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EXECUTIVE SUMMARY

The Salt River Valley (SRV) groundwater flow model developed by the Arizona Department
of Water Resources (ADWR) (Corkhill and others, 1993; Correl and Corkhill, 1994) was used to
simulate groundwater conditions between 1988 and '2025. The simulation operated with
assumptions of future water demands and supplies obtained in 1993 and 1994 from the principle
water users and suppliers of the Salt River Valley and the staff of the Phoenix Active Management
Area (AMA). This simulation is referred to as the Current Trends Alternative and will serve as a
reference point against which other scenarios can be compared. This alternative is one of a number
of alternative demand and supply scenarios that the Department will run to support its planning
efforts that will enable the Phoenix AMA to meet the long term goal of safe yield for the area.

The Current Trends Alternative (CTA) represents the vision that the major water suppliers
in the Phoenix AMA had in 1994 of the methods of supplying their future demands. The input from
the cities and major irrigation districts was not always adjusted to meet the Department’s concepts
of how such future demands should be supplied. The CTA was developed in conjunction with Salt
River Valley (SRV) water providers. Special attention was given to the West SRV, in a cooperative
effort with the Westmarc group to conduct a hydrologic study called for by House Bill 2239,
sponsered by Representative Jerry Overton. Partial funding for this study was provided by House
Bill 2239 and by the US Bureau of Reclamation. The CTA is valuable in providing one view of a
contrasting picture of future groundwater conditions. Another view of the picture will be water
development and supply that meet the rules and regulations administered by the Department. The
Assured Water Supply Program in particular will influence the future plans of the Department and
the municipal water providers. These changes will need to be recognized in future alternative
scenarios.

Key to the data analysis was the use of a Geographic Information System (GIS) to combine
data from a variety of sources and areal extents. Using the GIS system the various forms of data were
gathered for the common study areas referred to as Water Planning Areas (WPAs). The WPAs were
. determined by classifying the study area into regions of similar water supply and demand.
Population projections.from the Maricopa Association of Governments (MAG) were used

with a water use rate (gallons per household per day) to estimate the future municipal water demand.
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Total groundwater demand was estimated by combining the projected municipal groundwater
demand plus the projected agricultural demand. The total groundwater demand and estimated future
recharge was used in the SRV groundwater flow model to evaluate the effects the projected stresses
* have on the groundwater system.

The results of the Current Trends Alternative scenario demonstrated the consequences of
continuing to depend mostly on groundwater in the West Salt River Valley sub-basin (WSRYV),
where the projected depth to water by the year 2025 is up to 700 feet below land surface, assuming
that the current reliance on groundwater continues. Declines of this magnitude could have major
implications with regard to subsidence and degradation of groundwater quality, as well as causing
an increase in the cost of withdrawing groundwater. In the East Salt River Valley (ESRYV), except
for an area in northern Scottsdale, the results were not as dramatic. This was largely due to the use
current and projected increases in the use of renewable water sources and the presence of artificial

recharge projects.

The CTA simulation provides a base point for future simulations to assist with the Third
Management Plan, the Assured Water Supply program, and the planning efforts of the various
municipalities and water providers within the Phoenix AMA. The SRV groundwater flow model
is not intended to be a site specific indicator of water levels but is suitable for evaluating sub-basins
and portions of sub-basins, and for evaluating the combined effects of many water users on the
groundwater system. The model is a valuable tool in determining the relative effect of various

scenarios concerning future water supply and demand within the Salt River Valley.
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INTRODUCTION
Overview

The U.S. Bureau of Reclamation (USBR) and the Arizona Department of Water Resources
(ADWR) entered into a cooperative project to study current and future conditions of the groundwater
system in the East and West Salt River Valley (SRV) sub-basins (Figure 1) in an effort to identify
areas where undesirable groundwater conditions may exist in the future. Examples of such
undesirable effects might be lowered water levels, land subsidence, continued depletion of
groundwater reserves, and water quality degradation. The ultimate goal of the initial project was
to develop methods of mitigating these undesirable effects by increasing the use of Central Arizona
Project (CAP) water. The Department has continued the development and use of the model for many
additional purposes, including technical assistance, long range planning, and education. This project
was funded by the Department, the US Bureau of Reclamation and by HB 2239, which authorized
the Department to continue working with West SRV water providers to analyze likely future water
resources conditions. For this effort the Department worked closely with the Western Maricopa
County Coalition (Westmarc) Water Resources Committee in developing future water use and
supply scenarios.

This intergovérnmental cooperative study had two major components. The first part
identified water supply and water demands for 1991 through 2025 within the Phoenix AMA. The
year 1991 was assumed to be representative of water use and supply patterns within the Phoenix
metropolitan area. These data provided a basis for a projection of expected water supply and
demand within the Phoenix AMA between 1995 to 2025. These projectionsused the 1991 estimates
as a base year and took into account future supply and demand for both the Municipél and Industrial
(M & I) and agriculture sectors within the East and West Salt River Valley sub-basins. A conceptual
water budget for the future was constructed by working extensively with the municipalities,
irrigation districts, and water supply companies. The conceptual water budget plays a critical part
in accurately modeling future stresses on the groundwater system.

The second portion of this study utilized a numerical model of the Salt River Valley
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previously developed by ADWR (Correl and Corkhill, 1994; Corkhill and others, 1993) to simulate
hydrologic conditions into the future to the year 2025. The location of model boundaries along with
other features is depicted on Figure 1. The model projections identified areas of the groundwater
system that may develop one or more of the undesirable effects previously mentioned. This "Current
Trends Alternative" (CTA) model run evaluates the projected effects on the groundwater system of
the future water demand and supply projections for the period 1995 to 2025. The projected demand
and supply information was gathered from water users and suppliers in the Salt River Valley as well
as from ADWR planning staff.

The Current Trends Alternative model simulation will serve as a reference point against
which other management scenarios can be compared, thus providing guidance to water managers
on the most useful management action. It should be noted that ADWR does not agree with all

_assumptions made for the CTA scenario, however, there is considerable valﬁe in projecting
groundwater conditions based on the supply sources envisioned by the major water users in the Salt
River Valley. The model results provided a visual representation of groundwater conditions
resulting from current trends in municipal supply plans and existing agricultural practices. A
contrasting scenario is currently being developed by the Department which fully recognizes the
influence of the Assured Water Supply Rules amd water supply efforts on the development of future
renewable supplies. A comparison between the two scenarios will serve to help evaluate the
effectivenessof the AWS and recharge programs in meeting the Department’s goal of safe yield for
the Phoenix AMA.
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Purpose and Scope

The purpose of this study was to use a numerical model developed by ADWR to simulate
groundwater conditions in the Salt River Valley and identify areas of concern between the period
1995 to 2025. The CTA model run will serve as a basis with which to compare alternative future
water demand and uses scenarios within the Phoenix AMA.

The scope of the CTA model run was to evaluate the regional effects on the groundwater
system from the estimates of future water demand (e.g., agricultural, municipal and industrial (M
& 1)) supply (e.g., groundwater, surface water, CAP water, effluent, and recharge) within the
Phoenix AMA. Future demand and supply information utilized in the model is representative of
what the principle water users and suppliers project, as of 1993 and 1994, will occur in the future.
The data preparation and analysis for the Current Trends Alternative simulation was accomplished
by utilizing a Geographic Information System (GIS) to analyze data from a variety of sources and
to track demographic features such as population growth, M & I demand and agricultural demand
into the future for specific planning areas. These areas were designed to delineate areas of different
water supply or demand. The results of the GIS calculations were used in the SRV groundwater
model with an emphasis on evaluating the effects the projected stresses have on the groundwater

system.
Prior Studies

The Salt River Valley groundwater flow model was developed by ADWR over two phases.
Phase I compiled and analyzed the basic hydrogeologic framework and data for the Salt River Valley
(Corkhill and others, 1993). The predevelopment (circa 1900) hydrologic system was analyzed
along with the modern system from 1978 to 1988. Phase I provided the background hydrological
and geological information from whicha MODFLOW groundwater flow model could be developed.
Included within the Phase I report is a discussion of the methodologiesused to compile and analyze
groundwater recharge, pﬁmpage, evapotranspiration, and underflow. The bulk of the information

for the predevelopment groundwater conditions in the Salt River Valley were obtained from reports
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by Davis (1897, 1903), Lippincott (1900), and Lee (1904, 1905). These reports contained a wealth
of information concerning the irrigation, surface and groundwater supplies, and the storage of water.
The recent studies that contributed to the understanding of the modern hydfogeology of the area
include groundwater maps produced by Ross (1978) and Reeter and Remick (1983) plus
hydrogeological studies conducted by the United States Bureau of Reclamation (USBR, 1976),
Laney and Hahn (1986), and Brown and Pool (1989).

The Phase II report documents the development of a MODFLOW groundwater flow model
for the Salt River Valley simulating steady-state groundwater flow (circa 1900) and transient-state
groundwater flow (1983 to 1988) (Corell and Corkhill, 1994). The model geologically simulates
three geological layers/équifers and hydraulically groundwater underflow, groundwater pumpage,
seepage to and from perennial river reaches, and groundwater recharge from agricultural irrigation,
major flood events and canals. The model was calibrated and reasonably simulated groundwater
flow directions and water levels for both steady-state and transient-state groundwater flow
conditions. Included in the report was a sensitivity analysis to determine how variations of the
model input components effected the final model solution. Appendix I of this report expands on the
details of the modeling effort.



HISTORIC and CURRENT GROUNDWATER CONDITIONS

The Salt River Valley (SRV) consists of two distinct but interconnected alluvial groundwata
basins, the West Salt River Valley (WSRYV) and the East Salt River Valley (ESRV). Inthe SRV
groundwater flow model the primary focus is on the basin-fill deposits since they constitute the
regional aquifer in the SRV. The basin-fill deposits consist of interbedded sequences of
conglomerate, gravel, sand, silt, clay, and evaporites.. These sediments were subdivided into three
hydrogeologic units for modeling purposes, in ascending order: 1) Lower Alluvial Unit (LAU), 2)
Middle Alluvial Unit (MAU); 3) Upper Alluvial Unit (UAU). The stratigraphicrelationshipsamong
the three hydrogeologic units are presented in Figure 2. A more detailed discussion of the
hydrogeologyis provided in the SRV Phase I report (Corkhill and others, 1993). For simplicity only
the MAU maps were used to represent groundwater conditions within the report, however, the UAU
and LAU maps are provided in Appendix III. |

To better comprehend the modeling resulté a brief synopsis is presented of the current and
historic groundwater conditions of the SRV. Historically, the groundwater condition of the Salt
River Valley (SRV) has changed greatly as a result of agricultural activity and urbanization. In 1900,
although irrigation was extensive in the area served by the Salt River Project and in the Buckeye
area, pre-development groundwater conditions still existed in most of the Phoenix AMA
Groundwater in the SRV flowed generally from north to south and from east to west, eventually
| discharging to the Salt and Gila Rivers, which generally flowed year-round. Groundwater flow to
the rivers had not yet been intercepted by eXtensive groundwater pumping.

Beginning in the 1940's groundwater pumping increased greatly as a result of the
introduction of the turbine pump, which allowed efficient production of large volumes of
groundwater for the cultivation of thousands of acres of new farmland. Groundwater levels fell
hundreds of feet between 1900 and 1983 in some areas of the Salt River Valley as a result of almost
80 million acre-feet of groundwater withdrawal. In the West Salt River Valley (WSRV),
groundwater level declines of more than 300 feet occurred in the area of Luke Air Force Base
(Figure 3), and the land surface in some portions of the area has subsided by more than 18 feet by -
1991 (Schumann, 1995).
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In the ESRV declines of over 300 feet were noted near Paradise Valley and an area east of Mesa
(Figure 3) The Paradise Valley area subsided 5 feet from 1965 to 1982 with subsidence rates of up
to 35 feet per year (Schumann and Genualdi, 1986)

Between 1983 and 1991 water levels in the Phoemix AMA have stabilized or recovered
slightly, with the exception of the areas around Peoria, Sun City, and north Scottsdale, which are
dependant entirely on groundwater withdrawals (Figure 4) The recovery 1s due to several factors
Among them are a general decline 1n agricultural pumpage while recharge from extensive 1rrigation
in the 1970's 1s still reaching the aquifer During the last decade higher than average recharge along
the nivers of the AMA has also occurred due to flooding, and increased surface water availability due
to much wetter than normal conditions has reduced groundwater pumpage The Department's
predictive hydrologic modeling, even taking these recent ground water level rises and higher than
normal river recharge into account, shows further drawdowns for many areas in the WSRV 1n future
years This projected decline 1s a reflection of the following assumptions surface water recharge
from long term average flows (1964 to 1991), not the high levels of availability seen 1n the 1980's,
reduced farming levels representative of the 1980's as compared to the 1970's, and a gradual
reduction 1n agricultural recharge as a function of the farm economy, urbamization and the
agricultural recharge "lag time" calculations

Current (1991) groundwater elevations and general flow directions are 1illustrated in Figure
6 Groundwaterin most of the WSRYV 1s currently flowing to a large cone of depression known as
the Luke Sink The Luke Sink 1s centered south of Youngtown and was created primarily by
agricultural pumping Water levels have declined over 300 feet from pre-developmentlevels in this
area (Schumann and Genualdi, 1986) Further to the south, groundwater flow continues to follow
the path of the Gila River and leaves the WSRYV at the site of Gillespie Dam (Figure 5) Much of
the current groundwater flow 1n the ESRYV 1s controlled by groundwater sinks located 1n the Paradise
Valley area and east of Mesa, and 1n an area along the Santan Mountians (Figure 5) A small amount
of underflow occurs 1n the Upper Alluvial Unit along the Salt River and 1n the Upper, Middle, and
Lower Alluvial Units along the Gila River from the ESRV into the WSRV
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The 1991 Depth to Water map (Figure 6) is useful in determining areas that may have
Assured Water Supply problems, waterlogging problems, and increased costs for drilling water
wells. The current areas of high depths-to-water, in the northern parts of the SRV, are areas that are
projected to have physical availability problems under the CTA scenario. The area near Buckeye
(Figure 6) is waterlogged and drainage wells are needed to keep groundwater levels low enough to
avoid crop damage. Water logging began to occur most recently in the 1960's when the 91st Avenue
waste water treatment plant (WWTP) expanded and effluent releases began to recharge the

groundwater system.
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CONCEPTUAL WATER BUDGET and PROJECT

The purpose of a conceptual water budget is to understand and simplify the groundwater
system. Generally it is desirable to simplify the conceptual water budget as much as possible while
still retaining the complexity needed to adequately reproduce the behavior of the groundwater
system. Building a conceptual water budget also organizes the associated data so the hydrologic
system can be analyzed more readily. The conceptual water budget for this study include underflow
(groundwater inflow and outflow), natural recharge (river and mountain front recharge), artificial
recharge (agriculturalirrigation, urban irrigation, canals, effluent, recharge projects, artificial lakes),
pumpage, and evapotranspiration (Table 1).

The variables in the inflow portion of the conceptual water budget were split into underflow,
ephemeral stream infiltrationand underflow, and recharge. The underflow and the ephemeral stream
infiltration and underflow were determined from historic averages to simulate these variables for the
period 1992 to 2025. The recharge portion of the inflow was calculated from a combination of
historic averages and calculations based on declining agriculture due to population growth. The
methods for determining these numbers will be discussed in more detail.

The major variablesin the out flows of the groundwater system include underflow out of the
model, evapotranspiration,and pumpage. The underflow out of the model and evapotranspiration
were projected to remain constant for the model period. The decrease in pumpage values from 1991
to 1995 is a result of a historic trend of decreasing agricultural pumping. The increase in pumpage
from 1995 to 2025 reflects an increase in population, as predicted by the Maricopa Association of
Governments (MAG), 1993, and related water demands. Each water budget component in Table 1

is fully discussed later in this section.

Inflow
Underflow
Underflow into the model area is listed on Table 2 and the general lbcations of the underflow
are depicted on Figure 8. Most of the values are consistent with the pre-development estimates for

the model area (Corkhill and others, 1993). The notable changes are:
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1) As aresult of the water logged area near Buckeye, an additional 1,000 AF/Yr over the
predevelopment value of 2,000 AF/Yr is leaving the model area along the Gila River near
Arlington.

2) Where the Santa Cruz River enters the model boundary the groundwater flow direction
has reversed. During pre-development time, 13,000 AF/Yr entered the model, at that
location in 1988 an estimated 24,000 AF/Yr left the model as a result of groundwater
pumping in Pinal County (Corkhill and others, 1993). '

3) Underflow into the model area from the Gila River near Florence has risen from less than
1,000 AF/Yr during pre-development time to an estimated 3,000 AF/Yr in 1988.

4) The pre-developmentunderﬂow and infiltration from the Agua Fria River (9,000 AF/Yr)
was not simulated in the model projections, reflecting the influence of Waldell Dam on the
Agua Fria River. |

Ephemeral Streams
The inflow of water into the model area from ephemeral streams was divided into two

categories; 1) underflow and infiltration, 2) underflow. The ephemeral streams in the model area
that contribute to the category of underflow and infiltration are; Cave Creek, Skunk Creek, New
River, and Queen Creek (Figure 7). The total annual recharge and underflow from these ephemeral
streams was estimated at 10,500 AF/Year (Corkhill and others, 1993) (Table 2).

The areas of groundwater underflow into the model area include the Gila River at Granite
Knob and at Florence, North Hassayampa, and South Hassayampa (see Table 2 and Figure 7). These
values were assumed to be representative of the underflow into the model and were held constant

for the 1995 to 2025 projections.

Recharge

Recharge represents the major inflow to the groundwater system. The sources of recharge
identified and simulated in the model include incidental recharge from agricultural and urban
irrigation, séepage from canals and artificial lakes, treated effluent discharged into river channels,

artificial recharge from underground storage and recovery projects, and naturally occurring recharge

15



from flood flows along the major drainages and mountain fronts within the SRV model area.

Inflow values for rivers and éphemeral streams, mountain front recharge, groundwater underflow,
effluent, golf course recharge, urban lake recharge, and seepage from canals were derived from work
discussed in Correl and Corkhill, 1994 (Table 2 and Table 3).

Recharge values for agriculture irrigation, underground storage and recovery projects were
estimated in 5 year periods, starting in 1995. Recharge estimates that were held constant either at
1991 levels or at some other representative level include urban irrigation, effluent, seepage from
canals and artificial lakes, treated effluent in stream channels and recharge from major drainages,
and mountain front recharge (Table 3). '

Overall, the recharge values in Table 1 decrease from 1995 to 2025, reflecting a decline in
agricultural recharge due to the reduction in agricultural production. The decrease in agricultural
recharge is not fully reflected in the recharge numbers until after 2010, due to the lag time required
for the agricultural recharge to reach the water table. The increase in river recharge from 1991 to
2025 is the result of using historical recharge for the Salt River for the period 1964 to 1991. River
recharge for this period was much higher then the calculated recharge for 1991 alone due to an
unusual number of flood events. River recharge for this period is also much higher than the recharge
calculated for the entire period of record that is available (early 1900's-1995).

A brief description of the methodology used to estimate récharge from each category is

provided below. Refer to Corkhill and others (1993) for a more detailed description.
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Table 1

Conceptual Groundwater Budget
For The SRV Model Area

(Values Rounded to Nearest 1,000 Acre-Feet)

Inflow to Groundwater System

Underflow In' 32,000 32,000 32,000 32,000

Recharge? 979,000 | 1,035,000 992,000 871,000

TOTAL INFLOW 1,011,000 | 1,067,000 | 1,024,000 | 903,000.00

Outflow from Groundwater
System

Underflow Out 27,000 27,000 27,000 27,000
Pumpage 953,000 902,000 | 1,090,000 1,378,000
Evapotranspiration 48,000 48,000 48,000 48,000
TOTAL OUTFLOW 1,028,000 977,000 | 1,165,000 | 1,453,000

A STORAGE -141 ,OOO -550,000

! This category is broken down in more detail in Table 2.
2 This category is broken down in more detail in Table 3.
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Table 2
Estimated Groundwater Underflow and
Stream Channel Infiltration
SRV Study area (1983-1988)

(Figures Rounded to Nearest S00 Acre-Feet)

| Groundwater Underflow Location Acre-Feet/Year l

INFLOW
Underflow
Gila River near Sacaton 7,000
Ir Gila River near Florence | 3,000
Hassayampa River near Morristown 3,000
Hassayampa River near Buckeye/Arlington 8,000
Total 21,000
Infiltration and Underflow
New River 3,000
Skunk Creek 2,000
Cave Creek (north Phoenix) 2,000
Cave Creek (Paradise Valley) 1,500
Queen Creek | 2,000
Total 10,500
T —
OUTFLOW |
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