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EXECUTIVE SUMMARY

Introduction

This report presents a comprehensive plan of study for a pro-
posed project demonstrating artificial ground-water recharge in the
East Basin of the Salt River Valley, near Phoenix, Arizona. The plan
of study was conducted for the U.S. Army Corps of Engineers as part of
the Phoenix Urban Study, and represents the second phase of a five-
phase planning process. Initiation of an artificial recharge project
in the Phoenix, Arizona area must accommodate elements within the
following constraint areas: (1) technical, (2) environmental, (3)
institutional, (4) legal, and (5) economic considerations. Principal
features of these constraint areas are reviewed in detail in respec-
tive sections of the report.

Each area of constraint is defined and evaluated in relation to
various activities associated with a demonstration project, including:
~ planning, design, construction, operation and maintenance, and moni-
toring. In addition to specifying engineering design alternatives,
this report identifies several potential water sources and evaluates
five alternative sites for a demonstration project within the study
area. The plan of study presents available information and defines
data gaps in each constraint area. A time-line of specific, sequen-
tial work tasks and budgetary requirements to correct informational
deficiencies are identified and described within the respective areas
of constraint.

Technical Considerations

The three basic technical elements of a recharge project are in-
filtration, storage and recapture. The long-term infiltration rate
at a potential site governs the expected quantity of ground-water
recharge, the areal requirements for a project, and land costs. The
storage element consists of the combined storage capacity of the
vadose zone and ground-water zone. The recapture element requires
estimating the fraction of recharged water potentially available for
recovery, as well as defining possible beneficiaries of recharge.
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Characterization of these elements in the East Basin and site-
specific project area entails defining available hydrogeologic infor-
mation; identifying hydrogeologic data needs; and delineating tech-
niques for obtaining hydrogeologic data. Available hydrogeologic
data for the East Basin are reviewed, including the following: (1)
distribution and hydraulic properties of soils; (2) stratigraphy; (3)
water-bearing properties of basin fill; (4) existing ground water
elevations; (5) existing depths to ground water; (6) location of
perched ground water; and (7) the areal distribution of water quality
parameters (e.g. salinity). Also reviewed are the existing recharge
mechanisms in the East Basin, including natural recharge in the Salt
River, canal seepage and deep percolation of irrigation water. Tech-
niques for overcoming hydrogeologic information gaps are reviewed.

Environmental Considerations

The Environmental Section provides a basic description of the
environment in the study area, together with an outline of potential
concerns and issues to be addressed in a site-specific environmental
report for a recharge project.

Generally, the vast majority of the land within the study area
is a disturbed environment, with only small tracts of native riparian
community remaining in the flood plain. Specific features of the en-
vironment in the study area are described under the following eight
categories : vegetation, wildlife, cultural resources, health and
safety considerations, socio-economic considerations, aesthetics,
soils, and surface hydrology. Problems regarding each of these areas
are examined. The most important concerns during the construction
phase of the project include the short-term effeets on archaeological
sites, and the public health-related problems of dust and noise.
Important long-term environmental concerns include the effects of
recharge operations on ground-water levels, vector propogation,
riparian vegetation enhancement, and water quality. Information is
currently available in all these areas of concern, but site-specific
monitoring is needed to assess the reversibility and retrievability
of individual environmental components.

X
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If care is taken in site selection and location of access roads,
there should be no large-scale adverse environmental effects associ-
ated with the implementation of a demonstration project. A full-
scale project will require an environmental impact statement to
address the topic areas reviewed in this section.

Institutional Considerations

The institutional analysis in this report discusses three objec-
tives: (1) to initiate an inventory of the institutions which will
be involved in, or impacted by, an artificial ground-water recharge
project in the study area; (2) to determine the institutional in-
centives and constraints which may influence the implementation of
both a demonstration and full-scale recharge project, and to suggest
an analytical process for assuring that such institutional considera-
tions are examined during all project phases; and (3) to estimate the
staff and time required to incorporate the institutional analysis

component.
A survey of relevant institutions in the Salt River Valley

indicates that interest in and support for artificial recharge is
high. However, some of the individuals contacted during this phase
expressed several reservations with regard to the feasibility of a
recharge project, which may constrain its implementation. Primary
concerns are questions of ownership and beneficiaries, economic
feasibility, management, water quality, technical feasibility, and
engineering design.

In regard to the demonstration project, three major recommenda-
tions for further institutional study are offered: (1) to complete
and expand the institutional inventory; (2) to form a technical
advisory committee to monitor the progress of a demonstration project
and to advise the managers on matters which may affect artificial
recharge, and (3) to create a citizen participation program related
to the recharge projects. Recommendations for implementing a full-
scale project include, continuing the activities of the technical
advisory committee and the citizen participation program, analyzing
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the institutional variables which have affected recharge projects in
other geographical areas, and determining the institutional require-
ments for operating and managing a full-scale project.

Legal Considerations

Artificial recharge has four legal aspects: (1) the right to
utilize storage space; (2) the right to recharge the space with
procured water; (3) the right to retain ownership during storage;
and (4) the right to recapture the co-mingled stored water. None
of these rights are presently recognized in Arizona. Under Arizona
law, the overlying owner can essentially pump all the water lying
beneath the surface. If a sponsoring entity were to recharge a

ground-water basin, it would neither receive the full benefit nor
apportion the benefits of such a program. The benefit would accrue
to all overlying owners who have the ability to pump.

California and Washington provide model legal reforms on
ground-water recharge that might be readily adopted by Arizona. One
of the following approaches may provide either a full or interim
solution: modification of enabling legislation of an existing
entity to allow recharge within its service area; statutory recog-
nition of the recharge rights; multi-entity contracts within the
dispersion area; intergovernmental agreement within the dispersion
area; unilateral institutional action; and appointment of a water
master. The options will be reduced when a recharge program moves
from the demonstration phase to a full-scale project.

Another essential legal consideration is that water allocation
and distribution in the Salt River Project (SRP) area is subject to
the water rights provisions of the Kent Decree, which established
a well-defined structure of water rights in the Salt River Valley.
Any full-scale recharge project would have to be operated in con-
formity with SRP activities under the Decree.

Economic Considerations
This section views the proposed demonstration project as an
applied research project; a project from which practical knowledge
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~will result. As an applied research project the demonstration
project is not subject to the requirement of traditional benefit-
cost analysis. Therefore, the main emphasis of this section is on
the full-scale recharge project.

This section develops the methodologies by which benefits and
costs may be quantified for a potential full-scale project. Quanti-
fication of economic elements is viewed as an iterative process;
therefore, no attempt is made to quantify actual benefits or costs
in this, the first iteration. Data and knowledge derived from the
proposed demonstration project, can later be applied to quantifying
most of the benefits and costs of the full-scale project.

The financial feasibility of the project may become a major
obstacle impeding project construction. Although it may be possible
to demonstrate that benefits exceed costs, it may be difficult to
raise sufficient funds from project beneficiaries to cover the costs
of project installation and operation. This is due, first, to the
fact that Arizona water law allows all pumpers to extract ground
water as long as their use is reasonable, i.e., Arizona water law
does not require beneficiaries to compensate the agency controlling
recharge facilities; and second, the benefits are so indeterminant
that no institutional framework exists for setting charges and col-
lecting funds for project repayment. Thus, major obstacles to maxi-
mizing the economic returns of the project appear to be legal and
institutional in nature.

Engineering Considerations
Final selection of a specific design of a demonstration recharge
project must await the choice of a specific site satisfying technical,
environmental, legal, institutional and economic criteria. The four
alternative recharge methods considered in the report are: (1) in-
channel basins; (2) off-channel basins; (3) pits; and (4) wells.
Alternative, conceptualized designs are reviewed, together with plan-

ning needs, recommended construction techniques, and operational and
management schemes. Appurtenant facilities are discussed, including:
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shop, laboratory, office, meteorological station, and storage space,
within a fenced compound. ‘

To quantify the fraction of recharged water potentially recov-
erable by pumping, monitoring facilities are needed to observe the
disposition of recharged water in the vadose zone and ground-water
zone, and to record the mixing of recharged water and native ground
water. Data on recharge tests and related activities should be
collected in a form suitable for computer input. Brief monthly
reports and comprehensive annual reports are recommended.

Personnel to operate and manage the project should include a
manager, laboratory technicians, shop and field personnel, data
analyst, secretary and student assistants. Studies are recommended
for the preconstruction period, during the operation and management
of the project, and during monitoring. '
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1. INTRODUCTION

Paralleling the ever-increasing demand on ground water in
Arizona is an augmented awareness by the public, and governing
officials, of the need for an effective set of policies to manage
ground water. Recently, the Arizona Water Commission (1978)
examined the potential of 12 alternative methods for managing
subsurface water in the principal ground-water basins of the state.
One of the methods considered was artificial recharge.]

Artificial recharge comprises an array of techniques for placing
water from various sources into storage within ground-water reser-
voirs. This report presents aplan of study for a demonstration re-
charge project in the Salt River Valley. In addition to specifying
alternative engineering approaches for a demonstration project,
using several potential water sources, the plan of study reviews
associated implications of legal, institutional, economic, environ-
mental, and technical factors.

1.1 Ground-Water Reservoirs and Conjunctive Management

Fundamentally, a ground-water reservoir includes those sub-
surface geologic formations capable of storing and yielding waters.
Figure 1-1 schematically compares a surface reservoir with a con-
ceptualized ground-water reservoir. The latter is typical of
those found in unconsolidated alluvium in western valleys. The
cross-section is subdivided into the "vadose zone" and the
“ground-water zone." The ground-water zone is analogous to the
pool of water in storage within a surface reservoir. The unsatar-
ated void space of the vadose zone represents the volume available

1 The other methods included: interbasin transfer, watershed
management, conservation, declaration of basins as critical
ground-water areas, pro-rata reduction of developed rights,
pro-rata reduction of unexercised rights, purchase and retire-
ment of developed rights, purchase and retirement of unexercised
rights, retirement of developed rights without payment, pump

tax to control use, growth controls, and freeze withdrawals.
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Figure 1-1. Comparison of Surface Reservoirs and Ground-Water Reservoirs.
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for additional storage. This space roughly parallels the empty
storage volume of a reservoir. The depth of available storage in
the vadose zone changes as the water table responds to pumping
and recharge. In contrast to this simple illustration, ground-
water reservoirs may consist of several water-bearing zones
(aquifers) at various depths and of varying thicknesses and areal
extent, with intervening vadose regions (see Bouwer, 1978, p. 6).
Advantages of storing water in ground-water reservoirs com-
pared to surface reservoirs include the following, listed in a
United Nations (1975) report, and by Thomas and Phoenix (1976):
1. In many western valleys ground-water reservoirs provide
greater capacity for storage than surface reservoirs. For
example, in the Sacramento Valley of California, with a sur-
face area of 10,000 km2 (3,840 square miles), the average
effective porosity of sediments in the regions from 7 m to
70 m (23 ft. to 230 ft.) below ground surface is estimated -
to be about 7%. The corresponding volume available for
water storage is approximately 44 x 109 mS (37 x 10° acre-
feet) (United Nations, 1975).
2. Ground-water reservoirs are less susceptible to catas-
trophic events such as earthquakes, precluding damage to down-
stream areas and ensuring a continuation of water availability.
3. Ground-water reservoirs largely eliminate evaporation
losses, except for those with shallow water tables. In arid
regions reduction in evaporation losses represents a substan-
tial water savings.
4. During recharge of ground-water reservoirs, an improvement
in the physical and biological quality of water may occur.
5. In addition to storage properties, ground-water reservoirs
transmit water from regions of higher to lower hydraulic
heads. The flow rates, however, are markedly lower than flow
rates in surface canals.
Disadvantages of storage in ground-water reservoirs include:
1. A1l the water placed into storage may not be recovered
because of residual storage requirements.
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2. Energy costs to pump water back to the surface may be high.

3. In some cases, a deterioration in chemical water quality

may occur.

The joint or "conjunctive" management of surface and ground-
water reservoirs is an effective technique for managing water
resources in a given basin. An elementary operational mode of
conjuctive management entails pumping enough ground water to
offset deficits in surface water availability. Thus, in periods of
deficient surface water the draft on ground water increases.
Conversely, pumping is decreased during periods of abundant
surface water.

In the basic mode of conjuctive management special facilities
or structures are not provided for replenishing ground water.
Partial replenishment may occur as a result of recharge in local
stream channels, irrigation return flow to ground water, and canal
seepage. An example of an area managed conjunctively without
deliberate replenishment is an irrigated reach of the South Platte
River in Colorado. When surface water is unavailable in sufficient
quantity to meet the rights of all users, ground water is pumped
by the owners of junior rights (Young and Bredehoeft, 1972). An
unplanned consequence of pumping is that recharge in the river is
augmented by the steepened hydraulic gradients in the ground-
water system. A second example of conjunctive management without -
deliberate recharge is in the Salt River Valley. The Salt River
Project discharges ground water from a large network of wells into
surface canals to supplement surface water. Recharge occurs in
the Salt River when water is released from upstream surface reser-
voirs. Incidental recharge in the valley also occurs from canal
seepage and irrigation return flow.

An alternative mode of conjunctive operation involves the
joint management of surface and ground waters, as described above,
but incorporates artificial recharge for the replenishment of
ground water. Conjunctive use, including artificial recharge,
has been practiced for many years in California. For example,
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the City of Los Angeles routinely recharges water from the Owens
Valley and Colorado River using in-channel and out-of-channel
spreading basins, and recharges wells. In Israel conjunctive
management, including artificial recharge, is the basis of the
national water policy. Frash water from Lake Kinneret is trans-
ported in the National Water Carrier to areas of consumption.
Surface water in the National Water Carrier is supplemented with
pumped ground water from the two major aquifers. Alternatively,

‘ lake water, reclaimed wastewater and runoff are recharged into
the aquifers via recharge wells, dual-purpose wells, and spreading
basins.

The three basic elements of planned recharge in a conjunctive
operation are: 1) infiltration, 2) subsurface storage, and 3)
recapture. Infiltration refers to the movement of water through a
soil surface during a water spreading operation, or through the
perforations of a well casing during well recharge. Storage occurs
in the void spaces of the vadose zone and zone of saturation. The
third element, recapture, requires pumping from wells within the
boundaries of the management agency. Because of variations in the
direction of ground-water motion (for example, due to anisotropy),
ground-water users not contributing to the expense of the operation
may also benefit.

1.2 The Potential for Artificial Recharge in Ground-Water

Basins of Arizona
. From a technical viewpoint, the potential for artificial re-

charge and conjunctive use in Arizona appears to be great. For
example, the structural basins between mountain blocks in the Basin
and Range Physiographic Province are filled to depths of several
thousands of feet with older and younger alluvium. The storage

and hydraulic properties of these sediments have been relatively
well defined in certain basins of the state, such as the Tucson
Basin. Inasmuch as the population densities of Arizona, together
with available water sources, are concentrated in the Salt River
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Valley and the Tucson Basin, within the upper Santa Cruz River
Valley, it appears that conjunctive management operations should
be initiated first in these regions. Ranking these basins in
order of greatest technical need for conjunctive management, the
Salt River Valley ranks ahead of the Tucson Basin for two principal
reasons. First, the supply of surface water potentially available
for conjunctive operations is greater in the Salt River Valley
than in the Tucson Basin. Second, the draft on ground-water sup-
plies has been greatest in the Phoenix area. Since 1923, more than
70 million acre-feet of water has been pumped from the entire Salt
River Valley (Arizona Water Commission Draft Report, 1978). In
the eastern Salt River Valley, water level declines since 1923 have
been as much as 420 feet in the Queen Creek area near the San Tan
Mountains, and 360 feet east of Mesa. In the central Salt River
Valley, declines have been Tess than 100 feet southwest of Chandler
to about 150 feet in the Chandler area, increasing to 250 feet in
Mesa and 300 feet near Scottsdale. The greatest decline has oc-
curred since the 1940's when intense ground-water development began.
In a recent report to the Arizona Groundwater Management
Study Commission, the Arizona Water Commission (1978) examined re-
charge as an alternative option for ground-water management in the
Salt River Valley. Flood water was considered to be the major
water source available for recharge. Thus, the report stated:
“The usable water supply of the basin might reasonably be augmented
by an average of from 50,000 to 70,000 acre-feet per year through
efforts to increase recharge from flood flows of the Salt River.
Facilities to develop the additional recharge might include recharge
areas servicable from Salt River Project canals, recharge basins
in the Salt River channel and injection wells."

1.3 Constraints on Conjunctive Management and Artificial

Recharge Projects in Arizona

Initiation of a conjunctive management program in Arizona must
accommodate elements within the following five constraint areas:

1-6



1) technical, 2) environmental, 3) legal, 4) institutional and
5) economic considerations. Each of these constraint areas must
be defined and evaluated in relation to various artificial
recharge project activities including planning, design, construc-
tion, operation and maintenance, and monitoring. ,
1.3.1 Technical Constraints ‘

Technical constraints have generally received the most detailed
investigation and are the most widely recognized of the constraint
. areas involved with artificial recharge. A primary constraint in
many potential recharge areas is the need for surface storage of
available sources of recharge water. Regarding recharge of flood
waters in the Salt River Valley, for example, the Arizona Water
Commission (1978) stated the following, "...before any significant
program to recharge surplus flows of the Salt and Verde Rivers can
be implemented, flood control storage must be provided on the Salt
River so that flows can be reduced to a manageable size....the
flood control structures will enhance the opportunity for recharge
in the area by increasing the flow duration of recharge events."

In a recent report by the California Department of Water Re-
sources (1978) it was concluded that the specific technical-
engineering criteria which should be satisfied in a potential ground-
water storage basin are: 1) nearby facilities for importing water,
2) readily available spreading facilities, 3) adequate storage
capacity in ground-water reservoirs, 4) hydraulic connection be-
tween point of spreading and point of recapture, 5) no major water

. quality problems in the ground-water reservoir, 6) relatively small
distance to water table at potential recapture (recovery) sites,
and 7) minimal distances between potential recapture sites and
points of use. Items 3) through 6) require detailed information
on the hydrogeology of the proposed recharge area.

In designing, operating and managing a recharge project the
effective rate of recharge, measured by long-term infiltration
rates, is of prime importance. Thus, Schumann in a statement to
the Interagency Task Force on Orme Dam Alternatives (1977) stated
that the potential for recharge along the Salt and Gila Rivers in

1-7
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the Phoenix area is great, but that "... technical studies are
needed to determine long-term infiltration characteristics of the
unconsolidated alluvium that underlies the stream channels and
their flood plains” Infiltration rates are a function of surface
soils, subsurface geology, hydrogeologic conditions and quality
of the recharge water (see Appendix A).

Technical-engineering information needs for a demonstration
project require intensive field investigations prior to and during
operation. A monitoring program is an integral part of such inves-
tigations.

1.3.2 Environmental Considerations

The construction and operation of recharge facilities
should have minimal adverse impact upon the Tocal environment.
Some improvements in environmental settings may be expected from
ground-water recharge. Environmental considerations include:
1) proximity of site to landfills and hazardous waste-disposal
sites; 2) effect on local vegetation and wildlife; 3) proximity to
archaeological/historical sites; 4) proximity to populated areas;
5) possible air quality effects; 6) effect on natural drainage;
7) effect of insect and rodent vectors, and 8) effect on soils.

The general purposes of an environmental analysis for a
demonstration recharge project are to describe the project area
prior to implementing recharge operations; to assess potential
short and long-term effects on the natural environment; and to
suggest mitigating factors.

1.3.3 Institutional Constraints

Typical institutional requirements include the development
of an overall management structure from existing governmental or
private institutions which can effectively implement and operate
the proposed recharge program. The agency responsible for re-
charge programs, for example, must possess a combination of
technical capability, financial means and sufficient authority.
A related consideration involves achieving sufficient public
acceptance through citizen involvement to implement artificial
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recharge plans. Effective implementation and operation of a
recharge project require a sound centralized management plan,
which assumes the existence of an adequate legal framework.

Institutional assessment involves an examination of the
various local, state and federal policies relating to or impacting
upon artificial recharge operations; examination of the institu-
tional requirements of the proposed recharge project; and deter-
mination of the capabilities of current institutions to implement
those requirements.

1.3.4 Legal Constraints

The legal constraints associated with artificial recharge are

closely related to the institutional aspects. In fact, the absence
of a workable legal framework makes it difficult to establish
adequate institutional and administrative procedures. Significant
legal constraints include the Tack of precedent concerning control
and ownership of recharge water, right to recharge,- use of sub-
surface space, recovery of recharged water and the consideration
of underground storage of water as a beneficial use. Such con-
straints can be overcome through favorable judicial interpreta-
tions or by legislative enactment of effective constitutional or
statutory Taw.

1.3.5 Economic Constraints

A United Nations (1975) report on artificial recharge and
ground-water storage indicates: "Any proposed planned artificial

recharge scheme should first be evaluated to determine its finan-
cial feasibility and economic justification. Financial feasibility
refers to the ability of the project beneficiaries to repay the
cost of the project. Economic justification, expressed in terms
of a cost-benefit ratio, permits comparison of alternative projects
to select the most economical projects."

In order to properly estimate and allocate economic costs
and benefits, the various beneficiaries of the project, both
public and private, must be identified. The identification of
beneficiaries and quantification of potential benefits comprise
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two specific problems in the planning and implementation of a
viable recharge program. In addition, the economic justification
for an artificial recharge project must be evaluated in relation
to the occurrence of natural recharge and in terms of

the costs and benefits of recovering recharged ground water when
compared to the costs and benefits of surface storage.

1.4 Planning a Recharge Program

A few small-scale artificial recharge projects of an inves-
tigative nature have been conducted in the state, such as those
reported by Bouwer, Rice and Escarcega (1974), Maddox and Resnick
(1961), and Wilson (1972). These projects were primarily con-
cerned with technical, engineering, and environmental considerations,
and to a Tess extent with legal, institutional and economic factors.
Unplanned recharge occurs by irrigation return flow and by canal
seepage. At this time there is a pressing need for a demonstra-
tion recharge project followed by a full-scale project, in an
appropriate basin such as the Salt River Valley. The overall
purpose of a demonstration project would be to identify and examine
elements within all five contraint areas; thereby, facilitating
the design and implementation of a full-scale recharge project.

The evolution of a ground-water recharge project in a given
basin generally comprises the following four phases:

1.4.1 Phase I:

Identification of subregions of the basin most suitable for
infiltration, storage and recovery of recharge water; and identi-
fication of the quantity and quality of available water sources.

1.4.2 Phase II:

Preparation of a detailed plan of study for a demonstration
recharge project, including: 1) defining information availability
and needs in five constraint areas (technical, environmental,
legal, institutional and economic); 2) developing engineering plans
for alternative recharge techniques; 3) identifying alternative
recharge sites and water sources; and 4) preparing an estimate of
budgetary requirements and time frame for activities in Phase III.
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1.4.3 Phase III:

Implementation of a demonstration project involving the
following items: 1) a second iteration through elements of the
five contraint areas, particularly to quantify unknowns identified
in the first iteration; 2) physically constructing, operating,
managing, and monitoring a demonstration recharge operation; and
3) using collected information to plan and design a full-scale
recharge project. A closely related purpose is to demonstrate

. the feasibility of incorporating an artificial recharge function
into the design of future water resource projects.

1.4.4 Phase IV:

Construction, operation and management, and monitoring of a
full-scale, long-term recharge project, based on the Timitations
imposed by the five constraint areas. The full-scale project
would be evaluated in terms of the economic benefit and Tong-term
utility of recharge technology to achieve conjunctive management
of surface and ground-water supplies.

It should be stressed that the progression of a project
from Phase I through Phase IV requires that problems arising
during each stage are not insurmountable. Thus, a "go" or "stop"
decision must be logically reached at the end of each phase.

1.5 Review of Phase I Activities, Phoenix Urban Stuav

Essentially, the Phase I activities for a recharge project

in the Salt River Valley were completed and reported upon as @
. component of the Phoenix Urban Study prepared by the U.S. Army

Corps of Engineers (1977). In that study, the feasibility of
conserving floodwaters and other sources in the Phoenix area via
artificial recharge technigues was examined. The focus of the
study was on two watersheds: the Salt River watershed and the
collective group of watersheds comprising the "New River and
Phoenix City Streams."

The study was cursory and based upon somewhat tenuous as-
sumptions. Nevertheless, it was concluded tentatively that
artificial recharge via basins would conserve only small amounts
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of floodwater on the "New River and Phoenix City Streams" flood
control project of the U.S. Army Corps of Engineers. In contrast,
artificial recharge appeared to be a viable approach for conserving
floodwaters along the Salt River.

The reach between Granite Reef Diversion Dam and the Tempe
Buttes appears to be particularly suitable for artificial recharge
for the following reasons: 1) the channel is normally dry because
the upstream structures preclude surface flows in the rivers except
for controlled releases; 2) the ground-water table has been
markedly lowered in the region because of large pumping drafts;
and 3) the river bed is comprised mainly of coarse, boulder-sized
deposits ideally suited for infiltration basins. The reach down-
stream of the Tempe Buttes was not considered to be suitable for
artificial recharge because of shallow water tables. Alternate
designs for recharge basin systems were included.

The major potential water source for recharge examined in the
report was water released from the then proposed Orme Dam, at the
confluence of the Salt and Verde Rivers. Based on 86 years of flow
data a computer program, HEC-5C, was used to estimate the amount
of water available both for recharge and "additional water."
"Additional water" is released by SRP into their canals to users
with established rights whenever large flows exceed the storage
capacity of SRP reservoirs. The total amount of "additional
water" plus normal deliveries is limited by the total canal
capacity. In the analysis it was stipulated that releases from
Orme Dam for recharge and "additional water" would be available
only when the reservoir pool at the proposed Orme Dam exceeded 410,010
acre-feet. Two scenarios were examined: 1) giving recharge a
priority, 355 cfs (260,000 acre-feet per year) would be used for
infiltration, and 79 cfs (68,000 acre-feet per year) for "additional
water"; and 2) giving "additional water" priority, 350 cfs (250,000
acre-feet per year) would be available for "additional water."
and 93 cfs (68,000 acre-feet per year) for recharge. Although the
results of Phase I activities were positive, in view of the number



of assumptions it was recommended that a demonstration recharge
project should be conducted along the Salt River.

In a separate report, the Arizona Water Commission (1978) also
speculated upon the amount of water potentially available for
artificial recharge in the Salt River. As indicated above, the
AWC estimates that between 50,000 and 70,000 acre-feet per year
of flood water might be available, on the average, for recharge.







2. PHASE ITI ACTIVITIES:
PLAN OF STUDY FOR A DEMONSTRATION RECHARGE PROJECT

This report presents the results of activities conducted
during the second phase of a recharge project in the Salt River
Valley near Phoenix, Arizona. The general goals of activities
during this phase were to evaluate the feasibility of a demon-
stration recharge project and to present a plan of study to

‘ facilitate planning, constructing, and monitoring such a project.
Specific objectives were as follows:

1. Determine available information and define data gaps in
each of the five constraint areas;

2. Identify specific work tasks to overcome informational
gaps in each constraint area and propose alternatives for
obtaining information needed to plan a demonstration
project;

3. Recommend a sequence of work tasks within the constraint
areas for implementing a demonstration project;

4. Estimate a range of costs for accomplishing recommended
work tasks to plan and implement a demonstration project;

5. Select and evaluate several alternative demonstration sites
within the study area; and

6. Assess the general implications of a full-scale, long-
term ground-water recharge program.

Specific study objectives were delineated for each of the

. five constraint areas (study elements) and are reviewed in detail
in subsequent sections of this report.

2.1 General Study Procedures

Evaluating the potential of ground-water recharge requires
an interdisciplinary approach. Therefore, an interdisciplinary
study team was assembled to provide a comprehensive first itera-
tion through the five respective constraint areas, also referred

to as study elements. Each of the study elements was under the




direction of respective work-unit Teaders. In order to integrate
the recommendations and conclusions of all study elements, periodic
review meetings were held to insure the necessary coordination

and interaction among respective study team members and work-unit
leaders.

An extensive search of available literature in the five study
elements relative to artificial recharge was conducted utilizing
the Remote Console (RECON) capabilities offered through the
University of Arizona's Office of Arid Lands Studies. Throughout
the study process additional Titerature and informational sources
were incorporated into the original Tist of references. The review
of existing literature was used to develop a background of informa-
tion on previous artificial recharge efforts and to identify
informational and data gaps which must be satisfied prior to
planning and implementing artificial recharge operations within
the study area.

Utilization of existing lTiterature precluded unnecessary dupli-
cation of effort. It also permitted concentration on the assess-
ment of available information relative to specific study objec-
tives and the identification of apparent informational deficiencies.
Such deficiencies were translated into specific recommended work
tasks and a suggested time-line sequence and fiscal budget for
completing the recommended tasks. The Titerature search and
review effort are documented in the bibliography of this report.

Numerous field trips were conducted in the Phoenix area to
review the study area and conduct personal interviews with repre-

sentatives of various agencies, organizations and other institutions.

Such trips were helpful in defining the salient features of the
study area and in reviewing and selecting alternative demonstration
sites. The personal interview procedure served the dual purposes
of defining informational gaps and ascertaining the interests and
attitudes of those institutions whose functions relate to the study
elements. A detailed 1ist of contacts and personal interviews
conducted throughout the study effort is included as Appendix C.
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The specific study approach and associated methodology used in
the study elements is described in detail in Sections 5 through 9.

2.2 0Organization of Report

The ensuing report is organized into the following sections:

1. Section 3, reviews the salient features of the project
area, including geomorphologic characteristics, hydro-
logical-water supply features, institutional relationships,
and anthropological considerations.

2. Section 4 describes available water sources in the project
area, briefly reviewing the quantity and quality of each
source.

3. Detailed sections on technical (Section 5), environmental
(Section 6), institutional (Section 7), legal (Section 8),
and economic (Section 9) considerations, include
a) objectives, b) specific study approaches, c) general
observations or background information, d) site-specific
implications, e) general implications, f) conclusions
and recommendations for further activities, and g)
estimated costs and time frame for further activities.

4, Section 10 includes designs of alternative recharge
methods, including a) preliminary activities, b) planning
requirements, c) design and construction, d) operation
and management of recharge facilities, e) monitoring, data
processing and reporting, f) recommended experiments, and
g) estimated budget and time frame.

5. Section 11 is a review of alternative recharge sites,
with a description of site characteristics, and site
assessment within the five constraint areas.







3. DESCRIPTION OF PROPOSED PROJECT AREA

The general area identified in Phase I for a potential demon-
stration recharge project and full-scale project, encompasses a
16 mile reach of the Salt River channel and floodplain, extending
downstream from the Granite Reef Diversion Dam to the Tempe Butte
and Tempe Bridges. Plate 1 depicts the boundaries of the project
area as well as a portion of the contiguous land surface. The
project area coincides with the so-called "modern" floodplain, as
delineated by Burt and Pewe (1978). The plate shows details of
the region north and south of the project area including topography,
canals, principal thoroughfares, and institutional boundaries.

3.1 Physiography
The project area is within the Salt River Valley, typical of

basins in the Basin and Range Physiographic Province. Character-
istically, such basins comprise alluvial valleys bounded by moun-
tain blocks. The Salt River Valley is divided into two major
basins, designated the East and West Basins, by a series of buttes
near Tempe. The buttes run north to south from the Phoenix
Mountains to the South Mountain.  The proposed project would be
entirely within the East Basin. A sub-basin north of the Salt
River is designated as Paradise Valley. The sub-basin to the
south of the river is called the Chandler Basin (Schmidt, Personal
communication 1978).

The elevation in the East Basin ranges from 1200 feet to
3600 feet in the surrounding mountains. The slope in the valley
is very gentle (1% to 3% grade) and dips southerly and westerly.
From Granite Reef Diversion Dam to the Tempe and Papago Buttes,
the Salt River has a slope of 1 to 3%. Vegetation is of the Tow
desert type, with creosote bush predominating. Where ground water
is shallow phreatophytes prevail, including: salt cedars, mesquite
and cottonwoods. Palo Verde trees are also found in the valley.
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3.2 Climate
The Phoenix area has a hot arid climate with an average annual
rainfall of 6.5 inches and a potential evaporation rate of 6 feet
per year (Sellers and Hill, 1975). The annual average temperature
extremes are 114°F to 23°F (taken from data at Granite Reef Diver-
sion Dam). Most of the year's rain occurs in the‘summer in the form
of thunderstorms which produce high intensity, short duration
storms. The winter rain is less consistent and results from frontal
storms from the Pacific, producing overcast skies and showers. The
largest storms are produced in the summer when weak tropical distur-
bances move northward from the Pacific Ocean and Gulf of Mexico.
The following precipitation rates can be expected with a 1% proba-
bility:
2.66 inches in 1 hour
2.97 inches in 3 hours
3.35 inches in 6 hours
3.69 inches in 12 hours
4.04 inches in 24 hours (ibid)

3.3 Geomorphology

The entire basin is a bowl-1ike depression ringed by mountains
of igneous, sedimentary and metamorphic rocks. A pediment of inter-
mediate slope and only a few miles in width separates the flat
valley from the rugged mountains. It is made up oprediment and
alluvial fans that are covered with coarse, weathered debris from
the mountains. The coarse sediments near the mountain edge become
finer towards the valley. Dry washes originating on the pediment
are oriented towards the Salt River. During runoff, most washes

lose their flow onto the desert floor before reaching a main channel.

Sheet flow occurs during rain events due to the intensity of the
storms and the soil types. On the northside of the river the sheet
flow is southerly; however, the Arizona Canal embankment catches
the flow and heavy vegetation is found growing on the north side

of the canal.
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Below the Granite Reef Diversion Dam the Salt River is
ephemeral due to reservoir storage behind the upstream dams. Any
flow now results from floods and/or releases from the dams. There
is a low flow channel and floodplain. Both consist of coarse sand,
gravel and boulders, deposited during high velocity. The flood-
plain varies from a few hundred feet in width to three miles at
the widest point.

An escarpment below the Mesa Terrace is 20 to 30 feet high.
The terrace contains a soil profile overlying the sand, gravel and
boulders. Caliche is also found in layers beneath the surface of
the terrace. Prior to cutting between the Tempe and Papago Buttes
the Salt River flowed southerly to join the Gila River south of
the city of Chandler. Because of this meandering and shifting,
river gravel deposits are found throughout the valley, especially
south of the river.

3.4 Water Supply Agencies

Among the many water management agencies in the Salt River
Valley, the principal agency is the Salt River Project (SRP). The
SRP comprises two distinct legal entities: the Salt River Project
Agricultural Improvement and Power District (SRPAIPD) and the Salt
River Valley Water Users Association (SRVWUA). The initial organi-
zation of the project was the SRVWUA, established in 1903, in re-
sponse to the Federal Reclamation Act of 1902. The original As-
socation comprised 4800 Tandownders banding together for federal
assistance under the Act to construct storage reservoirs on the
Salt River. An agreement between the SRVWUA and the federal govern-
ment was entered into in 1904. Construction of Roosevelt Dam (now
called Theodore Roosevelt Dam) was started in 1905 and completed in
1911. Granite Reef Diversion Dam was started in 1906 and completed
in 1908.

A11 landowners of the Association were deemed to have equal
rights to stored water and pumped ground water. Older rights to
water flowing in the Salt and Verde Rivers were adjudicated under
the Kent Decree of 1910 (see Section 8). According to the decree,

3-3




landowners using water for beneficial purposes during the period
1869 through 1909 were entitled to "normal flow water" pursuant to
the chronological order in which rights were obtained. Entitlement
to normal flow water is over and above rights to stored water and
today certain lands still obtain "additional water" (see Section 8).

The project was operated by the United States Reclamation
Service (predecessor of the U.S. Bureau of Reclamation) until 1917,
when the Association assumed operational responsibilities. In 1937
the Salt River Project Agricultural Improvement and Power District
(SRPAIPD) was established to secure the rights, privileges, exemp-
tions, and immunities granted political subdivisions in Arizona.
Thus, the SRPAIPD is a municipal corporation, whereas the SRVWUA is
an Arizona corporation. Establishment of the District facilitated
refinancing outstanding Assocation bonds. Subsequently, all Assoc-
iation properties were transferred to the District, although the
Association continued to operate the Project. In 1949 the initial
contract establishing the District, was amended to permit the
District to operate the electrical system, with the Association
managing and providing "...water resources to the lands appurtenant
to the shares held by members of the Association within the boun-
daries of the Salt River Valley Reservoir District" (Staff, Arizona
Groundwater Management Study Commission, 1978).

The principal dams managed by the SRP on the Salt River together
with storage capacity are: 1) Theodore Roosevelt Dam, 1,381,580 ac-
ft; 2) Horse Mesa Dam, 245,138 ac-ft; 3) Mormon Flat Dam, 57,582
ac-ft; and 4) Stewart Mountain Dam, 69,765 ac-ft. On the Verde
River, the two dams are: 1) Horseshoe Dam, 139,238 ac-ft, and 2)
Bartlett Dam, 178,477 ac-ft. It should be noted that these struc-
tures are designed principally for water storage and not for flood
control. Granite Reef Diversion Dam, located on the Salt River
downstream of the confluence of the Salt and Verde Rivers, is used
to divert water into the Arizona and South Canals.

The SRP water delivery system includes 131 miles of canals
(of which 61 miles were Tined as of 1977); 878 miles of laterals
(726 miles lined or piped) and 250 miles of drainage ditches
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(55 miles lined or piped). The project owns about 250 deep wells,
supplementing surface water. 1In 1977 the total volume of water
delivered through the SRP system was 910,506 ac-ft; of this amount
591,830 ac-ft. was derived from reservoir storage and 318,676 ac-
ft. from wells (Salt River Project, 1978).

As shown on Plate 1, the Arizona Canal transports water from
the Granite Reef Diversion Dam to project lands and municipal
customers north of the Salt River. The South Canal delivers water
to project lands and municipal customers south of the river. The
Arizona Canal supplies Tempe with surface water via a lateral
canal, the New Cross-Cut Canal. Lateral canals extending from the
South Canal include the Roosevelt Water Conservation District Canal;
the Eastern Canal; the Consolidated Canal; and the Tempe Canal.

The Salt River Indian Irrigation Project obtains SRP water
from the Arizona Canal, via diversion works at the Evergreen
Wasteway, for irrigation of lands south of the Canal. Indian land
north of the Canal is exterior to the SRP delivery area and water
is derived entirely from wells.

The second major water purveyor in the area is the Roosevelt
Water Conservation District (RWCD), bounded by the Roosevelt Water
Conservation District Canal and the Eastern Canal. The main pumping
plant of the RWCD Tifts water from the South Canal into the RWCD
Canal for irrigation of land in the district.

Other water supply agencies in the area shown on Plate 1 in-
clude those associated with the principal municipalities of Tempe,
Scottsdale and Mesa. In 1977, Tempe pumped 3,620 ac-ft. of ground
water, and received about 22,600 ac-ft. of water from the SRP
system (Staff, Arizona Groundwater Management Study Commission,
1978). During 1977, Scottsdale pumped 8,846 ac-ft. of ground water,
with no SRP water augmentation (ibid).- The City of Mesa pumped
17,185 ac-ft. in 1977, and obtained 12,975 ac-ft. of surface water
from the SRP system. The City of Mesa treats about 30% of its
sewage, with 70% being treated at the 91st Avenue treatment plant
in Phoenix. Treated wastewater from the Mesa plant is sold to a
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nearby farmer for use in irrigation. Sewage from Tempe and Scotts-
dale is treated entirely in the 91st Avenue plant.

3.5 Institutions
There are seventeen cities and towns within the Phoenix metro-

politan area. Of these, Mesa, Scottsdale, Phoenix, Tempe; and
possibly Chandler and Gilbert would be the most directly impacted
by both demonstration and full-scale projects located in the pro-
posed recharge area. The Salt River-Pima-Maricopa Indian Community
is a major landowner in the area, and will be significantly in-
volved in most recharge operations. Several federal, state and
local water and land management agencies are also likely to be
interested in or directly impacted by projects in the proposed re-
charge area. These entities include: the U.S. Bureau of Reclama-
tion, the U.S. Bureau of Land Management, the Arizona Water Com-
mission, the Arizona State Land Department, the Arizona Groundwater
Management Study Commission, the Maricopa County Flood Control
District, the Salt River Project, and the Roosevelt Water Conser-
vation District. In addition to the impact of a recharge project
on public institutions, individuals owning wells would also be
affected.

3.6 Environmental-Archaeological Factors

A number of active and abandoned sanitary landfills are
located along and within the Salt River channel. These landfills
include those which are, or have been, managed by the Salt River-
Pima-Maricopa Indian Community.

Numerous archaeological sites are also located along the Salt
River channel.







4. WATER SOURCES

The principal water sources in the project area are listed in
Table 4-1. Also included in the table is a selection of the poten-
tial sources which would be most suitable for a full-scale recharge
project and for a demonstration recharge project, respectively.
The selection of sources for a full-scale project is based on the
premise that a large quantity of water should be recharged over
a prolonged period of time. Similarly, for a demonstration project,
sources available on a prolonged basis would be most desirable.
However, as discussed in Section 10, a demonstration project could
comprise two sites: a primary site near a continuous water source
and a secondary source used to recharge periodic sources.

Salient features of the more important sources are discussed

below:

4.1 Flood Water

Controlled flood waters are available in the project area from
two possible sources: 1) spillage over Granite Reef Diversion Dam,
and 2) releases into four wasteways: the Evergreen Drain, the
Indian Bend Drain, the Hennessey Drain, and the Tempe Drain. The
locations of these sources are shown on Plate 1. Spillage over
Granite Reef Diversion Dam occurs when water is released from
the upstream control structures on the Salt and Verde Rivers (see
Section 3.4) to provide storage for snowmelt and rainfall runoff.
Sheet flow and wash flows discharging into the Arizona and South
Canal are diverted to the Salt River in the four wasteways. For
example, such flows originating on the Salt River-Pima-Maricopa
Indian Reservation discharge into the Arizona Canal at several
locations between the diversion headworks to the reservation
irrigation system, and Granite Reef Diversion Dam. To avoid over-
flowing the canal, water is diverted to the Salt River through
the Evergreen Drain.
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TABLE 4-1

Water Sources in the Project Area

AGGREGATION OF
WATER SOURCES
IN PROJECT AREA

POTENTIAL WATER
SOURCES FOR A
FULL-SCALE
RECHARGE PROJECT

POTENTIAL WATER
SOURCES FOR A
DEMONSTRATION
RECHARGE PROJECT

Controlled releases
of Salt and Verde
River Water from up-
stream reservoirs
during flooding
periods.

Controlled releases
of Salt and Verde
River water from up-
stream reservoirs to
provide flood control
storage.

Sewage effluent.

Urban runoff.
Irrigation tail water.

Colorado River water

Controlled releases
of Salt and Verde
River Water from up-
stream reservoirs
during flooding
periods.

Controlled releases
of Salt and Verde
River water from up-
stream reservoirs to
provide flood control
storage.

Colorado River water

Controlled releases
of Salt and Verde
River water from up-
stream reservoirs to
provide flood control
storage.

Sewage effluent.

Irrigation tail water.

Ground water.

released through Central

Arizona Project
facilities.

released through Central
Arizona Project facilities.

Ground water.
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Data on the volumes of water released to the Salt River as
overflow from Granite Reef Diversion Dam and the four wasteways
during the period 1913-1977 are presented in Table 5-2 (Courtesy:
Salt River Project). As pointed out in Section 5 total releases
ranged from 0 acre-feet (AF) in water year 1962, to 1,245,510 AF
in 1973. The average flow for 65 years of record was 82,000 AF,
but because of the variability of releases from year to year, this
average value is not meaningful. Note also that in 67 years only

. 96 releases were reported for a total of 899 days; moreover, re-
leases occur during short periods and peak discharge rates may be
high (see Table 5-3).

In addition to the above technical constraints on using flood
water in a demonstration project, there may be legal control as a
consequence of the Kent Decree. A discussion of this decree can
be found in Section 8.

In view of the uncertain availability of flood water, the short
duration of flood events, and legal uncertainties, this source is
not suitable for a primary demonstration project. However, aban-
doned gravel pits could be used as secondary sites to recharge
periodic flood waters, provided there are no legal impediments.

In a cooperative effort, the U.S. Army Corps of Engineers
and the U.S. Bureau of Reclamation are currently evaluating alter-
natives for flood control in the Phoenix metropolitan area. Among
the options being considered by these agencies for flood control
on the Salt and Verde Rivers are the following (U.S. Bureau of

. Reclamation, 1979):

1. Roosevelt Dam and Lake. Raise Roosevelt Dam to provide

additional reservoir space on the Salt River primarily

for flood control.

2. Horseshoe Dam and Reservoir. Replace the existing Verde
River structure with a larger dam to provide additional
space, primarily for flood control.

3. Tangle Creek Site Dam and Reservoir. Construct a new dam
on the Verde River upstream from Horseshoe Reservoir,

primarily for flood control.
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4. C1iff Site Dam and Reservoir. Construct a new dam on the

Verde River about 2 miles downstream from Horseshoe Dam.
This new reservoir would incorporate the existing storage
in Horseshoe Reservoir but would provide additional
capacity, primarily for flood control.

5. Confluence Site Dam and Reservoir. Construct a dam at the

confluence of the Salt and Verde Rivers. This structure
could be the proposed Orme Dam or a modified version, to
provide CAP regulatory storage and/or flood control.

6. Granite Reef Site Dam and Reservoir. Construct a dam about

4 miles downstream from the confluence on the Salt River
at Granite Reef Diversion Dam to provide both regulatory
storage and/or flood control. This is primarily an alter-
native location of the confluence site.

7. Flexible Reservoir Operating Guidelines. Develop a set of

procedures for more sophisticated flood forecasting and
Salt River Project reservoir operation which attempt to
further minimize downstream flood damage.
If and when one or more of these options is implemented, artifi-
cial recharge could be used to effective advantage as a method for
disposition and conservation of captured flood water.

4.2 Controlled Releases from Upstream Reservoirs

Besides releasing water from upstream reservoirs to provide
flood storage, water could be released specifically for a demonstra-
tion or full-scale recharge project. In view of the legal
foundation of current Arizona water law on which the Salt River
Project operates ("the water belongs to the land"), this approach is
currently infeasible.

4.3 Ground Water
The suggestion that ground water could be used in a demonstra-.

tion recharge project appears at first glance to be contradictory.
Obviously, pumped water would not be a cost-effective source. Thus,
only a fraction of the water would be returned to the source aquifer.
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The remaining fraction would be held back, in storage, within the
vadose zone, or be lost by evapotranspiration. However, it should
be noted that these costs and water losses must be balanced against
the information gained from operating a demonstration, experimental
facility. In particular, valuable data could be gained for de-
signing, implementing, and managing a full-scale project in a

sound technical fashion.

Ground water could be obtained for a demonstration recharge
project either by drilling a well specifically for the project, or
by contracting for ground water from a water service agency. In-
stalling and operating a well could be extremely costly and may be
precluded by state regulations.- The second alternative would
probably entail buying ground water from the Salt River Project.

Inasmuch as SRP water cannot legally be used on off-project
lands, it would be necessary to employ the following procedure:

1) pump ground water from a SRP well on off-project lands and
transport pumped water in project canals to a diversion point,

and 2) convey an equivalent quantity of water to off-project lands
on which the demonstration project is located. In the above
scenario it is presumed that a structure would be available to
convey water to the project site. Such a structure could comprise
an existing wasteway (e.g. the Evergreen Wasteway) or a specifically
constructed canal or pipeline (see Section 10). Implementation

of this scheme would require authorization from the Board of Dir-
ectors of the Salt River Project.

4.4 Central Arizona Project Water

Three alternatives are possible for procuring Central Arizona
Project (CAP) water for a demonstration project: 1) contractually
purchasing CAP water, 2) diverting water from storage facilities
on the Colorado River, and 3) using CAP water contracted for by

the Salt River-Maricopa Indian Community in a joint recreation-
recharge project.
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4.4.1 Contractual Procurement of CAP Water

Water could be purchased from the U.S. Bureau of Reclamation
for a demonstration project if sufficient interest in and support
for a demonstration project is generated among appropriate state
and local agencies (Burbey, personal communication, 1978). In
order to obtain CAP water, the allocations would need to be re-
adjusted to accommodate water demands of a recharge project. Such
a reallocation would require an initiative by state and local
agencies expressing a strong interest in the use of CAP water for
recharge purposes. Two state and local agencies would be involved
in the reallocation of CAP waters. The Arizona Water Commission,
as a state agency, serves in an advisory role on behalf of the
Governor of Arizona to recommend allocation of CAP waters to the
U.S. Secretary of the Interior, who has the ultimate authority
for water allocation and contract administration for the Central
Arizona Project. The Secretary is represented in such administrative
functions by the U.S. Bureau of Reclamation. The Central Arizona
Water Conservation District (CAWCD) - a special purpose district
established by Arizona statute for the purpose of contracting for
and providing repayment of CAP water as required by the federal
reclamation act - serves as a local, multi-county water service
agency providing for revenue collection to repay CAP project
costs. The CAWCD will contract for water delivered by the Bureau
of Reclamation through CAP facilities and function as a water ser-
vice agency to users of CAP waters. It is possible through
statutory provisions that the CAWCD could serve as the sponsoring
and management agency for a full-scale recharge project.

A three party contract would be entered into when allocating
water for a recharge project: 1) the Department of Interior,
represented by the U.S. Bureau of Reclamation, 2) the Central
Arizona Water Conservation District, and 3) a "user agency" com-
prising the action agency responsible for implementing the
recharge project.
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4.4.2 Diversion of Surface Water from Storage Facilities
on the Colorado River
An alternative mechanism for obtaining water via the CAP aque-

duct system comprises obtaining overflow water from control struc-
tures (i.e. Lake Mead and Lake Powell)on the Colorado River. Such
spills would occur during periods of excessive runoff. Generally,
this option exists mainly for water users along the Colorado River
(Burbey, personal communication, 1978). However, CAP water users
‘ could obtain surplus water stored in Lake Mead by paying pumping
costs to Tift water into the CAP aqueduct. Such costs could amount
to $25 to $30 per acre foot (ibid), considerably more than costs
to obtain ground water from SRP.

This supply would be available only at infrequent intervals;
flow rates would be high; periods of availability would be of short
duration, and legally the water would be subject to CAP allocation.
Consequently, this source would be inappropriate for a demonstration
project.

4.4.3 Use of CAP Water in a Joint Recreation - Recharge Project

CAP water could be delivered to the Salt River-Pima-Maricopa
Reservation via a delivery system from Granite Reef aquaduct for a

joint recreation-artificial recharge project on the reservation.
The site or sites would be located north of the Arizona Canal.
Re presentatiyes of the tribe have expressed an interest in such
a possibility. In this case CAP water would be obtained under
the Salt River-Pima-Maricopa Indian allocation. Water costs
. would be assessed proportionately against the recreation and re-

charge elements.

4.4.4 Comments

CAP water will not be available in the vicinity of the general
project area until 1985. Consequently, CAP water is not a viable
source for a demonstration recharge project at this time. In
addition, CAP water could be relatively high in total salt content,
with undesirable levels of sulfate. However, CAP water remains a
potential source for a full-scale, long-term recharge program
subject to contracting and other Tegal provisions involved with
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CAP water allocations.

4.5 Sewage Effluent
The only source of sewage effluent for a demonstration re-

charge project in the project area is the Mesa Sewage Treatment
Plant. Investigations using this source would essentially dupli-
cate land treatment studies by Bouwer and associates (U.S.D.A.
Water Conservation Laboratory) at the Flushing Meadows and 23rd
Avenue spreading sites located in Phoenix, Arizona. Wastewater
receives secondary treatment at the Mesa plant by a trickling
filter. Currently, treated effluent is sold to a neighboring
farmer for irrigation use, or discharged to drying-percolation beds.
The quantity of effluent is approximately two to three million
gallons per day (mgd). The quality of effluent is unknown, but
presumably EPA and State water quality standards are satisfied.
Effluent could be a source of undesirable levels of nitrogen,
bacteria, virus, and refractory organics. A monitoring program
would be mandatory if this source were used in a demonstration
project.

4.6 Irrigation Tailwater

Tailwater from irrigation on the Salt River-Maricopa Indian
Reservation could be used in a demonstration project. Presently,
several ponds are used on the reservation to collect tailwater
which is then pumped back into the delivery system. However, in
some areas, such as near Evergreen Wash, uncollected tailwater
discharges toward the river. The quantity and quality of irri-
gation tailwater from this source is undetermined.

4-8






5. TECHNICAL CONSIDERATIONS

From a technical viewpoint the development of plans for artifi-
cial recharge in a ground-water basin comprises the following two
basic stages: 1) examining the regional hydrogeology of the entire
basin, and 2) obtaining specific hydrogeological data at alternative
sites within the basin. Insight gained from the first stage aids
in estimating the overall feasibility of artificial recharge in the
basin and facilitates locating alternative sites for a project.
Activities during the second stage Tead to the final selection of a
site. In practice the activities during these stages would be cor-
related with parallel programs in other constraint areas: legal,
institutional, economic and environmental.

The purpose of this section is to review elements of the first
stage. The East Basin is the generalized ground-water basin of
interest with respect to artificial recharge and the project area
is defined on Plate 1. The second stage would be conducted during
a demonstration recharge project.

Specific objectives of this section are to 1) inventory known
information sources on the hydrogeology of the East Basin and
project area, 2) define data needs to facilitate selecting a re-
charge site, and 3) suggest approaches for collecting additional
data during the third stage, together with budgetary requirements
and an estimated time Tine.

5.1 Study Approaches

The inventory of known hydrogeological information in the East
Basin and project area entailed 1) reviewing published references,
2) contacting agencies and individuals with experience in the area,
and 3) conducting field trips.

Initially a RECON search was conducted for an annotated biblio-
graphy of ongoing research efforts in the area. Papers published
by workers with the United States Geological Survey were reviewed,
including 1) Anderson (1968); 2) Arteaga, et al. (1968); 3) Babcock




(1975); 4) Briggs and Werho (1966); 5) Laney, et al. (1978);

6) Lee (1905); 7) McDonald, Wolcott and Bluhm (1947); and 8)
Schumann (1974). Other important references included 1) Adams
(1974); 2) Arizona Water Commission (1978); 3) Thiele (1961);
4) Thiele (1965); 5) the United States Environmental Protection
Agency (1970); and 6) the United States Bureau of Reclamation
(1976).

Individuals with competency in water-related subject areas
were contacted for assistance in answering the following questions:
1) what do we know about the hydrogeology in the East Basin in
general and the project area in particular; 2) what do we need to
know (i.e., what are the data gaps); and 3) how should we procede
to overcome information deficiencies, in order to plan a demonstra-
tion and full-scale recharge project? Specific individuals con-
tacted are listed in Appendix C. Associated agencies included:

1) the United States Geological Survey, Phoenix and Tucson offices;
2) the Soil Conservation Service, Phoenix; 3) the Water Conserva-
tion Laboratory, Tempe; 4) the Salt River Project, Tempe; 5) the
Arizona Water Commission, Pheonix; 6) the Arizona State University;
7) Arizona State Land Department, and 8) Arizona Department of
Health Services.

Several field trips were made to assess the geology and geo-
morphology of the project area and potential recharge sites.

5.2 Hydrogeological Features of the East Basin and the

Project Area

5.2.1 Geology

5.2.1.1 General

The evolution of the East Basin parallels that of other struc-
tural basins in the Basin and Range Physiographic Province of
Arizona. As described in a recent report of the U.S. Bureau of
Reclamation (1977), the outline of this province was apparently
formed by regional warping and large scale normal faulting during
middle Tertiary time. Thick deposits of conglomerate, sandstone
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and volcanic rocks accumulated during this period. Further evolu-
tion of the basins is described in the U.S. Bureau of Reclamation
(ibid) report:

Continued differential uplift and subsidence accompanied
by normal faulting that probably extended into Pliocene
time accentuated the early Basin and Range features.
Alluvial and lacustrine-playa type "valley fill" deposits,
comprising the effective central Airzona ground water
reservoirs, began to accumulate on the dissected middle
Tertiary rocks. Uplift and erosion continued into the
Quaternary with alternating periods of subsidence and

. deposition with accompanying volcanic activity....The
magnitude and periods of uplift or subsidence, the effect
of this movement on existing drainage patterns, and con-
temporaneous volcanic activity have determined the vertical
sequence and lateral variations of "valley fill" deposits
in any one basin or group of basins. The type of drainage
that existed during the "filling" process, major or tribu-
tary, interior or through flowing, also is a major determinant °
of the geologic framework of any one basin.

Pediments are apparent at the base of mountain fronts as small
bedrock masses projecting through thin deposits of alluvium. The
pediments change abruptly into steep scarps at fault boundaries.

Gravity surveys in the "Paradise Valley-Chandler-Queen Creek
Subarea" of the Central Arizona Project (ibid), indicate a principal
structural basin, east of Chandler, with an elongated trough ex-
tending eastward. In Paradise Valley, a narrow north-northwesterly
extending trough, with two gravity lows, was observed. The thick-
ness of layered sediments in the area varies from O feet near the
_ mountains to as much as 10,000 feet in the structural trough east
J of Chandler. 1In the Valley, numerous wells have been constructed
. to 1500 feet without contacting bedrock. In Paradise Valley an

0il well reached bedrock at 5150 feet (ibid).
5.2.1.2 Soils
5.2.1.2.1 General
The s0ils of the East basin have been classified into six soil

associations. A soil association is a group of soils that are
arranged in a distinctive pattern with set proportions of each soil.
The name of the association is derived from the major soil type.

The six associations found in the area are Rock Land; Antho-Valencia,
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Laveen, Mohall-Contine, Gilman-Estrella-Avondale and Alluvial Land.
The Rock Land Association, which comprises 10% of the land area,
occurs along the edges of the mountains and buttes where the slopes
are steep. It is made up of Rock outcrops and shallow gravelly
soil over bedrock. In this association a soil horizon is thin or
absent and runoff is rapid because of the Tow infiltration capacity.
The Antho-Valencia, Laveen, Mohall-Contine, and Gilman-Estrella-
Avondale are well drained loam soils on gently sloping (0-3%) land.
The Antho-Valencia Association, which makes up 11% of the area is
on alluvial fans. The antho soils are sandy or gravelly loams of
depth of 40 inches or more. The Valencia usually has a layer of
sandy loam followed by a clay loam layer and then another sandy loam
layer. These soils are used for cultivation and as a source for
road fill and sub grade. Soils of the Laveen Association are on
the old alluvial fans and terraces and occupy 15% of the area. They
are a mixture of gravelly sandy Toams and calcareous loams with a
surface layer of clay loam or brown loam followed in depth by a
layer of loam containing greater than 15% Time. The Mohall-Contine
Association is on 29% of the area and rests on the old alluvial
fans. This is a clay loam or sandy clay loam which usually has a
lower layer of calcium carbonate. The Gilman-Estrella-Avondale
Association, which occupies 33% of the area, is in the flood plains
and alluvial fans on nearly level surfaces. It consists of loams
and clay loams. The Alluvial Land Association only makes up 2% of
the area and is an extremely well drained gravelly sand and boulder
alluvium in the stream channels and channel lowlands. The area is
used as a source of sand and gravel and is poorly vegetated (Adams,
1974).

A general transect of soils from the mountains to the river
would include: 1) Rock Land in the mountains, buttes and along
their pediments; 2) Antho-Valencia on the alluvial fan, toward the
river; 3) Mohall-Contine on the older fans; 4) Laveen on the ter-
race above the flood plain; 5) Gilman-Estrella-Avondale in the
flood plain; and 6) alluvial land association in and near the
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channel (Adams, 1974). Excluding the area near the mountain edges
and in the river channel and Tow area, most of the basin soils
have a calcareous deposit in the subsurface layer that has a high
degree of cementation. Layers of carbonates continue to be seen
at Tower Tlevels in the vertical profiles of wells (Lee, 1905).
5.2.1.2.2 Soils of the Project Area
The main so0il type in the project area is the Alluvial Land

which Ties in the channel and floodplain. Its texture varies from
. silts and clay to cobbles and boulders, with cobbles and coarse

sand on the surface. The soils that border the floodplain are:
1) Antho sand loam; 2) Avondale clay loam; 3) Carrizo fine sandy
loam; 4) Carrizo gravelly 16amy sand; 5) Gilman loam; 6) Gilman fine
sandy loam; 7) Pinant very gravelly loam; 8) Pimer clay loam; and
9) Vint loamy fine sand.

5.2.1.3 Stratigraphy

5.2.1.3.1 General

Generally there are two major stratigraphic divisions in the

basins of the Basin and Range Province: the undifferentiated base-
ment complex, and Tate Tertiary to Recent valley-fill deposits
(U.S. Bureau of Reclamation, 1977). The basement complex, consti-
tuting the base of the valley fill and surrounding mountains, con-
tains Precambrian granite, gneiss, and schist; intrusive granites
and extrusive volcanic flows; and middle Tertiary and older sedi-
mentary rocks. Only the middle Tertiary sedimentary and volcanic
rocks are potential ground-water sources, where saturated.

. The classification of units in the valley-fill deposits of
the East Basin is presently undergoing revision (Laney, Personal
communication, 1978). A classification adapted by the U.S. Bureau
of Reclamation (1977) includes three units. In successive depths,
these units are: 1) the Upper Alluvial Unit; 2) the Middle Fine-
Grained Unit; and 3) the Lower Conglomerate Unit. For purposes of
discussion the U.S. Bureau of Reclamation system will be used in
this report.
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In general, the Lower Conglomerate Unit, of middle to late
Tertiary age, is a dark reddish brown and is composed of conglom-
erate breccia, sandstone and gypsiferous clay. Pebble and
cobble-size fragments found in the formation reflect the Tlocal
sources, such as granite or volcanics. This formation, which
presumably underlies most of the basin, is moderately deformed
and crops out along the edge of the East Basin, such as the
Papago Buttes. The conglomerate varies in thickness from 0 feet
near outcrops to 2,000 feet or more at the deeper portions of the
valley (U.S. Bureau of Reclamation, 1977).

The red comglomerate is overlain by a gray conglomerate of
the Middle Fine-Grained Unit, near the mountain fronts, and by
the lower evaporite section of the Middle Fine-Grained Unit in the
center of the basin. The Middle Fine-Grained Unit resulted from
internal drainage conditions caused by middle to late Tertiary
normal faulting and volcanic activity. The volcanic activity
created lacustine-playa deposits (ibid.). The unit is composed of
interbedded deposits of sand, silt and clay and some evaporites.
The unit can be subdivided vertically into two principal zones; an
upper zone containing somewhat coarser material, and a Tower zone
containing fine-grained material and massive evaporites. The
upper zone contains silt, sand, gravel and cemented conglomerates.
The zone is gray where the material is coarse, and blue, green,
brown or gray where it is fine-grained. The bottom of the zone is
gypsiferous where it grades into the Tower zone. The lower zone
of this unit contains massive deposits of gypsum and halite and
contains ground water of poor quality. This zone is dark brown
to reddish brown and has some andesite and basaltic flows in the
Tower section (Laney, Personal communication, 1978). Laterally
the Middle Fine-Grained Unit varies from a moderately cemented gray
conglomerate near the mountain front; into coarser-grained material
near the edge of the basin; thence into fine silty material near
the center of the basin. The thickness of the Middle Fine-Grained
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Unit varies from about 200 feet to a few thousand feet (Laney,
Personal Communication, 1978).

The Upper Alluvial Unit may be separated into an upper zone
and a lower zone. The upper zone is tan to brown in color, and
comprises unconsolidated sand, gravel and boulders. The thickness
of the upper zone varies from 0 feet to 300 feet. In the project
area alluvium of this unit was deposited by the Salt River. The
lower zone is brown to 1ight reddish brown in color, consisting

‘ of unconsolidated and semi-consolidated silt, sand, gravel and
' boulders. The thickness of the Tower zone varies from 200 feet
to 800 feet (Laney, Personal communication, 1978).

5.2.1.3.2 Stratigraphy in the Project Area

The present state of knowledge of subsurface geology along the
river channel is rather sketchy, being based on observations of out-
crops and on drillers' Togs. Drillers' Togs are generally not-

particularly quantitative, but are useful in identifying the extent
- of course and fine-grained material, caliche, cementation, and
bedrock. Downstream for about a mile from Granite Reef Diversion
Dam, there are outcrops of granite along the Salt River channel.
The alluvium in the adjoining hills and the outcrops in the stream
end abruptly, suggesting the presence of a fault escarpment. The
river channel lies on top of the Upper Alluvial Unit, which is
mainly coarse grained.
A geological section, located on a left to right diagonal
across TIN, R5E is reported by the U.S. Bureau of Reclamation (1977).
. The section intersects the Salt River a short distance downstream
of Mesa. According to information on the section, it appears
that the Middle Fine-Grained Unit is completely missing beneath
the river. In particular, the Upper Alluvial Unit contacts the
lower conglomerate Unit at a depth of about 800 feet. Near Tempe
there is a sharp break in strata where coarse river material was

deposited on top of fine material. The break corresponds to the
base of the upper zone within the Upper Alluvial Unit. Bedrock
crops out in the vicinity of the Tempe and Papago Buttes.
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5.2.2 Hydrology
5.2.2.1 Surface Hydrology

The total watershed area of the Salt River and its principal
tributary, the Verde River, is 12,000 square miles. The headwaters
of these rivers are along the Mogollen Rim. As pointed out in a
previous section, the series of dams on the rivers preclude normal
flow in the Salt River downstream of Granite Reef Diversion Dam.
Water behind Granite Reef Diversion Dam is shunted into the
Arizona and South Canals. Occasionally such diversions are unable
to cope with the flows arriving from upstream dams and spillage
occurs over the dam. In addition to such spillage, surface water
also reaches the river channel via drains. In the project area,
defined on Plate 1, the principal drains are the Evergreen drain,
the Hennessy drain, the Tempe drain, and the Indian Bend drain.

Combined diversions to the Salt River from Granite Reef Diver-
sion Dam and the system of drains, during water years 1913 through
1977, are shown on Table 5-1 (Courtesy: Salt River Project). Total
discharges arranged in ascending order of magnitude for the same
period are shown on Table 5-2 (Courtesy: Salt River Project).

Note that the total flows ranged from 0 acre feet (AF) in water
year 1962, to 1,245,510 AF in 1973. Wide differences in flow have
occurred from year to year. For example, in 1941 the total dis-
charge was 915,487 AF but only 1076 AF in 1942. Also note the pro-
longed high flow (flows less than 10,000 AF) period from 1913
through 1923, and the extensive dry period (flows less than 10,000
AF) from 1941 through 1964. The average flow for 65 years of
record was 82,000 AF. Inasmuch as flows are so variable this
average figure is not particularly meaningful. Thus flows in
excess of 82,000 AF occurred only 16 times in 65 years.

Peak discharges, in cubic feet per second (cfs), below Granite
Reef Diversion Dam during the period 1911 through 1978 are sum-
marized on Table 5-3. Values of the total number of releases and
total days of discharge are also included. The greatest peak
discharge during the period was 113,000 cfs in 1978 and the Towest
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was 1000 cfs in 1973. The total number of releases over the
dam was 96, for a total of 899 days. There were no releases during
the prolonged dry period 1941 to 1965.
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TOTAL DIVERSIONS AND/OR FLOW TO THE
SALT RIVER IN ACRE FEET, 1913-1977

TABLE 5-1

(Courtesy Salt River Project)

Year Grand Ever- Hennessey Tempe Indian  PH. #2 San Total
Wasteway green Drain Drain Bend Wasteway Francisco to
Drain Drain Waste- Salt

way River
1913 610 11,100 0 0 - - 11,710
1914 0 11,200 0 0 - - 11,200
1915 7,100 78,500 0 0 - 5,680 91,280
1916 6,970 26,300 80,200 0 0 - 0 113,470
1917 50,300 2,770 46,500 0 0 - 0 99,570
1918 33,400 0 12,500 0 7,600 - 0 53,570
1919 68,800 9,530 50,400 0 0 - 0 128,730
1920 221,000 5,670 76,000 0 0 58,000 0 360,670
1921 94,000 0 14,400 0 0 518 1,958 110,876
1922 133,000 229 43,300 0 0 2,300 11,600 190,429
1923 64,200 0 13,000 0 0 1,150 9,460 87,810
1924 38,800 869 0 0 4,460 1,810 6,510 52,449
1925 3,010 1,260 61 0 845 0 K 5,176
1926 25,900 5,000 8 15 1,110 1,290 33,323
1927 66,700 7,810 0 2,160 920 - 77,590
1928 15,300 685 0 0 2,240 i 18,225
1929 374 1,040 99 0 0 15513
1930 2,650 1,740 684 0 77 5151
1931 8,670 5,190 701 1,060 48 15,669
1932 46,500 2,670 1,010 11,700 125 62,005
1933 22 404 197 0 0 623
1934 334 853 0 0 17 1,204




TABLE 5-1
(continued)
Year Below ~ Ever- Hennessey Tempe Indian Total
Granite green Drain Drain Bend to
Reef Drain Drain Salt
River
(ac-ft)
1935 88,977 1,287 1,154 2ls - ‘91,693
1936 7,452 1,438 443 0 - 9,333
1937 407,930 3,318 2,052 1,715 114 415,129
‘ 1938 210,909 915 341 65 478 212,744
1939 2,578 1,547 314 0 6,332 10,771
1940 11,621 1,388 770 314 3,219 17,312
1941 880,213 11,268 9,693 13,930 383 915,487
1942 154 0 557 365 0 1,076
1943 3,629 1,101 712 131 1,759 75332
1944 966 226 40 309 0 1,541
1945 1,420 557 46 0 22 2,045
1946 1,793 268 22 0 244 2,327
1947 704 0 28 0 0 732
1948 196 0 0 0 0 196
1949 1,581 1,036 332 0 89 3,038
1950 1,469 0 0 0 58 1,527
. 1951 16,347 560 216 234 3,154 20,511
1952 3,243 488 17 0 42 3,950
1953 86 0 0 0 0 86
1954 3,686 1,156 0 0 557 5,399
1955 5,899 902 452 111 593 7,957
1956 58 0 0 0 0 58
1957 2,000 0 0 0 0 2,000
1958 792 688 78 78 28 1,664




TABLE 5-1

(continued)
Year Below Ever- Hennessey Tempe Indian Total
Granite green Drain Drain Bend to
Reef Drain Drain Salt
River
(ac-ft)
1959 17,122 601 0 0 446 18,169
1960 5,002 0 0 0 0 5,002
1961 397 0 0 0 0 397
1962 0 0 0 0 0 0
1963 942 518 128 0 0 1,588
1964 7,005 665 0 0 115 7,785
1965 195,700 0 0 0 0 195,700
1966 380,371 506 0 38 619 381,534
1967 11,719 1,054 290 105 1,093 14,261
1968 106,466 716 87 80 0 107,349
1969 180 0 0 0 0 180
1970 0 0 280 0 0 280
1971 79 86 0 0 117 282
1972 75,379 1,591 246 123 800 78,139
1973 1,241,232 2,903 0 1,369 6 1,245,5f0
1974 815 443 0 74 101 1,433
1975 397 290 28 26 169 910
1976 2,098 1,208 62 63 869 4,300
1977 0 161 81 0 0 242

1978

*  Data are for water year, October through September
** |asteway abandoned in 1926
*%x*% No records after December 1924



TABLE 5-2
TOTAL DISCHARGES TO SALT RIVER
IN ACRE-FEET IN ORDER OF MAGNITUDE
(Courtesy Salt River Project)

Years 1913 - 1977 Inclusive

Year Total Discharge Year Total Discharge

1962 0 1936 9,333
56 58 39 10,771
53 86 14 11,200
69 180 13 11,710
48 196 67 14,261
70 208 31 15,669
77 242 40 17,312
71 282 59 18,169
33 623 28 18,225
47 732 51 20,511
75 910 26 33,323
42 1,076 24 52,449
34 1,204 18 53,570
74 1,433 32 62,005
29 1,513 72 78,139
50 1,527 23 87,810
44 1,541 15 91,280
63 1,588 35 91,694
58 1,664 17 99,570
57 2,000 68 107,349
45 2,045 21 110,876
46 2,327 16 113,470
49 3,038 19 128,730
52 3,950 22 190,429
76 4,300 65 195,700
60 5,002 38 212,744
30 55151 20 360,670
25 5,176 66 381,534
54 5,399 37 415,129
43 7,332 41 915,487
64 7,785 73 1,245,510
55 7,957
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Table 5-3

TABLE OF SIGNIFICANT WATER RELEASES
BELOW GRANITE REEF DIVERSION DAM

In Cubic Feet Per Second

(* Indicates Largest of Two or More Releases)

Total
Year Peak Flow Dates Releases
1911 (ROOSEVELT DAM-ROOSEVELT LAKE) 0
1912 0
1913 3,700 cfs Feb. 26-Mar. 16*, Mar. 24-25, 3
Apr. 1-9
1914 15,700 cfs Jan. 28-30, Feb., 19-Mar. 1,* 3
Dec. 19-26
1915 18,700 cfs Jan. 30-Feb. 6*, Feb. 12-23, 7
Mar. 18-Apr. 6, Apr. 18-May 24,
Aug. 27, Sept. 3, Dec. 31
1916 79,100 cfs Jan. 16-May 15*%, Sept. 9-12, 3
Oct. 8-10
1917 23,100 cfs Jan. 21-Feb. 2, Feb. 24-Mar. 7, 3
Apr. 18-May 1*
1918 28,400 cfs Feb. 26-28, Mar. 8-16*, Aug. 7-13 3
1919 46,200 cfs Feb. 2-3, Mar. 28-Apr. 4, 5
Jul. 14-22, Aug. 2-4, Nov. 26-
Dec. 3*
1920 87,800 cfs Jan. 5-9, Feb. 9-16, Fib. 20- 3
Apr. 16*
1921 15,900 cfs Jul. 25, Aug. 1-2, Aug. 22-23, 4
Dec. 28-30%*
1922 24,100 cfs Jan. 3-7*, Feb. 10-15, Feb. 21-22, 4
Mar. 17-30
1923 42,800 cfs Mar. 5-13, Sept. 19-20, Nov. 11-14, 4
Dec. 27-31*
1924 5,990 cfs Jan. 1-4, Apr. 3-4, Apr. 10-11 3
1925 (MORMON FLAT DAM--CANYON LAKE)
6,200 cfs Sept. 18-23, Oct. 7-8 2
1926 28,800 cfs Apr. 5-17, Apr. 20-21 2
1927 (HORSE MESA DAM--APACHE LAKE)
49,800 cfs Feb. 15-Mar. 2*, Sept. 13-15 2
1928 7,820 cfs Feb. 5-9 1
1929 17,200 cfs Apr. 5-9*, Mar. 12-13 2
1930 (STEWART MOUNTAIN DAM--SAGUARO LAKE)
2,290 cfs Mar. 23-24, Aug. 9-10% 2
1931 22,900 cfs Feb. 13-19*, Dec. 10-11 2
1932 48,700 cfs Feb. 10-Mar. 6*, Mar. 10-14, 3
Mar. 19-22
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0
0
30
21

80

128
39

19
30

58
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Year Peak Flow
1933
1934
1935 6,827 cfs
1936 4,000 cfs

1937 36,891 cfs
1938 57,554 cfs

Jan.
Feb.
Feb.
Feb.
Mar.
Mar.

Dates

12-13, Jan. 16-17

7-11*, Feb. 15-16, Mar. 4-5

25

7-11*%, Feb. 15-21,
13-21

1-8*%, Mar. 13-14

1939 (BARTLETT DAM--BARTLETT LAKE)

(No Releases May 19, 1941 - April 20, 1965)

Subtotal

1946 (HORSESHOE DAM--HORSESHOE LAKE)

1965 67,000 cfs
1966 53,000 cfs

1967 2,950 cfs
1968 3,703 cfs
1969

1970 15,000 cfs
1971
1972 10,000 cfs

1973 1,000 cfs
4,100 cfs
22,000 cfs

1978* 113,000 cfs

* as of Nov. 22, 1978

Apr.

- Jan.

Dec.
Feb.
Mar.

Sept

June
Dec.

Jan.
Feb.
Mar.

20-23, Dec. 31*

1-11*%, Feb. 12-Mar. 4
19-20

14-19*, Feb. 25-Mar. 1
10-15, Apr. 15-22

. 5-6 .

March, April

22, Oct. 6*, Nov. 22
26-31
Subtotal
1-8
21-28
2-May 29
Totals

Total Total
Releases Days

0 0
0 0
5 13
1 1
3 21
2 10
0 0
72 603
2 4
s a3
1 2
B 26
0 0
0 0
4 9
13 74
1 8
1 7
1 88
2 23
96 899




Natural recharge characteristics of the Salt River are re-
viewed in the section: Existing Ground-Water Recharge Mechanisms in
the East Basin. ‘

5.2.2.2 Hydraulic Properties of Soils

5.2.2.2.1 General

The hydraulic conductivity of soils bordering the flood plain
of the Salt River in the East Basin are (Adams, 1974):

Table 5-4

Soils and Related Permeabilities
on the Salt River

Soil Hydraulic Conductivity (cm/min)
1. Alluvial Land 0.03 - 0.85
2. Antho sand loam 0.03 - 0.08
3. Avondale clay Toam 0.03 - 0.08
4, Carrizo fine sandy loam 0.08 - 0.27 @ 0-38 cm
5. Carrizo gravelly loamy sand 0.85
6. Gilman Toam 0.03 - 0.08
7. Gilman fine sandy loam --- -—-
8. Pinant very gravelly loam 0.008 - 0.03
9. Pimer clay loam 0.008 - 0.03
10. Rock Land not estimated
11. Vint loamy fine sand 0.08 - 0.27

The most permeable soils on the flood plain are those of the
Carrizo series, particularly the Carrizo gravelly loamy sand. The
surface 38 cm of this soil is classified as gravelly loamy sand.

From 38 cm to 152 cm the soil consists of very gravelly sand (ibid.).
As shown in the above 1ist the hydraulic conductivity of the

Carrizo gravelly loamy sand is greater than 0.85 cm/min. This soil
is located south of the Salt River near Hayden Road and Alma School
Road.
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The infiltration rates of the soils are generally rated as
good except for Rock Land which is probably poor and the Alluvial
Land which is excellent. Subsurface caliche zones may reduce the
infiltration rates of some soils. If the caliche layers are
fractured, however, infiltration rates may not be reduced to a
great extent.

5.2.2.2.2 Soils of the Project Area

The hydraulic conductivity of Alluvial Land soils, located

within the channel of the Salt River and along the floodplain,
ranges from 0.03 to 0.85 cm/min (ibid). Hydraulic conductivity
values of Salt River material.at three locations are given in

" Table 5-5 (Courtesy H. Bouwer, 1978).

Based on these observations, it appears that expected hydraulic
conductivity values in spreading basins within the river should
range from 0.02 cm/min to 0.64 cm/min. These values correspond to
Tong-term infiltration rates ranging from 0.94 ft/day to 30.2
ft/day. Such rates compare favorably with the rates reported
for spreading facilities in California.




Table 5-5. Hydraulic Conductivity of Salt River Material
(Courtesy H. Bouwer)

Laboratory Tests of Disturbed Samples - 35th Avenue

Soil Type Sﬁnd Sf]t C?ay No. of Tests cmﬁmin
Medium Sand 95 3 2 7 0.47
Loamy Sand 85 9 6 4 0.14
Sandy Loam 61 32 7 6 0.05
Loam 38 T 9 4 0.02

Double Tube Permeameter
Tempe Bridge

Soil Type K No. of Tests
Fine Sand 0.10 - 0.36 cm/min 20 tests
Average 0.2 cm/min

Power House
Loamy Sand 0.037 cm/min 1 test
Coarse Sand 0.64 cm/min 1 test
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5.2.2.3 Hydraulic Properties of the Vadose Zone

Water movement and storage in layered vadose zone sediments
such as those of the East Basin, are governed by a multitude of
physical properties. Chief among such properties are: 1) the
hvdraulic conductivity of the media, 2) hydraulic gradients in the
fluid, 3) specific yield, 4) field capacity (specific retention),
5) fillable porosity, and 6) textural variations. The hydraulic
conductivity is a measure of the permeability of a porous media.

‘ Alternatively, the hydraulic conductivity is the factor of propor-

’ tionately re]atiné the flux of water and the hydraulic gradient in
Darcy‘s equation. (Flux is defined as the volume of water passing
through a unit cross-sectional area per unit time. The hydraulic
gradient is the driving force causing water to flow from a region
of higher potential energy to one of lower energy.) The hydraulic
conductivity is strongly affected by the manner in which the
layered sediments have been deposited. For example, the imbrication
of gravel during deposition in alluvial basins causes ground-
water movement to occur more readily in the horizontal than
vertical direction (see Bouwer, 1978, p. 56 for a discussion of
imbrication). Concomitantly, the horizontal hydraulic conductivity
in such sediments is greater than the vertical hydraulic conduc-
tivity. In other words, the hydraulic conductivity is affected
by anisotropy. For unsaturated sediments the hydraulic conduc-
tivity is also a function of water content, decreasing as the
water content decreases.

. The hydraulic gradient is generally determined by measuring
the difference in hydraulic head between two points in a flow sys-
tem and dividing by the distance between the points. For saturated
systems, heads may be measured via open wells. For unsaturated
systems, heads are measured by alternative techniques, such as by
tensiometers.

The specific yield of water-bearing materials is defined as
the volume of water released from storage per unit surface area
of the formation, per unit drop in the water table (Bouwer, 1978).
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Representative values of specific yield for unconfined aquifers
range from 0.01 to 0.30 (Freeze and Cherry, 1979). When the specific
yield of alluvium is related to grain size, it is typica1]y
observed that the value of specific yield increases from the clay-
sized material to a maximum value for the sand-sizes. Thereafter,
as the grain size increases into gravels and cobbles, the specific
yield decreases.

As defined above, the specific yield refers to the change in
water storage during a decline in the water table. During re-
charge it is more meaningful to refer to the change in storage
resulting from a rise of the water table. Bouwer (1978) suggests
that the term "fillable porosity" be used in lieu of "specific
yield" for the recharge case. That is, fillable porosity represents
the amount of water that an unconfined aquifer can store per unit
rise of water table per unit area. As Bouwer points out, because
of hysteresis the fillable porosity value of a given formation is
less than the corresponding specific yield value.

The specific retention is defined as the volume of water
which, during drainage, a unit volume of alluvium will retain
against the pull of gravity. In the soils literature the synonymous
term is "field capacity". The time for a soil to drain to field
capacity depends on the texture and structure of the media.

For example, field capacity may be reached in sandy soils within a
few hours. For coarse textured soils two or three days may be
required to reach field capacity and for medium to fine textured
soils a week may be required. For poorly structured clays the time
will be much greater (U.S. Environmental Protection Agency, U.S.
Army Corps of Engineers, and the U.S. Department of Agriculture,
1977).

It is commonly supposed that when a soil-has reached field
capacity internal drainage has stopped. In reality, drainage
continues but at a much slower rate. Conversely, when water moves
into a dry media during recharge, the flow rate is probably not
significant until the water content behind the wetting front
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increases to a value near field capacity (neglecting hysteresis).
In other words, a certain amount of applied water is required to
overcome deficits, if any, in water content between the initial
value and field capacity. For deep vadose zones, the sediments of
which have not been wetted subsequent to deposition, a substantial
amount of recharge water may need to be "invested" in overcoming
such moisture deficits. In the East Basin, a large amount of the
area has been irrigated, so that the moisture deficit is probably
small. Similarly, recent natural recharge events in the Salt River
have undoubtedly brought the water content of underlying sediments
into the range of field capacity.

Vertical variations in texture within the vadose zone lead to
the formation of perched ground water during deep percolation of |
water. It is generally assumed that perched ground water is pro-
duced by a pronounced impedence to vertical water movement, such as
when a clay or caliche layer underlies a gravel deposit. Although
this concept is true, temporary perched ground-water bodies may
also develop at the interface between layers of relatively high
permeability, such as a gravel overlying a coarse sand. The
requisite condition for perched ground-water development is that
the hydraulic conductivity of the Tower material must be less than
the vertical flow rate of water through the overlying material.
Inasmuch as the hydraulic conductivity values of sediments of the
vadose zone are greater in the horizontal than vertical direction,
perched ground water tends to spread laterally.

Two pronounced regional perched ground-water bodies exist in
the East Basin (Laney, et al., 1978). The locations and areal
extent of these masses are depicted on Figure 5-1. The largest
mass comprises an elongated, northeast trending region, extending
from Gilbert to about three miles northeast of Williams Air Force
Base. The smaller mass, which is within the project area, under-
lies a region along and north of the Salt River, near the Tempe
Buttes. The existence of these masses is evidenced by cascading

water in irrigation wells and by shallow ground-water levels.
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The Targer perched ground-water mass in the East Basin appears to
be caused by a sharp transition from coarse material to underlying
silts. This mass is recharged by irrigation return flow and canal
seepage. The smaller mass near Tempe may also be recharged during
flows in the Salt River. The East Basin contains caliche. Tayers
at different depths in the soil profile. Depending upon their
extent and vertical permeability, caliche beds will also impede
the flow of water.

5.2.2.4 Ground Water Hydrology

5.2.2.4.1 General

The principal water-bearing units in the East Basin are the

Upper Alluvial Unit and the Lower Conglomerate Unit (U.S. Bureau of
Reclamation, 1977). The Middle Fine-Grained Unit may provide a
small amount of ground water but generally is considered to be an
aquiclude (ibid). Water bearing regions of the Upper Alluvial Unit
are mainly unconfined, although local fine-grained zones may '
promote partial confinement and perching. The Lower Conglomerate
Unit is confined where overlain by the Middle Fine-Grained Unit, and
unconfined where the middle unit is missing (ibid).

Inasmuch as aquifer tests have not been conducted to a great
extent in the East Basin, it has been necessary to estimate trans-
missivity (T) distributions. For example, Anderson (1968) devel-
oped an empirical relationship between the specific capacity of
wells in Central Arizona and aquifer transmissivity. Specific
capacity represents the drawdown in a well a certain time after
pumping is started, divided by the discharge rate of the well.

The distribution of T values in the East Basin derived by this
approach is shown on Figure 5-2. T values ranged from about 10,000
gallons per day per ft (gpd/ft) to 200,000 gpd/ft. A band of high T
values is shown extending from the Salt’ River, northeast of Mesa,
through Chandler. Apparently, this region corresponds to the
location of buried, ancient stream channel of the Salt River.

Prior to large scale pumping, ground water in the Paradise
Valley generally flowed in a southerly direction toward the Salt
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River (U.S. Bureau of Reclamation, 1977; Arteaga, et al., 1968).
Subsurface outflow from the East Basin into the West Basin occurred
beneath the Salt River. South of the river, ground water moved
primarily in a northwesterly direction.

Extensive pumping after the Second World War profoundly af-
fected ground-water levels and flow direction in the East Basin.
Water levels throughout the Basin have receded from 50 to 400 feet.
Near the San Tan Mountains, in the southern part of the basin,
water levels dropped 400 feet (Laney, et al., 1978). Similarly,
in a ground-water depression east of Mesa, water levels dropped 350
feet. In a ground-water trough under Scottsdale water levels have
" declined 300 feet. The cone of depression in Scottsdale resulted
from widespread pumping from the conglomerates, which lead to de-
watering of overlying sediments. The ground-water trough east of
Mesa was produced by wells pumping from the Upper Alluvial Unit.
The areal extent and influence of the depression east of Mesa is
much greater than the cone underlying Scottsdale.

By 1964 the large scale cones of depression underlying Scotts-
dale and east of Mesa modified the natural flow patterns. Thus,
in the region north of the river the orientation of ground-water
flow was shifted generally into a south, southeast direction. Near
Scottsdale the direction of ground-water flow became oriented
primarily toward the large pumping trough underlying the city and
environs. South of the river the flow direction was reversed by
the pumping trough east of Mesa (U.S. Bureau of Reclamation, 1977).
The principal direction of ground-water flow in the region between
Mesa and the Salt River was south-easterly. Subsurface outflow into
the West Basin was eliminated.

Plate 2 illustrates ground-water elevations in the region en-
compassing the project area in 1972. The plate shows that in ad-
dition to the depression east of Mesa and the depression underlying
Scottsdale, a third cone of depression has developed beneath Mesa.
South of the river, flow gradients continue to be directed toward
the depression east of Mesa. However, flow in the vicinity of
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Mesa is now oriented toward the depression underlying the city.

Plate 2 also includes the Tines of equal elevation of perched
ground water. The direction of flow of perched water is not
necessarily the same as that for ground water in the main aquifer.
North of the river perched ground water flows mainly in a south-
easterly direction. South of the river, flow is in a more easterly
direction, toward an incipient trough southeast of Mesa. The dif-
ferences in elevation between perched ground water and the main
ground-water body are greatest near Scottsdale.

Depths to ground water in the region encompassing the project
area in 1972 are shown on Plate 3. North of the Salt River in the
vicinity of Scottsdale water levels varied from 100 feet below land
surface near the Papago Buttes to 400 feet beneath Scottsdale.
Beyond the Scottsdale cone of depression water levels gradually
decreased to 400 feet near the Sawik Mountains. South of the river,
the depth to ground water in 1972 ranged from 60 feet below land
surface south of Tempe to about 580 feet below land surface near
the Usery Mountains (U.S. Bureau of Reclamation, 1977).

5.2.2.4.2 Ground Water in the Project Area

Examination of water level contours for 1972 on Plate 2 shows

that depending on the location of a recharge site, recharged water
could move in three possible directions within the main aquifer.
Water recharged in theeastern one-third of the project area would
likely flow toward the large depression east of Mesa. Water re-
charged in the central one-third of the area would probably flow
toward the ground-water trough underlying Mesa. The southward flow
of water would be enhanced by coarse, highly transmissive deposits
of the ancient, buried stream-channel (see Figure 5-2). In the
western one-third of the area, ground-water would probably flow
toward the Scottsdale depression.

The above estimates of flow direction did not account for the
effect of perching on water movement. Thus water recharged near
Tempe and Mesa would probably merge with the shallow perched ground-
water system in the western portion of the area. In that case,
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recharged water would flow along the prevailing gradient of the
perched ground-water, i.e., in a southeast direction, north of the
river; and in a northeast direction, south of the river. In
addition, water recharged in the central and eastern portions of
the area could create new perched ground-water systems within the
vadose zone. Water would then flow in directions concomitant with
the particular hydraulic gradients established in each perched
system.

Absolute values of the depths to ground water near Granite Reef
Diversion Dam in the eastern one-third of the area are uncertain.
As shown on Plate 3, the depths may be as great as 500 feet below
land surface. In the central one-third of the area levels vary
from about 240 feet below land surface to 320 feet below land surface.
In the western one-third of the area, water levels range from
about 100 feet to 240 feet. The shallow depth corresponds to the
perched ground-water system near Tempe.

5.2.3 Ground-Water Quality

5.2.3.1 General Trends

Trends in the areal, vertical and temporal quality of ground
water in the East Basin were identified by Schmidt (1979) during
the U.S. Army Corps of Engineers Phoenix Urban Study and Maricopa

Association of Governments 208 Program. The following information
is summaried from Dr. Schmidt's report.

Schmidt used available values of the electrical conductivity
(EC) of water samples from wells in the East Basin in 1975 as a
gage of salinity. EC values in micromhos/cm may be converted into
total dissolved solids by multiplying by an empirical factor. For
the Salt River Valley this factor is about 0.65. Figure 5-3 shows
the distribution of EC values in the East Basin during the sampling
pericd. In the Paradise Valley EC va]ués were generally less than
500 micromhos/cm except in a region extending diagonally from
Scottsdale to the Salt River Pima-Maricopa Indian Community. In
this region a band of EC values of 1000 micromhos/cm was observed.
Schmidt surmised that the higher salinity in this region reflected
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recharge of Salt River water, which contains a higher salt content
than sources to the north. Ground water within the Recent Alluvium
Unit was historically of higher salinity than underlying ground
water (ibid). Much of the Recent Alluvium Unit has been dewatered
except southwest of Chandler.

In the Chandler Basin, south of the Salt River, two ground-
water regions with EC values greater than 2000 micromhos/cm were
observed in 1975. One of these regions extends diagonally across
the southwest corner of the basin. In this region, EC values in-
crease in a southwest trending direction, with a reported maximum
of 5000 micromhos/cm. West of Chandler ground water still occurs
in the Upper Alluvium Unit, which, as indicated above, contains
water of higher salinity.

A ground-water region of high EC values occurs south of Mesa,
ncrtheast of Chandler, and encompasses Gilbert. In the central part
of this region, EC values of 3000 micromhos/cm were observed.
According to Schmidt, in this area finer grained facies occur in
the formations underlying the Recent Alluvium Unit. The higher
salinity ground water appears to be associated with those finer
deposits.

Regions of the Chandler Basin containing the Upper Alluvium
Unit correspond to an area with perched ground water. Cascading
water in wells within perched ground-water regions effectively
short circuit the vadose zone; directly recharging the ground water
with higher salinity water. Along the margins of the basins
ground-water salinity decreases with depth.

At greater depths (800-1000 feet) in the central part of the
basin, however, the salinity of ground water increases, because of
the presence of evaporite deposits within the fine-grained sedi-
ments (ibid).

In the Chandler Basin, ground water with EC values less than
1000 micromhos/cm was observed only in regions east of Mesa and
near Queen Creek (ibid). In the area east of Mesa the Recent

Alluvium Unit is absent and the salinity appears to be more con-
stant with depth.




In examining historical changes in ground-water salinity
within the East Basin, Schmidt (ibid) concluded that the predom-
inant trend was one of constancy. He attributed such constancy
to four possible factors:

First, canals traverse much of the area and

supply recharge by seepage. This recharge is

of lower salinity than much of the ground water

in the East Basin, and thus tends to counteract
the expected salinity increase due to recharge
from return flow from irrigation. Second, the
declining water tables in some areas may not

allow the detection of the full effect of return
flow at present. Third, substantial precipitation
of carbonates and sulfates which are major anions
in water, may occur prior to percolation of return
flow to the ground water. Lastly, pumpage of
ground water and subsequent export through sewers
or canals to other areas tends to remove salt

from parts of the East Basin.

In contrast to the overall constancy of salinity in ground
water of the East Basin, salinity has been increasing in the
Chandler and Gilbert areas. In these areas it appears that
higher salinity ground water from the Upper Alluvium Unit is
moving downward into producing regions. In addition, in the
Chandler area ground water of higher salinity has moved northward
into ground-water regions of formerly lower salinity.

In addition to salinity, certain specific chemical constituents
are of concern in ground water. Schmidt reviewed the recent dis-
tribution of chloride, sulfate, hardness, nitrate, fluoride,
chromium and arsenic within the East Basin. Trends in nitrate,
chromium and arsenic are briefly reviewed here. According to
Schmidt's nitrate map for the East Basin in 1976, ground-water
regions with nitrates more than 45 mg/1 occurred in four areas:

1) Scottsdale; 2) along the Salt River, east of Tempe; 3) west of
Gilbert, and 4) east of Gilbert. Overall, nitrate levels have
decreased since about 1930 in the East Basin, apparently because
of the dewatering of the upper region of the Upper Alluvium Unit.

Ground water containing concentrations of hexavalent chromium
greater than 0.05 mg/1 (The EPA maximum contaminant level for

I
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drinking water) were observed only in the Paradise Valley. Ac-
cording to Schmidt (ibid), chromium contents in excess of 0.02
mg/1 were found in ground-water samples from large capacity wells
in a northwest-southeast trending region, 15 miles long and three
miles wide extending through Scottsdale. An area containing 0.10
mg/1 chromium was observed near the intersection of Scottsdale
Road and Cactus Road. The large capacity wells in the area tap
higher temperature ground water from the lower conglomerates.

Arsenic Tevels were also fairly high in the Paradise Valley.
According to Schmidt (ibid), arsenic concentrations exceeded 0.02
mg/1 in 1976 in a large area, mainly west of Pima Road and north of
Indian School Road.

5.2.3.2 Relationship of Recharge Project to Water Quality

From the above review it appears that a full-scale ground-water
recharge project in the Salt River could mainly impact upon the
ground-water quality in the Chandler Basin. As an example, con-
sider a recharge projegt in the Salt River located such that re-
charged water would move into the buried, ancestral channel of high
permeability. After a prolonged period of time, and after recharging
a large volume of water, the mass of high salinity water south of
Mesa could be intersected and diluted by this better quality water.
In Tight of the small amount of water which would be recharged, it
is doubtful that a demonstration project in the river would have a
substantive affect on ground-water quality.

A demonstration or full-scale recharge project could leach
salts into the water table if the project is located, 1) on land
previously irrigated, or 2) on virgin ground. During normal ir-
rigation practice salts are leached below the root zone into the
lower reaches of the vadose zcne. Application of a larger amount
of water for recharge would flush these salts directly into the
ground-water zone. In areas which have never been irrigated,
native salts may be dissolved and leached with app]ied recharge
water. One constituent of particular concern is nitrate, which is
commonly observed in high concentration in saturated extracts from

virgin soils of arid regions.




5.2.4 Existing Ground-Water Recharge Mechanisms in the East

Basin

A prime function of a demonstration recharge project is to
answer a basic technical question: will a full-scale project be
competitive with existing recharge mechanism with respect to the
quantity of water recharged? Note that this question concerns only
the quantity of recharge. In addition to quantity, other factors
may be of equal or greater significance to the decision maker in
weighing the merit of a potential project. Additional factors in-
clude such technical considerations as: water quality, proximity
of the recharge source to recovery wells, and depth to ground water.
A host of legal-institutional-economic considerations also need to
be examined, such as those presented in the ensuing sections of
the report.

Existing ground-water recharge in the East Basin is attribu-
table to three principal mechanisms: flood flows in the Salt River,
deep percolation of irrigation water, and canal seepage.

5.2.4.1 Natural Recharge

Observations of channel losses in the Salt River during floods

in 1965, 1966, and 1973, and associated water Tlevel rises in nearby
wells, attest to the efficacy of natural recharge in the river.
(Data from the 1978-1979 floods are currently being examined). The
observations of 1965, reported by Aldridge (1970), and those in
1973 reported by Babcock (1975), relate to recharge in the entire
reach of the Salt River from Granite Reef Diversion Dam to Gillespie
Dam, a distance of 74 miles. The 1965 observations by Briggs and
Werho (1966) examined channel losses in the Salt River within the
East Basin.

5.2.4.1.1 1966 Recharge Studies in the Salt River Valley

Intensive and copious precipitation in November and December
1965 within the Salt River Watershed generated excessive surface
runoff into the Salt River. The system of reservoirs filled to
overflowing and surplus water was spilled into the river over
Granite Reef Diversion Dam. Flow over the dam occurred on
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December 23, but the major discharges occurred between December
31, 1965 and January 11, 1966 (Aldridge, 1970). An additional
amount of flow occurred between February 12, 1966 and May 5, 1966.
According to Aldridge a large part of the water Tost from surface
flow during the Phoenix flood infiltrated into the ground water.
Using estimates (Table 4, p. C2, Aldridge, ibid.) of inflow volumes
from both the Salt and Gila Rivers, and arrival volumes at
Gillespie Dam, it appears that recharge in the Salt River Valley
. during the period December 22, 1965 through March 1966 was about
155,000 acre-feet.

Recharge from the flood water reflected in water level rises
in wells near the Salt River. For example, one well, near the
river, and about 12 miles below Granite Reef Diversion Dam, mani-
fested a rise in water level of about 21 feet during the period
mid-December 1965 to mid-March 1966.

5.2.4.1.2 1973 Natural Recharge Studies in the Salt River

Valley
Babcock (1975) described recharge during the 1973 floods

as follows:

--In 1972-73 the winter precipitation was 60 and
100 percent above average in the Salt and Verde
River watersheds, respectively, and resulted in
record snowpacks....The combined discharge of
the Salt and Verde Rivers was more than 3 million
acre-feet. The unusually large amount of run-
of f necessitated the release of water from the
Salt and Verde reservoir system into the normally
dry Salt River below Granite Reef Dam...The

. releases, which were intermittent from January
through May 1973, amounted to about 1.2 million
acre-feet; however, the total inflow into Painted
Rock Reservoir on the Gila River 108 miles down-
stream from Granite Reef Dam...was only 700,000
acre-feet. Nearly all the 500,000-acre-foot Toss
in surface flow was recharged to the ground-water
reservoirs along the river channels.

In general, rises in water levels occurred throughout
the areas near the rivers from spring 1973 to spring
1974. A maximum water-level rise of 52 feet occurred
in well (A-1-4)2 near the Salt River. Part of the
rise in water levels, especially in the Salt River
Project area, may be attributed to a decrease in
ground-water pumpage; in the Salt River Valley
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ground-water pumpage was about 500,000 acre-
feet less in 1973 than in 1972.

The general shape of the recharge mound underlying

the Salt and Gila Rivers about the time that surface
flow ceased was estimated using water-level measure-
ments made before flow began and after flow ceased.
The average rise in water level directly under the
rivers was about 30 feet, and the mound was about 6
miles wide and about 108 miles long. The volume of
water required to create a mound of this size indicates
that recharge to the ground-water reservoir was

about 500,000 acre-feet. By spring 1974, the re-
charge mound had spread Taterally and had dissipated,
which, combined with the decrease in ground-water
pumpage, caused general rises in water levels in parts
of the Salt River Valley and the Gila Bend basin.

The water-level changes in these areas for 1969-74
reflect, in part, the water-level rises for 1973-74.

5.2.4.1.3 1966 Recharge Observations in the East Basin
Briggs and Werho (1966) observed flow characteristics and in-
filtration in the Salt River, and resultant ground-water recharge,

resulting from an unusual flow event during April 19-25, 1965. The
total amount of water released over Granite Reef Diversion Dam
during the six day period was 20,000 acre-feet, at a maximum rate
of 6100 cfs (ibid.).

The river was divided into three reaches: 1) Granite Reef
Diversion Dam to 48th Street (19 miles); 2) 49th Street to 16th
Street (4 miles); and 3) 16th Street to 7th Avenue (2 miles). The
first reach includes the entire project area as defined herein.
The lower 10 miles of the first reach contained several small
gravel pits.

Flow hydrographs at Granite Reef Diversion Dam, 49th Street,
16th Street and 7th Avenue during the period April 20, 1965
through April 24, 1965, are shown on Figure 5-4. According to
Briggs and Werho, about 75% of the total flow released at the dam
was lost from the surface between the dam and 48th Street. About
10% was lost in the reach between 48th and 6th Streets, and the
gravel pits in the final reach retained the remaining discharge.

Neglecting evapotranspiration losses, Briggs and Werho cal-
culated total losses in reaches 1, 2 and 3 to be 12,000 acre-feet,
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540 acre feet, and 1100 acre feet, respectively. The corresponding
infiltration rates were: 1) reach #1, 2.5 ft/day average for 3.8
days; 2) reach #2, 1.4 ft/day average for 4 days and 3) reach #3,
1.5 ft/day, average for 4 days. Intake rates in the gravel pits
between 16th Street and 7th Avenue varied from 1.5 ft/day to 1.1
ft/day during the period April 21-May 6.

Water level hydrographs from wells near the Salt River during
the period April 20 - May 25, 1965, are shown on Figure 5-4. The
observed rise in water levels in these wells indicates that re-
charge occurred as a result of channel losses. Note, however, that
the wells measured were primarily shallow. No data were presented
on water Tevel response in deeper wells in the upstream reaches of
the river.

Two general conclusions can be deduced from the observations
of Briggs and Werho: 1) the Salt River between Granite Reef Dam and
48th Street (encompassing the project area) is a highly efficient
recharge unit, and 2) gravel pits in the river are also effective
recharge units. The relatively high intake rates in the pits indi-
cate that suspended sediment did not completely inhibit infiltration,
at least during the period of observation. However, because of
clogging the infiltration rate was lower than the potential value
of 5-10 feet per day (Bouwer, Personal Communication, 1978).

5.2.4.2 Deep Percolation of Irrigation Water

In the East Basin extensive irrigated agriculture is prac-
ticed on land north of the Salt River, on the Salt River Indian
Reservation, and on land south of the river. Water in excess of
the soil intake capacity runs off the field becoming tail water.
Water infiltrating into the root zone may be consumed by evapotrans-
piration or percolate into the vadose zone. Water in the latter
category may eventually recharge the underlying ground water system.

Inasmuch as field data are lacking on the volume of deep
percolation from irrigated areas in the East Basin, it is not
possible at the present to quantify recharge from this source.

Using an approximate water balance approach, the Arizona Water
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Commission (1975), estimated that about 41% of the applied irriga-
tion water in the Salt River Valley may be recharged. In 1970
this amounted to 949,000 acre-feet. Using an inventory approach,
the U.S. Bureau of Reclamation (1977) estimated that recharge from
irrigation in the Paradise Valley-Chandler-Queen Creek Area
(encompassing the East Basin) was 101,000 acre-feet in the period
1952-1964. The difference between the Arizona Water Commission
estimate and U.S. Bureau of Reclamation estimate is attributable
to differences in estimated return flow values (50% vs. 20%).

Despite variable estimates of the amount of deep percolation
from irrigation, the fact that deep percolation is indeed occur-
ring is evidenced by cascading water in wells near irrigated fields.

Although the quantity of incidental recharge from irrigation
may be substantial, the chemical quality of water mixing with
native ground water may be poor. In particular, irrigation water
is a source of nitrate and possibly pesticide residues.
Canal Seepage

In addition to seepage in irrigated fields, canal seepage
constitutes another form of "artificial" recharge in the East

Basin. Principal canals in the East Basin are those shown on
Plate 1, primarily those of the Salt River Project (SRP) and the
Roosevelt Water Conservation District. As indicated in Section 3,
the SRP contains 131 miles of canals, 61 miles of which were lined
in 1977. Similarly, the Project contains 878 miles of laterals,
726 miles of which were Tined in 1977. Substantial losses may
occur in the unlined sections.

In their evaluation of ground-water conditions in the Paradise
Valley-Chandler-Queen Creek subdivision of the CAP Project Area,
the U.S. Bureau of Reclamation (1977) estimated that recharge from
canal seepage amounted to 200,000 acre-feet per year in the period
1952-1964.
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5.3 Technical Information Requirements for a
Demonstration Recharge Project
Three technical elements of prime importance in selecting,

designing, and operating either a demonstration or full-scale re-
charge project are: 1) infiltration, 2) storage, and 3) recovery.
As apparent from the above hydrogeological review, these elements
are defined only in a general sense within the project area and
environs. Particular items within each element which should be
defined for potential recharge sites are discussed below:

5.3.1 Infiltration

The Tong-term infiltration rates of soils at alternative sites

are useful in selecting a final site, and in determining the areal
requirements of a surface recharge facility. Data on Tong term
infiltration rates are also useful in developing management plans to
sustain intake rates in an operational facility. In addition to
measuring the intake rates of a soil, data are needed to estimate
the effects of shallow lenses (e.g. caliche) and clogging by sedi-
ment on infiltration rates.

5.3.2 Storage

Specific items which should be defined in characterizing the
storage capacity of a ground-water reservoir include: 1) the over-
all storage capacity, 2) storage capacity of the vadose zone, and
3) storage capacity of the zone of saturation.

5.3.2.1 OQverall Storage Capacity

Overall storage capacity of the vadose zone plus zone of satu-
ration entails determining the vertical and areal extent of a
ground-water reservoir. Depth to water table information indi-
cates the vertical thickness of vadose zone deposits. Similarly,
data on the depth to bedrock and bedrock configuration indicates
the total capacity of the system.

5.3.2.2 Storage Capacity of the Vadose Zone

The storage capacity of the Tayered sediments of the vadose
zone is defined by the saturation capacity. Theoretically, the
saturation capacity is equal to the porosity of the media. 1In
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reality, saturation is never attained because of the occlusion of
air bubbles in the pore space. Saturation capacity is equivalent
to the sum of the specific retention plus specific yield of a
porous media. For recharge cases quantification of the fillable
porosity may be more significant than values for the specific yield.
The overall thickness of the vadose zone may have an affect on
intake rates of a surface spreading facility. In particular, if
the vadose zone is relatively thin (or if shallow perching occurs)
mounds created by recharge may merge with the surface. Intake rates
will subsequently decrease. Hantush (1967) presented a method for
determining the height of rise of a mound above a water table during
recharge for rectangular basins (See Bouwer, 1978, p. 287-288).
5.3.2.3 Storage Capacity of the Zone of Saturation
Storage in unconfined aquifers is characterized also as the
sum of the specific yield plus the specific retention. For confined

aquifers storage is defined by the storage coefficient: "...the
volume of water an aquifer releases from or takes into storage per
unit surface area of the aquifer per unit change in head (Lohman,
1972)."

5.3.3 Disposition and Recapture of Recharge Water

A primary question in any recharge operation is: How much of
the recharged water actually is recoverable (i.e., how much could
be pumped back to the surface)? For a recharge well the entire
vadose zone is bypassed during recharge, and virtually none of
the recharge water is held back in storage within the vadose zone.
Thus, a substantive amount of the recharge could be recovered by
pumping either from the recharge well or from downgradient wells.
Naturally, when recharge water becomes a component of the ground-
water flow system, it is possible that a fraction may escape the
cone of influence of pumping wells and move further downgradient.
For spreading basins, pits, or "dry wells", water moves through
the vadose zone prior to crossing the water table. Storage
properties of both the vadose zone and ground-water zone could
affect the ultimate amount of water recovered by pumping wells.
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5.3.3.1 Vadose Zone Properties Affecting Recovery

Vadose zone properties which govern the flow and release of
water include: 1) stratification, 2) hydraulic conductiVity, 3)
water content deficits and 4) specific retention (field capacity)
and specific yield.

Stratification in the vadose zone may impede vertical water
movement, retarding the flow of water into the main ground-water
body. In addition, as discussed above, perched ground-water bodies
may be produced. Flow paths in these bodies may be different
from those in the main system. Thus recovery wells oriented on the
basis of hydraulic gradients in the main ground-water system may
recover only a portion of the recharged water. Shallow perched
ground water may also reduce the intake rates of recharge facilities.

The hydraulic conductivity of vadose zone sediments is related
to the water content of the layers. Except during flow in perched
layers, flow is generally in the unsaturated state. The unsaturated
hydraulic conductivity is less than the saturated conductivity.

The initial, drained water content of sediments in the vadose
zone may be less than the field capacity, the presumed Tower Timit
of water movement. A certain amount of water must be stored to
overcome this deficit.

The field capacity is generally considered to be the water
content of a porous medium after gravity drainage has "essentially"
ceased. The specific yield represents the amount of water re-
leased during gravity drainage.

5.3.3.2 Saturated Zone Properties Affecting Recovery

Factors relating to the flow and recovery of recharged water
from an aquifer include: 1) the transmissivity, 2) specific yield,
and 3) hydraulic gradients.

The transmissivity (T) of an aquifer is defined as the product
of the hydraulic conductivity and the aquifer thickness. T values
are usually obtained by conducting pumping tests. The specific
yield or storage coefficient represents the amount of water re-
leased from storage during pumping. Transmissivities in the East
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Basin have been estimated only from specific capacities of wells.
While there is a correlation between these two parameters, specific
capacity also depends on well construction and efficiency. The
distribution of transmissivity is required to define preferred flow
paths of recharged water. The variability of the specific yield or
storage coefficient of the aquifer system in the East Basin is also
unknown.

The prevailing hydraulic gradients of the ground-water system
will govern the direction of flow of recharged water. Knowing the
transmissivity of the system, flow rates can be estimated from

Darcy's Law.

5.4 Data Collection Techniques
During the initial stages of Phase III, the most viable site

or sites for a demonstration recharge project will be selected
from a number of alternative sites. Site selection will be based
on an optimal combination of technical, environmental, legal,
institutional, and economic factors. To facilitate site selection
from a technical viewpoint, preliminary field investigations should
be conducted at alternative sites, followed by intensive investiga-
tions at the chosen location or locations. The preliminary field
investigations will probably focus on determining infiltration
characteristics of alternative sites. Subsequent detailed inves-
tigations at a specific site will address the data needs, dis-
cussed in the previous section, relating to storage and recovery
of recharge water.

5.4.1 Infiltration

A recent report by the U.S. Environmental Protection Agency,

the U.S. Army Corps of Engineers and U.S. Department of Agriculture
(1977) presents an excellent review of methods for estimating long-
term infiltration rates. For water spreading operations the two
most suitable procedures for determining long-term infiltration are
double-ring infiltrometers and test basins. In the double ring

infiltrometer method a metal cylinder from 6 to 14 inches in




diameter is driven to a depth of 6 inches into the soil at the test
site. A larger ring, ranging from 16 to 30 inches in diameter,
is placed concentrically around the smaller ring. The areas within
inner and outer rings are flooded and the rate of recession of
water level in the inner ring is measured via a hook or point gage.

By keeping the outer region flooded, flow in the inner region
is restricted mainly to the vertical direction. Water to be used
during actual flooding should be used during infiltrometer tests.
Because of the spatial variability of soil properties, an in-
ordinate number of ring tests may be required to ensure that
results are within a certain percentage of "true" mean values
(ibid., pp. C-25 to C-27). Even with care, however, experience
has shown that double ring infiltrometers tend to over-estimate
the true infiltration rate (Bouwer, Personal Communication).

The basin method represents a more realistic technique for
measuring long-term infiltration rates. In this approach, a region
of the proposed spreading area is enclosed by dikes; water is
applied; and the rate of recession of the water surface is measured.
Again, water intended for the actual flooding operation should be
employed in the test. If the basin is large enough, spatial
variations in the hydraulic properties of the surface soils will
be offset, and a mean intake rate will be obtained. A problem
with this method is that shallow impeding layers may promote
lateral movement of water in preference to truly vertical flow.
Lateral flow rates generally exceed vertical rates. Hence
measured intake rates would tend to over-estimate the intake rates
of a larger spreading area.

5.4.2 Total Storage Capacity

The overall storage capacity of a ground-water reservoir under-
lying a potential recharge site requires data on the thickness of
sediments overlying non-water bearing bedrock. In the central part
of the East Basin the base of the aquifer is massive evaporites
not bedrock (Schmidt, Personal Communication). Direct techniques
for determining depth to bedrock and bedrock configuration entail
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inventorying available drillers well Togs in the area or con-
structing special wells. The former method may not provide
definitive information inasmuch as wells may not be constructed

to bedrock. Similarly, construction costs for sufficient wells to
characterize the vertical and area extent of bedrock could be
prohibitive.

The most viable alternative to constructing wells is to use
indirect methods, principally geophysical techniques. A thorough
exposition of geophysical techniques applied to ground-water inves-
tigations was presented by Zohdy, Eaton and Mabey (1974). The
principal methods discussed by Zohdy, Eaton and Mabey were electric
methods, the seismic method and the gravimetric method. The
interested reader should consult their review for details on the
principles of each of these methods.

The electric methods rely upon electrical properties of rocks
in the earth's mantle relating to the amount of water in the rocks,
the salinity of water, the distribution of water and the presence
of clays and conductor minerals (ibid.). The most common elec-
trical technique is the direct current-resistivity method. Al-
though the total depth to bedrock may not be detected via resisti-
vity methods, the vertical location and lateral extent of buried
stream channels and clay layers may be mapped. Zohdy (1974) used
the combined technique of horizontal profiling and electric
sounding to locate buried stream channels underlying an artificial
recharge site at San Jose, California.

The seismic method measures the reaction of geologic bodies
to artificially induced vibrations (Davis and DeWiest, 1966). The
vibrations are generally created by setting off charges of dynamite
and the response is detected via geophones. The function of the
geophysicist is to separate and identify the waves arriving at the
geophones, together with arrival times, into meaningful geological
information (Eaton, 1974). The seismic method has been commonly
used in hydrogeological investigations to determine the thickness
of sediments overlying non-water bearing consolidated bedrock,
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including the location of irregular bedrock surfaces. By appro-
priate location of charges and geophones the vertical and lateral
extent of buried stream channels may be delineated. The method has
been used to determine depth to water table and to determine gross
properties of water-bearing sediments (e.g. between unconsolidated
and semi-consolidated sediments). Other uses include mapping the
lateral facies variations in an aquifer caused by lithological
variations, and estimating porosity in clastic sediments. Davis
and DeWiest (1966) rate the seismic method as the most accurate
and potentially the most useful geophysical technique for hydro-
geological investigations.

During gravimetric surveys the variations in the force of
gravity are measured along a traverse or within a grid. Gravity
variations are related to changes of density between various types
of subsurface materials (U.S. Bureau of Reclamation, 1977). Inas-
much as a gravity meter measures only relative changes in gravity
a base station of known gravity must be established. Before raw
gravity data are used to interpret the geology of an area several
corrections must be applied, including latitude corrections, the
Bouguer correction, terrain corrections, drift correction, and
regional gradients (Eaton, 1974). 1In light of the need to relate
gravity data to density data it is important to obtain accurate
values of the density of alluvium and bedrock. Consequently,
construction of several pilot holes for procurement'of samples,
coupled with down-hole density logging, will be required. Detailed
procedures for determining density are discussed by Eaton (ibid.).

According to Eaton, "The gravity method is a rapid, inexpensive
means of determining the gross configuration of an aquifer, pro-
viding an adequate density contrast between the aquifer and the
underlying bedrock exists. It is useful in.locating areas of
maximum aquifer thickness, in tracing the axis of a buried channel
and in locating a bedrock high that might impede the flow of ground-
water." Goodoff (1975) used the gravity method to locate bedrock
highs at the entrance into and the exit from the Cortaro Basin in

Southern Arizona.
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Other applications of gravity methods are to estimate
average total porosity and changes in water level elevations.

Any of these methods could be used to determine the thickness
of alluvium and bedrock configuration at the site of a demonstra-
tion recharge project. As indicated above, the seismic method
would probably provide the most accurate information. However, to
provide a first estimate, resistivity or gravimetric methods could
be employed. Inasmuch as the U.S. Bureau of Reclamation (U.S.B.R.)
has already conducted gravity studies in the vicinity of proposed
Central Arizona Project (CAP) structures, a base station has al-
ready been established. Results of a gravity survey could thus be
correlated with previous U.S.B.R. surveys. Seismic studies could
be conducted if more definitive geological information is required
and results correlated with existing seismic data from the U.S.B.R.
and other agencies.

In addition to determining on-site properties, geophysical
studies should be conducted to more accurately define the location
and extent of the buried stream channel extending from the Salt
River through Mesa and Chandler (see Figure 5-1).

As indicated in the section on gravimetry, one or more test
wells may be required to obtain data for the interpretation of
geophysical data. Such wells would be installed during investi-
gations on the vadose zone and zone of saturation.

5.4.3 Vadose Zone Properties

5.4.3.1 General Nature of Layered Deposits

The degree of stratification of the vadose zone, and the

associated description of layers, may be estimated by examining
available driller's logs or data from previous investigations.

Such Togs or data may not be available in the yicinity of a project
site and a special investigation may be required. Alternative
approaches for characterizing stratigraphy in the vadose zone in-
clude drilling test wells and/or using bore geophysical

techniques.
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In practice, construction of one or more wells will be re-
quired at the site of a recharge project in order to: 1) obtain
representative samples from the vadose zone and zone of saturation
for correlation with surface and bore hole geophysical tests,

2) permit conducting aquifer tests, and 3) facilitate monitoring.
In the Salt River area either the cable tool or rotary methods
could be used Tor pilot well construction. The cable tool method
is preferred inasmuch as relatively clean samples can be obtained
at discrete intervals. Drill cuttings could be examined in the
laboratory for particle-size distribution and other geologic para-
meters. Knowing the vertical distribution of grain-sizes in the
hole the location of potential perching zones may be delineated.
The collected samples could also be used to estimate storage and
transmissive properties of the vadose zone.

Following construction of a test well or wells, geophysical
logging should be initiated. First the test hole(s) should be
logged and subsequently nearby existing wells should be logged.

The results of logging in the test well should be correlated with

drill cutting analyses to delineate stratigraphy. Logs from other
wells could thus be interpreted and the Tateral and vertical extent
of various layers (e.g., those favoring perching) could be defined.

Among the common bore hole logging techniques are the spon-
taneous potential method, resistance logging, acoustic logging and
nuclear logging. The spontaneous potential method and resistance
logging require an uncased well. Acoustic logging is conducted
in a fluid filled cavity and is not applicable to the vadose zone.
Only nuclear logging methods are suitable for logging in either
uncased or cased wells above the water table. Inasmuch as the
test wells in the recharge project on the Salt River will probably
be drilled by cable tool (installation of casing progresses with
drilling), only the nuclear methods are considered.

Common nuclear logging techniques include natural gamma logging,
gamma-gamma logging, and neutron logging. The principles of and
procedures in applying these techniques in ground-water investigations



are discussed thoroughly by Keys and Mac Nary (1971). Briefly,
natural gamma logging comprises the detection of natural gamma
activity of rocks. Keys and Mac Nary (ibid.) Tlist the following
sequence of sedimentary rocks in ascending order of natural gamma
activity: anhydrite, coal, salt, dolomite, 1imestone, sandstone,
sandy shale, shale, organic marine shale and potash beds. Natural
gamma logs are particularly advantageous in characterizing the
vertical extent of sediments and tracing them laterally from well
to well (Kays and Mac Nary, ibid.; Norris, 1972).

Gamma-gamma logs provide a record of the intensity of radiation
from a source in a down-hole probe, after it has backscattered and
attenuated in the well and surrounding media (Keys and Mac Nary,
1971). The down-hole probe contains a source of gamma photons, such
as cobalt 60 or cesium 137 and sodium iodide detector. The princi-
pal use of gamma-gamma logs is to jdentify the lithology and for
estimation of bulk density and porosity of rocks (ibid).

Neutron logging comprises lowering into a well a down-hole
probe containing a source of high energy neutron and a detector of
thermalized neutrons. A common source is Americium-Beryllium.
Lithium enriched BF3 is a common detector. Neutron loggers provide
information on the hydrogen content, and consequently water content,
of sediments within the vadose zone and the porosity of sediments
below the water table. Smaller units (primarily for water content
measurements) with sources in the millicurie range require small
diameter casing, e.g., two-inch. Larger units, with multicurie
sources, such as those used in the petroleum industry for porosity
determination, are used to log larger casing. Neutron logs are
useful in detecting the presence of perched ground water. For
example, Keys (1967) used a combination of gamma logs and neutron
Togs to delineate a clay perching bed at the national Reactor
Testing Station in Idaho. Neutron logging between wells may indi-
cate the lateral extent of perched ground-water bodies.

In light of the coarseness of deposits within the underlying
the Salt River, and because of the great depth to ground water, it
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would probably be extremely difficult to install small diameter
casing for neutron logging. Consequently, large diameter casing
should be used in conjunction with a large logger. '

5.4.3.2 MWater Retention and Release Characteristics

of the Vadose Zone

In the upper soil layers of the vadose zone, techniques em-
ployed by soil scientists could be used to determine the saturation
capacity, specific yield and specific retention (field capacity).
Evaluation of these parameters could be coupled with infiltration
studies. For example, shallow samples could be obtained via a
King tube when the soil is saturated and subsequently oven dried
to estimate saturation capacity. Similarly, samples could be ob-
tained during drainage, and oven dried to estimate a range of values
corresponding to field capacity.

An alternative field technique for estimating saturation capa-
city and field capacity is to log shallow access tubes with a
neutron moisture logger when the soil is saturated and also during
drainage.

Field soil samples could also be subjected to laboratory
analyses to determine saturation capacity, specific yield and field
capacity. For example, core samples could be saturated in the
laboratory and the moisture content determined by oven drying.
Similar saturated cores could be subjected to a suction of 1/3
atmosphere. The water content of the soil at this suction corres-
ponds approximately to field capacity.

Inasmuch as the deposits underlying the Salt River channel are
extremely coarse, of the techniques described above, only neutron
moisture logging would probably produce meaningful results. Even
then, wide variations in results would be expected from site to
site because of spatial variations in soil properties.

Estimation of the saturation capacity, specific retention and
specific yield in the deeper horizons of the vadose zone would
probably rely upon indirect methods, principally neutron logging.
Drill cuttings could be subjected to laboratory tests to determine
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saturation capacity and the 1/3 atmosphere water content. However,
because of the action of the drill bit the samples would no longer
be "undisturbed" and laboratory results would be meaningless.

The ideal times to obtain neutron logs are before a major flood
in the river and at intervals thereafter. The initial log would
indicate the distribution of drained water content values in the
profile. Subsequent profiles could indicate approximate saturated
conditions in the layered media as recharge occurs. Subsequently,
during drainage, water content values would be observed corres-
ponding to the specific retention values of the layers. The dif-
ference in the values of the drained profiled and those for specific
retention indicate the moisture deficit. In addition to estimating
water content storage and release data, logging during recharge
from floods may indicate the location of temporary perched ground
water bodies.

The above approach must be used with a degree of caution. In
particular, coarse sediments may be capable of transmitting water at
a rate equivalent to the vertical flux. In such cases, water
content changes would not occur; and estimates of storage capacity,
specific yield and specific retention could not be obtained.

5.4.3.3 Transmission of Water in the Vadose Zone

The permeability or ease of water transmission is usally ex-
pressed as the hydraulic conductivity, K. The hydraulic conductiv-
ity is the proportionality factor in Darcy's equation relating
flux and the hydraulic gradient.

A number of field techniques have been developed for estimating
K in soils. Of interest for the recharge project area are methods
for determining K in the absence of a shallow water table. Determin-
ation of the hydraulic conductivity, K, in the absence of a water
table generally involves techniques which bring the soil at the
measuring point to saturation or near-saturation. Bouwer and
Jackson (1974) reviewed five possible methods: 1) the shallow well
pump-in method; 2) the cylinder permeameter method; 3) the infil-
tration gradient technique; 4) the air entry permeameter technique;
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and 5) the double tube method. The shallow well pump-in method
measures K mainly in the horizontal direction and is suitable for
stoney soils. The cylinder permeameter and infiltration gradient
techniques measure K in the vertical direction and are not suitable
for stoney soils. The air entry permeameter measures K in a
vertical direction, and with care may be used in stoney soils.

An important consideration in using these methods is to minimize
entrapping air in the pores of the media: obviously occluded air
will decrease the value of the measured K below the true saturated
value. For additional details on these methods, including as-
sociated equations and techniques for determining K, the reader

is referred to the excellent review of Bouwer and Jackson (ibid).

Laboratory and field methods are currently available for
measuring the hydraulic conductivity in deeper unsaturated regions
of the vadose zone. Laboratory related techniques which have been
used to estimate K values from drill cuttings include permeameter
tests, empirical relations between the grain-size distribution and
K. Permeameter tests are not particularly meaningful because of
the disturbance caused by the drilling process. In contrast,
certain empirical relationships might exist between grain-size
analyses and the hydraulic conductivity. Davis and DeWiest
(1966, p. 375) present a table relating hydraulic conductivity to
the dominant size of selected sediments.

The U.S. Bureau of Reclamation (U.S. Department of the Interior,
1977) has developed two alternative techniques for estimating the
hydraulic conductivity, K, of unconsolidated, unsaturated sediment
of the vadose zone. One approach entails pumping water into a
bore hole at a steady rate such that a uniform water level is
maintained within a basal test section. Knowing the dimensions of
the hole and inlet pipes, the depth of water, and the constant
inflow rate, appropriate equations and curves are consulted to
calculate K. For depths less than 40 feet the hole is cased to
the desired depth. A water inlet pipe and a separate water level
measurement pipe are then placed inside the casing. Gravel is
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then poured inside the casing to insure a gravel pack throughout
the test section. Subsequently the casing is pulled back and a
test is initiated. For depths greater than 40 feet it is necessary
to use preperforated casing to isolate the test section. The
total open area of the perforations must be known. An observation
pipe is placed in the casing on a six inch bed of gravel. The use
of preperforated casing permits driving the casing in depth-wise
increments such that a profile of K values are obtained. The
second method is used to determine K in the vicinity of a wide-
spread lens of slowly permeable material. The method entails
installing an intake well and a series of observation wells.

Water is pumped into the well at a steady rate and the water Tevel
response in the observation wells is recorded. Appropriate equa-
tions and curves are consulted to calculate K.

Weeks (1978) presented a method for measuring vertical air
permeability values of layered materials in the vadose zone.
Basically, the method entails measuring air-pressure changes in
specially constructed piezometers during barometric pressure
changes at the land surface. By coupling pressure-response data
with auxiliary information on air-filled porosity, and numerical
solutions of the one-dimensional flow equation, an estimate of the
air permeability is obtained. If the material is well-drained and
permeable enough that the Klinkenberg effect is minimal, air
permeability values may be converted to the corresponding hydraulic
conductivity values.

Estimates of K within perched ground-water bodies of the vadose
zone may be obtained by pumped hole techniques such as the auger-
hole method; the piezometer method; tube method; well point method;
and multiple-well methods (Bouwer and Jackson, 1974). The auger
hole, piezometer and well point methods entail installing a single
cavity (cased or uncased) below the water table; Towering the water
level in the cavity by pumping or bailing; and measuring the rate
of recovery of the water level. Knowing the geometry of the cavity
and the known or assumed depth to an impermeable layer, suitable
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equations, curves or nomographs may be used to calculate K. In
the multiple well method, water is pumped from one well or set of
wells into other wells until the difference in water levels between
the wells becomes stabilized. Knowing the geometry of the cavities
and flow system, appropriate equations or curves are used to deter-
mine K (see Bouwer and Jackson, 1974, pp. 612-627). A1l of the
above methods, except the tube method, determine K primarily in a
horizontal direction.

5.4.4 Saturated Zone Properties

The investigations conducted within the vadose zone should be
extended below the water table. In particular it is recommended
that the test wells be installed throughout the full extent of
the major aquifer. Drill cuttings should be taken in discrete
intervals or at depths corresponding to formation changes. The
drill cuttings should be subjected to grain-size analyses. Again,
it is presumed that the well will be constructed by the cable tool
technique. Water samples should be bailed from the wells in
incremental depths during construction to characterize vertical
variations in chemical quality. Logging methods which could be
employed include the natural gamma, gamma-gamma and neutron methods.

The specific yield of water-bearing sediments underlying the
test site could be estimated if detailed information were available
on: 1) changes in water level for a discrete period of time, 2)
amount of pumping during the same period, 3) amount of recharge
during the same period. Inasmuch as data are lacking on most of
these items this method may have Timited use in the project area.

The storage and transmissive properties of an aquifer may be
estimated by conducting tests on core samples (e.g., permeameter
tests) or by inference from grain-size distribution curves. The
preferred technique is to conduct pumping tests (aquifer tests)
on wells screened or perforated in the region of interest. Aquifer
tests basically involve pumping a well; determining the discharge
rate; and measuring the water level response in the pumping well
and observation wells at various times. Step by step procedures
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for conducting pumping tests under various test conditions are
reviewed by Kruseman and de Ridder (ibid.), together with methods
for analyzing data and calculating T and S. Pumping tests are
also discussed by Lohman (1972). Lohman describes and presents
examples for determining aquifer parameters for the following cases:
1) confined aquifers, using the Theis method and Jacobs straight
line method; 2) leaky confined aquifers, using the Hantush method;
and 3) unconfined aquifers using Boulton's method. In addition to
these cases and others, Kruseman and de Ridder (1978) reviewed and
presented examples of techniques for determining T and S in aniso-
tropic aquifers. Neuman and Witherspoon (1972) presented a method
for determining the hydrau]ié properties of aquitards and aquifers
in leaky systems.

In conducting pumping tests at the recharge site, existing
nearby wells could be used as observation wells. Alternatively,
special wells may be required.

An alternative to pump testing for determining T is to con-
struct a flow net for the ground-water system using potentiometric
data. A flow net consists of two families of orthogonal curves,
equipotentials and streamlines. Equipotentials represent contours
of equal head in the aquifer, either on the potentiometric surface
for confined aquifers, or on the water table for unconfined aquifers.
Streamlines depict the direction that tagged particles of water
would take during flow.

Assumptions for constructing a simpleareal flow net include the
following (Cooley, Harsh and Lewis, 1972) : 1) no variation in- the
vertical hydraulic head distribution in the aquifer; 2) constant
aquifer thickness and 3) the transmissivity is isotropic. Trans-
formation methods are available for accomodating anisotropy.
Techniques for constructing flow nets are presented by Cooley,
Harsh and Lewis (1972), Lohman (1972) and Bouwer (1978).

5.4.5 Coordination of Hydrogeologic Studies with SWAB/RASA

The U.S. Geological Survey recently initiated a study
entitled, "The Southwest Alluvial Basins, Regional Aquifer System
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Assessment" (SWAB/RASA). Among the objectives of the studies are
1) to define the ground-water resources of southwest alluvial
basins, including natural and modified recharge rates, and 2) to
describe the present level of development of ground water and
surface reservoirs in the state, including conjunctive operation
of surface and ground-water reservoirs (Anderson, Personal communi-
cation).
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TIME LINE - TECHNICAL

Task

First Year

Second Year

Third Year

Fourth Year

Infiltration Tests

Surface Geo-
physical Tests

Test Hole
Drilling

Down-hole
Geophysical
Logging

Grain-size
Analyses

Water Quality
Analyses

Pump Testing







6. ENVIRONMENTAL CONSIDERATIONS

6.1 Introduction
Approximately one-third of the Phoenix area water supply

comes from surface waters of the Salt-Verde watershed. A full-
scale artificial recharge project has been proposed as a method

to augment natural recharge processes to help alleviate ground-
water overdraft resulting from this inbalance. Before a full-scale
operation is implemented, a demonstration project will be needed

to determine the environmental impacts assocated with a recharge
facility. On the basis of information obtained from a demonstration
-project an Environmental Impact Statement (EIS) could be prepared
in accordance with Council on Environmental Quality (CEQ) guide-
lines (40 CFR Parts 1500-1508; National Environmental Policy Act-
Regulation; Proposed Implementation of Procedural Provisions;

May 31, 1978).

The intent of this section is not to provide a rigorous as-
sessment of environmental impacts. Rather, the over-riding purpose
is to identify some of the important variables and potentially
critical issues relevant to the environment of the study area.

The variables and issues identified should serve to guide future
in-depth investigations during the implementation of a demonstration
facility.

This section has been prepared in accordance with guidelines
from the CEQ to provide a preliminary review of the anticipated
environmental impacts to be addressed in planning and implementing
any site specific recharge project. By focusing on the real or
projected environmental issues and alternatives this review will
also assist decision makes in reducing the accumulation of extrane-
ous background data. Based on Section 102.2(C) of the National
Environmental Policy Act (NEPA) of 1969 this section shall describe:

1. The physical makeup of the study area before the demon-

stration recharge project;

2. Beneficial and detrimental effects which would be
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associated with a recharge project;
3. Long and short term effects of artificial recharge and
sources of water; and
4. Any irreversible of irretrievable commitments of resources
if a recharge project is implemented.
When current information on potential effects is available
it will be summarized and discussed. If no hard data are available
the problem area will be identified for further research and dis-
cussion in future site specific environmental reports.

6.2 Physical Makeup of the Study Area
Within the study area there are three specific environments

along the reach of the Salt River Channel from Granite Reef Diver-
sion Dam to Tempe Butte. First, the undisturbed native environment
which is seen only along non-urbanized sections of the flood plain,
primarily along sections of the Salt River Indian Reservation.
Second, the man-made agricultural environment, which primarily in-
volves irrigation works and utilizes various agricultural chemicals.
Third, the urban-industrial environment in or along the river
channel proper.

It is recognized that the first category of environmental
setting is precious and warrants special protective measures. How-
ever, the Salt River Channel, for the most part, has been and will
continue to be a disturbed environment with or without the intro-
duction of any artificial recharge project within its confines.

The following sections constitute a basic description of the study
area environment in terms of eight environmental categories.

6.2.1 Vegetation

The study area is located in the Lower Sonoran desert zone
with typical desert plant species. Although the channel reach
proper is devoid of permanent vegetation, vegetative growth in the
flood plain warrants special considerations because it provides
habitat for wildlife, bank stabilization, and aesthetic values to

the area.
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Riparian vegetation depends on surface water and is parti-
cularly sensitive to the depth of the water table. Vegetation is
most prevalent near the Granite Reef Diversion Dam, due to higher
ground-water levels and minor spills from the dam. The vegeta-
tion is characterized by cottonwood and willow in the wetter areas
and palo verde, mesquite, and iron wood in the drier areas. Much
of the vegetation on the lower flood plain was destroyed or altered
by the floods in 1978 and 1979.

Much of the flood plain of the Salt River is used for ir-
rigated agriculture and native vegetation has been replaced by agri-
cultural crops such as cotton, milo, barley, sorgum, alfalfa, grapes,
and nuts (U.S. Army Corps of Engineers, 1975). Many former agri-
cultural Tands have become urbanized and now support a wide variety
of native exotic vegetation. In the channel area and surrounding
flood plain, industrial activities (primarily sand and gravel
mining) and landfills have completely disrupted normal vegetative
growth.

6.2.2 Wildlife

Wildlife exists in relative abundance in all ihree environ-
ments of the study area. The native riparian community is espe-
cially critical because of its limited areal distribution and
aesthetic properties. Areas with heavy growth of riparian vege-
tation are likely to support larger and more varied populations of
wildlife than areas devoid of vegetation partly because of the
increased cover. Environmental Impact Statements on file with CEQ
for the Central Arizona Project (1972), Granite Reef Aqueduct
(1974), Orme Dam (1976), and Buckhorn-Mesa Watershed (1978) provide
lists of the species to be expected in the study area. A summary
of these Tlists is included in Appendix D.

0f the wide variety of mammals, bifds, amphibians, insects,
and reptiles that occupy the Salt-Verde watershed, three species are
on the endangered 1ist, one species is on the threatened list, four
species are peripheral, and two species are of undetermined status.

Of the protected species,only the Gila Monster would be expected to




be present in the immediate area of the Salt River Channel between
Granite Reef Diversion Dam and Tempe Butte; the lower, hotter, more
highly developed sector of the watershed. ‘

6.2.3 Cultural Resources

Because of the long-standing importance of the Salt River to

local settlers within the study area there are twenty-four archaeo-
logical and historical sites. Communities of the earliest sedentary
inhabitants of the Salt River Valley, the Hohokam Indian culture,
flourished on the flood plain of the river approximately 1000 years
ago. The river flowed freely for most of the year and the channel
was never utilized for purposes other than fishing, diversion of
water into canals and domestic uses. Therefore, it is highly im-
probable that any archaeological or historical sites would have been
located directly in the channel of the Salt River. Even if a site
had been situated ir the channel or flood plain it would Tikely have
been destroyed by the 1978 flood (200 year event) or other previous
flood events.

Professional archaeological consultants were contracted by the
Corps of Engineers to locate and classify archaeological sites on
the Salt River flood plain which could possibly be impacted by
construction of access roads or maintenance facilities associated
with recharge activities in the channel. Burt and Pewe (1978)
emphasize that the Lehi Terrace, the lowest floodplain terrace,
being five feet above the Salt River Channel near Lehi, has various
pot shards and artifacts indicating occupation by Hohokam culture
residents. Known archaeological sites in the study area contain
pot shards and historic houses for the most part. Descriptions and
locations of known sites in the study area are presented in Ap-
pendix D and Plate 4, respectively.

6.2.4 Health and Safety .

The only apparent health-related features of the study area
are numerous solid waste and sludge disposal sites in and along the
lower part of the Salt River Channel (Douthit, Personal communi-
cation, 1978). Locations of these landfills are presented in
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Plate 4. These disposal sites have received discarded material
(including sludge) from industrial, commercial, mining, agricultural,
and other community activities. Some unknown inactive landfills may
exist on the Salt River-Pima-Maricopa Indian Reservation Tand within
the study area (Evans,- Personal communication, 1978). The known
locations are described below:

1. The active Tri-City landfill, co-managed by the cities of
Mesa, Scottsdale, and Tempe under contract with the Salt River-Pima-
Maricopa Indian Community, is located on the Salt River Indian
Reservation east of Beeline Highway, north of Oak Street, adjacent
to the Salt River Channel. It was placed in operation three years
ago. The disposal site has a maximum depth of ten feet and is ap-
proximately one square mile in area.

2. An inactive Tri-City landfill was previously used for gen-
eral municipal refuse and is bordered by Country Club Road on the
east, McDowell Road on the north, the Salt River Channel on the
south, and the Evergreen Golf Course on the west. It has a maximum
depth of 10 feet and is one-half to one square mile in size.

3. The Mesa landfill was operated for twenty years prior to
its inactivation. It is located on the Salt River Channel adja-
cent to and west of Center Street to the Salt River Channel. This
location was flooded in 1978 causing the solid waste to be saturated.
It is twenty feet in depth and covers forty acres, fifteen of which
are unused in the river channel.

4. The city of Mesa sewage treatment plant, located at 2500 W.
8th Street, has been in operation since the early 1930's. It is
comprised of two holding ponds for on-site disposal. The plant has a
capacity of 3.5 to 4 million gallons per day (MGD). This system
uses a trickling filter for secondary treatment but does not work
too efficiently (Balmer, Personal communication, 1978). Disposal
practices include utilization of effluent for irrigation of corn
fields near the plant. Plans to phase out plant operations over
the next two years have been abandoned and it can be expected to

be used for at Teast the next five years.




5. Tempe has one inactive solid waste disposal area which,
until 1972, was used for street sweepings and rubble. It is thirty
feet at maximum depth and measures one-half mile by 1000 feet in
size. It is located on the south bank of the Salt River Channel,
one-half mile east of Hayden Street between Pima Street and the Salt
River. This area is a maximum of thirty feet deep and is thirty
acres in size.

6. The City of Tempe has a sludge disposal area located east
of Hardy Drive at the Salt River Channel. A 2.5 MGD plant operating
at the site was closed in the mid-1960's.

7. An inactive sludge disposal settling pond is located at
the southeast corner of Miller and McClintock Roads. The facility
served the City of Scottsdale prior to 1970. There is no knowledge
of any past or present landfills in Scottsdale.

8. Inactive landfill used by Arizona State University is
located south of First Street and north of Sun Devil Stadium one-
half mile east and west of Scottsdale Road. The one-half mile wide
area involves a random system of shallow burial holes used for paper,
tree 1imbs, and flood wastes. It was discontinued in 1975 and the
Packard Baseball Stadium was built on a portion of the Tandfill.

9. A new landfill on the Salt River-Pima-Maricopa Indian
Reservation is located just south of Beeline Highway approximately
100 to 150 yards west of the confluence of Evergreen Drain and
the Salt River. Dimensions of the Tandfill are unknown but it
appears to be relatively large.

6.2.5 Aesthetics

Aesthetics is a term commonly used in reference to the rather
ambiguous, subjective, and seemingly unquantifiable properties of
beauty. The aesthetic characteristics of the study area are partic-
ularly difficult to measure. Throughout most of the year the channel
of the Salt River is in reality nothing more than a wide sandy wash.
Its greatest apparent aesthetic value is that it provides the
appearance of open space and occasionally a glimpse of flowing
water. From Country Club Road to Tempe Butte the channel has been
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dominated by the presence of man and his social and technical
activities. Authorized and unauthorized Tandfills, sludge dis-
posal areas, and sand and gravel mining facilities are common
sites along the flood plain and immediate channel. The remainder
" of the channel from Country Club Road to Granite Reef Diversion
Dam is dominated by natural features, although it is dotted with
high tension towers and utility platforms. Water flows in the
channel only during peak flow periods, and has become associated
with Targe scale inconveniences for commuters.

6.2.6 Soils

Soils in the study area are within the Alluvial land associa-
tion, an excessively drained, very gravelly sand alluvium in stream
channels and adjacent lowlands, according to the Soil Conservation
Service (1974). Detailed information on soils can be found in
Section 5.

6.2.7 Surface Hydrology

Runoff from the Salt-Verde Watershed originates primarily in
the mountains north and east of Phoenix and is stored behind six

dams operated under the authority of the Salt River Project.
Major diversions for agricultural, industrial, and municipal uses
are controlled at the Granite Reef Diversion Dam. The normally
dry Salt River runs from the diversion dam through the Phoenix
metropolitan area to where it merges with the Gila River Channel.

Above the Granite Reef Diversion Dam, the Verde River con-
tributes a significant amount of runoff. The drainage area is
approximately 13,000 square miles at the Salt-Verde confluence
(U.S. Army Corps of Engineers, 1977). From the confluence the
drainage area continues west tce the Gila River covering an ad-
ditional 800 square miles of which contributing flows are negli-
gible. Elevation ranges from 12,000 feet near the headwaters to
1,300 feet at the confluence of the Salt and Verde Rivers. The
land changes from dry deserts in the Salt River Valley to pine
forests in the higher elevations. Winter snows in the upper basin
are a significant portion of the annual flows of the Salt and
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Verde Rivers. Additional detail concerning hydrology of the study
area can be found in Section 5.
6.2.8 Socio-Economic Environment

The principal socio-economic features of the environment are
the presence of significant residential, commercial, and industrial
development within the study area. Heavy and growing demand for
water resources, both within and outside of the study area, serves
to highlight the social and economic significance of large-scale
water resources development projects.

6.3 Beneficial and Adverse Environmental Effects

Because of the pervasive and integral importance of water
resources to the vitality of any environment, the potential scope
of beneficial and adverse environmental effects associated with
a recharge facility can theoretically be expanded indefinitely.
For the purposes here, beneficial effects are those changes to
the physical, social, economic, or environmental character of the
study area which are caused by the project and result in the gain
of some value or values. Conversely, adverse effects are changes
which result in the depreciation of a value or values within the
study area resulting from the demonstration project.

The costs and impacts of water resources development within
the Salt-Verde Watershed are documented in a number of Environ-
mental Impact Statements filed with the Council on Environmental
Quality. Included in the file are statements for Orme Dam (Bureau
of Reclamation, 1975), Granite Reef Aqueduct (Bureau of Reclamation,
1975), Buckhorn-Mesa Watershed Flood Management Plan (Soil Con-
servation Service, 1978), Queen Creek Watershed Flood Management
Plan (Soil Conservation Service, 1978, and Roosevelt Water Conser-
vation District Channel Expansion and Improvement (Bureau of
Reclamation, 1978).

The following sections present a summary of potentially signi-
ficant environmental impacts of a demonstration recharge project
located within the study area.
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6.3.1 Vegetation
Aquatic and channel vegetation would stabilize and flourish

around the proposed recharge facilities. The vegetation would
provide food and shelter for species expected to be reintroduced
to this reach of the Salt River Channel. At the same time exces-
sive vegetative growth could clog the soil, decrease the water
quality, and provide food, shelter, breeding grounds for insect
vectors. Excessive vegetative growth on dikes and levees would
need to be controlled by physical or chemical means.

6.3.2. MWildlife

The use of recharge basins as the principle recharge mechanism
in the Salt River Channel would result in the presence of standing
pools of water for periods of time varying with facility type and
methods of operation. The presence of additional sources of water
could attract wildlife species, particularly waterfowl, not regu-
larly seen in this portion of the Salt-Verde Watershed. But stand-
ing pools of water also have negative environmental aspects. If
water depth remains constant for long periods of time, spreading
basins will more resemble bogs than open pools of water. Algae
and weeds may choke the basins and insect vectors could find thriving
breeding grounds. The specific effects of standing water should be
addressed in the demonstration project.

6.3.3 Cultural Resources

None of the 24 archeological sites within the study area are
located in the Salt River Channel proper and only the sites at the
confluence of Evergreen Drain and the Salt River Channel hold the
possibility for immediate adverse impact from construction of a
recharge facility. But these sites have already been disturbed by
landfill operations; hence, any additional effects of a demonstration
project on cultural resources are 1likely to be peripheral at worst.
Any disturbances which might occur will most 1ikely be associated
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with alignment of access roads and Tocation of service facilities.
While all the answers to the problem are not known, it is likely
that potential adverse impacts can be minimized through proper
site selection and careful positioning of service roads and facili-
ties.

6.3.4 Health and Safety

Potentially adverse effects could be felt from the presence of

solid waste and sludge disposal sites within the study area. Unless
these sites are taken into account so as to reduce the chance that
wastes (and residues thereof) will enter the water environment, they
may create vector, leachate, and ground-water contamination problems.
Furthermore, such consideration is required under provisions of the
Resource Conservation and Recovery Act of 1976.

Vector control appears to be a problem associated primarily
with facility operational procedure. Control of insects is a
management problem inherent with water spreading facilites. 1In
the Rio Hondo spreading grounds control of insects has been ef-
fected by imposing wet-dry cycles. The procedure is described by
Milne (1975):

In general, the district (Los Angeles County Flood Contol
District) has found the best control to be the interruption
of the Tife cycle of the insect. Most of the problems have
originated with chronomic midges. These insects readily de-
velop in moving water. (Mosquito problems have been minimal
because they propogate best in stagnant-water conditions).
The 1ife cycle is interrupted by an operation termed "battery
spreading". This simply involves operating only one portion
of the spreading grounds at any time; generally one-third of
the grounds is wet, one third is drying and one third is dry;
the period of each lasting from seven to ten days. This has
been very effective for insect control, much better than the
application of insecticides. In fact, it seems that insecti-
cides also tend to kill off the natural enemies of the midges,
thereby disrupting the ecological balance, with the usual
result that the midges return much more quickly than their
natural enemies, thereby creating a greater infestation than
existed before the application of insecticides. This battery
spreading also seems beneficial in maintaining infiltration
rates which tend to drop off under long-term wet conditions.

It is possible that with the use of low quality water for
recharge microbial and salinity problems may develop within shallow
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aquifers.

In this period of concern for public safety, it should be
recognized that pools of standing water could pose an unusual at-
traction to the general public. To provide adequate public safety
at the project site, facility security and posting of warning notices
should be considered.

6.3.5 Aesthetics

The aesthetics of the study area are likely to be impacted
only insofar as the introduction of standing bodies of water en-
hance or detract from the study area's beauty, or lack thereof.

6.3.6 Soils

With the application of large volumes of water to small areas
of land such as occurs in a recharge project, the possibility of
water logging soils may present a problem. Because water logging
is a function of specific soil parameters, any problems would be
site specific and Tocalized.

The problems of soil compaction, sediment sealing, and poten-
tial for aerobic conditions have also been recognized as potential
impacts associated with recharge activities. For further details,
refer to Section 5 for a description of soils in the study area.

6.3.7 Surface Hydrology

At the time of the original settlement of the Salt-Verde
Watershed, the surface water system was developed for domestic and

agricultural use. The surface and ground-water systems were in
dynamic equilibrium; the system as a whole being effluent with a
constant baseflow. With the development of efficient high capacity
irrigation pumps capable of meeting growing agricultural demands,
the area's ground water was developed intensively. Through the
years, increased demend from municipal and industrial users has
placed additional stress on the system and contributed to the
development of a deep cone of depression centered in the areas
around the Salt River flood plain (see Section 5). Because the
surface water portion of the system has been diverted, stored, and

controlled at upstream facilities operated under the authority of




the Salt River Project, natural recharge has been greatly decreased
in the stretch of the Salt River Channel below Granite Reef Diver-
sion Dam. '

While the proposed system of recharge is not a flood control
method, it is possible that flooding problems in the greater Phoenix
metropolitan area could be reduced somewhat in magnitude if re-
charge facilities in the Salt River Channel were used for the cap-
ture of releases from upstream facilities. Although current up-
stream structures are neither designed for, nor operated with, flood
control as a major function, flood control and conjunctive use
operations could theoretically be coupled. For example, the volume
in storage in surface reservoirs could be reduced to accommodate
a portion of snowmelt runoff from upstream watersheds. Water
released could be recharged in downstream facilities. Alternatively,
flood waters could be diverted from a stream channel into off-
stream recharge reducing downstream flood peaks. The demonstration
project should be designed to answer these questions. The quantity
of water Tost to evaporation annually from Arizona reservoirs has
been estimated as enough to supply the municipal demands of Tucson
for a full year (Tucson Urban Study, 1979). Subsurface storage of
water, via recharge facilities, offers the potential of reducing
evaporation losses. However, the precise quantity of water which
may be saved from evaporation and other losses by storage in sub-
surface reservoirs is not yet known.

It is possible that salts and chemical pollutants could in-
crease in concentration with evaporation during storage in surface
reservoirs. If so, water with higher salinity levels would be re-
charged and water quality in the immediate vicinity could deterio-
rate. The demonstration project should be designed to answer
these questions.

6.3.8 Socio-Economic Impacts

The construction of demonstration recharge structures may

result in minor inconveniences to local residents and commuters.
The noise associated with construction could temporarily disturb



local businesses and residents. Dust pollution levels can be
expected to increase temporarily with the presence of heavy earth-
moving equipment in the construction area, but can be minimized

by spraying with water.

It is possible that sewer line connections would be temporarily
disconnected during construction.

Possibilities of the raised water table adversely impacting
sand and gravel operations in the Salt River Channel is a concern.
As such it must be addressed in any site specific assessment. Also,
with the raised water table it is possible that water users in the
area would have less incentive to practice water conservation methods.

6.4 Short and Long-term Effects of Artificial Recharge
For assessing the anticipated short-term or long-term environ-
mental effects of a recharge project the following distinction is

made: short-term effects are those effects associated with facility
installation and operation which can be corrected by using proper
management techniques over a relatively short period of time;
whereas, long-term effects are those effects which are either
permanent or could be corrected only during the course of the
full-scale project.

6.4.1 Anticipated Short-Term Effects

6.4.1.1 Vegetation
It is anticipated that vegetation in the immediate area of

spreading activities will be periodically inundated. Species less
tolerant of such environmental conditions would not be expected to
survive in the immediate spreading area. The major short-term effect
on vegetation would be the possible disruption caused by construc-
tion of well and water transport systems.

The major question concerning vegetation which will need to
be addressed in a detailed environmental assessment for a full-
scale recharge project, is whether the vegetation will return to the
area by natural processes. If not, replanting would be required
to stabilize structures and enhance aesthetic quality. The




demonstration project is small scale and would be located in the
river channel which essentially is devoid of vegetation.

6.4.1.2 Wildlife

It is expected that there will be short-term adverse impacts
upon Tocal wildlife habitat in the immediate area of activities
associated with facility construction and maintenance. Consider,
for example, the consequences of contructing monitoring wells.
Because percussion well drilling is Toud and tends to vibrate the
immediate area, any animals which Tive in the area, particularly
burrowing rodents, will be temporarily disturbed. The loss of
vegetative cover would strip some species of food and shelter but
species would be expected to return once construction ceased and
revegetation is completed. Burrowing rodents, however, will have
to be eradicated to protect earthen levees.

6.4.1.3 Cultural Resources

Construction activities, especially the construction of access

roads, could have a major disruptive impact on archeological and
historical sites. Because of the site specific nature of the im-
pacts, care should be taken by planners to learn the locations of
cultural resources. Consultation with a trained archeological
consultant or the state historic preservation officer is recommended.
6.4.1.4 Health and Safety
Short term health considerations focus on the surface

spreading area becoming a possible breeding ground for insect vec-
tors. The use of biological controls, technical spreading mechan-
isms, and chemical pesticides could alleviate the vector problem.
If chemical pesticides are selected, additional environmental
impacts associated with water contamination would become important.

6.4.1.5 Aesthetics

The Tocal Tandscape will be altered by the presence of addi-
tional structures. The degree to which landscapes will be altered
during project construction depends on the nature and design of the
facilities used.

Problems may exist if storage facilities are required to retain
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and deploy water to be recharged. Stored water or effluent water
used for recharge may have negative aesthetic properties of color
and odor to an extent dependent on the quality of the water to

be recharged and the proximity of the project site to urban or
industrial areas.

6.4.1.6 Soils

It should be anticipated that an acceleration of soil erosion
will accompany construction activities. The effect upon erosion
rates would be dependent on the degree of disruntion and the soil
type of the specific site. Revegetation and/or land treatment
measures could minimize any adverse surface erosion impacts.

Soil sealing by algae and cattails could become a serious
problem under particular soil conditions. Methods for control in-
clude site selection, herbicides and algicides, biological means,
and physical removal. Any additional impacts of chemical contam-
ination of recharged water should be investigated during a site
specific environmental assessment.

Subsurface short-term impacts of soil sealing and compaction
can be expected from the use of heavy machinery. The impacts
would be greatest upon silt and clay type soils.

6.4.1.7 Surface Hydrology

The installation of recharge structures in the river channel

could temporarily obstruct river flows during releases from
Granite Reef Diversion Dam. Consequently, flood water could
spread laterally onto adjacent flood plain. Also, a back-water
effect might be produced in the water surface profile. In all
probability, however, recharge structures such as levees would be
quickly washed away by river flows of any significant magnitude.
A second short-term effect is that during prolonged spreading
operations, clogging of the surface occurs, resulting in a re-
duction of intake rates. Consequently, the amount of streamflow
depletion by infiltration during floods would be reduced in the
project area compared to that occurring in other sections of the

channel. A concomitant amount of water would move downstream,




possibly adding to flooding problems. Moderating effects include:
1) the surface area of the spreading basins affected by reduced
intake rates would be miniscule compared to the total surface area
of the channel, and 2) river flows actually scour surface impeding
layers, resulting in augmented intake rates.

6.4.1.8 Socio-Economic

Short-term adverse effects would be felt as temporary nui-
sances and inconveniences associated with construction activities.
These effects are discussed earlier in this section.

6.4.2 Anticipated Long-Term Effects

6.4.2.1 Vegetation
Anticipated long-term effects on vegetation will be primarily

on the micro-environment scale. Nevertheless, they may be signifi-
cant. Aquatic vegetation is expected to thrive in the recharge basin
basins and such species as algae, cattails, and grasses could pose
problems. Specific micro-environmental issues which need to be
addressed in the demonstration project include the following:

1) Possible impact on wildlife,

2) Possibilities of soil sealing,
3) Secondary effects on agricultural activities, and
4) Impact on downstream vegetation.

6.4.2.2 Wildlife

Aquatic wildlife can be expected to invade the micro-environ-
ment around the recharge basins. Reptile and amphibian popula-
tions would increase around standing pools. Bird species, in-
cluding migratory and sedentary waterfowl and songbirds, would be
expected to return to this reach of the Salt River Channel, below
Granite Reef Diversion Dam and above Tempe Butte, on a regular
basis.

Fish, primarily goldfish and carp, could be expected to thrive
in standing pools of water. Microbial populations would also be
expected to increase. The effects upon other types of wildlife,
including hunting and exotic species, and possibilities for stocking
game fish warrant additional investigation.



6.4.2.3 Cultural Resources
Destruction of archeological and historical sites can be

minimized through proper site selection, and care taken when lo-
cating access roads. A detailed analysis should be included in
any site specific environmental assessment.

6.4.2.4 Health and Safety

The possibilities of health hazards exist if sewage effluent
is used for recharge purposes. Principal concerns relate to the
introduction of nitrates, toxic organics, and microorganisms into
ground water. Further study should be directed to the scope and
magnitude of the problem and to the Federal, State and local water

quality standards that must be met.

The possibilities of seepage from known landfills and sludge
disposal sites could pose a potential health hazard. Landfills and
disposal sites should be located and care should be taken to avoid
project Tocation in their environs. Once again, the main problem
would be associated with high flows on the Salt River.

6.4.2.5 Aesthetics

Since the facility would be Tocated in or near the Salt River
Channel it has the potential for standing in stark contrast with
the natural conditions of the channel. Because aesthetic quality
is such a variant, the question of the appealing or degrading
aesthetic characteristics of a facility are a matter of individual
preference and design expertise.

Small areas of desert could be permanently scarred if care is
not taken during construction. Small tracts of land would be
permanently used for spreading basins; however, most land will be
in the barren Tow-flow channel. Swamp conditions within the re-
charge basins are a potential aesthetic problem if vegetative
growth is not properly managed.

Long-term beneficial effects would also include the cooling
and attractive benefits of observing water in a normally dry river

channel.




6.4.2.6 Soils

Soils could be permanently sealed due to heavy siltation,
although periodic floods may promote scouring. Unless banks are
reinforced and/or vegetated, accelerated erosion could become a
severe problem. Anaerobic soil conditions are possible if flooding
is not periodic. Total dissolved solids (TDS) and alkalinity
problems could arise if evaporation rates from basins are high.

6.4.2.7 Surface Hydrology

Long-term effects on surface hydrology which may occur include

the creation of standing pools of water and a rise in the water
table. One purpose of an artificial recharge facility is to restore
the balance to the hydrological system disrupted by ground-water
pumping and surface water storage projects.

6.4.2.8 Socio-Economic Impacts

Significant long-term impacts may be adversely felt by sand
and gravel operations in the channel if the water table is raised.
A raised water table may also reduce an awareness of the need for
water conservation. A long-term beneficial affect might result
from recreational uses of the facility.

6.5 Summary of Resource Commitments

The demonstration and full-scale ground-water recharge
projects will involve full commitment of several resources. They
include the following:
1) The desert land utilized for the project.
2) The vegetation, wildlife, and archeological sites as-
sociated with this land.
3) The water used for recharge in the project.
4) The aesthetics associated with the undeveloped site.
5) Energy and construction materials expended in site develop-
ment and maintenance.

6.6 Summary of Additional Investigations Needed
The following is a list of investigations which would be
conducted during the demonstration project:




1) The affect of the project on wildlife habitat, the attrac-
tion of new species, and vegetation including downstream

riparian vegetation.

2) Impacts on cultural resources.

3) The quantity of water lost to evaporation.

4) Effects of salinity and microbial activity on water quality.
5) Vegetation types best suited for bank stabilization.

6) Soil problems of sealing, compaction, anaerobic conditions,

microbial activity and accelerated erosion.

7) Effects of raised water tables on agricultural and indus-
trial activities.

8) Recreational use of the facility and associated service
facilities.

9) Potential health problems, including seepage from landfills,
flooding from Salt River and vector control.

6.7 Compliance of a Demonstration Recharge Project With

Federal and State Environmental Regulations

The operation of water spreading basins, pits, or a recharge
project may need to comply with regulations presently being promul-
gated by the U.S. Environmental Protection Agency. For example, the
Resource Conservation and Recovery Act (RCRA) is concerned, in part,
with the disposal of hazardous wastes, including municipal wastes,
via pits, ponds, and lagoons. Thus, the project management agency
may need to obtain a permit to recharge sewage effluent via
spreading basins or pits.

The operation of a recharge well falls within the aegis of the
Safe Drinking Water Act. In particular, a recharge well would be
classified as a Class V injection well, according to proposed EPA
regulations under the State Underground Injection Control Programs
(Federal Register, April 20, 1979, Part III, pp. 23738-23767).

Class V wells inject "...non-hazardous fluids into strata that
contain underground sources of drinking water. It includes but is

not limited to the following types of injection wells: waste




disposal wells...and recharge wells....". Particular criteria and
standards which a management agency may need to comply with during
operation of a recharge well are presented below (ibid.):

Section 146.51 General

This subpart sets forth requirements for underground injection
control programs to regulate all injection not regulated in
Subparts B, C, D, and E. Generally, wells covered by this
Subpart inject non-hazardous fluids into strata that contain
underground sources of drinking water. It includes but is not
limited to the following types of injection wells: waste
disposal wells, such as dry wells, non-residential septic
system wells, and sand backfill wells; and recharge wells,
such as drainage wells, cooling water return flow wells, air
conditioning return flow wells, salt water barrier wells and
subsidence control wells (not associated with oil and gas
production).

Section 146.52 Inventory and Assessment

a) The owner or operator of any Class V well shall, within six
months of the effective date of an underground injection
control program, notify the Director of the existence of any
well meeting the definitions of Class V under his control,

and submit a description of:

1. The construction features of the well;

2. The nature and volume of injected fluids;

3. The alternative means of disposal available to the
operator, and

4. The environmental and economic consequences of well
disposal and its alternatives.

b) Within 2 years of approval of the State program the Director
will make and report to EPA:

1. An assessment of the contamination potential of the
Class V wells using information supplied by the opera-
tor and hydrogeological data available to the State;

2. An assessment of the available corrective alternatives
where appropriate and their environmental and economic
consequences; and

3. Recommendations both for the most appropriate regulatory
approaches and for remedial actions where appropriate.

Section 146.53 Requirement

If at any time the Director gains knowledge of a Class V well
which presents a significant risk to the health of persons,
he/she shall, under 40 CFR 122.46(b), prescribe such action

as necessary (including the immediate closure of the injection
well) to remove such risk.
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6.8 Estimated Budgetary Requirements

The total budgetary requirements estimated for completion of
additional investigations is $38,503. The total time required is
estimated to be 29 months of full-time work. The following diagram
(time 1ine) represents the time requirements and sequence for
completing tasks involved in additional investigation of environmen-

tal considerations.
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Task

TIME LINE - ENVIRONMENTAL CONSIDERATIONS

First Year

Second Year

Third Year

Fourth Year

Fifth Year

Wildlife Studies

Vegetation Studies

Vector Control

Soil Sealing Studies

Air Quality
Monitoring

Water Quality
Monitoring

Monitoring of
Water Levels

4

Recreational Use
of Basins if used

Noise Monitoring







7. INSTITUTIONAL CONSIDERATIONS

7.1 Introduction

Before an artificial recharge project can become an integral
part of a regional water resource management plan, certain institutional
factors should be taken into consideration. For example, the attitudes,
whether positive or negative, of various key agencies in the region
toward artificial recharge should be determined and evaluated. Insti-
tutional attitudes indicate the degree of support which exists in
the area for a recharge project, and, thus, the probable degree of
success of such a project. In addition, the institutional require-
ments imposed by a recharge project should be determined, and the
capabilities of existing institutions evaluated in terms of those
requirements. Another consideration should be the amount of insti-
tutional change required for the implementation of a recharge project,
and the ability of existing institutions to make those changes.
Institutional analysis is necessary to ensure that technical plans
for artificial ground-water recharge projects are implementable in
terms of the institutional framework of the region. Such analysis
should be completed prior to implementation of either a demonstration
or full-scale project.

The institutional analysis in this report is a planning device
which will provide the implementing agency with information about
the institutional framework within the Phoenix metropolitan area so
that Tegal and political factors will be adequately considered in
formulating implementable water resource management plans, and more
specifically, in designing an implementable artificial ground-water
recharge project for the Salt River Valley. Such an analysis has
several components: (1) the identification of institutions directly
or indirectly related to water resource planning in the area; (2) an
evaluation of the organizational structure, legal authority, finan-

cial capabilities, interdependencies, and attitudes of these insti-




tutions; (3) a determination of the institutional requirements im-
posed by alternative artificial ground-water recharge project plans;
(4) an assessment of the capabilities of existing institutions to
implement those alternatives; and (5) a presentation of any insti-
tutional changes required to implement project plans.

Institutional analysis, however, is not Timited to the identi-
fication and evaluation of the capabilities of governmental and
private organizations. It also explores the policy variables, local
customs and values, legal constraints, and other factors which may
affect the planning and implementation of a recharge project. In-
stitutional analysis is thus structured to assist a planning agency
to determine feasibility, design and implement artificial ground-
water recharge projects which best fit 1local characteristics and
requirements without sacrificing technically, economically, and
environmentally feasible solutions.

7.2 Objectives

The institutional analysis in this report has 3 major objec-
tives. The first is to make a preliminary inventory of the existing
institutional framework of ground-water management agencies in the
Phoenix metropolitan area. The purpose of this inventory is to de-
termine which institutions will be involved in, or impacted by, an
artificial ground-water recharge demonstration projectvin the Salt
River Valley. The inventory includes the history, purpose, organiza-
tional structure, legal authority, financial resources, and attitudes
of these institutions. The inventory also includes an evaluation of
important political trends which may have an impact on the recharge
project.

The second objective is to determine the.institutional incentives
and constraints which may influence the implementation of a recharge
project. These incentives and constraints are considered in terms
of their impact on the planning, design, construction, and operation
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of both a demonstration and a full-scale artificial ground-water
recharge project. As part of the second objective, this report
suggests an analytical process for assuring that such institutional
considerations are examined during all of the phases of an arti-
ficial recharge project.

The third objective is to estimate the staff and time which are
required to incorporate an institutional analysis component into
an artificial ground-water recharge demonstration project. Institu-
tional analysis should be included in each phase of a demonstration
project. Thus, the estimation includes both the minimal and optimal
levels of staff and time necessary to incorporate institutional an-
alysis throughout the demonstration project.

7.3 Specific Study Approaches
Several general analytical principles were utilized in the
institutional analysis presented in this report. The first princi-
ple was that collection of data was viewed as an iterative process;
no attempt was made to collect full and complete information at the
outset. Instead, as important information emerged, it was integrated
into the initial data set. Thus, the collection and evaluation of

data were ongoing, continuous processes.

The second general principle was to make maximum use of existing
reports, information and publications. The utilization of existing
information enabled the researchers to build on past efforts and to
concentrate on filling data gaps.

The third principle was to evaluate carefully each type of in-
formation in terms of its potential usefulness. The purpose of insti-
tutional analysis is to assess and evaluate the institutional feasibility
of various technical alternatives. Thus, the researcher must determine
what information is useful and what is not in achieving that purpose.
The biggest problem in institutional analysis is deciding what data
to collect and what data will be useful in the analysis. Much care
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must be exercised in order to avoid getting caught up in merely com-
pleting the institutional inventory.

The fourth general principle was to select a prototype of the
institltions under consideration. Rather than attempting to collect
information from each unit in a similar group (i.e., all municipal-
ities, or all irrigation districts), a prototype from each group was
selected. This prototype served as a representative for that group.
Later, if additional information is required, other members of that
group can be contacted.

Two specific approaches were also utilized in the prepartation
of the Institutional Section of this report. The first was literature
search and review. In addition to utilizing the results of the RECON
search, the following indices were consulted: The Index to Legal
Periodicals, September 1967 to date; The Index of Periodicals Related
to Law, Vol. 1 to date; Environment Index Vol. 1 (1971) to date; and
Enviropmental Periodical Bibliography, Vol. 1 (1972) to date. The
objectives of the literature review were threefold: first, to establish

the general policy framework and institutional setting for water re-
source planning and management in Arizona; second, to identify insti-
tutions with water management authority in the Phoenix metropolitan
area; and third, to identify the major institutional variables which
have affected the implementation of ground-water recharge projects in
other areas of the country.

The information that was obtained from this bibliographic search
has been incorporated into the remainder of this section. Those studies
and articles which could not be obtained and examined during the study
period are included in the bibliography. These materials may provide
useful information concerning legal-institutional aspects of artifi-
cial ground-water recharge, and should be consulted by project planners
at a later date.

The second specific approach utilized in the formation of this
section was a personal interview procedure. From the literature re-
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view, several institutions emerged as being influential in the project
area. A number of these institutions were contacted and key personnel
with them interviewed. The interviews were used to fill gaps in the
data obtained from the literature search and to determine the atti- |
tudes of the institution toward artificial ground-water recharge. A
more detailed description of the process utlized in this interview
procedure is discussed later in this section of the report.

7.4 Site Specific Implications
7.4.1 1Institutional Inventory
7.4.1.1 Introduction
The first objective of this institutional analysis is to
make a preliminary inventory of the institutions in the Salt River
area which will be involved in or impacted by an artificial ground-
water recharge project. Such an inventory should indicate which insti-

tutions are most involved in water management, planning and use, and
provide a broad picture of the specific institutional framework of

the Salt River Valley. The next section of this report will outline
the prccedures used to determine the key institutions in water resource
management in the Phoenix area. The subsequent section will briefly

describe these institutions.

7.4.1.2 Analytical Process
The first step in forming an initial list of institutions

was to examine existing reports and information on the various federal
and state institutions involved with water. Three documents were
especially useful in this procedure: OEPAD's (Arizona Office of Ec-
onomic Planning and Development) Arizona's Role in Water Quality Man-
agement (1977), OFPAD's The Federal Role in Water Quality Management
(1977), and the U.S. Army Corps of Engineer's Draft Institutional In-
ventory, (1977). These documents provided the information needed to
compile an initial 1list of the possible important institutions relative

to a demonstration recharge project.
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The second step (which took place concurrently with the first)
was to classify these institutions into governmental and private groups.
The governmental institutions were further classified according to
level: federal, state and local. The private institutions were classi-
fied according to their major function, e.g. business, civic environ-
mental, or agricultural.

The third step was to determine which of these institutions might
have impact or be impacted by a recharge project. The degree of im-
pact was divided into three categories: direct or primary impact,
indirect or secondary impact, and no obvious impact. The decision
as to the kind of impact of a specific institution was made on the
basis of its area of authority, area of jurisdiction, and regulatory
authority. Table 7-1 Tlists the institutions involved in water manage-
ment, planning, and use in the Salt River Valley and further classifies
them according to the above criteria.

After this 1ist was compiled and the institutions classified,
certain organizations and agencies were selected for further study and
analysis. The decision as to which institutions were selected was
based on two criteria: (1) how direct an impact an institution might
have on a demonstration recharge project, and (2) the "prototype prin-
ciple" mentioned earlier in which a representative from a particular
group is selected. In this study, most of the directly impacted govern-
mental institutions at all three levels were analyzed. However, due
to time constraints, not all of the possible private interests could
be notified. Moreover, none of the private organizations were analyzed.

Those institutions selected for further analysis were contacted,
and key personnel within them interviewed. The purposes of these
interviews were to inform the institutions of the need for a demonstra-
tion project, to solicit their attitudes toward artificial ground-
water recharge, and to assess in more detail the kind of impact they
might have on the project. The areas covered in the interviews were:
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(1) general role in water management and use in Phoenix metropolitan
area, (2) responsibility over ground water, (3) concerns regarding
artificial recharge, and (4) potential role in a demonstration project.
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INSTITUTIONS INVOLVED IN WATER MANAGEMENT IN SALT RIVER VALLEY

Table 7-1

Direct Indirect No Obvious
Institution Impact Impact Impact
Governmentatl:
A. Federal
*1. Bureau of Indian Affairs X
2. Bureau of Land Management X
*3. Bureau of Reclamation X
4. Environmental Protection X
Agency
U.S. Forest Service X
Department of Commerce %
Department of Health, Ed- X
ucation and Welfare
8. Department of Housing and X
Urban Development
9. U.S. Geological Survey X
10. Bureau of Qutdoor Recreation X
11. National Park Service X
12. Fish and Wildlife Service X
13. Water Resources Council X
14. Soil Conservation Service X
15. Federal Housing Administration X
16. U.S. Army Corps of Engineers X
B. State
*1. Arizona Water Commission X
*2. State Land Department X
3. Department of Health Services X
4. Water Quality Control Council X
+5. OEPAD X
6. Game and Fish Commission %
Outdoor Recreation Coordin= %
ating Committee
8. State Parks Board X
*9. Groundwater Management Study X
Commission
*Interviewed +Contacted
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Table 7-1
(continued)
Direct Indirect No Obvious
Institution Impact Impact Impact
Governmental:
10. 011 and Gas Conser- X
vation Commission
11. Office of the Governor X
. C. Local
*]1. Maricopa Assn. of X
Governments
*2. Tempe X
*3, Scottsdale X
*4, Mesa X
5. Phoenix X
*6. Salt River Project X
7. Roosevelt Water Conser- X
vation District
8. Flood Control District X
of Maricopa County
9. Maricopa County X
10. Central Arizona Water
Qonservation District
Private:
A. Environmental X
1. Sierra Club %
. 2. Audubon Society X
| 3. Arizona Wildlife Federation
B. Business
1. Sand and Giravel Operators ‘ X
C. Agricultural
+1. Farm Bureau X
D. - Givic 7
1. Valley Forward Association X
*2. League of Women Voters X

+Contacted
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The next section outlines the history, purpose, area of
jurisdiction, functional authority and attitudes of each of the insti-
tions selected for analysis. '

7.4.1.3 Federal Institutions
7.4.1.3.1 Bureau of Reclamation
The Bureau of Reclamation is an agency within the Department

of Interior. Its original mandate was to "locate, construct, operate,
and maintain works for the storage, diversion, and development of waters
for the reclamation of arid and semi-arid lands in the Western States"
(Federal Role, p. 911). Its area of jurisdiction is limited to the seven-
teen contiguous western states, Hawaii and Alaska. Its traditional area
of concern has been the development of irrigation projects for agricul-
ture. However, the Bureau has been moving out of this traditional role
and into other areas such as energy related projects, municipal and in-
dustrial supplies, recreation, fish and wildlife enhancement, total

water management, water quality enhancement and water efficiency as

it relates to farmers and cities. According to a spokesman for the
Bureau there has been a definite shift in emphasis from traditional

areas of concern to other areas, especially water and energy conservation
(Burbey, personal communication, 1978).

The functional authority of the Bureau is limited to the construction,
maintenance, and operation of projects which it has built. It has no
regulatory authority beyond those works for which it is responsible.

Its main concerns in the Phoenix area are construction of the Central
Arizona Project (CAP)--a major reclamation project designed to bring
Colorado River water to central and southern Arizona--and the investi-
gation of other potential water resource projects.

The Bureau has no legal mandate giving it direct authority over
ground water. However, the Bureau may have some responsibility over
ground water as it relates to land drainage works, such as those in
the Wellton-Mohawk area, and total water management plans, such as the
Lower Colorado Management Program. Another indirect Bureau authority
over ground water is its responsibility to administer the contracts for
CAP water. The CAP legislation states that agricultural water users
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who contract for CAP water must reduce their use of ground water by an
amount equal to project water received. The Bureau's responsibility

is to ensure compliance with this regulation. However, this management
of ground-water use is limited to users of CAP water only; it cannot ex-
tend to basin-wide ground-water management.

The importance of the Bureau relative to a demonstration project
lies in two areas. First, CAP water may be a possible source of water
for the full-scale recharge project. If CAP water was contracted and paid
for, the Bureau would be the agency responsible for delivery. However,
because CAP water will not come to the Phoenix metropolitan area until
1985, it would not be available for a demonstration project prior to
1985. A second area in which the Bureau might assist is the provision
of staff and funding. It may be possible to use CAP money for the construc-
tion of a long-term recharge project for the Salt River. One problem
with the use of CAP money is that the Bureau must demonstrate that a
substantive relationship exists between CAP water and any artificial
ground-water recharge project (Burbey, personal communication, 1978).

In general, the Bureau feels that artificial ground-water recharge
is an important component of any total water management plan in Arizona.
It should be viewed in conjunction with surface water reclamation pro-
jects and water conservation measures as a device useable to solve one
part of the total water problem. However, to maximize artificial ground-
water recharge from local floodwaters, storage is needed to regulate the
floodwaters. Artificial recharge has its own niche in any water manage-
ment plan and should be carefully investigated as to its technical feasi-
bility (Burbey, personal communication, 1978).

However, the Bureau does see two institutional problem areas. First,
the beneficiaries, those using the recharged ground water, need to be
identified. The beneficiaries need to be identified so that they can
be charged for the benefits received. Second, legislative changes are
needed if the Bureau were to sponsor a recharge project (Burbey, personal
communication, 1978). To date , no institution exists in Arizona which
would have ultimate authority over a recharge project.




Overall, the Bureau of Reclamation was supportive of the concept
of artificial ground-water recharge. It indicated a willingness to
provide technical assistance and, possibly, funding. If technical problems
can be overcome, the Bureau feels that artificial ground-water recharge
can be viable water management technique for the Phoenix metropolitan
area.

7.4.1.3.2 Bureau of Indian Affairs - Salt River-Pima-Maricopa
Indian Community

The Bureau of Indian Affairs (BIA) has the responsibility
"to actively encourage and train Indian . . . people to manage their
own affairs under the trust relationship to the federal government"
(Federal Role, p. 74). The BIA is authorized to use funds "to extend,
improve, operate and maintain existing irrigation systems and to develop
water supplies" (Rich, p. 19). The BIA is also authorized "to effect
a just and equal distribution of the water among Indians on the reser-
vation" (Rich, p. 19). In relation to water management, the BIA is
responsible for the development and operation of irrigation projects
on Indian lands.

However, most of the authority for everyday Indian affairs resides
with the individual tribes. Each tribe has a tribal council which es-
tablishes the Taws and policies which will govern the people of the
Indian community. Thus, in analyzing the impact of Indians on a recharge
project, the individual Indian tribes 1in the area should be contacted.
In this case, the Salt River-Pima-Maricopa Indian Community is the tribe
which would be most directly involved in a demonstration project.

The Salt River-Pima-Maricopa Indian Community is a principal water
user in the Salt River area. Its primary use of water is for irrigated
agriculture. The Indians are attempting to institute some water manage-
ment techniques on community land, such as recycling ponds (used for
recycling tailwaters from the fields). In addition, the Community is
attempting to institute some type of regulation or inventory of ground-
water use on Indian land. Participation of the Salt River Indians in
other water management functions, such as 208 water quality planning
or flood control district meetings, is severely limited by a lack of
staff (Evans, personal communication, 1978).
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The Community's primary concern about water is the amount avail-
able for irrigation. Heavy pumping on the borders of the Community
is causing the ground-water table to drop. The Indians are concerned
that their water is being pumped from underneath them. In addition,
the Community is trying to secure surface water rights from the Salt
River Project for available land north of the Arizona Canal (this Tand
does not now have any surface water rights) (Evans, personal communication,
1978).

The Salt River-Pima-Maricopa Indian Community would be important
in a demonstration recharge project because of the extent of its land,
the location of potential reservoirs, and its interest in recharge.
ATmost the entire northern portion of the project area and the Salt
River itself is on Indian land. Any recharge project is bound to have
an effect on the Indians.

The Salt River-Pima-Maricopa Indian Community is very interested
in artificial recharge for two reasons. The first is a desire to re-
store the declining ground-water table. Due to heavy pumping, both
inside and outside the Community, the water table is dropping. Recharge
may be able to halt or reverse that trend. The second reason is the
possibility of utilizing the recharge basins (if that is the method
selected for use) for recreation. The Indians are desirous of using
the basins for fishing, boating, and other water-based recreation for
their community (Evans, personal communication, 1978).

The Salt River-Pima-Maricopa Indian Community is very supportive
of an artificial ground-water recharge project. If the technical aspects
are suitable, the Community may be able to provide a site and/or water
for a recharge project. However, if such a project were located on
Indian land, the Community would want to retain control of it.

7.4.1.4. State Institutions

7.4.1.4.1 State Land Department

The Arizona State Land Department (ASLD) is a powerful institution
in the State of Arizona. It is "responsible for the planning, develop-
ment and protection of all forests and natural resources located on
State land" (State Role, p. 36). In addition, it is "empowered to ad-
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minister laws relating to waters of the state" (Draft Institutional
Inventory, p.28) as well as "laws relating to the lands owned by, be-
longing to, or under the control of the state" (State Role, p. 36).

The ASLD's water authority is of primary importance to this study.
The department is authorized to "formulate and prescribe rules and regu-
lations governing the appropriation and distribution of water" (State
Role, p. 36). This authority includes the recording of appropriated
water rights as well as -the administration of application procedures
for the appropriation of public waters. The State Land Commissioner
(appointed by the governor) is ultimately responsible for approval or
regulation of these applications.

The State Land Department is also the major state agency involved
in ground-water regulation. Under the Groundwater Code of 1948, it
is authorized to designate critical ground-water areas. Construction
of new wells for the purpose of irrigating lands not under cultivation
at the time of designation as a critical area is prohibited (Allen,
personal communication, 1978). Anyone wishing to drill new wells for
non-restricted purposes, or to replace or deepen existing wells in the
area, must be issued a permit by the department.

A new responsibility over water was recently added as a result of
the 1977 Groundwater Transfer and Management Act. Under this legislation,
the department may issue certificates of exemption which allow the trans-
fer of water from a critical ground-water area to another Tocation.

The courts have not clearly defined a "transfer of water"; however, the
department's working definition is "“the removal of water from its original
place of use to another place foreign to its original area" (Allen,
personal communication, 1978).

The State Land Department has expressed two concerns regarding
ground water. The first is the Tack of knowledge about the actual amount
of ground water that is being pumped out of the Salt River Basin. No
comprehensive system exists which monitors all of the existing wells
in the area. Without this knowledge, it is difficult to determine the
actual ground-water level and to evaluate the rate at which it is dropping.
A second concern is the department's inability to require full compliance
with existing ground-water Taws. Since many of these laws only carry
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misdemeanor penalties, county attorneys are often unwilling to prose-
cute offenders (Allen, personal communication, 1978).

The State Land Department will be important in a demonstration
project in three ways. First, if the project were located on state
land, the department would be very concerned about any effects it might
have. In addition, the department may want to retain control over a
recharge project on state land. A second impact the ASLD may have on
a demonstration project is in the actual operation of the project.

Since the department is responsible for administering the water rights

for the water in the state (both surface and ground-water), it would

be concerned about the source of water, the quality of the water, and

- the methods of injection and extraction. It will Tikely have some regu-
latory authority over the project. The third impact may be actual tech-
nical assistance in determining the best method of recharge (Allen, personal
communication, 1978).

The Arizona State Land Department is somewhat supportive of a re-
charge project for the Salt River; however, a department spokesman ex-
pressed some concern over the practicality of recharge. The first concern
deals with the legal questions involved with artificial recharge: whose
water is used? what happens to the water once it's injected? who has
legal ownership of the water after it is injected into the ground-water
aquifer? The second concern is the technical questions: how to inject
the water? where does the water go after it is injected? 1is it re -
trievable? The third concern is the economic aspect: is it economically
practical? (Allen, personal communication, 1978).

The principal role of the State Land Department would be technical
assistance. The department is unsure as to any other role it might have,
such as regulating or managing the project.

7.4.1.4.2 Arizona Water Commission

The State Legislature established the Arizona Water Commission
(AWC) in 1971 in an effort to centralize state water responsibilites.
The Water Commission has "responsibilities for the development, management,
conservation, and use of watersheds and waters in the State" (State Role,
p. 65). It is also "responsible for acquiring, preserving, publishing,

and disseminating information, and for making studies of the waters of
the state" (State Role, p. 65). Other duties of the Water Commission
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include supervision of dam safety, dispersal of flood control assistance
monies, and investigation of flood control projects at the request
of any public agency.

The primary role of the Water Commission is in the area of water
planning. The AWC is "authorized to plan for development and utiliza-
tion of interstate, intrastateground and surface waters and to consider
aspects of both water quality and quantity" (Draft Institutional In-
ventory, p. 27). Currently it is preparing the Arizona State Water
Plan which is designed to "provide the physical and economic information
required for decisions concerning management of the waters of the state"
(State Role, p. 65). In Part I, Phase 3 of the Arizona Water Plan,
for example, the Water Commission recommends that Arizona water law
be amended to "permit the formation of replenishment districts authorized
to develop the works necessary to increase recharge of ground waters
from flood waters and from the Central Arizona Project and to impose
charges on ground-water users in proportion to benefits received" (Part
I, Phase 3, Arizona Water Plan, p. 4). In addition, the AWC works
closely with and provides technical support to the staff of the Ground-
water Management Study Commission.

The AWC is also conducting a series of studies on a contractual
basis for the Groundwater Management Study Commission. The first is
a baseline study which analyzes eleven water basins in the state and
asks the question "what would happen in these basins if various trends
continued with no changes in the Taw?" The second study involves
evaluating several water management options. Each management option
includes both a management goal (safe yeild, planned depletion, or pro-
longed basin 1ife) and a management method including such techniques
as pump tax, artificial recharge and land retirement. (Ferris, personal
communications, 1978).

The Arizona Water Commission has no direct regulatory power over
the waters of the state. Rather, it is a water planning agency. However,
it does have some quasi-regulatory powers. The AWC is required "to
evaluate the adequacy of water supplies for proposed subdivisions in
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the state and to forward a copy of the evaluation to the Real Estate
Commission" (State Role, p. 65).

The Water Commission feels that artificial ground-water recharge
is one piece of a comprehensive water management plan. However, arti-
ficial recharge is not an overwhelmingly important piece of that water
plan. A spokesman for the agency expressed concern that the feasibility
and desirability of recharge has not yet been demonstrated. Until the
desirability (technical and economic) of recharge can be demonstrated,
other more serious problems cannot be resolved (Clark, personal communica-
tion, 1978).

A major problem which the AWC sees with artificial recharge is
in the Tegal area. According to the agency spokesman, the Salt River
Valley is one of the worst problem areas in the state in terms of legal
and institutional problems. However, the technical desirability of
recharge should still be demonstrated before these institutional problems
are tackled.

The Water Commission has several reservations about the desirability
of an artificial ground-water recharge project. However, it would be
willing to provide technical data for the planning and construction
of such a project. Any other participation in the project would be
minimal.

The impact of the AWC on a recharge project would not be as great
as the other institutions mentioned previously. The primary role of
the Arizona Water Commission would be technical assistance in planning,
constructing and testing a recharge project.

7.4.1.4.3 Groundwater Management Study Commission.

The 1977 Groundwater Transfer and Management Act established
the Groundwater Management Study Commission. The Commission is composed
of twenty-five persons: fourteen members of the Arizona House and Senate;

two representatives each from mining, muhicipa] and agricultural interests;
one representative each from Indian communities and the utilities; and
three members of the general public. The Commission's statutory man-

date is "to make findings and recommendations and prepare legislation

to provide for the best development, utilization and conservation of
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ground-water inthe state, including utilization of alternative sources
of water, methods of management of ground-water resources throughout
the state, 1imiting depletion to reasonable rates, and establishment

of incentives to encourage efficiency, conservation, reuse and importa-
tion of ground-water" (Rich, p. 50). By December 31, 1979, the Commis-
sion's final report, which will contain the recommended constitutional
or statutory amendments, is due. If the state legislature fails to act
on the Commission's recommendation by September 1981, the Commission's
recommendations become law.

The Commission faces a formidable task. It is the fourth such
study commission to be formed for the purpose of revising Arizona's
ground-water laws. The members of the Commission, especially those re-
presentatives of the major interest groups, are interested in seeing
some real changes in Arizona ground-water laws. However, the major
problem facing the Commission is how to develop meaningful standards
for ground-water management without being too restrictive that is--
how to bring flexibility into the law and yet be comprehensive. The
informal consensus of the Commission at this point is that it favors
the creation of ground-water management districts to provide for localized
solutions to local problems.

The major impact of the Commission on a recharge project will not
be felt until its recommendations are submitted to the Legislature.

At that time, legislation may be enacted which could help or hinder de-
velopment of a recharge project. However, the Commission is interested
in the feasibility of artificial recharge and could formulate its recom-
mendations so as to eliminate many of the existing legal barriers to
recharge.

7.4.1.5 Local Institutions

7.4.1.5.1 Salt River Project

The Salt River Valley Water Users Association was created in
1903 as a result of the federal government's request for an organization
which represented "owners of a majority of the acreage suitable for
irrigation" (Draft Institutional Inventory, p. 112). The National Recla-
mation Act of 1902 made federal aid available for construction of recla-
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mation projects. The Association was a corporation that would guarantee
the repayment of construction costs for reclamation facilities along

the Salt and Verde Rivers, collect from landowners, and insure an equit-
able distribution of water and water rights to landowners in the recla-

mation area.

In 1937, the Association founded the Salt River Valley Project
Agricultural Improvement and Power District in order to receive the
privileges and immunities of a municipality. A11 property rights were
transferred from the Association to the District. Both organizations,
although legally distinct entities are commonly referred to as the Salt
River Project (SRP).

The Salt River Project is a major supplier of water and power to
landowners and public utilities in the metropolitan Phoenix area. It
is responsible for the operation, maintenance and construction of power
and irrigation systems.

In order to provide water to its customers the Project utilizes
a form of conjunctive water use. When surface runoff is high, 1ittle
ground water is used. Conversely, when surface runoff is low, more
ground water is pumped.

The Project sees artificial ground-water recharge as only one of
many alternatives for dealing with ground-water problems in the Salt
River Valley. Some of its major concerns are: 1) technical: is arti-
ficial ground-water recharge technically possible, and how much is actually
recoverable?; 2) economic: how expensive will recharged water be compared
to other types of water; 3) legal: who owns the water after it has
been recharged?; and 4) quality: how "good" does the water used in
recharge have to be in relation to existing ground water? (Small, personal
communication, 1978).

The Project is generally supportive of a demonstration recharge
project. A spokesman for the Project indicated that it would probably
be able to provide technical assistance to a demonstration project.
However, the Project believes that other alternatives, such as recycling
of sewage effluent, should also be investigated (Small, personal communi-
cation, 1978).
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7.4.1.5.2 Maricopa Association of Governments

The Maricopa Association of Governments (MAG) was created
as a voluntary association in January of 1967. The regional council,
consisting of elected representatives from the Maricopa County Board
of Supervisors and from each of the county's nineteen incorporated cities
and towns, serves as the policy-making body. MAG is a planning and
coordinating agency for its members. In addition, it assists them in
obtaining federal and state grants.

The basic philosphy of MAG is to "keep the decision-making authority
at the level closest to the people and to preserve the integrity of the
local decision-making process" (Draft Institutional Inventory, p. 49).
Thus, MAG has no regulatory authority over the county or cities. How-
ever, even though MAG's plans and suggestions are not legally binding
on its members, members do try to adopt and implement those plans when-
ever possible.

MAG is the designated wastewater management planning agency for
the Phoenix metropolitan area under Section 208 of the Federal Water
Pollution Control Act Amendments of 1972. Funds have been provided by
the U.S. Environmental Protection Agency and the U.S. Army Corps of
Engineers to prepare an area-wide wastewater management plan. Plans
have also been made to study point and nonpoint pollution source manage-
ment aspects for Maricopa County.

In addition, MAG and the Corps of Engineers have undertaken a joint
water planning effort. The Corps, under provisions of its urban studies
program, is involved in the areas of wastewater, flood control, flood-
water conservation, water related recreation, and fish and wildlife
within the Phoenix metropolitan area. MAG's 208 activities and the
Corps' Phoenix Urban Study are closely coordinated (Draft Institutional
Inventory, p. 49).

In addition to water planning, MAG is involved in land use planning
for the entire county. MAG has recently completed its Guide for Regional
Development, Transportation, and Housing (1978). The Guide is "the
basis for MAG's regional planning activities, including regional develop-
ment, transportation, housing, wastewater management, and open space."
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(Guide, p. v). This report also includes MAG's goals and objectives
for physical development in the county as well as "the policies for
achieving them, the regional development plan, and highlights of

the long-range transportation and housing plans” (Guide, p. v). An
artificial ground-water recharge project may be able to fit into MAG's
regional plans.

MAG's contribution to a recharge project would be primarily in
the area of planning. In developing a long-term recharge project, MAG
may be able to assist in designing the management component. In addition,
MAG may also be able to provide technical assistance for the project.

MAG is generally supportive of an artificial recharge project,
although it has not directly addressed recharge in any of its Tland use
plans. A spokesman for MAG indicated that recharge would probably fit
into MAG's land use plan and would be a beneficial component in MAG's
regional development plan. Although MAG lacks the regulatory authority
needed to be the managing agency for a recharge project, it could make
a significant contribution in providing planning and technical assistance
(Neblitt, personal communication, 1978).

7.4.1.5.3 Municipalities
The three cities which would be most involved with a recharge
project are Tempe, Scottsdale, and Mesa. Scottsdale and Mesa are heavy
users of ground water. The ratio of ground water to surface water use
is sixty-forty, respectively. In addition, all three cities are in-

volved with the 208 wastewater management program. Each city is
concerned with providing good water and adequate sewer facilities to
its residents. However, each city has its own special concerns with
water.

Tempe's major water cencern is with implementation of the Rio
Salado project. It is planning a moderate water use park which would
be constructed on the banks of the Salt River within the Tempe city
limits. The park would consist of 250 acres of lakes which would be
used for boating and fishing. The Tempe City Council has approved a
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design study for the project.

According to a Tempe planner, an artificial ground-water recharge
project could be designed to fit in with Tempe's Rio Salado project.

If recharge basins are used, they could be used as recreational lakes.
Tempe may also be able to receive federal funds for developing its

Rio Salado plan, funds which could also be used to finance a recharge
project. In addition, Tempe may be able to participate in a geological
survey of the area. There may be geological problems in the Salt River
which would adversely affect both a recharge project and the Rio Salado
plan. Thus, Tempe would probably participate, either with funding

or staff, in a geological survey of the Salt River (Harmer, personal
communication, 1978).

Tempe is somewhat supportive of an artificial recharge project.
However, it is concerned that such a project does not adversely
affect its Rio Salado plans. If recharge were made a part of Tempe's
Rio Salado plan, Tempe would probably be a major participant in the
project.

Scottsdale's major water concern is water quality. Many of
Scottsdale's wells yield a very poor quality water. Thus it is looking
for economical ways of improving the quality of its water. In addition,
it is developing a linear park along Indian Bend Wash which will serve
as a flood control device as well as a recreational area.

Artificial ground-water recharge may benefit Scottsdale in several
potential ways. According to a city spokesman, it may be a way to clean
up poor quality water in the water table. Good water could be recharged
which could eventually dilute poor quality ground water, bringing it
up to more acceptable Tevels. Second, the Indian Bend Wash may be
a site for recharge, and the water used for recharge could also be used
for recreation. Third, recharge may have the potential benefit of
reducing subsidence problems in the future.

In theory, Scottsdale is somewhat supportive of recharge; however,
a spokesman for the city expressed some reservations about the economic
practicality of recharge. The benefits from recharge must be convertible
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into dollars, and economic incentives must be provided for recharge.

A second reservation was the necessity of ensuring that if Scottsdale
put water into the underground storage, it could retrieve it or retain
ownership of it. If these concerns area dealt with and answered,
Scottsdale could be a major participant in a recharge project (Smith,
personal communication, 1978).

Mesa's major water concern is its wastewater treatment plant.

The plant is scheduled to be phased out in five years. At that time,
Mesa will connect with Phoenix's 91st Avenue Treatment plant. Currently
the Mesa plant is processing three million gallons per day (mgd).

The treated wastewater is used by an adjacent farmer under a contract
with the City.

A spokesman for the City of Mesa indicated that the City would
have a great deal of interest in a recharge project. Water from the
wastewater treatment plant may be available for use in a demonstration
project. However, Mesa's participation would be Timited by the fact
that it has very Tittle access to the Salt River due to the new boundaries
of the Salt River-Pima-Maricopa Indian Reservation (Balmer and Sloan,
personal communication, 1978).

7.4.1.6 Conclusion

The purpose of this inventory was to describe and evaluate
those institutions which would have the most impact on an artificial
recharge project in order to determine the institutional framework
within which a demonstration project would operate. Some institutions,
such as the Salt River-Pima-Maricopa Indian Community and the Bureau
of Reclamation, appeared eager to get involved with such a project.
Others, such as the Arizona Water Commission, were more cautious in
their evaluation of recharge. Most of the institutions contacted in
this study were in favor of the development of a demonstration project;
however, many expressed various concerns or reservations about artifi-
cial recharge in general. In order to evaluate properly the institutional
feasibility of the project, these concerns must be carefully examined
and answered. The next section of this report outlines the most common
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concerns discovered in the study.

7.4.2 Institutional Incentives and Barriers
7.4.2.1 Introduction
The second objective of the institutional analysis is to

outline the institutional incentives and barriers involved in implementing
an artificial recharge project in the Phoenix metropolitan area. In-
centives are those factors which will positively encourage individuals

or institutions to participate in a recharge project; whereas, barriers
will negatively influence the willingness to participate. The mix

of incentives and barriers represents the general political and legal
parameters within which site-specific plans must be developed if they

are to be implementable.

This section of this report discusses the general institutional
incentives and barriers for an artificial ground-water recharge project
in the Salt River project area. (The specific institutional advantages
and disadvantages of the five alternative sites selected for further
investigation are outlined elsewhere in this report.) It identifies
past developments in water law and policy, and prevailing policy values,
attitudes and issues which may affect the planning, design, construction
and operation of an artificial recharge project. It also indentifies
a number of political demands and conditions which are challenging the
current policy and legal situation. These challenges, the analysis
concludes provide opportunitites, or leverage points, for change that
may facilitate project development.

7.4.2.2 Incentives
Throughout the interview process, several individuals pointed
out that the general attitude of people and institutions toward water
in the proposed recharge area has changed (Lofgren, personal communica-
tion, 1978; Small, personal communication, 1978). People are becoming
more aware that water is a scarce resource in the desert and can no
longer be wastefully used. They are more willing to compromise in order
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to achieve workable solutions.

Another change in attitude is the increased willingness of the
major ground-water users to work together to solve the problem of the
declining water table. In the past ground-water users in the Salt
River Valley would not readily provide information on ground-water
pumping. Each pumper was afraid that by giving out such information,
he would be helping someone else and hurting himself. However, because
of the steady decline of the water table and the attendant problems of
rising pumping costs and subsidence, many of these individuals now
recognize the need to work together to solve the ground-water manage-
ment problem. They are beginning to work toward a common goal (Small,
personal communication, 1978). In order to avoid more frequent and
more intense political and legal conflicts over questions of water
use and transfer, the major ground-water pumpers are anxious to see
some real changes in the state's ground-water Tlaws.

President Carter's commitment to comprehensive water policy reform
and his decision to eliminate several major water reclamation projects
is another indication that attitudes toward water and water management
are changing - that is - the popular choice of water management projects
over water development. There is growing concern about the environ-
mental and economic costs of large-scale water supply projects. Large,
expensive reclamation and irrigation projects, such as dams and storage
reservoirs are being more critically examined, and other less capital
intensive and less environmentally destructive projects are being con-
sidered. There is increased interest in water conservation alternatives.
The solution to water shortage or flood control problems is no longer
simply to build a dam; rather decision-makers are looking for other
solutions. A new policy framework in which federal, state and local
interests must operate may have been created (Mann, 1978).

The creation of the Groundwater Management Study Commission is
also an indication of the desire on the part of the State of Arizona
to revise its water laws. While the extent of change the Commission
will recommend or the Legislature will subsequently accept is uncertain,
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the existence of the Commission does provide a forum for discussing
(and possibly effecting) the legal and institutional changes required

to implement artificial recharge projects.

Several other factors and conditions have also prompted greater
public and governmental awareness that change in Arizona's water law
and policy are requisite if solutions to water supply and allocation
problems are to be devised. They include, for example: rising water
costs; uncertainties about the extent to which water may need to be
reallocated to satisfy Indian claims; the water requirements of in-
creased energy production activities; the demands of environmental
groups and public interest groups for greater citizen involvement in
water planning and decision-making processes; and federal requirements
for state program development and management in the area of water
guality (Cortner and Berry, 1977; Mann, 1978). Thus, new political
demands and conditions have added new items to the agenda of govern-
ment, and have made action on items long neglected, such as revision
of the state's ground-water law, more imperative.

Artificial ground-water recharge is one device which might be
able to help deal with the problem of a declining water table. Many
individuals interviewed asserted that recharge should be a component
in any total water plan for the Salt River Valley. However, other
individuals expressed several reservations about artificial recharge
and outlined some problems which must be overcome before recharge is
a viable option in a water management plan.

7.4.2.3 Barriers
These problems can be calssified into five general areas:

legal, economic, management, water quality, and technical feasibility
and engineering design. The first problem, which almost every individual
interviewed expressed, was the legal problem of ownership of the water -
that is - who owns the water once it is in the ground? Current water
law in Arizona conveys the ownership of percolating waters to the
overlying landowner. It does not (and cannot) take into consideration
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a situation in which an individual recharges the water table. Another
problem related to ownership is the legal identification of the bene-
ficiaries of a recharge project. Under existing law, for example,

a landowner may pump water from a recharge basin without assuming any
of the costs for the recharge program (Arizona Water Commission,

1978, p. 15). Thus, there is a need for new state ground-water law
which will allow the benefits of artificial recharge to be controlled
and the costs equitably distributed.

Revision of Arizona's basic ground-water law has repeatedly been
urged and several special study commissions have specifically been
formed to correct legal deficiencies (Dunbar, 1977). As previously
mentioned, the current Groundwater Management Study Commission is
the fourth special study commission to attempt revision of the state's
ground-water law. Since revisions in ground-water Taws threaten to
remove or significantly alter the benefits that the State's major
water users have traditionally received, there is great resistance to
change. Whether the Groundwater Management Study Commission can suc-
cessfully accomplish its mandated tasks--especially in Tight of the
meager accomplishments of its predecessors--remains to be seen. How-
ever, the make-up of the present Commission is designed to help insure
that its recommendations will be acted upon by the Legislature and
will eventually become Taw.

The second problem area mentioned by most individuals was the
economics of an artificial recharge project. Artificial recharge
may be too expensive to be feasible. Many institutions, especially
the City of Scottsdale, expressed the need to transform the benefits
of recharge into dollars. In order for recharge to be supported it
must be proven to be economically competitive with other water manage-
ment options. However, this attitude may be changing in degree and
recharge may in the future become a more economically viable alterna-
tive of water management.

Another aspect of the economic concern is the proportion of federal
to local cost assumption. Projects which place a greater cost burden
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on the federal taxpayer than that placed on the local beneficiary
have traditionally been favored in the West (Mann, 1975; Mann, 1978;
Ingram, 1972). If recharge projects demand a greater cost contri-
bution from local sponsors than other traditional water supply and
flood control projects, they may lose some local support.

The third problem area is management of a recharge project.
Arizona's administrative arrangements for water decision-making are
fragmented with several agencies sharing responsibility for water
policy development. Each of the state's water agencies has a narrow
legal mandate to concentrate on specific management tasks and serves
its own particular clientele interests. In turn, clientele interests
exert considerable influence in agency decision-making (Mann, 1963;
Null, 1970). No agency has overall administrative responsibility
for water policy (Arizona Academy, 1977, p. 65), and few mechanisms
exist to coordinate existing programs, While recommendations to re-
organize these decentralized and disjointed administrative arrangements
have frequently been advanced (Cook 1968; Null, 1970; Arizona Academy,
1977), there has been strong resistance to the various reorganization
proposals by agencies which fear Tosing their institutional identity
and clientele groups which fear their access to and influence in,
decision-making will be diminished.

Within this fragmented administrative structure, there is no
existing state agency with the clear authority to plan or implement
artificial ground-water recharge programs. The Groundwater Management
Study Commission is; however, considering the possibility of creating
ground-water management districts. These districts could be designed
with the capability to manage a recharge project (Ferris, personal
communication, 1978). Moreover, the Arizona Water Commission has recom-
mended that the study commission discuss legislation which would allow
the formation of ground-water replenishment districts (Arizona Water
Commission, 1978, p. 19). Without the creation of such an effective
management structure, an equitable recharge program will be nearly

impossible.
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Water quality is a fourth problem area. Those institutions
which deliver drinking water will want to be sure that recharge does
not cause water quality to deteriorate. The State Health Department's
Bureau of Water Quality, the U.S. Environmental Protection Agency,
cities in the Phoenix metropolitan area, and environmental groups are
all 1ikely to be concerned about the water quality aspects of arti-

. ficial recharge.

Almost every individual interviewed expressed concern as to the
technical feasibility of artificial recharge. Many people stated
that although recharge looks 1ike a good idea on paper, its technical
practicality is uncertain. They question, for example, how much
water can actually be recovered. If recharge can be shown to be tech-
nically feasible, then these individuals and institutions would be
more likely to support a recharge project. Yet, there may still be
some disagreement over the particular engineering techniques chosen
to implement a recharge project. One environmentalist, for example,
criticized the use of spreading basins for recharge, believing that
other non-structural solutions were preferable (Witzeman, presentation,
1978).

7.4.2.4 Conclusion
In this survey of the relevant institutions 1in the Salt

River Valley, community support for artificial recharge was high. The
. political climate of the entire state is one of looking for new alterna-

tives for water management. People are beginning to realize that water

is a scarce resource and shouldn't be wasted. The declining water table,

with the associated increased pumping costs and danger of subsidence,

are motivating farmers and other ground-water users to work together

toward a common goal of better ground-water management. Artificial

recharge is viewed by many to be a way to help solve, or at Teast deal

with, the problem of a declining water table. It is thus seen as part

of an overall management plan for ground water. Changing attitudes

and political challenges to the existing institutional framework for
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water decision-making should facilitate the planning agency's attempts
to obtain a consensus among affected institutions over the-direction
and nature of the Tegal and policy changes needed to implement arti-
ficial ground-water recharge projects.

However, support for artificial recharge is influenced by several
reservations which various individuals have expressed in regard to
the feasibility of a recharge project. The concerns are: Tlegal ques-
tions of ownership and beneficiaries; cost; management; water quality;
and technical feasibility and engineering design. These reservations
should not be interpreted as an unalterable opposition or resistance
to change. Rather, the individuals expressing these concerns voiced
them as areas that should be dealt with before they could fully support
a recharge project. Nevertheless, the difficulties of achieving in-
stitutional changes which threaten institutional survival, or require
an alteration in traditional and accepted patterns of behavior and
group relationships, must still be recognized as significant, albeit
not insurmountable, barriers to change.

7.4.3 Recommendations for Further Study
The institutional analysis for an artificial ground-water

recharge demonstration project is by no means completed. More infor-
mation and additional evaluation of data are needed. This section
of the report briefly outlines the remaining steps which must be taken
in order to complete the institutional analysis.

The first step is to complete the institutional inventory. The
inventory in this report needs to be expanded, both quantitatively
and qualitatively. More institutions need to be contacted and evaluated.
The institutions which were classified as having a secondary impact
on a recharge project should be re-examined to determine if their impact
will be significant. Institutions associated with water quality should
definitely be contacted in order to discover which regulations might
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affect an artificial recharge project. In addition, as the recharge
project proceeds, other institutions may be added to the initial 1ist
of potentially important institutions. These also should be evaluated
in terms of their impact on the recharge project.

The inventory should also be expanded qualitatively. Additional
information is needed on the fiscal and management capabilities of
the various institutions. Proposed or planned changes in authority,

‘ organization, or policy need to be determined. Interrelationships
among existing agencies should be evaluated in terms of overlapping

| responsibility and potential areas of conflict. In addition, the
specific Tegal authority (that is, an agency's ability to plan, manage,
and regulate) should be carefully assessed in order to discover any
legal or administrative constraints which would bar an institution
from actively participating in a recharge project.

A complete institutional inventory is needed in order to assess
the institutional conditions which must be considered in formulating
alternative technical plans. The impac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>