as both geologic and hydrogeologic units.

In general, the upper unit defined by the USGS (Qs) is approximately equivalent to the
upper part of the UAU. The middle unit defined by the USGS (QTs) is approximately equivalent
to the lower part of the UAU and, in some locations, the upper part of the MAU. the lower unit
defined by the USGS has been subdivided into an upper part (Tsu) and a lower part (Tsl). The
upper part of the lower unit is approximately equivalent to most or all of the MAU; the lower
part of the lower unit is approximately equivalent to the LAU.

Figure 4 illustrates the differences in definition of hydrogeologic units between the USBR,

ADWR and USGS for a particle-size log from an irrigation well located at B-01-02 9ada2.
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FIGURE 4
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Differences in definition between the USBR and ADWR at this location are primarily over
nomenclature. Differences between the USGS and ADWR concern definition of units as well
as nomenclature.

The three hydrogeologic units defined for this investigation are recognized in all areas
except: (1) in the northern parnt of the WSRV near the Hedgpeth Hills and Hieroglyphic
Mountains, (2) in the northern part of the ESRV northeast of the Union Hills, (3) in the eastern
part of the ESRV near the Superstition Mountains, (4) in the southern part of the ESRV between
the Sacaton and Santan mountains, and (5) near most mountain fronts. In areas where the three
hydrogeologic units are difficult or impossible to recognize, boundaries between units have been

inferred for modeling purposes.

B. Lower Alluvial Unit (LAU)

The Lower Alluvial Unit (LAU) overlies or is in fault contact with the hydrologic bedrock
unit and the red unit. The LAU consists mainly of conglomerate and gravel near the basin
margins, grading into mudstone, gypsiferous and anhydritic mudstone and anhydrite in the central
areas of the basins. The LAU locally contains interbedded volcanic rocks. Radiometric dating
of volcanic rocks within the LAU indicates that the unit may be as old as 16.6 million years
(Brown and Pool, 1989).

An isopach map of the LAU is presented in Figure 5. The LAU may be less than 100
feet thick near the basin margins and several thousands of feet thick in the central areas of the

basins. Due to a lack of deep drilling data, no attempt was made to map the thickness of the
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LAU below 3,000 feet, the assigned maximum depth of the model. For this reason, the LAU
appears to attain a maximum thickness of 2,000 feet in the central areas of the basin - the true
thickness of the LAU is unknown.

A bottom elevation contour map of the LAU is presented in Figure 6. This map is
essentially a structure contour map of the top of the hydrologic bedrock unit, and shows a pattern
similar to the depth to bedrock map presented in Figure 2. As with the isopach map, no attempt
was made to map the bottom elevation of the LAU below 3,000 feet.

Figures 5 and 6 both show the effects of the Luke Salt Body on the thickness and
structure of the upper part of the LAU. The Luke Salt Body is interpreted as having formed as
an evaporite deposit during deposition of the LAU. Movement of the Luke Salt Body has had
a noticeable effect on the thickness and structure of both the LAU and the overlying MAU.
Although available data indicate that the Luke Salt Body is part of the LAU, it is considered to
represent a hydraulic barrier and has been included within the hydrologic bedrock unit for
modeling purposes.

The LAU was deposited during the early stages of development of the alluvial basins.
The increasing thickness and decreasing particle size of the LAU with increasing distance from
the mountain fronts suggest that the alluvial basins were closed and subsiding during deposition
of the unit. The LAU is interpreted as consisting of alluvial fan deposits near the mountain
fronts grading into fluvial, playa and evaporite deposits in the central areas of the basins.
Sediment within the unit was probably derived from the surrounding mountains.

A significant amount of the groundwater pumped from the peripheral areas of the ESRV

and WSRYV is derived from the LAU. It is estimated that approximately 25 percent of the total
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pumpage originates from the unit (ADWR, 1992b). The potential yield to wells completed in
the LAU ranges from 50 to 3,500 gpm, with the highest yields from wells in locations where the
LAU is coarser-grained. Most of the recoverable groundwater occurs within the upper 500 feet
of the unit. Hydraulic conductivity estimates for the LAU range from about 5 to 60 feet/day,
based on aquifer test results and specific capacity data. Specific yield estimates for the unit

range from about 3 to 15 percent.
C. Middle Alluvial Unit (MAU)

The Middle Alluvial Unit (MAU) overlies the LAU. The MAU consists mainly of clay,
silt, mudstone and gypsiferous mudstone with some interbedded sand and gravel. Near the
margins of the alluvial basins the MAU consists mainly of sand and gravel and is difficult or
impossible to distinguish from the other units.

An isopach map of the MAU is presented in Figure 7. In general, the MAU thickens
toward the central areas of the basin. The unit may be less than 100 feet thick near the basin
margins and over 1,600 feet thick in the deeper parts of the basins. In the ESRV, the MAU is
thickest southeast of Gilbert, an area which corresponds to the deepest part of the basin. In the
WSRYV, the MAU is thickest south and east of the Luke Salt Body.

A bottom elevation contour map of the MAU is presented in Figure 8. This map shows
a pattern similar to the isopach map of the MAU (Figure 7). Figures 5 and 6 both show the

effects of the Luke Salt Body on the thickness and structure of the MAU.
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The MAU was deposited during the middle stages of development of the alluvial basins.
The increasing thickness and decreasing particle size of the MAU with increasing distance from
the mountain fronts suggest that the alluvial basins were still closed and subsiding during
deposition of the unit. Like the LAU, the MAU is interpreted as consisting of alluvial fan
deposits near the mountain fronts grading into fluvial, playa and evaporite deposits in the central
areas of the basins. The lithology of the MAU consists predominantly of silt and clay, however,
which suggests that the unit consists primarily of playa deposits. Sediment within the unit was
probably derived from the surrounding mountains.

The MAU is the primary source of groundwater in the study area. It is estimated that
approximately 50 percent of the total pumpage in the study area is derived from the MAU
{ADW& 1992b). The potential yield to production wells completed in the MAU ranges from
350 to 2,200 gpm. Much of the recoverable groundwater in the unit may originate from the
interbedded sand and gravel layers within the unit. Hydraulic conductivity estimates for the
MAU range from about 5 to 50 feet/day, based on aquifer test results and specific capacity data.

Specific yield estimates for the unit range from about 3 to 14 percent.
D. Upper Alluvial Unit (UAU)
The Upper Alluvial Unit (UAU) overlies the MAU. The UAU consists mainly of gravel,

sand and silt. The composition of the UAU is dominated by gravel and sand near the present-day

Salt and Gila rivers, near the former course of the Salt River east and south of South Mountain,
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and near the margins of the alluvial basins. In other areas, the unit is typically dominated by
sand and silt.

An isopach map of the UAU is presented in Figure 9. The thickness of the UAU is
relatively uniform and does not show the same trends characteristic of the MAU and LAU. The
UAU is typically between 200 and 300 feet thick in the ESRV and between 300 and 400 feet
thick in the WSRV. The unit is between 100 and 200 feet thick near the Salt and Gila rivers and
becomes thinner near mountain fronts.

A bottom elevation contour map of the UAU is presented in Figure 10. Because of the
relatively uniform thickness of the unit, the bottom elevation contours tend to resemble land
surface elevation contours.

The UAU was deposited during the final stages of development of the alluvial basins.
The relatively uniform thickness of the unit and association of coarser-grained sediments with
the locations of major drainages suggest that the unit was deposited by the ancestral Salt and Gila
rivers after the establishment of through-flowing drainages. Deposition also occurred from
alluvial fans along mountain fronts. The UAU is interpreted as consisting of alluvial channel,
terrace, floodplain and alluvial fan deposits. Sediment within the unit was derived from the
ancestral Salt and Gila rivers and other streams, and from the surrounding mountains.

The UAU was once the primary source of groundwater in the study area, but is now
dewatered in many areas due to groundwater withdrawal. It is estimated that approximately 25
percent of the total pumpage in the study area is now derived from the UAU (ADWR, 1992b).
The potential yield to wells completed in the UAU ranges from 1,500 to 5,500 gpm. Hydraulic

conductivity estimates for the UAU have been obtained from aquifer test results and specific
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capacity data. The hydraulic conductivity of the UAU ranges from about 20 to 250 feet/day and
is highest near the Salt and Gila rivers. Specific yield estimates for the unit range from about

8 to 22 percent.
E. Hydrogeologic Cross Sections

Five hydrogeologic cross-sections have been prepared to illustrate stratigraphic
relationships among the three hydrogeologic units of the basin-fill deposits and the hydrologic
bedrock unit across the study area. Locations of the cross-sections are presented in Figure 11:
the cross-sections are presented in Figures 12 through 16. These relationships are probably best
illustrated in Figure 12, a hydrogeologic cross-section that extends from the White Tank
Mountains in the west to the Superstition Mountains in the east and includes the Phoenix
metropolitan area. Figure 12 represents a complete hydrogeologic cross-section of the SRV and
shows the WSRYV and ESRYV as distinct alluvial groundwater basins separated for the most pant
by relatively impermeable bedrock. Figures 13 through 16 illustrate stratigraphic relationships

among hydrogeologic units in other parts of the study area.

V. LAND SUBSIDENCE, EARTH FISSURING AND AQUIFER SYSTEM
COMPACTION

Land subsidence, earth fissuring, and aquifer system compaction occurs in the study area
near locations of significant groundwater withdrawals. As water levels decline subsidence and

aquifer comnpaction can occur. Localized differential subsidence, fissures, and faults are most
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likely to occur near the edges of a basin where compaction may be greatly influenced by the
depth and geometry of bedrock. Differential compaction of the aquifer in such places may cause
the land surface to bend across prominent bedrock features; the accompanying tensile stresses
may result in fissuring (Anderson, 1988).

Groundwater pumping has resulted in land subsidence and the development of earth
fissures in the Queen Creek, Paradise Valley, and Luke Air Force Base areas (Schumann and
Genualdi, 1986). In the Queen Creek area, an area of approximately 230 square miles north of
the Santan Mountains had subsided more than 3 feet by 1977. Over 5 feet of land subsidence
occurred east of Mesa between 1948 and 1981. As much as 5 feet of land subsidence occurred
in the Paradise Valley area between 1965 and 1982. Differential subsidence over a buried
bedrock hill resulted in a 400 foot long fissure in a northeast Phoenix construction site in 1980
(Larson and Pewe, 1986). An area of 140 square miles near Luke Air Force Base had subsided
more than 3 feet by 1977. All of these areas are characterized by extensive historic groundwater
pumpage and water level declines.

Aquifer system compaction due to water level declines is also of considerable concern
in the study area. The impact of compaction on basin hydrology is mainly the permanent loss
of aquifer storage (Anderson and others, 1990). The volume of lost storage within the aquifer
is equal to the volume of land subsidence. Inelastic compaction of fine-grained sediments occurs
over a long period of time and a large volume of water is released from storage as a result of this
inelastic compaction (Anderson and others, 1990). Unfortunately, this is a one-time release of

water from the aquifer, and the loss in storage is irreversible.
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CHAPTER THREE. SURFACE WATER SYSTEM

I GENERAL BACKGROUND

The SRV study area is drained by the Gila River and four principal tributaries: the Salt,
Verde, Agua Fria, and Hassayampa Rivers. Other tributaries include Queen Creek, New River,
Skunk Creek, Cave Creek, Waterman Wash, and Centennial Wash (Putman, 1983). Surface
water flow data are summarized in Table 1. The locations of major rivers, streams and

strearngaging stations are shown in Figure 17.

A, Gila River

The Gila River, which originates in western New Mexico and enters Arizona near Duncan,
drains most of southern and central Arizona. The river enters the study area between the Santan
and Sacaton Mountains near Sacaton, flows northwest and west near the Sierra Estrella
Mountains and the Buckeye Hills, and exits the area at Gillespie Dam. Prior to 1890, the Gila
River<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>