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ARIZONA WATER ATLAS
VOLUME 8 — ACTIVE MANAGEMENT AREA PLANNING AREA

Preface

Volume 8, the Active Management Area (AMA)
Planning Area, is the eighth in a series of nine
volumes that comprise the Arizona Water Atlas.
The primary objectives in assembling the Atlas
are to present an overview of water supply and
demand conditions in Arizona, to provide water
resource information for planning and resource
development purposes and help to identify the
needs of communities.

The Atlas divides Arizona into seven planning
areas (Figure 8.0-1). There is a separate
Atlas volume for each planning area, an
introductory/executive summary volume and
a resource evaluation volume that examines
resource sustainability. “Planning areas” are
an organizational concept that provide for a
regional perspective on supply, demand and
water resource issues. A complete discussion
of Atlas organization, purpose and scope is
found in Volume 1. Also included in Volume 1
is general background information for the state,
a description of data sources and methods of
analysis for the tables and maps presented in the
Atlas, and appendices that provide information
on water law, management and programs, and
Indian water rights claims and settlements.

To the extent practical, the organization and con-
tent of this volume of the Atlas mirrors the six
other planning areas. However, readers should
be aware that the overall scope of this document
differs in some important ways.

Five AMASs have been designated in the state
as requiring specific, mandatory management
practices to preserve and protect groundwater
supplies for the future. Four AMAS - Phoenix,
Pinal, Prescott and Tucson - were established in

1980 upon enactment of the Groundwater Code
(Code) (A.R.S. 88 45-401 et seq.). In 1994, the
Arizona legislature established the Santa Cruz
AMA, which had previously been the southeast
portion of the Tucson AMA. This legislation
recognized the international water management
issues facing this area, and that its hydrology
required coordinated management of surface
water and groundwater.

The AMAs include most of the state’s largest
urbanized areas, and water use is subject to an
extensive regulatory framework. As a result,
water supply and demand data within AMAs
is often more detailed and comprehensive
than outside the AMAs, and unique legal and
regulatory complexities exist. By adhering
to the standardized Atlas format, Volume 8
provides an important overview of the AMAs
and allows for direct comparison with the rest
of the state. However, this volume does not
include extensive data analysis and is not an
exhaustive compilation of information relevant
to the AMAs.

This volume of the Atlas is the first document
of a larger AMA planning effort that includes an
AMA Assessment and Fourth Management Plan
for each AMA. The AMA Assessment includes
a compilation of historic data, including detailed
water budgets; future scenario development;
and obstacles to achieving safe-yield, notably
issues related to achievement of the statutory
management goals for each AMA. The AMA
Assessment is intended to provide an analytical
foundation for the development and promulga-
tion of Fourth Management Plans (A.R.S. 8§
45-561 et seq.). The management plans include
mandatory regulatory provisions that apply to

Section 8.0 Overview
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each water use sector within an AMA. These pro-
visions do not apply to tribal users.

More detailed data for the AMAs are also available
by contacting the Arizona Department of Water
Resources (Department).

Figure 8.0-2 Active Management Area Planning Area
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8.0 Overview of the AMA Planning Area

The AMA Planning Area is composed of five
groundwater basins located in the central and
south central parts of the state. (Figure 8.0-2) The
AMAs, established pursuant to the 1980 Ground-
water Management Act, include the Santa Cruz
AMA, the Tucson AMA, the Pinal AMA, the
Phoenix AMA, and the Prescott AMA. The AMAS
are located in portions of Santa Cruz, Pima, Pi-
nal, and Maricopa counties as well as
the central portion of Yavapai County.
There are seven Indian reservations
within the planning area including the
Tohono O’odham (consisting of three
reservations in the planning area), Pas-
cua Yaqui, Ak-Chin, Gila River, Fort
McDowell Yavapai, Salt River Pima-
Maricopa and the Yavapai-Prescott.

>
N

.%e,

In 2006, just over 82% of the state’s 6.2
million inhabitants lived inthe planning
area. In 2005, AMA populations ranged
from approximately 47,200 residents in
the Santa Cruz AMA to over 3,650,000
residents in the Phoenix AMA. In 2006
the Arizona Department of Commerce
estimated that the state’s population
would be approximately 10,348,000
by 2030 and would likely double by
2050 to over 12.8 million people. The
majority of this growth will occur in
the AMA Planning Area.
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Between 2001-2005 an average of
3,659,480 acre-feet of water was
used annually in the planning area for
agricultural, municipal and industrial
purposes (cultural water demand). Of
this total demand, approximately 43%
was met with groundwater supplies,
32% was met with Central Arizona
Project (CAP) water, 21% was met with
surface water and 4% was met with
effluent or reclaimed water. During
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this time-period agriculture was the largest
use sector in the planning area with an average
annual demand of approximately 2,153,900
acre-feet or 59% of the total planning area
demand. Municipal sector demand averaged
about 1,273,100 acre-feet per year (AFA) (35%)
and industrial sector demand averaged about
232,480 AFA (6%).

8.0.1 Geography

The AMA Planning Area covers approximately
14,700 square miles and stretches continuously
from the international border through central
Arizona to the northern boundary of Maricopa
County. The most northern AMA, the Prescott
AMA, is discontiguous from the other four
AMAs (Figure 8.0-2) and is within the
boundaries of the Central Highlands Planning
Area, which borders the Phoenix AMA on the
north. The planning area is located between the
Southeastern Arizona Planning Area on the east
and the Lower Colorado River Planning Area on
the west and includes portions of six watersheds,
which are discussed in section 8.0-2, Surface
Water Hydrology.

Most of the AMA Planning Area is located in
the Basin and Range physiographic province,
which is characterized by broad, gently sloping
alluvial basins separated by north to northwest
trending fault-block mountains (Figure 8.0-3).
The Prescott AMA and a small portion of the
Phoenix AMA lie within the Central Highlands
transition zone, which is characterized by a band
of mountains of igneous, metamorphic, and
sedimentary rocks. Because of its geographic
extent and location in the state, the planning area
exhibits a wide range of geographic features,
from low elevation, broad, semi-arid Sonoran
desert valleys to mountain ranges with summits
over 9,000 feet. The topographic variability
results in broad variations in the amount of
precipitation, temperature range and vegetation

type.

At approximately 485 square miles in area,
the Prescott AMA is the smallest AMA basin
and has the highest average elevation, ranging
from 4,400 feet in the valleys to approximately
7,800 feet in the Bradshaw Mountains. The
AMA is characterized by rolling topography,
broad sloping alluvial basins and fault block
mountains (see Figure 8.3-1). Streamflow in
surface drainages are primarily ephemeral or
intermittent.

The Santa Cruz AMA is approximately 716
square miles in area. It lies adjacent to the
international border and its major drainage,
the Santa Cruz River, flows from Mexico into
the basin. The AMA is characterized by the
relatively narrow river drainage flanked by hills
and higher elevation mountains on its northern,
eastern and western boundaries. Elevations
range from 3,000 feet where the Santa Cruz
River exits the basin to over 9,400 feet in the
Santa Rita Mountains (see Figure 8.4-1).

Figure 8.0-3 Physiographic Regions of
Arizona

’ ’;'e 'L:&‘ ee )\ v
Data source: Fenneman and Johnson, 1946
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North and west of the Santa Cruz AMA, the
Tucson AMA is approximately 3,866 square
miles in area with two major, parallel alluvial
valleys, the Upper Santa Cruz in the east and
the Avra and Altar valleys in the west. The
Santa Cruz River drains the Upper Santa Cruz
Valley and is the major drainage in the AMA.
Mountain ranges form the eastern and southern
borders of the AMA. These “sky islands” are
relatively isolated ranges separated by valleys
that are part of a unique complex of mountains
that are also found in northern Mexico and New
Mexico (Warshall, 2006). The Tucson AMA
has the widest elevational range of any of the
AMAs with elevations ranging from 1,770 feet
north of Picacho Peak, to over 9,400 feet in the
Santa Rita Mountains (see Figure 8.5-1).

The Pinal AMA is located to the north and west
of the Tucson AMA, and at 4,100 square miles in
area, is the second largest basin in the planning
area. It is characterized by broad, alluvial
Sonoran desert valleys and mid-elevation north
to northwest trending fault-block mountains.
The Gila River flows east to west in the northern
part of the basin while the Santa Cruz River
enters the basin from the southeast, flowing
primarily ephemerally toward the northwest.
Elevations range from about 1,000 feet where
the Gila River and Santa Cruz River exit the
basin in the northwest to over 6,800 feet at Kitt
Peak at the southern basin boundary (see Figure
8.2-1).

The Phoenix AMA is the largest AMA basin
at approximately 5,646 square miles and is
characterized by Sonoran desert valleys that
are generally from 1,000 to 2,500 feet above
mean sea level, surrounded by mid-elevation
mountain ranges. The basin is drained by five
major rivers, the Salt, Gila, Verde, Agua Friaand
Hassayampa. The state’s most important water
producing watersheds, the Salt and the Verde,
converge in the Phoenix AMA, representing an

important water supply for the area. Elevations
range from 755 feet where the Gila River exits
the basin to almost 5,900 feet in the New River
Mountains on the northern basin boundary (see
Figure 8.1-1).

8.0.2 Hydrology*
Groundwater Hydrology

With the exception of the Prescott AMA, a large
portion of the AMA planning area is located in
what Anderson, and others (1992) categorized
as the Central basins. Stream alluvial deposits
and upper basin fill are the principal water
bearing sediments in these basins (see Figure
8.0-4). The Central basins are characterized
by relatively small to moderate amounts of
mountain-front recharge, streamflow infiltration
and significantunderflow in and out of the basins.
Groundwater flows tend to move inward from
the edges of the basin and higher elevations and
then downstream towards the outflow portion of
the basin.

The Prescott AMA is located in what Anderson,
and others (1992) categorized as the Highland
basins. Highland basins consist of basin fill and
alluvium deposits, similar to the Central basins;
however, due to their discontinuous nature,
relatively little or no underflow occurs between
basins. As shown in Figure 8.0-4, much of this
basin is covered by sedimentary and volcanic
rocks. Recharge occurs from surrounding
consolidated rock and inflow from stream
infiltration.

The central AMAS (Phoenix, Pinal and Tucson)
contain relatively deep alluvial aquifers and
significant volumes of water in storage. How-
ever, since aquifer recharge rates are relatively
low and pumping volumes large, the aquifers
have been in an overdraft condition. Within an
AMA, overdraft is defined as a condition where

!Except as noted, much of the information in this section is taken from the Arizona Water Resources Assessment,
Volume Il (ADWR, 1994) and the Third Management Plans (TMP) for the AMAs (ADWR, 1999a).

Section 8.0 Overview




Arizona Water Atlas
Volume 8

Figure 8.0-4 Surface Geology of the AMA Planning Area

(Based on Reynolds, 1988)
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groundwater is pumped in excess of safe-yield.
The definition of safe-yield is, “to achieve and
thereafter maintain a long-term balance between
the annual amount of groundwater withdrawn in
an active management area and the annual amount
of natural and artificial groundwater recharge in
an active managementarea.” A.R.S. § 45-561(12).
The Prescott AMA aquifers are more discontinu-
ous and less extensive than the large basin-fill
aquifers of the central AMAs. As with the cen-
tral AMAs, the Prescott AMA is in an overdraft

condition. In the Santa
Cruz AMA a close in-
‘ terrelationship  exists
A between water levels
5 in the stream alluvium
along the Santa Cruz
River, and precipitation
and drought events. The
Santa Cruz AMA is in
a safe-yield condition.
(Erwin, 2007)
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All of the AMAs, with
the exception of the
Santa Cruz AMA, con-
tain sub-basins: two in
the Prescott AMA, sev-
en in the Phoenix AMA,
five in the Pinal AMA,
and two in the Tucson
AMA. Characteristics
of each basin and sub-
basin are described in-
dividually below.

Central Basins
: Phoenix AMA

G:hé"‘ The primary source
i of groundwater in the
Phoenix AMA is basin-
fill sediments. Three
distinct water bearing
units are identified in
most of the sub-basins
in the AMA: an upper alluvial unit, a middle fine-
grained unit, and a lower conglomerate unit. Al-
though conditions and circumstances vary across
the AMA, most groundwater is pumped from the
middle unit. Bedrock, consisting of metamorphic
and igneous rock, underlies the basin-fill sedi-
ments and is not considered an aquifer. Ground-
water occurs under generally unconfined condi-
tions throughout most of the AMA.. Depth to water
ranges from just below land surface (bls) to more
than 800 feet bls.
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There are seven groundwater sub-basins in the
Phoenix AMA: East Salt River Valley (ESRV),
West Salt River Valley (WSRV), Hassayampa,
Rainbow Valley, Fountain Hills, Lake Pleasant,
and Carefree. (Figure 8.1-6) Each sub-basin has
its own unique hydrogeologic characteristics,
discussed below.

Groundwater flow directions are shown on Fig-
ure 8.1-6. In several areas, historic flow direc-
tions have been altered by well pumping. Prior
to extensive pumping, groundwater flowed
primarily from the ESRV to the WSRV along
or toward the Salt and Gila Rivers, exiting the
AMA near Gillespie Dam. By 1964, a region-
al groundwater depression had formed in the
WSRV sub-basin east of the White Tank Moun-
tains, redirecting flow in the sub-basin to the
depression (Rascona, 2005). By 1983, agricul-
tural pumping had produced localized ground-
water depressions throughout the AMA (Reeter
and Remick, 1986). A groundwater divide now
exists in the southwest quarter of Township 1N,
Range 4E that severs the hydraulic connec-
tion between the ESRV and WSRYV sub-basins
(Corkhill and others, 1993). Groundwater flow
patterns are discussed further in the sub-basin
sections.

Gillespie Dam. Prior to extensive pumping, ground-
water flowed primarily from the ESRV to the WSRV
along or toward the Salt and Gila Rivers, exiting

the AMA near Gillespie Dam. Flow shown here is
primarily effluent from the Phoenix AMA.

Groundwater recharge is from mountain front
and stream channel recharge. Groundwater
inflow into the AMA occurs as groundwater
flows north from the Pinal AMA into the ESRYV,
and from the north and east. Groundwater exits
the basin at Gillespie Dam where the Gila River
exits the AMA. In general, between 1991-’92
and 2002-°03, water levels rose in the eastern
part of the AMA, declined in the central part and
were stable or rose or declined slightly in the
western part of the AMA (Figure 8.1-6). Well
yields throughout the AMA are generally high,
with median values of over 1,400 gpm reported
(Table 8.1-6).

Groundwater quality is generally suitable for
most uses, but 68 groundwater contamination
sites associated with industrial and other ac-
tivities have been identified in the AMA (Table
8.1-9, Figure 8.1-11). \olatile Organic Com-
pounds (VOCs) are the most common contami-
nant at these sites. In addition, over 1,500 mea-
surements have been made of parameter con-
centrations that have equaled or exceeded drink-
ing water standards. Of these, nitrate, fluoride,
arsenic, and organics are the most common. All
water providers in Arizona that serve more than
25 people or having 15 or more connections are
regulated under the Safe Drinking Water Act
and treat water supplies to meet drinking water
standards. Detailed information on groundwa-
ter quality in the Phoenix AMA is found in the
1999 Third Management Plan.

East Salt River Valley Sub-basin

The ESRV Sub-basin encompasses the eastern
part of the AMA and includes a portion of the
City of Phoenix, the cities of Scottsdale, Tempe,
Mesa, and Chandler, and the towns of Superior,
Apache Junction, Gilbert and Queen Creek. The
thickness of basin-fill sediments range from less
than 100 feet near the basin margins to over
10,000 feet southeast of Gilbert. The primary
source of groundwater (49%) is from the lower
basin fill, with another 40% withdrawn from the
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middle basin fill and only 11% withdrawn from
the upper basin fill (Rascona, 2005).

Groundwater flows into the ESRV Sub-basin
from the Lake Pleasant Sub-basin, the Eloy
Sub-basin in the Pinal AMA, and between the
Santan and Sacaton mountains in the southern
part of the sub-basin. Groundwater also flows
toward a cone of depression caused by ground-
water pumping east of Chandler (see Figure
8.1-6). Natural groundwater recharge occurs
along stream channels and from mountain front
recharge. Other sources of recharge include in-
filtration of agricultural irrigation water, canal
leakage and storage at underground storage fa-
cilities (USFs). From 1990 to 2002, groundwa-
ter recharge exceeded withdrawals by almost
2.7 million acre-feet (maf) (Rascona, 2005).
Groundwater in storage to a depth of 1,000 feet
bls is estimated at more than 68 maf in the ESRV
and WSRYV sub-basins (ADWR, 1998a).

Earth fissuring and subsidence have occurred in
the ESRV sub-basin due to localized pumping.
These occurrences are found near Apache
Junction and in the vicinities of Queen Creek,
North Scottsdale and Paradise Valley (Rascona,
2005).

b

Town of Superior, Phoenix AMA. The East Salt
River Valley Sub-basin encompasses the eastern
part of the AMA and includes a portion of the City
of Phoenix, the cities of Scottsdale, Tempe, Mesa,
and Chandler, and the towns of Superior, Apache
Junction, Gilbert and Queen Creek.

Well yields commonly exceed 1,000 to 2,000
gpm (Figure 8.1-8). The median well yield
reported for 2,397 large (10-inch) diameter
wells is 1,280 gpm (Table 8.1-6). Substantial
water level rises were measured between 1991-
‘92 and 2002-°03 in a number of wells in the
sub-basin (see Figure 8.1-6A). Increases of
over 60 feet were reported in some areas due
to a combination of cessation of farming and
associated reduction in pumping, and direct use
and recharge of CAP water. Groundwater level
depths measured during 2002-°03 ranged from
ten feet bls near Superior to over 800 feet bls
south of Cave Creek. Locations of water quality
exceedences are shown on Figure 8.1-10 and
constituents exceeded are listed in Table 8.1-8.

West Salt River Valley Sub-basin

The WSRV Sub-basin includes the communities
of Phoenix, Buckeye, Surprise, Glendale,
Peoria, Goodyear, Tolleson and Avondale. It is
a broad, gently-sloping alluvial plain bounded
by hills and low-elevation mountains with a
depth to bedrock of over 10,000 feet beneath the
Luke Air Force Base area. A large salt body lies
southeast of Luke Air Force Base at a depth of
880 feet to over 6,000 feet, which locally affects
groundwater salinity. Groundwater in the sub-
basin is obtained almost evenly between the
upper, middle and lower basin fill (Rascona,
2005). The middle basin fill ranges in thickness
from less than 100 feet to over 1,300 feet
southwest of Glendale. Natural groundwater
recharge occurs along stream channels and from
mountain front recharge. Groundwater also
enters the sub-basin from the Lake Pleasant,
northern Hassayampa and ESRV sub-basins, and
from the Maricopa-Stanfield Sub-basin in the
Pinal AMA. Incidental recharge of agricultural
irrigation water and effluent discharged from the
City of Phoenix 23 and 91 Avenue wastewater
treatment plants also recharges the aquifer.

Groundwater flow historically was toward and
along the Salt and Gila Rivers. As mentioned

Section 8.0 Overview



Arizona Water Atlas
Volume 8

City of Phoenix. The WSRV Sub-basin includes
the communities of Phoenix, Buckeye, Surprise,
Glendale, Peoria, Goodyear, Tolleson and Avon-
dale.

previously, a regional groundwater depression
has formed east of the White Tank Mountains
in the vicinity of Sun City and Litchfield Park.
Associated water level declines of more than
300 feet in the area of Luke Air Force Base
resulted in surface subsidence of more than
18 feet by 1991 (see Figure 8.1-6) (Hipke and
others, 1996). While groundwater levels rose
in that part of the sub-basin between 1991-92
and 2002-°03, they declined in the Glendale/
Goodyear/Phoenix area. Depths to groundwater
vary widely in the sub-basin with shallower
levels present south of 1-10 along the Salt and
GilaRiver drainage (Figure 8.1-6D). Well yields
commonly exceed 1,000 to 2,000 gpm (Figure
8.1-8). Locations of water quality exceedences
in the sub-basin are shown on Figure 8.1-10 and
constituents exceeded are listed in Table 8.1-8.

Hassayampa Sub-basin

The Hassayampa Sub-basin is bounded by hills
and mountains and drained by the ephemeral
Hassayampa River. The sub-basin consists of
the largely undeveloped Hassayampa Plain in
the north and the Lower Hassayampa Area in
the south. Groundwater occurs in the basin-fill
deposits primarily under unconfined conditions
(Rascona, 2005). There are, however local
occurrences of confined (artesian) or perched
aquifer conditions in the Lower Hassayampa
Area (Long, 1983).

Little groundwater development has occurred
in the Hassayampa Plain so the basin-fill
sequence is not well understood in that part of
the sub-basin. Depths to bedrock beneath the
Hassayampa Plain range from a few tens of feet
near the basin margins to over 1,200 feet near
the sub-basin center. In the Lower Hassayampa
Area depths to bedrock exceed 1,200 feet
in the central part of the Tonopah Desert and
Centennial Wash area (Long, 1983).

Groundwater enters the Hassayampa Plain from
the northeast and flows south toward the Gila
River. Groundwater historically flowed into the
sub-basin from the WSRV Sub-basin, but this no
longer occurs due to groundwater pumping in
that sub-basin. Sources of groundwater recharge
include streambed (Gila and Hassayampa
rivers) infiltration and mountain front recharge.
Groundwater in storage is estimated at more
than 12 maf for the area north of 1-10 (ADWR,
2003).

Well yield data are available primarily in the
Lower Hassayampa Area where yields may
exceed 2,000 gpm (Figure 8.1-8). Groundwater
pumpage has declined across the sub-basin
compared to pumpage in the 1970s and 1980s,
resulting in groundwater level rises in several
areas. Groundwater depressions still exist in
Tonopah and south of Tonopah in the Centennial
Wash area (Rascona, 2005) (see Figure 8.1-6).
Depths to groundwater ranges from about 20
feet bls in the southwest to over 600 feet bls in
the northern part of the sub-basin (Figure 8.1-
6B). Locations of water quality exceedences
are shown on Figure 8.1-10 and constituents
exceeded are listed in Table 8.1-8.

Rainbow Valley Sub-basin

The Rainbow Valley Sub-basin is a relatively
undeveloped alluvial plain located in the
southern part of the AMA and drained by
Waterman Wash, an ephemeral stream that joins
the Gila River near Buckeye. Depths to bedrock
may reach nearly 10,000 feet in the center of the
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sub-basin. The basin-fill sediments consist of
poorly sorted gravel, sand, silt and clay. Sources
of groundwater recharge include streambed
infiltration along Waterman Wash and mountain
front recharge. Groundwater flow is from south
to north and may have historically entered the
sub-basin from the Maricopa-Stanfield Sub-
basin in the Pinal AMA. Groundwater storage
data are not available for the sub-basin.

Agricultural well pumpage in the sub-basin
began in the 1940s and by 1952 a groundwater
depression had developed in the northwest
portion of the sub-basin. This depression is still
evident (Rascona, 2005).

Well yield data are available primarily for the
northern part of the sub-basin where yields may
exceed 2,000 gpm (Figure 8.1-8). Groundwater
levels generally declined between 1991-92 and
2002-°03. Depths to groundwater measured in
2002-°03 ranged from 140 feet bls to almost 500
feet bls (Figure 8.1-6C). Fluoride is the water
quality constituent most commonly exceeded in
measured wells in the sub-basin (Figure 8.1-10,
Table 8.1-8).

Fountain Hills Sub-basin

The Fountain Hills Sub-basin is a dissected al-
luvial plain bounded by mountains. Itis drained
by the lower Verde River, which is perennial
along the axis of the sub-basin, and by the Salt
River in the southern part of the sub-basin. The
two rivers converge in the southern portion of
the sub-basin.

The regional aquifer consists of older basin-
fill sediments and more recent unconsolidated
alluvium deposited by and hydraulically
connected to the Verde River. The regional
aquifer in the Fountain Hills Sub-basin may not
be connected to adjacent sub-basins. The depth
to bedrock may exceed 4,800 feet. A geologic
cross-section through the Town of Fountain
Hills indicates a lower confined aquifer system

and more shallow alluvial aquifers along
streams and washes around the Town and along
the Verde River (HydroSystems, 1999).

The general direction of groundwater flow
is from north to south, parallel to the sub-ba-
sin axis. A clay sequence forms a barrier to
groundwater flow between the shallow alluvial
aquifer along the Verde River and decomposed
and fractured granites that exist north and east
of the McDowell Mountains (ADWR, 2001).
Groundwater recharge occurs through stream-
bed (Verde and Salt rivers) infiltration and from
mountain front recharge. Groundwater storage
data are not available for the sub-basin.

Reported well vyields are greatest in the
southern part of the sub-basin where they may
exceed 2,000 gpm (Figure 8.1-8). Groundwater
levels rose in several wells in the sub-basin
between 1991-°92 and 2002-‘03 with depths to
groundwater ranging from about 50 feet bls to
over 500 feet bls (see Figure 8.1-6A). Arsenic
and fluoride concentrations exceeded drinking
water standards in several wells measured in the
sub-basin (Figure 8.1-10, Table 8.1-8).

Lake Pleasant Sub-basin

The Lake Pleasant Sub-basin is a relatively
small, gently sloping alluvial plain surrounded
by hills and mountains in the northern part of
the AMA. It is drained by the lower Agua Fria
River, the New River and by Skunk Creek.
Basin fill, interbedded with volcanics, intrusives
and conglomerate make up the main water-
producing aquifer (Clear Creek & Associates,
2003). Depth to bedrock exceeds 800 feet near
the center of the sub-basin where reported
well yields are generally between 100 and 500
gpm. In the New River area, the local aquifer
consists of fractured schist and gneiss and the
groundwater supply is drought-sensitive. Well
yields in this area are relatively low.
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Sources of groundwater recharge include
streambed infiltration and mountain front re-
charge. Groundwater flow is generally from
north to south and into the WSRV and ESRV
sub-basins. Groundwater storage data are not
available for the sub-basin. Groundwater levels
were stable or rose in most measured wells be-
tween 1991-92 and 2002-‘03. Depth to water
ranged from 17 feet bls to almost 300 feet bls in
2002-"03 (see Figure 8.1-6D). Fluoride was the
most commonly measured constituent exceed-
ing drinking water standards in wells in the sub-
basin (Figure 8.1-10, Table 8.1-8).

Carefree Sub-basin

The Carefree Sub-basin, located in the north-
eastern part of the AMA, is drained by Cave
Creek, a relatively small ephemeral stream. A
northwest-trending alluvial plain in the southern
part of the sub-basin contains aquifers consist-
ing of streambed alluvium and members of the
Carefree Formation, the major water-producing
unit (HydroSystems, 2000). The basin fill is up
to 2,000 feet thick and composed of older, par-
tially-consolidated to consolidated sedimentary
rocks. The Carefree Formation consists of al-
luvial fan and playa deposits and is underlain by
volcanic rocks. The Grapevine Member is the
only significant source of groundwater in this
formation and reaches a maximum thickness of
1,300 feet.

Historic groundwater pumping caused cones
of depression to form near the Carefree Airport
in the south-central part of the basin and in the
northern part of the Town of Cave Creek. The
cone near the Town is still well defined and
draws in groundwater from the northwest and
southeast (Rascona, 2005). Natural groundwa-
ter recharge is from mountain front recharge
and infiltration of streamflow along Cave
Creek. ADWR (1994) estimated that the vol-
ume of groundwater in storage in the Carefree
Sub-basin was 570,000 acre-feet to a depth of
1,200 feet bls.

"3 B S &0

Cave Creek Regional Park, Carefree Sub-basin.
Photo courtesy of Maricopa County.

Well yields vary across the sub-basin, with the
highest (>1,000 gpm) yields east of Carefree
(Figure 8.1-8). Groundwater levels began declin-
ing in the early 1960s, but rose in several wells
between 1991-°92 to 2002-‘03 as many local
golf courses converted from solely groundwa-
ter to a combination of CAP water, groundwater
and effluent. Depth to water in wells measured
in 2002-03 ranged from 27 feet bls to 330 feet
bls (Figure 8.1-6). Fluoride, arsenic and radio-
nuclides were the parameters most commonly
exceeding drinking water standards in wells in
the sub-basin (Figure 8.1-10, Table 8.1-8).

Pinal AMA

The Pinal AMA consists of five sub-basins
with unique groundwater recharge and storage
characteristics. ~ These sub-basins include
the Maricopa-Stanfield, Eloy, Vekol Valley,
Santa Rosa Valley, and Aguirre Valley (Figure
8.2-8). Sub-basin boundaries follow surface
water topographic divides, and in the case of
the Eloy and Maricopa-Stanfield sub-basins, a
groundwater divide. Groundwater underflow
between these two sub-basins is limited.
Most groundwater development has occurred
within the Maricopa-Stanfield and Eloy sub-
basins while relatively little development and
hydrologic information is available for the Vekol
Valley, Santa Rosa Valley and Aguirre Valley
sub-basins, which are primarily tribal lands.
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The most productive groundwater-bearing units
in the Maricopa-Stanfield and Eloy sub-basins
consist of unconsolidated sands, gravels, silts,
and clays that were deposited by the ancestral
Gila and Santa Cruz rivers. Demand for water
by irrigated agriculture has drained much of
this upper alluvial unit in both sub-basins and
changed the direction of groundwater flow
between them.

Natural recharge is primarily from underflow
into the basin and from streambed infiltration
along the Gila and Santa Cruz rivers, which
produce relatively large volumes of runoff from
upstream basins outside the AMA following
heavy rains. Lesser amounts of natural recharge
occur from mountain fronts. The estimated
groundwater in storage for the Maricopa-
Stanfield, Eloy and Vekol Valley sub-basins is
35.2 maf to a depth of 1,000 feet bls. Median
well yield in the AMA, reported from 1,582
large diameter (> 10-in.) wells, is 1,000 gpm (see
Table 8.2-6). Water levels rose between 1993-
’94 and 2003-’04 in many wells as shown on
Figure 8.2-6, although areas of historic decline
are found near Florence, Coolidge, southwest of
Picacho and in the vicinity of Casa Grande.

Water quality in the Pinal AMA generally meets
state and federal drinking water standards, how-
ever exceedences of nitrate, fluoride, arsenic and
to a lesser extent, other constituents have been
measured at some locations (see Table 8.2-8).
Pesticide, jet-fuel and hydraulic fluid contami-
nation has been reported at several contamina-
tion sites in the AMA (Table 8.2-9 and Figure
8.2-11).

Maricopa-Stanfield Sub-basin

Groundwater in storage is estimated at 8.6
maf in the Maricopa-Stanfield Sub-basin.
Groundwater flow is north toward the Gila
River and toward cones of depression that
have formed west of the towns of Maricopa
and Stanfield (see Figure 8.2-6). Groundwater

levels have been recovering and rising in much
of the sub-basin due to use of CAP water in lieu
of groundwater pumping. Water level rises of
more than 60 feet were observed in many wells
between 1993-°94 and 2003-°04 (Figure 8.2-6).
Recent depths to groundwater range from 51
feet bls near the Gila River in the north to more
than 600 feet bls in the vicinity of Stanfield
(Figure 8.2-6A). Well yields in excess of 1,000
gpm are common. Fluoride and arsenic were the
most common constituents exceeding drinking
water standards in wells measured in the sub-
basin, with elevated TDS concentrations and
nitrate exceedences also detected (Figure 8.2-
10, Table 8.2-8).

Eloy Sub-basin

An estimated 22.6 maf of groundwater is in
storage to a depth of 1,000 feet bls in the Eloy
Sub-basin. Groundwater flow is generally to the
north toward the Gila River and Phoenix AMA.
Well yields in excess of 500 gpm to more than
2,000 gpm are common (Figure 8.2-8). Reduc-
tions in groundwater pumping and use of CAP
water have contributed to recent rising water
levels in several wells in this sub-basin. How-
ever, groundwater levels are also declining in
the north due to dissipation of a groundwater
mound formed after Gila River flooding; and in

Irrigated farmland, Eloy Sub-basin. An estimated
22.6 maf of groundwater is in storage to a depth of
1,000 feet bls in the Eloy Sub-basin.
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the south central sub-basin, probably from deep
well pumping (see Figure 8.2-6). Recent depths
to groundwater range from 53 feet bls in the
northeast to over 400 feet bls near Picacho (Fig-
ure 8.2-6B). Concentrations of fluoride, arsenic,
nitrates and other constituents have exceeded
drinking water standards in wells throughout
the sub-basin (Figure 8.2-10, Table 8.2-8).

Santa Cruz AMA

Basin-fill sediments along the Santa Cruz River
from east and north of the City of Nogales to
Amado form three named aquifer units. Listedin
ascending order they are the Nogales Formation,
Older Alluvium, and Younger Alluvium (also
referred to as the stream alluvium). The alluvial
units are generally unconfined and hydraulically
connected, although the Older Alluvium aquifer
exhibits semi-confined to confined conditions in
some places, most notably in Potrero Creek. The
Nogales Formation is not generally considered
an important aquifer, although exceptions occur.
The Older Alluvium varies in thickness from
a few feet along the mountains to more than
1,000 feet in the north-central part of the basin.
Well yields are often low in wells drilled in this
aquifer. The Younger Alluvium forms the most
productive and widely utilized aquifer in the
AMA with well yields commonly in excess of
1,000 gpm. The Younger Alluvium ranges from
about 40 to 150 feet thick, becoming thicker and
wider to the north along the Santa Cruz River.

Groundwater enters the basin along the Santa
Cruz River and west of Nogales. Groundwater
flow is then generally from south to north.
Natural groundwater recharge occurs from
infiltration of Santa Cruz River channel flow and
mountain front recharge. Groundwater storage
in the Younger Alluvium has been estimated
at about 160,000 acre-feet. The median well
yield reported for 115 large (>10-inch) diameter
wells is 800 gpm, with the highest yields
located between Rio Rico and Tubac (Figure
8.4-8). Water levels have generally declined

Santa Cruz River, Santa Cruz AMA. Basin-fill sedi-
ments along the Santa Cruz River from east and
north of the City of Nogales to Amado form three
named aquifer units.

in wells measured between 1995 and 2004-"05
throughout the AMA, with most declines totaling
from 1 to 15 feet (see Figure 8.4-6). However,
a characteristic of the Younger Alluvium in the
Santa Cruz AMA is the potential for rapid water
level fluctuations resulting from river charge.

Groundwater quality is generally good, although
arsenic concentrations exceeding the drinking
water standard have been measured at some
wells in the basin (Table 8.4-7). In addition,
there are two sites near Nogales with VOC
and chromium contamination (Table 8.4-8 and
Figure 8.4-10).

Tucson AMA

The Tucson AMA contains two parallel sub-
basins: the Upper Santa Cruz Valley Sub-basin
in the east half and the Avra Valley Sub-basin
in the west half (Figure 8.5-6). The sub-basins
consist of relatively deep alluvial basins filled

Section 8.0 Overview

13




Arizona Water Atlas
Volume 8

with layers of sediments and bordered by
mountains. The sediments contain substantial
volumes of groundwater, but the composition
and productivity of the sediment layers differ
between the two sub-basins.

Groundwater enters the Tucson AMA from north
from the Santa Cruz AMA and from bordering
mountains and then flows to the north-north-
west (Figure 8.5-6). Natural recharge also oc-
curs along stream channels (primarily the Santa
Cruz River). About 84% of the total net natu-
ral recharge in the basin is estimated to occur
within the Upper Santa Cruz Valley Sub-basin.
Groundwater storage in the AMA during pre-
development times is estimated to have ranged
from 68 maf to 76 maf to a depth of 1,000 feet
(ADWR, 2006a).

The median well yield reported for 1,063 large
diameter (>10-inch) wells is 520 gpm. As
shown in Figure 8.5-8, well yields in excess of
1,000 gpm are found in the vicinity of Sahuarita
and Green Valley, near Marana and north of
Three Points. During the period from 1994-"95
to 2004-‘05 water level rises occurred in the
northern half of the Avra Valley Sub-basin due
to agricultural retirement, use of CAP water in
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Rincon Mountain foothills, Tucson AMA. Natural
recharge occurs along the mountain fronts and
stream channel (primarily the Santa Cruz River)
and via groundwater inflow from the Santa Cruz
AMA.

lieu of groundwater pumping and groundwater
recharge activities (see Figure 8.5-6). Similar
widespread water level rises have not been noted
in the Upper Santa Cruz Sub-basin with the
exception of an area north of Sahuarita where
CAP water is being recharged at the Pima Mine
Road USF. Elsewhere in the sub-basin, water
levels have generally decreased.

Water quality in the Tucson AMA is suitable for
most uses, although 26 groundwater contami-
nation sites have been identified (Table 8.5-9).
\olatile organic compounds (VOCs) associated
with industrial and transportation activities are
common at the contamination sites. In addition,
elevated concentrations of certain natural con-
stituents, including arsenic, fluoride and metals
have been measured in wells. Elevated nitrate,
sulfate and total dissolved solid concentrations
have been detected in wells near mining and ag-
ricultural operations.

Upper Santa Cruz Sub-basin

The depth to bedrock in the center of the Upper
Santa Cruz Sub-basin exceeds 11,000 feet.
Sediments in this sub-basin have been divided
into four hydrogeologic units that form the
main regional aquifer and are hydrologically
connected to varying degrees. In descending
order these units are the recent alluvial deposits,
Fort Lowell Formation, Tinaja Beds and Pantano
Formation. A basement unit underlies the
sediments and forms a relatively impermeable
bedrock floor that extends to the surrounding
mountains.

The recent alluvial deposits underlie streambed
channels of the Santa Cruz River and its major
tributaries and are generally less than 100 feet
thick. The Fort Lowell Formation consists of
unconsolidated to moderately consolidated
sands and silts that are 300 to 400 feet thick
throughout the sub-basin. The underlying Tinaja
Beds are up to 5,000 feet thick in the center
of the sub-basin and consist of sandstones,
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conglomerates, siltstones and mudstones. The
Tinaja Beds have become the principal supply
of groundwater in the Tucson AMA due to
widespread dewatering of the overlying Fort
Lowell Formation. Beneath the Tinaja Beds, the
Pantano Formation, composed of consolidated
sandstones, conglomerates and mudstones, is
little used as a water supply because of its depth
and relatively low well yields. Groundwater
flow is from mountain fronts to the valley and
from the south to the northwest (Figure 8.5-6).
The pre-development groundwater in storage
estimate for the sub-basin is 52 maf to a depth
of 1,000 feet.

Well yields are generally between 100 to 1,000
gpm in the sub-basin with higher yields found
in wells in the Sahuarita/Green Valley area and
southwest of Marana. As mentioned previously
and shown on Figure 8.5-6B, water levels in
most measured wells in the sub-basin declined
by more than 15 feet from 1994-°95 to 2004-
’05. Locations of water quality exceedences
are shown on Figure 8.5-10 and constituents
exceededarelistedinTable8.5-8. Concentrations
of arsenic, metals, nitrate and other constituents
that exceed drinking water standards have been
measured in wells throughout the sub-basin.

Avra Valley Sub-basin

Sediments in the Avra Valley Sub-basin have
been divided into upper and lower alluvial units.
The upper unit is the primary water producer.
Composed of silt and gravel, it includes
streambed deposits along Altar and Brawley
washes and ranges in thickness from less than
100 feet to more than 1,000 feet. The lower
alluvial unitconsists of gravel and conglomerates
near the edges of the valley, grading to silts and
mudstones along the central axis of the sub-
basin. Groundwater flow is from the south to
north. The pre-development groundwater in
storage estimate for the sub-basin ranges from
17 to 24 maf to a depth of 1,000 feet.

Well yields are generally higher in the Avra
Valley Sub-basin than in the Upper Santa Cruz
Sub-basin (Figure 8.5-8) with measured yields
often exceeding 1,000 gpm. As mentioned
previously and shown on Figure 8.5-6A, water
levels rose in the northern part of the sub-basin,
in some wells by 30 feet or more, from 1994-°95
to 2004-°05. Constituents exceeding drinking
water standards in the sub-basin are similar to
those found in the Upper Santa Cruz Sub-basin
(Table 8.5-8).

Highlands Basins

Prescott AMA

The Prescott AMA consists of two sub-basins,
the Little Chino in the north and the Upper Agua
Fria in the south (Figure 8.3-6). The sub-basins
are separated by a surface drainage divide.
Prescott AMA aquifers are discontinuous, with
the major aquifer found in a deep structural
trough that extends 25 miles from near Dewey-
Humboldt to near Del Rio Springs. The trough
appears to have formed from basin-and-range
faulting and warping and filled with alluvial,
sedimentary, and volcanic rocks of Quarternary
to upper Tertiary age.

Three hydrogeologic units have been identified
in the AMA. In ascending order they are named
the Basement Unit, the Lower Volcanic Unit,
and the Upper Alluvial Unit. The relatively
impermeable Basement Unit consists of igneous
and metamorphic rocks that form the floor
and sides of the groundwater sub-basins and
is exposed at land surface in the surrounding
mountains. The Basement Unit has limited
groundwater storage and production capacity
and is not regarded as an aquifer except for
domestic purposes.

The Lower Volcanic Unit overlies the Base-
ment Unit across most of the Little Chino
Sub-basin. It is composed of a relatively thick
sequence of basaltic and andesitic lava flows
interbedded with layers of pyroclastic and allu-
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vial material. The Lower Volcanic Unit forms
a highly productive confined (artesian) aquifer
with discharge points northwest of and at Del
Rio Springs. The most productive portion is
estimated to range from less than 100 feet up
to several hundred feet thick. Natural recharge
occurs mainly through infiltration of runoff in
ephemeral stream channels and along the moun-
tain fronts of the Little Chino Sub-basin.

The Upper Alluvial Unit consists of relatively
thick sedimentary and volcanic rocks that fill
a structural trough that extends across both
sub-basins. This unit constitutes the main, un-
confined aquifer in the Prescott AMA. Natu-
ral recharge occurs from streambed infiltration
and mountain front recharge. The thickness
of the unit varies considerably. In the Upper
Agua Fria Sub-basin it varies from 800-1,200
feet near Prescott Valley to 200-400 feet near
Dewey-Humboldt. In the Little Chino Sub-ba-
sin, its thickness is difficult to determine but is
estimated to be about 700 feet thick near Del
Rio Springs with a median thickness of about
450 feet (Blasch and others, 2006). The com-
bined thickness of the Upper Alluvial Unit and
Lower Volcanic Unit is greatest in the central
and southeastern portions of the Little Chino
Sub-basin.

Groundwater flows generally from the mountain
fronts toward the valleys, then north beneath
the Little Chino Sub-basin and south beneath
the Upper Agua Fria Sub-basin. ADWR (2005)
estimated that there was 3.0 maf of groundwater
in storage in the AMA; 2.1 maf in the Little
Chino Sub-basin and 0.9 maf in the Upper Agua
Fria Sub-basin. The median reported well yield
for 78 large diameter (>10-inch) wells is 763
gpm (Table 8.3-6). Well yields are generally
between 500 gpm and 1,000 gpm in wells near
Chino Valley, and between 100 gpm to 500 gpm
in the Upper Agua Fria Sub-basin. Between
1993-94 and 2004, water levels declined in
most measured wells (Figure 8.3-6). Recent

depths to groundwater in wells ranged from 16
feet bls near Del Rio Springs to almost 500 feet
bls in the east-central part of the basin.

Water quality is generally good; however ar-
senic, and to a lesser extent other constituents
have been measured at concentrations exceed-
ing water standards, at several locations (Table
8.3-8). Sites contaminated with hydrocarbons,
lead, cyanide and other contaminants are found
near Prescott, Chino Valley and Dewey-Hum-
boldt (see Figure 8.3-11).

Surface Water Hydrology

The U.S. Geological Survey (USGS) divides
the United States into successively smaller
hydrologic units based on hydrologic features.
These units are classified into four descending
levels. From largest to smallest they are: regions,
subregions, accounting units and cataloging
units. Each hydrologic unit is identified by a
hydrologic unit code (HUC) consisting of two
to eight digits depending on the unit level. A
6-digit code corresponds to accounting units,
which are used by the USGS for designing and
managing the National Water Data Network.

The AMA planning area encompasses portions
of six watersheds at the accounting unit level.
From north to south they are: the Verde River,
the Agua Fria River-Lower Gila River, the Salt
River, the Middle Gila River, the Santa Cruz
River and the Rio Asuncion (Figure 8.0-5).
More detailed information on stream flow gag-
es, springs, reservoirs and general surface water
characteristics are found in the individual AMA
sections. An additional and comprehensive
source of information on watersheds is Arizona
NEMO (Non-point Education for Municipal
Officials), which has produced watershed based
plans for a number of Arizona watersheds in-
cluding the Middle Gila, Salt, Santa Cruz, Upper
Agua Fria and Verde watersheds. These plans
characterize and classify watershed features
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with a focus on mitigation nonpoint source pol-
lution. (Plans are available at http://www.srnr.
arizona.edu/nemo/).

Verde River Watershed

The 6,100 square mile Verde River Watershed
is located in north-central Arizona. A large part
of the watershed is located in the Verde Riv-

YAVAPAI
OUNTY

Verge River

er groundwater basin (See Volume 5, Figure
5.0-5). The northern portion of the watershed
begins near Seligman with tributaries of Big
Chino Wash. The Verde River is perennial and
almost 140 miles in length. Starting below Sul-
livan Lake Dam just north of the Prescott AMA
it flows eastward to Perkinsville and southeast-
ward to Fossil Creek, then passes southward

Figure 8.0-5 AMA USGS Watersheds
(USGS, 2005)
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6-Digit Hydrologic Unit

Code (HUC) Boundaries
Middle Gila River (150400)
Santa Cruz River (150503)
Salt River (150601)

Verde River (150602)

Agua Fria River-
Lower Gila River (150701)

Rio Asuncion (150802)

Stream Channel (width of line
reflects stream order)

International Boundary

Basin Boundary
COUNTY
City, Town or Place

SERS

AVMA
SANTA CRUZ
COUNTY
gales 7

_____ = e}

Section 8.0 Overview

17




Arizona Water Atlas
Volume 8

through two reservoirs (Horseshoe and Bartlett)
before its confluence with the Salt River in the
Fountain Hills Sub-basin of the Phoenix AMA.
The last 25 miles of the river, and the south-
ernmost part of the watershed are located in the
Phoenix AMA.

The Verde River is impounded by Horseshoe
Dam and Bartlett Dam outside the Phoenix
AMA, both of which are part of the Salt River
Project (SRP). SRP consists of two entities
that provide water and power to the Phoenix
metropolitan area. One of the entities, the Salt
River Valley Water Users Association, is a
private corporation that delivers nearly 1.0 maf
of water annually to the Phoenix area through
an extensive water delivery system that includes
reservoirs, wells, canals and irrigation laterals.

The Little Chino Sub-basin in the northwest-
ern portion of the Prescott AMA is also part of
the Verde River watershed. Granite and Willow
creeks are the major tributaries draining the Lit-
tle Chino Sub-basin into the Verde River. An es-
timated 14% of the base flow in the upper Verde
River comes from the Little Chino Sub-basin
(Wirt and others, 2005). Dams constructed on
Granite Creek and Willow Creek form Watson
Lake and Willow Lake, respectively, and origi-
nally stored water for the Chino Valley Irriga-
tion District (CVID). The lakes are now used by
the City of Prescott for recreation and munici-
pal water use. During major flood events water

creeks are the major tributaries draining the Little
Chino Sub-basin into the Verde River.

discharged from these lakes flows northward
and joins the Verde River near Paulden outside
the AMA (see Figure 8.3-4). Little Chino Creek
and Big Draw Creek drain the northwestern
part of the Little Chino Sub-basin. Little Chino
Creek drains the CVID area and flows into the
Del Rio Springs area where groundwater natu-
rally discharges at the surface.

Del Rio Springs, located in the northern part of
the Prescott AMA, is the only large spring in the
AMA with a discharge of 874 gpm measured in
1999 (Table 8.3-5). Spring discharge maintains
baseflow below the springs. The only other
major spring in this part of the watershed is
Camp Spring northeast of Carefree in the
Phoenix AMA with a discharge of about 75
gpm. Sycamore Creek, a tributary of the Verde
River, and Camp Creek northeast of Carefree,
both have reaches with perennial flow (Figure
8.1-5).

Streamgages are located at Del Rio Springs, and
along Granite and Willow creeks in the Prescott
AMA, and on the Verde River in the Phoenix
AMA. Mean flows measured at three Granite
Creek streamgages have ranged between ap-
proximately 3,500 and 5,000 AFA. Flows on the
Verde River in the Phoenix AMA are controlled
by releases from Bartlett and Horseshoe dams.
The highest reported annual flow at two Verde
River gages was approximately 1.8 maf in 1993,
while the median annual flow measured at these
gages is approximately 298,000 acre-feet (Table
8.1-2).

Agua Fria — Lower Gila River Watershed

The Agua Fria — Lower Gila River Watershed
begins near Prescott and extends south of Gila
Bend in the Lower Colorado River Planning
Area. Its major drainages include the Agua Fria
River, the Lower Hassayampa River and the
Gila River. Within the AMA planning area, this
watershed encompasses the southeastern portion
of the Prescott AMA as well as the western half
of the Phoenix AMA.
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Lake Pleasant, is impounded by New Waddell Dam
at the northern boundary of the Lake Pleasant Sub-
basin and only flows below the dam when water is
released during major flood events.

In the Prescott AMA, the Agua Fria — Lower
Gila River Watershed includes the Upper Agua
Fria Sub-basin. Upper Lynx Creek, Lynx Creek
and the Agua Fria River drain the sub-basin.
Most of the runoff from Lynx Creek is im-
pounded by a dam and used for recreation and
industrial purposes. A short reach of the Agua
Fria River becomes perennial before leaving the
AMA and a portion of this reach receives efflu-
ent discharged from the Prescott Valley Waste-
water Treatment Facility (Figure 8.3-10). All
other flows in the Upper Agua Fria Sub-basin
are ephemeral.

All or portions of five Phoenix AMA sub-basins
lie within the Agua Fria — Lower Gila River
Watershed including Carefree, Lake Pleasant,
Hassayampa, West Salt River Valley and Rain-
bow Valley. The Agua Fria River enters the
AMA approximately 20 miles north of Peoria,
in the Lake Pleasant Sub-basin. The river is im-
pounded by New Waddell Dam at the northern
boundary of the sub-basin and only flows below
the dam when water is released during major
flood events. From there it flows south along the
western edge of the Phoenix metropolitan area
and joins the Gila River south of Avondale (Fig-
ure 8.1-4B). Downstream of the confluence of
the Salt River, the Gila River flows year round

due to effluent discharge from the City of Phoe-
nix 23rd and 91st Avenue wastewater treatment
plants into the Salt River, and from return flow
from nearby agricultural areas. Some of this
water is diverted for agricultural and industrial
uses. This reach of the Gila River has been des-
ignated as impaired by the Arizona Department
of Environmental Quality (ADEQ) due to pes-
ticide concentrations that exceed the use stan-
dard (Figure 8.1-10A and Table 8.1-8B). The
Gila River exits the Phoenix AMA at Gillespie
Dam.

The Hassayampa River originates in the Brad-
shaw Mountains and flows through the Has-
sayampa Sub-basin before its confluence with
the Gila River west of Buckeye (Figure 8.1-4B).
It is an ephemeral stream within much of the
AMA except for short perennial reaches where
it enters the AMA and near its confluence with
the Gila River. The Hassayampa River is im-
paired above the Gila River confluence due to
elevated concentrations of selenium and boron
(Table 8.1-8B and Figure 8.1-10A).

The only major spring in the watershed is Seven
Springs north of Carefree with a discharge of
about 75 gpm. Perennial reaches occur along
Cave Creek and Seven Springs Wash northeast
of Carefree (Figure 8.1-5).

Flow records from streamgages in the watershed

are included in Tables 8.1-2 and 8.3-2. The
annual median flow in the Agua Fria River near
the Humboldt gage is about 3,400 acre-feet and
the annual median flow on the Hassayampa
River near Morristown is about 6,500 acre-
feet. The highest annual flow measured in the
watershed occurred at a gage on the Gila River
(#9514100) where 6.1 maf was reported for
1993. The median flow at this gage is only
about 12,000 AFA. (Table 8.1-2)

Salt River Watershed
Most of the Salt River Watershed is within the
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Salt River, Phoenix AMA.

Salt River and Tonto Creek basins in the Central
Highlands Planning Area. Its western edge
extends into the Phoenix AMA and includes
the confluence of the Salt and Gila rivers.
The Salt River originates in eastern Arizona
and drains approximately 6,000 square miles
of the Mogollon Rim area in the east-central
part of the State. Before entering the Phoenix
AMA in the Fountain Hills Sub-basin, surface
water from the Salt River Watershed passes
through a series of four reservoirs: Roosevelt
Lake, Apache Lake, Canyon Lake and Saguaro
Lake. These reservoirs and associated dams are
operated by SRP and used to supply water to the
agricultural, municipal and industrial sectors in
the Phoenix AMA.

The Salt River channel enters the AMA north
of the Goldfield Mountains, flows southwest
through the East Salt River Valley and West Salt
River Valley sub-basins and the cities of Mesa,
Tempe, Scottsdale and Phoenix, and then joins
the Gila River near Laveen (Figure 8.1-4B).
Downstream from the Granite Reef Diversion
Dam located four miles below the confluence
of the Salt and Verde rivers, the Salt River is
ephemeral and only flows in response to flood-
ing or reservoir releases. The Granite Reef Di-
version Dam diverts flow to the Arizona Canal
and the South Canal to serve municipal, agri-
culture and tribal uses. The Salt River becomes

perennial further downstream due to effluent
discharges from the 23rd Avenue and 91st Av-
enue WWTPs (Figure 8.1-5).

There are no major springs in the AMA
portion of the watershed. Flow records from
streamgages in the watershed are found in Table
8.1-2. Annual median flow on the Salt River
below Stewart Mountain Dam is about 585,700
acre- feet with a maximum annual flow of over
3.2 maf in 1993. Further downstream near its
confluence with the Gila River and below the
Granite Reef Diversion Dam, annual median
flows in the Salt River at 51st Avenue are about
4,300 acre-feet.

Middle Gila River Watershed

The Middle Gila River Watershed extends west
from Coolidge Dam on the Gila River, located
in the Southeastern Arizona Planning Area, to
the confluence of the Gila and Salt rivers. The
San Pedro and San Francisco rivers are major
tributaries to the Gila River outside of the AMA
Planning Area. Portions of the Phoenix AMA,
Pinal AMA and Tucson AMA are located in this
watershed. The Gila River enters the Pinal AMA
in its northeastern corner and flows from east to
west. Before development, the Gila River flowed
year round through this area. Pre-development
flows along the portion of the Gila River that
passes through the Pinal AMA are estimated
to have been about 500,000 AFA. The first
records of San Carlos Irrigation Project (SCIP)
diversions of Gila River water begin in 1930,
although diversions by non-Indian farmers
began much earlier. According to the Gila
Water Commissioner’s report annual diversions
by SCIP at the Ashurst-Hayden Diversion Dam
northeast of Florence in the Pinal AMA averaged
253,100 AFA between 2005 to 2008.

There are no major springs in this portion of the
Middle Gila River Watershed. Short reaches of
Queen Creek and Arnett Creek near Superior are
perennial (Figure 8.1-5). Queen Creek has been
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designated as impaired from its headwaters to
about nine miles downstream due to elevated
copper concentrations from mining discharge
(Table8.1-8B and Figure 8.1-10A). Flow records
from streamgages in the watershed are found in
Tables 8.1-2 and 8.2-2. The annual median flow
measured at the gage on Queen Creek below
Whitlow Dam near Superior is about 1,600 acre-
feet. Gages on the Gila River have either been
discontinued or have only recent data. The Gila
River gage near Laveen has the longest period
of record (55 years) but was discontinued in
1994. The annual median flow at that gage was
9,420 acre-feet with a maximum annual flow of
almost 1.2 maf in 1993.

Santa Cruz River Watershed

A large portion of the AMA Planning Area
falls within the Santa Cruz River Watershed,
including the Santa Cruz AMA and most of the
Tucson and Pinal AMAs. The Santa Cruz River
is the main surface water drainage in the Santa
Cruz and Tucson AMAS. The river originates in
the San Rafael Valley east of the planning area
near the Mexican border and flows southward
to Mexico before turning north and re-entering
the U.S. east of Nogales. Within the planning
arca it flows from the international border
northwestward to its confluence with the Gila
River (where it is known as the Santa Cruz Wash)
in the northern portion of the Pinal AMA. Major
tributaries to the river in the Santa Cruz AMA are
Nogales Wash, Sopori Wash and Sonoita Creek.
Major tributaries to the Santa Cruz River in the
Tucson AMA include Rillito Creek, Cafiada del
Oro Wash and Brawley Wash. Three smaller
streams (Vekol Wash, Santa Rosa Wash and
Aguirre Wash) drain the southern portion of the
Pinal AMA and join Santa Cruz Wash upstream
from its confluence with the Gila River.

Prior to development, the Santa Cruz River was
locally perennial in its southernmost reach from
its headwaters in the San Rafael Valley to near
Tubac, forming a series of cienegas (marshes).

San Xavier del Bac, Tucson AMA. A few short pe-
rennial reaches existed including near the mission
south of Tucson.

North of Tubac, a few relatively short perennial
sections existed including reaches near the
mission of San Xavier del Bac south of Tucson
and at “A” Mountain near downtown Tucson.
From the Nine-Mile water hole north of the
confluence of the Santa Cruz River and the
Rillito River in Tucson, to its confluence with
the Gila River, the Santa Cruz River was
historically dry except during floods. (Tellman
and others, 1997)

Currently, two segments of the Santa Cruz
River within the Tucson AMA and the Santa
Cruz AMA flow year round downstream of
wastewater discharges (Figures 8.4-11 and
8.5-12). In 2006, approximately 66,000 acre-
feet was discharged at the Ina and Roger
Road WWTPs by Pima County. In 2004,
approximately 16,200 acre-feet of sewage was
treated at the Nogales International WWTP,
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which treats sewage from both Nogales, Sonora
and Nogales, Arizona prior to discharge to the
river. Approximately 11,500 acre-feet of the
influent was from Mexico. In the Pinal AMA,
a portion of the Santa Cruz River currently
receives wastewater discharge from the Casa
Grande WWTP.

Perennial flows in the watershed include por-
tions of Sabino, Romero, Cienega and Rincon
creeks in the east central part of the Tucson
AMA and Sonoita Creek in the Santa Cruz
AMA (Figures 8.4-5 and 8.5-5). Nogales Wash,
a tributary of the Santa Cruz River, originates
about five miles south of the international bor-
der in Sonora and enters Arizona as a covered

floodway. It joins the Santa Cruz River about
8 miles north of the border. Nogales Wash is
the major drainage system for both Nogales,
Arizona and Nogales, Sonora. (Varady and
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Effluent dominated reach of the Santa Cruz River
near Amado.

others, 1995) Springs create perennial flow in
Nogales Wash near its headwaters in Mexico
and below the springs, storm flows and uncon-
trolled sewage discharges also contribute to its
flow (IBWC, 1998) (Figure 8.4-4). In the Santa
Cruz AMA the Santa Cruz River and Nogales
Wash have designated impaired reaches due to
elevated levels of E. coli and other constituents
(Figure 8.4-9 and Table 8.4-7).

There are ten major springs in the watershed
with locations near Arivaca, in mountains east
of Tucson, and west of Amado in the Santa Cruz
AMA. The spring with the largest discharge is
Sopori, located west of Amado, with a discharge
rate of 377 gpm measured in 1952 (see Tables
8.4-5 and 8.5-5).

Flow records from streamgages in the water-
shed are found in Tables 8.4-2 and 8.5-2. The
annual median flow at the Santa Cruz River near
Nogales is 14,013 acre-feet with a maximum
annual flow of over 88,000 acre-feet in 1983.
Downstream in the Tucson AMA the annual
median flow at the gage on the Santa Cruz River
at Cortaro is 38,655 acre-feet with a maximum
annual flow in 1993 of over 182,000 acre-feet.

Rio Asuncion Watershed

A small part of the Rio Asuncion Watershed is
located at the base of the Tucson AMA along
the international border. This watershed drains
a large area of northwest Sonora, Mexico and
discharges into the Sea of Cortez. Sycamore
Creek, a perennial stream located in this
watershed, flows south-southwest into Mexico.
Due to its rich biological diversity, a portion of
Sycamore Canyon has been designated as the
Gooding Research Natural Area. There are no
major springs identified in the U.S. portion of
the watershed.
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8.0.3 Climate

Climate in the AMA Planning Area varies
widely due to its large geographic extent,
with significant temperature and rainfall
differences between some AMAs. Average
annual temperatures range from 72.9°F in the
Phoenix AMA to 53.3°F in the Prescott AMA
compared to the statewide average of 59.5°F.
Phoenix and Tucson climate stations report the
warmest temperatures with the exception of the
summer monsoon season when Tucson receives
a significant amount of its annual rainfall and
associated cooler temperatures (Figure 8.0-6).

Average annual precipitation (1971-2000)
ranges from 8.3 inches at Phoenix Sky Harbor

Airport to 18.7 inches at Nogales and Prescott.
The AMA Planning Area exhibits a bi-modal
precipitation seasonality that is characteristic of
Arizona (Figure 8.0-7). During the winter and
spring, frontal storm systems move west-to-
east, guided by the jet stream. Summer monsoon
thunderstorms also deliver significant amounts
of precipitation, particularly in the Prescott
and Santa Cruz AMAs. While precipitation
amounts vary widely across the planning area,
there are also strong year-to-year variations,
due primarily to the influence of the El Nino-
Southern Oscillation (ENSO), as well as long-
term wet and dry periods that are linked to
multi-decadal ocean variations.

Figure 8.0-6 Average monthly temperature from 1952-2007 in the AMA Planning

Area (Source: WRCC, 2008)
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As shown in Figure 8.0-8, many of the wettest
and driest periods since 1960 were synchronous
throughout the AMAS with notable wet periods
in the late 1970s, early 1980s and early 1990s.
Notable dry periods were the early 1960s, the
early 1970s and the period from 1996 through
2006. The greatest year-to-year precipitation
variations during this period occurred in the
Phoenix AMA and the least variation in the
Prescott AMA, with the exception of 1965
when Prescott received almost double its annual
rainfall.

The planning area encompasses parts of five of
Arizona’s seven climate divisions. A climate
division isaregion within a state that is generally
climatically homogenous. Long-term climate
data for Arizona’s climate divisions have been
reconstructed from tree ring and instrumental
data. These data show that since 1000 A.D.,
Climate Division 7 experienced more years
(compared to the other planning area climate
divisions) in which precipitation was less than
that measured in 2002, one of the driest years
in the instrumental record (CLIMAS, 2008).

Figure 8.0-7 Average monthly precipitation from 1948-1952 to 2006-2007 in the AMA
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Figure 8.0-8 Annual percent of average precipitation from 1960-2007 in the AMA
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Climate Division 7 encompasses most of the
Tucson AMA and all of the Santa Cruz AMA.

Average annual temperatures in the AMA
Planning Area have been increasing since
1960, a phenomenon observed throughout
the state. Figure 8.0-9 shows that all of the
major urban locations in the AMASs have
seen temperature increases, reflecting both a
regional temperature trend and the influence of
urban expansion and development. The effect
of urban areas on temperature, precipitation
and other climate phenomena is an important
consideration in the planning area. Phoenix, for
example, has experienced the greatest increase
in temperatures during the time period shown.
Figure 8.0-10 illustrates an increase in daily
minimum temperatures during the summer
months in Phoenix and Tucson, and is contrasted
with modest increases measured at Casa Grande

National Monument, a relatively non-urbanized
area between the two cities.

Research on urbanization and warming in the
Phoenixmetropolitanareashowsthat, from1948-
2000, urbanization has increased the nighttime
minimum temperature in central Phoenix (Sky
Harbor Airport) by approximately 9° F and the
average daily temperature by approximately
5.5° F (Baker and others, 2002). The number of
days with temperatures between 59-100°F at Sky
Harbor Airport has increased by about 30 days
since 1948, most notably during the spring and
fall. During the period 1990-2004, the Phoenix
urban heat island expanded substantially,
commensurate with increasing population and
urban development. Recent research shows that
temperatures in areas characterized by urban
infill development, and areas in the core of the
city were approximately 2° F and approximately
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Figure 8.0-9 Average annual temperature measured between 1960 and 2007 in the

AMA Planning Area
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4° F warmer, respectively, than temperatures
outside of urban areas (Brazel and others, 2007).
Similarly, in central Phoenix the hours per day
that exceed 100° F during the months of May
through September have doubled since 1948
(Baker and others, 2002).

Tucson’s urban heat island effect increased by
approximately 5.5° F during the 20th century,
with most of the warming since the late 1960s
(Comrie, 2000). In the Tucson area, urban
temperatures increased at almost 3 times the
rate of rural temperatures. Temperature changes
are not, however, uniform. Within the urban
zone, variations in temperatures are caused by
differences in housing density, the amount of
green space, topography, and localized cold air
flows downslope from mountains.

The impacts of urban warming are varied and
include increases in energy consumption, pre-

dominantly from longer usage of air condition-
ing, and stress to animals and humans. Since
1948, the total number of cooling degree days
(CDD) in Phoenix has increased by 569 while
the heating degree days (HDD) has declined by
331 (Baker and others, 2002). The CDD and
HDD are indices that reflect the demand for en-
ergy needed to cool or heat a structure, respec-
tively. Research conducted in 2003 in Phoenix
found that distinct neighborhoods experience
up to 7° F difference in temperature.

Two studies suggest that urbanization and
large irrigated areas in the Phoenix metro
area increase precipitation to the northeast of
the city (Diem and Brown, 2003; Shepherd,
2006). Average precipitation in the northeastern
suburbs and exurbs of metropolitan Phoenix
has increased by 12-14%, from the first half
of the 20th century (Shepherd, 2006). The
study suggests that urban heating, from built
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surfaces and buildings, affects upward motion
in the atmosphere and can increase storminess
beyond the urban area. Irrigation increases local
water vapor in the atmosphere, and probably
contributes to the increased precipitation (Diem
and Brown, 2003).

8.0.4 Environmental Conditions
Vegetation

Information on ecoregions and biotic (vegeta-
tive) communities in the AMA Planning Area is
shown on Figure 8.0-11. The planning area con-
tains five of the six ecoregions found in Arizo-
na, most of which is within the Sonoran Desert
ecoregion. The Tucson and Santa Cruz AMASs
also contain Chihuahuan desert with “sky is-

lands” of Sierra Madre Occidental pine-oak
forest. The northeastern portion of the Phoenix
AMA and most of the Prescott AMA are within
the Arizona Mountains Forests region, and the
northern portion of the Prescott AMA includes
part of the Colorado Plateau shrublands region.

Biotic communities range from Lower Colorado
River Valley Sonoran desertscrub to Rocky
Mountain (Petran) and Madrean montane
conifer forest. Most of the planning area is
covered by Lower Colorado River Valley and
Arizona Uplands Sonoran desertscrub biotic
communities.

Rocky Mountain and Madrean montane conifer
forests occur at the highest elevations of the
Tucson AMA in the Santa Catalina and Rincon

Figure 8.0-10 Average Daily Minimum June, July and August temperature mea-
sured between 1960 and 2007 in the AMA Planning Area
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mountains and in the Prescott AMA in the
Bradshaw Mountains. These forests commonly
occur between about 7,200 to 8,700 feet. Above
8,000 feet, in areas that receive from 25 to 30
inches of annual rainfall, the forest contains a
mix of conifers that may include Douglas and
White fir, Limber Pine, Blue Spruce, and White
Pine, with Ponderosa Pine on warmer slopes.
Aspen and Gambel Oak are prominent in these
forests following disturbances. Below 8,000
feet, in areas that receive about 18 to 26 inches
of annual precipitation, the mix of species gives
way to almost pure stands of Ponderosa Pine.
About half of the precipitation occurs during
the growing season, which permits forests to
exist on less than 25 inches of annual rainfall,
making them some of the driest forests in North
America (Brown, 1982). Bark beetle infestations
have killed large areas of Ponderosa Pine in the
Prescott AMA within and in the vicinity of the
City of Prescott.

Higher elevations in the Prescott AMA contain
areas of Great Plains grassland and Great Basin
conifer woodland not found in the other four
AMAs. Great Basin conifer (pifion-juniper)
woodlands are found at elevations between about
5,000 and 7,500 feet that receive about 10 to 20
inches of annual precipitation. One of the most
extensive vegetation types in the southwest, it
is characterized by juniper and pifion pine trees.
Plains and Great Plain grasslands, primarily
composed of mixed or short-grass communities,
are located in the center of the AMA at elevations
above about 4,000 feet that receive between 11
and 18 inches of annual precipitation. (Brown,
1982).

Madrean evergreen woodlands are found at
higher elevations in the Tucson and Santa Cruz
AMAs. This community occurs in the Santa
Catalina, Baboquivari and Santa Rita Moun-
tains and in the mountain ranges along the
U.S.-Mexico border where the mean annual
precipitation exceeds 16 inches. The woodland

consists of evergreen oaks, Alligator Bark and
One-seed Junipers, and Mexican Pinyon Pine,
and transitions to semidesert grassland at lower
elevations. Cacti of the semidesert grassland
may extend into the woodland. (Brown, 1982)

Semi-desert grasslands occur predominantly in
the Santa Cruz and Tucson AMAs with smaller
areas in the Pinal AMA. These grasslands occur
at elevations between 3,500 and 5,000 feet that
receive annual precipitation of 10 to 17 inches.
The grasslands were originally covered with
perennial bunch grasses with intervening areas
of bare ground. Where heavily grazed, these
grasses have shifted to annual species where
summer rainfall is low, or to low growing
sod grasses where rainfall is moderate to

Rose Canyon Lake, Tucson AMA. Madrean ever-
green woodlands are found at higher elevations in
the Tucson and Santa Cruz AMAs.
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heavy. Shrubs, cacti and herbaceous plants are
commonly found in the semi-desert grassland
community. (Brown, 1982)

Southwest interior chaparral occupies mid-
elevation foothill and mountain slopes in the
Santa Rita Mountains in the Tucson AMA, the
Superstition Mountains in the Phoenix AMA
and the Bradshaw Mountains in the Phoenix and
Prescott AMAs. Southwest interior chaparral
occurs in areas between about 3,500 and 6,000
feet that receive 15 to 25 inches of annual
precipitation (Brown, 1982). Typical shrubby
species are mountain mahogany, shrub live
oak, and manzanita. Chaparral plants are well
adapted to drought conditions.

Two subdivisions of the Sonoran desertscrub re-
gion, the Lower Colorado River Valley subdivi-
sion and the Arizona Upland subdivision, domi-
nate all but the Prescott AMA. The Lower Colo-
rado River Valley subdivision is the hottest and
driest of the two. There is intense competition
for water, with plants widely spaced and more
concentrated along drainage channels. Charac-
teristic plants include creosote bush, bursage,
saltbush, and mixed, more diverse vegetation
along washes and other areas with more water.
These areas may include blue palo verde, iron-
wood and jojoba. Also commonly found in the
subdivision are several types of cholla and other
cacti. (Brown, 1982)

The Arizona Upland subdivision borders the
Lower Colorado River Valley subdivision and
occurs primarily on slopes and sloping plains
at elevations of 980 to over 3,000 feet where
it merges with interior chaparral or semi-desert
grassland. This subdivision receives more
precipitation than the other Sonoran desertscrub
subdivisions with average annual precipitation
between 8 to 16 inches. Vegetation is scrubland
or low woodland in appearance with blue and
foothill palo verde, ironwood, mesquite and
cat-claw acacia as common tree species. Cacti

Lower Colorado River Valley desertscrub in the
Phoenix AMA.

are extremely important in this subdivision
including saguaro, organ pipe, cholla and barrel
cacti. (Brown, 1982)

The occurrence and composition of riparian
vegetation has changed along many of the
watercourses in the AMA Planning Area,
including the Santa Cruz River in the Santa
Cruz and Tucson AMAs, the Gila River in the
Pinal and Phoenix AMAs, and the Salt and
Verde rivers in the Phoenix AMA.

Along the Santa Cruz River riparian vegetation
has increased in most reaches upstream from
Tucson that have perennial flow from either base
flow or sewage effluent, while it has been large-
ly eliminated within Tucson. North of Nogales
below the International WWTP the Santa Cruz
River is line with Cottonwood and Willow. In
the late 1990s and early 2000s, die-off of ri-
parian trees occurred at Nogales and near Rio
Rico respectively, and may be related in part to
groundwater pumping. North of Tucson, efflu-
ent discharge supports a relatively newly estab-
lished riparian ecosystem. North of Marana, the
Santa Cruz River is ephemeral and there is little
historic evidence of riparian vegetation with the
exception of tamarisk. Tamarisk density may
be increasing at some locations. (Webb and oth-
ers, 2007)

30

Section 8.0 Overview



Arizona Water Atlas
Volume 8

Riparian vegetation along the Gila River has
significantly declined between Florence in the
Pinal AMA and its confluence with the Salt
River in the Phoenix AMA due to surface water
diversion and groundwater pumpage. This reach
historically supported lush, woody riparian
vegetation, but now mostly tamarisk and
mesquite are found. However, cottonwood has
returned along the Gila River near its confluence
with the Salt River due to rising groundwater
levels and changes in the flow regime of the Salt
River. Current groundwater levels are high at
the confluence and support a cottonwood-willow
forest surrounded by “a sea of tamarisk” (\Webb
and others, 2007). Effluent discharge from the
City of Phoenix and agricultural return flow
have created perennial flow and also increased
riparian vegetation below the confluence, where
vegetation is primarily tamarisk and mesquite
with small stands of cottonwood-willow (AZGF,
1993).

The reservoir system on the Salt River has
largely stabilized the channel in the Phoenix
AMA below the dams (except during large flood
events) and allowed establishment of native and
nonnative (primarily tamarisk) riparian vegeta-
tion. Below its confluence with the Verde River
and Granite Reef Dam, most surface flow in the
Salt River is diverted, and the riparian vegeta-
tion declines and disappears downstream to the
effluent-dependent section near the confluence
of the Salt and Gila rivers. Downstream of Bar-
tlett Dam, native and nonnative riparian vegeta-
tion has increased along the Verde River due to
relatively steady release of water. (Webb and
others, 2007) \egetation includes cottonwood-
willow, tamarisk and mesquite (AZGF, 1993).

Concerns about receding riparian areas at some
locations have resulted in restoration projects
in the Phoenix and Tucson metropolitan areas,
including the Rio Salado project in downtown
Phoenix in the Phoenix AMA; and the San
Xavier Riparian Restoration project on the

Tohono O’odham Reservation, south of Tucson
in the Tucson AMA.

Many of the natural biotic communities in the
planning area are threatened by invasive species
that interfere with ecosystem function through
altering natural fire, nutrient flow and flooding
regimes. The most problematic invasive species
include buffel grass, fountain grass, natal grass,
onionweed, Sahara mustard and tamarisk. Nu-
merous agencies and interest groups throughout
the planning area are cooperating to control the
spread of these species where feasible, and to
educate the public about the threat of these spe-
cies to ecosystem function. (ASDM, 2008)

Although not necessarily caused or exacerbated
by invasive species, several major wildfires oc-
curred in the AMA Planning Area during the
drought years between 2002-2006 (see Figure
8.0-12). The 2003 Aspen fire in the Tucson
AMA Dburned 85,000 acres in the Santa Catali-
na Mountains, including much of the Town of
Summerhaven. The 2005 Cave Creek Complex
fire, of which a portion is located in the Phoenix
AMA, burned 243,950 acres and is the second
largest fire in Arizona to date. Both of these fires
occurred in areas with perennial streams and
have documented impacts on peak-flow events.
Rainfall two months after the Aspen fire caused

Rio Salado Project, Phoenix AMA. Photo courtesy
of Maricopa County.
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runoff to increase three-fold over pre- Figure 8.0-12 Location of Major Wildfires in the
burn runoff in the Sabino Creek wa- AMA Planning Area 2002-2006 (USFS 2007)

tershed. (Reed and Schaffner, 2007)
Increased peak flows can degrade
stream channels and make them unsta-
ble, increase sediment production, and
cause flood damage (Neary and others,

2003).

Arizona Water Protection Fund
Programs

The objective of the Arizona Water
Protection Fund (AWPF) program is
to provide grants for the protection
and restoration of Arizona’s rivers and
streams and associated riparian habi-
tats. Thirty-nine restoration projects
in the AMA Planning Area had been
funded by the AWPF through FY 2008.
Six projects were funded in the Phoe-
nix AMA for wetland construction, ex-
otic species control, revegetation and
general research. One habitat protec-
tion project was funded in the Pinal
AMA. Seven grants in the Prescott
AMA funded feasibility studies, gen-
eral research and stream restoration. In
the Tucson AMA nineteen projects, in-
cluding general research, habitat resto-
ration and exotic species control, were
funded. Finally, six research, reveg-
etation and habitat protection projects
were funded in the Santa Cruz AMA.
A list of AWPF projects and project
types funded in the AMA Planning
Area through 2008 is found in Appen-

dix A. A description of the program, a complete
listing of all projects funded, and a reference map

are found in Volume 1.

Instream Flow Claims

An instream flow water right is a non-diversionary
appropriation of surface water for recreation and
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wildlife use. Fifteen applications for instream flow
claims have been filed in the AMA Planning Area.

The applications are listed in Table 8.0-1 and lo-
cations are shown on Figure 8.0-13. Applications

have been filed in three of the five AMAs, including
Phoenix, Tucson and Santa Cruz; and seven cer-
tificates have been issued, six in the Phoenix AMA
and one in the Tucson AMA. Certificates have been
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issued for claims on Arnett Creek, Camp Creek,
Cave Creek, Cienega Creek, Hassayampa Riv-
er, Seven Springs Wash and Sycamore Creek.
Applications are pending for reaches of Cave
Creek, Queen Creek Wash, Rincon Creek, Sa-
bino Creek and Sonoita Creek.

Threatened and Endangered Species

Several listed threatened and endangered spe-
cies may be present in the AMA Planning Area.
Those listed by the U.S. Fish and Wildlife Ser-
vice (USFWS) as of January 2008 are shown in
Table 8.0-2.2 Presence of a listed species may be
a critical consideration in water resource man-
agement and supply development in a particu-
lar area. The USFWS should be contacted for
details regarding the Endangered Species Act
(ESA), designated critical habitat, and current
listings.

As shown on Table 8.0-2 the number and type of
endangered or threatened species vary by AMA,
with only one in the Prescott AMA and 13 in
the Tucson AMA. Habitat encroachment by
development and growth in the Tucson AMA,
primarily in Pima County, required Pima County

Sabino Creek, Tucson AMA. Three instream flow
claims have been filed on this stream in the Tuc-
son AMA.

Table 8.0-1 Instream flow claims in the AMA Planning Area as of 12/2008

’;225 Stream Applicant Application No.] Permit | Certificate No. | Filing Date
1 Arnett Creek Tonto National Forest 33-96235.0 96235 96235 10/20/1992
2 Camp Creek Tonto National Forest 33-96693.0 96693 96693 7/5/2001
3 Cave Creek Tonto National Forest 33-96302.0 96302 96302 9/27/1993
4 Cave Creek Desert Foothills Land Trust 33-96255.0 Pending Pending 3/25/1993
5 Cienega Creek Pima County 33-89090.0 89090 89090 8/31/1983
6 Hassayampa River Nature Conservancy 33-92304.0 92304 92304 1/20/1987
7 Queen Creek Boyce Thompson Arboretum 33-92298.0 Pending Pending 1/20/1987
8 Rincon Creek Saguaro National Park 33-96733.0 Pending Pending 12/10/2002
9 Sabino Creek Sierra Club, et al 33-93232.0 Pending Pending 7/28/1987
10 Sabino Creek Hidden Valley HOA 33-96551.0 Pending Pending 5/5/1997
11 Sabino Creek Joeseph and Lynette Marco 33-87168.1 Pending Pending 4/17/2001
12 Seven Springs Wash Tonto National Forest 33-96303.0 96303 96303 9/27/1993
13 Sonoita Creek AZ State Parks Board 33-96709.0 Pending Pending 2/14/2002
14 Sonoita Creek AZ State Land Department 33-93287.0 Pending Pending 8/7/1987
15 Sycamore Creek Tonto National Forest 33-96509.0 96509 96509 5/15/1996

2 An “endangered species” is defined by the USFWS as “an animal or plant species in danger of extinction through-
out all or a significant portion of its range,” while a “threatened species” is “an animal or plant species likely to
become endangered within the foreseeable future throughout all or a significant portion of its range.
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Table 8.0-2 Listed threatened and endangered species in the AMA Planning

Area
Common Name AMA Threatened | Endangered Elevation/Habitat

3,000 ft./Steep, rocky granite slopes, or

Arizona Agave PHX X level hilltops, near chaparral; New River|
and Sierra Ancha Mountains.

Arizona Cliff Rose PRE X <.4,000 ft./White soils of Tertlary
limestone lakebed deposits.

- 3,300-8,900 ft./Streams, rivers,

Chiricahua Leopard Frog TUC, SAN X backwaters, ponds stock tanks.
<5,000 ft./Shallow springs, small

Desert Pupfish TUC, PHX X streams and marshes. Tolerates saline
and warm water.

Gila Topminnow TUC, PHX X <_4,500 ft./Small streams, springs,
cienegas and vegetated shallows.
2,000 - 6,000 ft./Cienegas or marshy
wetlands within Sonoran desertscrub,

Huachuca Water-umbel TUC X .
grassland or oak woodland, and conifer
forest.

Jaguar TUC X Approx > _5,000 ft./Lowland wet habitats
and oak-pine woodland.

Kearny's Blue Star TUC X 3_,685 - 4,500 ft./Canyon bottoms and
sides in oak woodlands.

SAN, TUC, 1,190 - 7,320 ft./Desert grassland and

Lesser Long-Nosed Bat PHX X shrubland up to oak transition.

Masked Bobwhite Quail TUC X 3,090 - 3,720 ft. /Broad valley desert
grassland.

Mexican Spotted Owl TUC, SAN X 4,_100-9,900 ft./Canypns, dense forests
with multi-layered foliage structure.

Nichol's Turk's Head Cactus PIN, TUC X 2,400-4,100 ft./Sonoran desertscrub.
<4,000 ft./Subtropical thorn forest, thorn

Ocelot TUC, SAN X scrub and dense brushy thickets, often
in riparian bottomland.
2,300 - 5,000 ft./Ridges in semidesert

Pima Pineapple Cactus TUC, SAN X grassland and alluvial fans in Sonoran
desertscrub.

Razorback Sucker PHX X <6,QOO ft./Rlve_rlne and lacustrine areas,
not in fast moving water.

Sonora Chub TUC X <1,000 - 4,000 ft./_Large, deep and most
permanent pools in Sycamore Creek.

Southwestern Willow PHX, SAN X <8,5OQ ft./Cottor_1wood-W|IIow and

Flycatcher tamarisk along rivers and streams.

Yuma Clapper Rail PHX, PIN X <4,500 ft./Fresh water and brackish

marshes.

Source: AZGF 2008, USFWS 2007
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to develop a Multiple-Species Conservation
Plan (MSCP). No such plans affect the other
AMA:s.

The Pima County MSCP was created to
comply with the “take” provisions of the ESA.?
Incidental take of a listed species, as the result
of carrying out an otherwise lawful activity, is
not allowed without a permit from the USFWS.*
The final Pima County MSCP was released
in December 2009 and was submitted to the
USFWS for a 30-year Section 10 permit. The
permit will provide mitigation to impacts on 49
species and approximately 36,000 acres. For the
36,000 impacted acres, Pima County proposes
to acquire and protect about 125,000 acres of
land by the end of the permit period. By 2009,
the county had acquired over 71,000 acres of
fee lands and was managing over 130,000 acres
of State Trust Lands. (Pima County, 2009a)

The Pima County MSCP is part of a larger
planning effort known as the Sonoran Desert
Conservation Plan (SDCP), which covers 5.9
million acres in Pima County and is focused
on six elements: habitat, corridors, cultural
resources, mountain parks, ranch conservation
and riparian protection. The SDCP planning
process began in 1998 as a way to create a
science-based conservation plan, update the
county’s comprehensive land use plan, and
comply with the ESA. The plan directs growth
to areas with the least natural, historic, and
cultural resource values as well as sets aside
sensitive habitat through land acquisitions.
(Pima County, 2009b)

National Parks, Monuments, Wildlife
Refuges and Wilderness Areas

The AMA Planning Area contains 11 wilderness
areas administered by the Bureau of Land

Credit: Jim:Rorabauah/USFWS

Southwestern willow flycatcher, one of the 49 spe-
cies included in the Pima County MSCP. Photo
courtesy of USFWS.

Management (BLM), five by the United States
Forest Service (USFS) and one administered by
the National Park Service. The Planning Area
also includes one National Wildlife Refuge
(NWR), one National Park and four National
Monuments (Figure 8.0-14). The national park
and one of the national monuments also contain
wilderness areas. In total there are over 823,000
acres of protected federal lands in the planning
area, accounting for approximately 9% of the
land area. The Tucson AMA contains the largest
amount of protected areas with almost 372,000
acres.

Nine wilderness areas are entirely within the
planning area as well as parts of eight others.
Wilderness Areas are designated under the
1964 Wilderness Act to preserve and protect
the designated area in its natural condition.
Designated wilderness areas, their size, AMA
location and a brief description are listed in
Table 8.0-3.

The largest protected area in the planning
area consists of approximately 259,000 acres
of the 496,000-acre Sonoran Desert National
Monument. The monument, located in the

% As defined by the ESA, to take means to “harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or
attempt to engage in other conduct” (16 U.S.C. section 1531 [18]).

4 “Incidental take” is defined by the ESA as a take that is “incidental to, and not the purpose of, the carrying out of
an otherwise lawful activity” (50 C.F.R. section 17.22 and 17.32)
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Phoenix and Pinal AMAs and extending into
the Lower Colorado River Planning Area, was
established by executive proclamation in 2001
and contains extensive areas of saguaro cactus
forest and archeological and historic sites. Two
wilderness areas, North and South Maricopa
Mountains, are contained within the monument
boundaries. (BLM, 2008)

The Ironwood Forest National Monument,
located in the center of the planning area in the
Tucson and Pinal AMAs, includes over 129,000
acres. An additional 60,000 acres of state trust
land and private inholdings are contained within
the boundary of the monument but do not have
national monument status. Designated in 2000,
several endangered and threatened species are
found in the monument as well as more than
200 sites dating from the Hohokam period (600
A.D. to 1440 A.D). (BLM, 2008)

Other national monuments in the AMA Planning
Area include the Hohokam Pima National
Monument in the Phoenix AMA, and the Casa
Grande Ruins National Monument in the Pinal
AMA. Both national monuments protect ancient
Hohokam ruins. The village at the Hohokam
Pima National Monument, located on the Gila
River Indian Community reservation, was
re-covered with earth in the 1960s and is not
open to the public (NPS, 2008a). Casa Grande

Cacti in the Sonoran Desert National Monument,
Pinal AMA.

Ruins National Monument was created as the
nation’s first archeological reserve in 1892 and
was declared a national monument in 1918.
The monument preserves the ancient farming
community and the “Great House” (NPS,
2008b). Tumacéacori National Historical Park,
located in the Santa Cruz AMA, protects three
Spanish colonial mission ruins: Tumacacori,
Guevavi, and Calabazas, located at three
separate sites. Mission San Jose de Tumacacori
was established in 1691 and is the main site,
located on 310 acres at the town of Tumacacori
south of Tubac.

The only national park in the planning area,
Saguaro National Park, preserves over 83,000
acres in two distinct districts, the Rincon
Mountain District and the Tucson Mountain
District, located on the east and west sides of
Tucson in the Tucson AMA. Saguaro National
Park may contain ten species of threatened,
endangered, or sensitive plants. Seventy-five
percent of the park is designated as wilderness.
(NPS, 2008c)

The Buenos Aires National Wildlife Refuge,
located in the Tucson AMA, contains over
118,000 acres of habitat for threatened and
endangered plants and animals including
reintroduced populations of masked bobwhite
quail and pronghorn antelope. Concerns about
public safety have caused managers to close
approximately 3,500 acres of the refuge to the
public along the U.S./Mexico border. (USFWS,
2008)

8.0.5 Population

Arizona was the second fastest growing state
from 2000 to 2006, with a 20.2% statewide
population increase (4% annually). However,
from 2006 to 2009 the statewide annual growth
rate slowed to about 2% due to the national
recession. Population in the planning area
increased by 25% between 2000 and 2006 and
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Table 8.0-3 Wilderness areas in the AMA Planning Area

Wilderness Area Acre§ IS AMA Description
Planning Area

Includes Baboquivari Peak; oak, walnut, and pinyon
Baboquivari Peak 2,738 Tucson at higher elevations and saguaro, paloverde, and
chaparral at lower elevations.

Big Horn Mountains 3,08_2 Phoenix Desert plain escarpments, hills, fissures, chimneys
(Partial) and narrow canyons.
4,483 Tucson Rugged peaks, rounded bluffs, sheer cliff faces and
Coyote Mountains large open canyons with paloverde, saguaro,
1,309 Pinal chaparral, and oak woodlands.
— . 24,453 . Includes Sugarloaf Mountain which rises steeply
Hummingbird Springs (Partial) Phoenix from the Tonopah Desert plains.
10,322 Tucson Deep canyons, ridges .and peaks surrounded by
. semiarid hills and sloping grasslands. Ponderosa
Mount Wrightson . ) -
5542 Santa C pine, douglas-fir and montane Mexican plants that
’ anta truz grow nowhere else north of the border.
North Maricopa 24,353 . Low-elevation Sonoran Desert mountain range and
. . Phoenix . . )
Mountains* (Partial) extensive surrounding desert plains.
Pajarito 7,553 Tucson In‘clude§ Syc_amore Canyon and Sycamore Creek
with rolling hills and oak woodlands.
Pusch Ridge 56,769 Tucson Pine, fir, aspen, and maple forests; elevation

ranging from 2,800 feet to over 9,100 feet.

Desert grasses at lower elevations and steep
Rincon Mountain 11,127 Tucson hillsides of pinyon, juniper, and oak above deep
canyons at higher elevations.

Vegetation varies with elevation and includes desert
scrub, desert grassland, oak woodland, pine-oak

*
Saguaro 68,399 Tucson woodland, pine forest and mixed conifer
forest.
11,715 Phoenix i di
Sierra Estrella Steep slqpes and rocky canyons with diverse plant
3'041 Pinal communities.
Signal Mountain 1,830 Phoenix Sharp volcanic p_eaks, steep-walled canyons,
(Partial) arroyos, craggy ridges and outwash plains.
South Maricopa 21,331 . Low-elevation Sonoran Desert mountain range and
) . Phoenix . . )
Mountains* (Partial) extensive surrounding desert plains.
Rugged mountains, rock formations, large
-, 22,179 . ) C ) A
Superstition . Phoenix vegetation range, prehistoric dwellings, riparian
(Partial) .
habitat.
Includes Table Top Mountain with a 40-acre summit
Table Top 34,715 Pinal of desert grassland, narrow rldges, wide canyons,
lava flows, and washes lined with mesquite and
ironwood.
\Woodchute 1,411 Prescott Views, ponderosa pine, pinyon and juniper
(Partial) P pine, piny! juniper.
Woolsey Peak 4,91_3 Phoenix S_Ioplng lava flows, basalt mesas, rugged peaks and
(Partial) ridges.
Total 321,539

Source: BLM 2008, USFS 2008, NPS 2008
* Wilderness areas are within the boundaries of a National Monument or National Park.
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Table 8.0-4 2000 Census population of AMAs and

Indian reservations

increased by 34%, mostly in unincor-
porated areas where the combined
population exceeded that of the City

AMA/Reservation 2000 Census Population of Nogales for the first time in 2006.
Phoenix AMA 3,056,706

Fort McDoweﬁ'\//aafa';Z 7’323 !_isted in Taple 8.0-5 are communities

Salt River Pima-Maricopa 6,243| In the planning area with 2000 Cen-

Tucson AMA 811,307 sus populations greater than 1,000

Pascua Yaqui 3,315 persons and growth rates for two

Tohono O'odham 2,034 time-periods: 1990-2000 and 2000-

Pinal AMA _|93,580 2006. As listed, there were a num-

Ak-Chin 792 ber of rapidly growing communities

Gila River 3,435| . . )

Tohono O'odham 3076| In the planning area. The community

Prescott AMA 85,742 of Maricopa in the Pinal AMA grew

Yavapai-Prescott 183| 1,643% between 2000 and 2006. The

Santa Cruz AMA 35,579 community of Marana in the Tucson

Total 4,082,914 AMA grew 520% between the years

by 38% between 1990 and 2000. Census data
for 2000 show a population of approximately
4.1 million residents and projections by the
Arizona Department of Commerce and Councils
of Government suggest that the planning area
population will more than double by 2030 to
over 9.1 million. Historic, current and projected
AMA populations are shown in the cultural
water demand tables for each AMA in Sections
8.1-8.5.

The Phoenix AMA is the most populous AMA
with approximately 75% of the total planning
area population in 2000. The Tucson AMA has
the second largest percentage of population in
the planning area with 20% in 2000. The 2000
Census populations for each AMA and Indian
reservations are shown in Table 8.0-4.

Almost all AMASs experienced growth rates in
excess of the state average fr