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SUPPLEMENT TO

MEMORANDUM OF UNDERSTANDING"
BETWEEN

CORPS OF ENGINEERS
·DEPARTMENT OF THE ARMY

AND

BUREAU OF RECLAMATION
DEPARMENT OF THE INTERIOR

PERTAINING TO A STUDY OF ALTERNATIVES
FOR CONTROL OF FLOODS ALONG THE SALT AND GILA RIVERS

AND REGULATION OF CENTRAL ARIZONA PROJECT WATERS

This Supplement to theM~morandum of Understanding is entered into this
day of

The attached.Plan of Study serves to supplement the Memorandum of
Understanding dated December 15, 1978, as required by Article lIF, and
incorporates the criteria of the Corps of Engineers for a Reconnaissance
report.

Dated:
District Engineer
Corps of Engineers

Dated:
Reg10nal Director
Bureau of Reclamation



I

.. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

•. •• • • • e.. • • • • •

.. ..........-.

1

5

8

1

22

15

15

• • 16
• 17

• • 17
• • 20

· .

· .

· .-

· .
· .

• • 22
• • 24
•.• 27
• • 27

• • • • • • • 29
• 30
• 31

• • 32
32

· . . . • • . 34
· ;. '.
· . . .· . .

· . .

· . .

· . .

· . . . .

· . . .

• •

· . . . .
· .

· .

· .

· . . . .
.. ...

.. .
· . .
· .

· . .
• • •

. . .

.' . .

• • • • • • • •

· . . .

TABLE OF CONTENTS

Water Supply
Flood Control •
Energy Conservation
Water Quality • • • •
Vegetation and Wildlife
Recreation • •
Social Considerations •
Cultural Resources
Water Rights
Safety of Dams

Physical Characteristics
Biological Characteristics
Socio-economic Profile
Water Resources Profile • •

A.
B.
C.
D.
E.
F.
G.
H.
I.
J.

A.
B.
C.
D.

Memorandum of Understanding

Problems and Needs

INTRonUCTION AND AUTHORITY

Description of the Study Area •

SUMMARY ••

II. STAGE I STUDY RESULTS ••

I.

I

I

I
I

I

I
I

I
1

'1

· . . . . . . . . .

Previous Studies and Current Plans

Stage I Public Involvement 44

36

• 36
• • 38

• 40
• • 41
• • 42

• •

· . . . .· . . . .· . . .· . . . .
· . ..

· . . . . . . . .

· . . .. .
. .. .

Bureau of Reclamation • •
Corps of Engineers
Other Federal Agencies
State Agencies
Local Agencies

A.
B.
C.
D.
E.

I
1
I
I
I

A.
B.
C.
D.
E.

Public Response •• ••••••••••••
Interagency Task Force on Orme Dam Alternatives •
The Community Advisory Board •••••••
Public Meetings •• •• • •• ••••
Public Review and Comments • •

• • 44
• • 45

• 45
• • 45
• • 49

I
I
I



ii

68,·'

• SO

• • 79

• • 86

71
• • 76
• • 77

• 78
• • 78

• • 70

• • 67

• • 86

• • 66

• • 66

• • 71

· .

· .· .
· .

· . .

· . . .

· .

· . . .

· . . .

• • • • 52
• 59

· • • . • . 61
• • • • • 63

• • • • 63
• • • . 64

. • . • •. • • 65

. .

· . . .

· .
· .

· .

. . . . . ..

. . .

. . . . .

. .
. . . . . .' . . .

. . .

. . .

. . . . .

. . . .

• • • • • • • •

. . .

. . . . .

. .

TABLE OF CONTENTS
(continued)

. . . . . . . . .

. .

. . .

• •

Technical Studies - Corps of Engineers
Technical Studies - Bureau of Reclamation
Study Management Program - Bureau and Corps •
Assistance from Other Agencies
Unresolved Issues •

Structural Alternatives -Dams
Structural Alternatives - Levees
Structural Alternatives - Channels
Structural Alternatives - Channel Clearing
Non-structural Alternatives •••
Artificial Ground-water Recharge
No Action Alternative

A.
B.
C.
D.
E.

PLAN OF STUDY

A.
B.
C.
D.
E.
F.
G.

Study Cost Estimates

Study Schedule

Public Involvement

Study Scope • •

Study Management

Laws and Regulations'

Planning Process

Planning Objectives

Stage I Reconnaissance'Findings •••

III.

I
~

I
.~

I
I
I
I
I
I
I
I
"

I
I
I
I
I
I
I
I
I



:Hi

TABLE OF CONTENTS
(co~tinued)

1 General Location Map of the Central Arizona Project · 5
2 Area of Investigation . . · · · · · · · • · . · • · • 15
3 Study Organization Chart · · · · · · · · · · · · · 70
4 Levels of Public Interest in Plan Formulation . . • · · · 80
5 Summary Study Schedule . · · · · · · · · · • • · · 86

5

20

following
page

following
page

20
•• 24

• •

18
• • 18
• • 18

• • 25
• • 26
• • 71

• • • 86

LISTING OF TABLES

LISTING OF FIGURES

Salt Ri"er Project Dams •• •••••••
Specific Study Features • • • • • • • • • • • • •
Corpsof'Engineers Milestone Schedule ••• • •

6

1 Central Arizona Project Features ••••••••••
2 Population Growth and Racial Distribution.

Arizona· and Maricopa County • • •• • •
Populations of Study Area Communities • • • • • •
Populations of Indian Reservations in the Study Area
Status of Land Ownership, Maricopa County,

Arizona, 1978 •••••••••••••••••
Existing General Land Use, Maricopa County,

Arizona, 1973 • • • • • • • • • • • •
7 Historical Floods on the Salt Ri"er • •
8 March 1978 Flood Damage Summary, Maricopa County,

Arlzorta, .- . • • • • . • • .- • • • • • • •

3
4
5

9
10
11

Figure
No.

Table
No.

I
I

,.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I .
I .

I
I
I
I
I
I
I
I
I
I

SUMHARY



r"~

I

II
I <

I'
1
I

I
I
I
I
I
1
I

1

Executive Summary ,of the Plan of Study
fora Study of Alternatives for Salt-Gila Flood Control

and Regulation of Central Arizona Project Waters

In 1968, Congress enacted the Lower Colorado River Basin Act (Public
Law 90-5.37) which authorized the Central Arizona Project • (CAP) as a
means of reducing water shottagesin central Arizona. CAP is a multi­
purpose water resource development and management project which will
bring water from the Colorado River across Arizona into Maricopa, Pinal,
and Pima Counties. utilizing a system of aqueducts. generating stations.
pump stations, and reservoirs. Currently under construction by the
Bureau of Reclamation, the Project is scheduled to begin water deliveries
in 1985.

One of thEr authorized features of the CAP is a dam located approximately
20 miles east of Phoenix at the confluence of the Salt and Verde Rivers,
known as Orme Dam. Orme Dam, or a suitable alternative, was authorized
to provide a reservoir for seasonal storage and regulation of CAP water
upon its arrival in central Arizona. The existence of regulatory
storage capacity would increase CAP efficiency by permitting a relatively
constant flow of water through the aqueduct system despite fluctuations
in demand. Colorado River diversions could be stored during low water
demand periods or aqueduct shutdowns; or transferred to the Salt-Gila
Aqueduct during high demand or emergency conditions.

In addition to providing regulatory' storage, Orme Dam or a suitable
alternative would offer a high degree of flood protection to the Phoenix
metropolitan area and provide for conservation of flows from the Salt
and Verde Rivers that are currently lost for beneficial use. The Salt
and Verde Rivers historically have generated serious floods in Phoenix,
the largest metropolitan area in the Colorado River basin. Recent
floods in March and December 1978 and January 1979 were so serious that
federal disaster proclamations were issued for the area. It is estimated
that construction of Orme Dam would prevent flood damages averaging over
4 million dollars annually.

In preparation for the construction of Orme Dam, the Bureau of Reclam­
ation issued, in May 1976, a draft environmental statement for the dam
and reservoir (Int. DES 76-17). Response to this document revealed
concern among SOme Arizona agencies and citizens regarding the environ­
mental impacts of the proposed dam. Of particular concern are: inundation
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of the Fort McDowell Indian Commulnity and ripsrianhabitat, and impacts
upon the habitat of the endaI).ge'nMbald eagle and other species; the I
safety aspects of the proposed dal~; and possible restriction of extensive
recreationaluse of the Salt !Riveir. These concerns and others caused
the Bureau of Reclamation to reaslsess the merits of Orpte Dam and to I
delay the preparation of a final lenvironmental statement and initiation
of the construction of this CAP fieature. In April 1977, President

Carter, as a result of th~iAd•......... ministratiOn's water project review, recommended I
that Orme Dam be eliminated fro~the CAP for environmental and social
reasons.

This Study centers on identifica~ion of a suitable alternative to Orme I
Dam and Reservoir that would.pro~ide flood control and CAP regulatory

:~:i;:~sc6~a:~~~~na~;:sS~~:)\~~~~dlsp~e~~~~so~h;t~~;ui~~.~tear:~:I~~~~ary I
of the Study; it also concludes ~tage I of a three-stage Study process.
In Stages II and III, a numbero~ alternative plans will be formulated
by combining the. va.r. ious flo()<J. .•.c9ntrol and regultory storage components
identified during Stage 1. Alll1roposed alternatives will be measured I
a g.ainst a "No Action Al terns. t... tve'l pro.jecting future co.nditions that
would exist if no federal action is taken to provide either flood
control or CAP regulatory st6rag~ capacity. Alternatives also will be I
evaluated in terms of their eco.nqm.ic, social, and. eI).Vir.onmental impacts;
their potential to provide oPJ>0r~unitiesfor recreation, hydroelectric
power generation, water conservation, and ground-water·recharge; and I
t.heir .enhancement of fish and....••.•..wi~dliferesources, archeological and
historical resources, and extent lof open space.

Specifically, •to meet the C~l? reJulatory storage obJ¢~tive, it is proposed I
that the stteat the confluence tif the.Salt and Verde Rivers continue to
be studied, along with a New Wad1ell Dam site on the Agua Fria River.
To meet the flood controlobjeetilves,alternativesproposedinclude I
modification of Rooseveltan~"Ho~sE:;shoeDams to improve their effectiveness
by raising the existing strustur~s, by increasing the outlet size and by
implementing and preparing n¢w.oRerating criteria; construction of
upstream dams at the T~mgle CreeR and Cliff sites on the Verde River; I
and providing local protection t~roug~ channels and levees and various
non-structural measures. I

In addition to Stage I Study. Resdl ts, this report contains a Plan of I
Study developed by the BurealloflRec1amation and. the Corps of Engineers
(the Agencies). The Study wIttlfollow the guidelines contained in I
Principles and Standards for:Pla~ning.Water and Related Land Resources
promulgated by the Water Respurc1s Council, a federal.executive branch

I I
I •

I •
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agency. The PLAN OF STUDY prov{(les for assembling addition(il information
req·uired for evaluation of the alternatives and informing and involving
the. general public and interested agencies in this Study· process. The
majority of the field work and engineering will be accomplished during
Stage II which concludes with the presentation of intermediate alternative
plans for review by the Agencies involved, other interested agencies,
and the general public. Based on public response(and comprehensive
assessment of the intermediate plans, Stage III efforts will conCern
development of several detailed alternative plans, determination of
plans preferred by the Agencies and the public, and publication of
required planning documents and environmental impact statements.

The Bureau has primary responsibility for the Study. The Corps of
Engineers, having considerable experience in flood control matters, is
responsible under the Flood Control Act of 1944 for prescribing regUlations
for operation of flood control projects constructed by the Bureau of
Reclamation. Therefore, the Corps will assist the Bureau by formulating
and evaluating plans for flood control. Each Agency's area of responsibility
for this Study is specified in a Hemorandum of Understanding and the
PLAN OF STUDY. The Agencies will follow a common schedule and will
avoid duplication of effort by pooling resources in areas of mutual
interest, such as environmental assessment and public involvement.

Host of the funding for the Study will be provided through the Bureau of
Reclamation to support the efforts of both Agencies. The total estimated
cost of the 4-year Study is $7,094,400. with fiscal year costs by Agency
as follows:

FY 78 FY 79 FY 80 FY 31 FY 82 TOTAL

Corps 54,600. 1,306,300. 1,100,900. 395,800. 214,400. 3,072,000.

Bureau 69,500. .1,266,200. 1,435,300 • 968,900. 282,500. 4,022,400.

TOTAL $124,100. $2,572,500. $2,536,200. $1,364,700. $496,900. $7,094,400.

The Corps requirement in FY 79 will be met through the use of $350,000
appropriated for the Corps Phoenix Urban Study and the transfer of funds
from the Bureau. Corps requirements in fiscal years 1980, 1981, and 1982
may be appropriated to the Corps directly or through the Bureau, whichever
Congress determines most appropriate.
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Efforts providing support to the rteedsl()f both Ageneies,such as
en'V~ronment.al, eeonoITlicldemographi~.~n+social asse~sl1lents~and pub lie
involvement are inclUded in the cost e$timates for the Bureau.

T
The Studyscliedule developedbybo'thA~enciesindicates tha.t'the final
report describing the selected alternative plan will be completed in
May 1982. I
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INTRODUCTION AND AUTHORITY

The Central Arizona Project (CAP) was authorized for construction by
Public Law90"';S37, approved September 30, 1968. The CAP is a multi-­
purpose water resource development and management project which will
provide supplemental water to central Arizona and western New Mexico.
Construction of the water-related features of CAP began in 1973. When
completed, the Project will benefit both Arizona and New Mexico in the
areas of water conservation, flood control, recreation, and fish and
wildlife resources.

In general, the area of principal benefit from the CAP is the basin of
the Gila River and its major tributaries from above Painted Rock .Dam to
the river's upper reaches in southwesternNeVl Mexico. This area includes
the metropolitan areas of Phoenix and Tucson and the_large agricultural
complex located in Maricopa, Pinal, and Pima Counties in central Arizbna.
Direct delivery of Colorado River tvater will be made by the CAP into
these areas. Also, communities and agricultural areas located in and
adjacent to the Gila River watershed will receive additional water
through water exchange agreements between the Project and central area
water users in Arizona.

The major features of the Central Arizona Project as authorized are
shown in Figure 1. Table 1 gives the status of each major CAP feature.

The Study centers on the flood control and regulatory storage functions
of the proposed Orme Dam and Reservoir which would be located in Maricopa
County, Arizona, approximately 20 miles east of Phoenix, at the confluence
of the Salt and Verde Rivers. Orme Dam would be operated in coordination
with the existing Salt River Project storage system and with diversions
from the Colorado River delivered through the Granite Reef Aqueduct,
another CAP feature. Orme Dam or a suitable alternative would provide
operational flexibility to the Granite Reef Aqueduct by allowing the
storage of Colorado River diversions during low water demand periods or
during aqueduct shutdoVlns. In addition to providing regulatory storage,
Drme Dam or a suitable alternative would offer a high degree of flood
protection to the Phoenix metropolitan. area and provide for conservation
of flows from the Salt and Verde Rivers. Regulatory storage also would
facilitate diversions to the Salt-Gila Aqueduct when maintenance is
scheduled for the Granite Reef Aqueduct, during periods of high water
demands or under emergency conditions.



Table 1:,

Central Arizon~ Progect Features
, ' I ,/"

, : ,. ~ ~

Authorized Features

DAMS AND RESERVOIRS

Status

1
..

I
1
I'

Navajo Generating Station Existing

i* Recommended for elimination from thejProject by President. Carter in his
Statement on the Water Project Reyiew,1 April 1977.

I
i
i

,

i

i

The Project also includes various e1ec~rical power transmission lines,
communica.tions systems, distribution s~stems to Indian and non-Indian
lands, and drainage facilities. i

Orme

Buttes

Charleston

Hooker

AQUEDUCTS

Granite Reef

Salt~Gi1a

Tucson

POWER GENERATION

*
Advance Planning

*
*

Under Construction

Advance Planning

Advance Planning

I
1
I
1
I
I
1
1
1
1
1
1
1
1
1
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In May 1976, the Bureau of Reclamation published a draft environmental
statement forOrme Dam and Reservoir. Public response to this environ­
mental impact statement identified major concerns, among some agencies
and· many residents of Arizona. In parti,cular, concerns regarding the
inundation of the Fort McDowell Indian Reservation, inundation of
riparian habitat, and inundation of the habitat of the endangered bald
eagle were expressed. Also,the safety aspects of the proposed dam,
deleterious effects upon regional water quality, destruction
of historical and archeological resources, and conversion of recreational
use of the Salt River from tubing and picnicking to lake-oriented
recreation were questioned. Additionally, the feeling was expressed
that more information should be presented on the alternatives to the
proposed Orme Dam.

These concerns and others caused the Bureau of Reclamation to reassess
the merits of Orme Dam and to delay the preparation of a final environmental
statement 'and initiation of the construction of this feature. In
April 1977, President Carter, as a result of the Administration's water
project review, recommended that Orme Dam be eliminated from the CAP for
environmental and social reasons.

An impasse obviously had been reached. The CAP was under construction and a
decision on regulatory storage capacity was needed. The Salt and Gila
Rivers frequently flood the Phoenix area causing widespread damage and
destruction. Orme Dam, planned and authorized to resolve both problems,
had been deemed inappropriate by President Carter. The Bureau of Reclamation
renewed its search for an alternative solution and found that other
plans may be feasible, although-additional information will be required
before a final decision can be made.

This PLAN OF STUDY presents a preliminary analysis of alternative plans
made since President Carter's decision in April 1977, and also presents
a plan for gathering additional information concerning these alternatives
upon which the Agencies (Bureau of Reclamation and Corps of Engineers)
will base their decision as to which alternative plan should be implemented.
The report is divided into two sections. The section immediately following
this introduction is titled STAGE I STUDY RESULTS and briefly describes
a preliminary analysis of alternatives for regulatory storage and flood
control. The final section of this report, PLAN OF STUDY, presents the
plan which will be followed to determine the most suitable alternative
for implementation.
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Agencies that defines the
the Regional Director of the
District Engineer on

I
I

I-
Authority for the Study is derived"fr0J,Il the Lower Colorado River Basin
Project Act {Public Law 90__537),s'igIledinto:law,September 30, 1968.
This act authorizes construction df9r~e Dam and Reserv-oir, or a suitable
alternative, by the Bureau of ReclJ/ilmjitton. The study of "suitable
alternatives" is precisely thepuJjposelof <this Report. The Flood ControL
Act of 1944 (Public Law 78--534) a~sign$ to the Corps of Engineers
responsibility to prescribe reguhl.tionk for use of storage allocated for
floqd control at all reservoirs cd~strhcted with federal funds. Based
on this authority, ,the Corps of E~ginefrs will assist the Bureau of
Reclamation by formulating and eva:luatingalternative plans for flood

;; , I

control. I
I

, '.' " " " IA Memorandum of Understanding between the
respective responsibilities was s~gn.edlby
Lower Colorado Region and the Los ],A.ngeles

,., I

December 15, 1978. '!

I
I
I
I
I
I
I
I
I
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WITNESSETH THAT:

is commonly known as the "Economy Act."

Arizona. • • control of floods. • • II and to consist. • ." of the

NO. 9-07-30-X0057

AND

BUREAU OF RECLAMATION
DEPARTMENT OF THE INTERIOR

CORPS OF ENGI~EERS

DEPARTMENT OF THE ARMY

MEMORANDUM OF UNDERSTANDING
BETWEEN

PERTAINING TO A STUDY OF ALTERNATIVES
FOR CONTROL OF FLOODS ALONG THE SALT AND GILA RIVERS

AND REGULATION OF CENTRAL ARIZONA PROJECT WATERS

THIS MEMORANDUM OF UNDERSTANDING, entered into this 15th day of

WHEREAS, the Central Arizona Project (CAP) 'was authorized by Public

water and municipal water supplies to the water-deficient areas of

Law 90-537 on September 30, 1968, "for the purpose of furnishing irrigation

authority of the Act of June 20, 1932, as amended (47 Stat. 382) which

hereinafter termed the "Agencies." This is entered into under the

of the Department of the Interior, hereinafter referred to as the "Bureau,"

and represented by the Regional Director, Lower Colorado Region together

the District Engineer, Los Angeles District, and the Bureau of Reclamation

of the Army, hereinafter referred to as the "Corps," and represented by

I
I
I
I
I'
I
I
"I

I
I
•

I
I
I
I
I
I
I
I
I
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, i

WHEREAS, the Resolution~y th¢ United States Senate Committee on
1

, .1
Public Works, dated July 31, 197,3,i directed the Board of Engineers for

i
i: ': -'I

Rivers and Harbors to conduct!th~ rhoenix Urban Study which addresses,

among other things, flood prob~emJ on the Salt River; and
i

i
" : 1WHEREAS., the Council on Eflvi.rinmental Quality Guidelines for Prep.,-

aration of Environmental Impact Statements pursuant to the National
I.· i
, ·i

I

Environmental Policy Act (NEPA) require the responsible agency to study,
I

develop, and describe all reaspn~b~e alternatives, including those not
• . , i

within the existing authority pf the responsible agency; and
" -.1--

i

W!lEREl;S. the Interagency ~asklForce on Orme nam Alternatives was, I
unable to tnake a recommendation onia suitable alternative to Orme Dam,

, . 1

" , ,i
but concluded in its fin~l.1 rep(i)rt,idated May 5, 1978, that further work

, i
" , !

needs to be done and it now appear~ possible to select a realistic
;,; : i
i' , i

number of alternatives for deta:i.ler analysis; and

·i
• :' ,I

WHEREAS, the President in: lli;slStatement on Water Projects dated
, , I

April 18, 1977, recommended that tHe CAP be modified by eliminating Orme
i

i
Dam which would haveprovidedf1()o~ control along the $alt and Gila

i

Rivers and regulation of CAP w1ter~; and

i
i

following principal works: • • ',' • (2!) Onne Dam and Reservoir and power-
, 1

1

pumping plant or suitable alternati:ve ; ; and
!'
i
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WHEREAS, the Agencies agree that a multipurpose plan to accomplish

the goals of flood control along th~ Salt and Gila Rivers in the metropolitan

Phoenix area and regulation of CAP waters to be imported from the Colorado

River is urgently needed.

NOW, THEREFORE, we the undersigned, recognizing the importance of

developing a multipurpose plan resulting from a Study of Alternatives

for the Control of Floods along the Salt and Gila Rivers and the Reg­

ulation of Central Arizona Project Waters, hereinafter referred to as

"the Study, II hereby agree as follows:

I. Objectives:

A. Development of viable alternative plans for flood

control and regulation of CAP waters;

B. Identification of other needs including, but not

limited to, water-based recreation, fish and wildlife, hydropower,

ground-water recharge, and environmental protection and enhancement;

C. Obtaining of technical, environmental, economic, and

social data required for the formulation and evaluation of alternative

plans;
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II. General Provisiotts:

I

- ' , 1C. The applic~b1.elelements of President Carter's Water
; " i

i
Policy message of June 6, 1978:, sh~ll be used in the conduct of the
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1

I

shall assign the highest priority to

I
responsibilities.

I

A. The Agencies

the Study consistent with other

i:.. : iD. All information developed by the Study or other
." 'I
• • i

applicable studies shall be available to each Agency.
I

IB. The applicable ~lements of the Principles and Standards
. I

for Planning Water and RelatediLaridlRe~ources adopted by the Water
, . I

i ... 1

Resources Council shall be app lied·1
i

i
D. Fulfillment t~e requirements of NEPA regarding

the preparation of an environmeni~ai impact statement fromwhich the
. '-I

appropriate administrative or leIl.sl~tive action can be taken;
: I

I
i

i
I

E. Maintenance of al high degree of public ando,ther
1

agency involvement to insure cl~ar ard accurate two-way exchange of
; ,,[

: • i

information on the plans, the decis~on-making process, and other major

study areas of interest. i
1

I
I
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E. The Agencies recognize the need to enter into contraets,

to procure outside services. The Bureau will contract for services

involving a public involvement'program,and for environmental, social,

and economic demographic studies~ Other contract services will be

procured by either Agency as required; however, procurement of contract

services by the Corps will b~ coordinated with the Bureau.

F. The Agencies will prepare a Plan of Study, describing

the specific tasks to be accomplished, responsibilities for the tasks,

the schedule, a public involvement program; and other pe:{t:inent information.

Upon completion and agreement by both Agencie~ on the Plan of Study,

such Plan of Study will become a part of this Memorandum of Understanding.

III. Responsibilities:

The Bureau will have full responsibility for accomplishing the

Study. The Corps will provide input as agreed to in the Plan of Study.

The Corps input will meet Corps survey report standards for flood control

planning.

IV. Program Management:

The Agencies will each name an agency manager to assure continual

coordination and adherence to a program schedule. The agency managers'

shall:
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assistance and cooperation from

I

neLd.Solicit,

Funds:·

E.

D.

C.

B.

A.

v.

I

Assure ade9uat~ public involvement.
. I

I

I

Prepare periOdfc 'progress reports to the Agencies

• . Iand the public involvement groups. I
· I

I

Funds for the Study willi be those authorized for appropriation
• 1

by Public Law 90-537 or other:appl~cable law. Should Congress fail to

provide the funds required, the MeLorandum may be terminated by either

Agency.

I
1

1

other agencies and the public.

being met.

of Study.

I

; . I
Coordinate 'i'lithltheir respective agencies to assure

j'; • I
. .'1"

adherepce to study scope, logic!, and sChedules, as defined in the Plan

I

I
I

Maintain a istud~ schedule showing. tasks to be accomplished
, -I
; 'I

by the Agencies, other agencies, ana contractors; funding requirements,

I

and personnel needs and services tol assure that study objectives are
1

I
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VI. Modification:

Modification of the Memorandum t consistent with its purpose

and within its general scope t may be" accomplished by written agreement

between the Agencies either by exchange of letters or in the form of an

amendment.

VII. Duration:

This Memorandum shall continue in force through September

1982, unless terminated earlier by either of the Agencies by the giving

of sixty (60) days notice in writing. It may be extended by written

agreement between the Agencies either by exchange of letters or in the

form of an amendment •

Dated:
District Engineer
Corps of Engineers

Dated:
Regional Director
Bureau of Reclamation
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II. STAGE I STUDY RESULTS

Description of the Study Area

The area under study encompasses portions of the Salt, Verde, Gila, and
Agua Fria River drainage basins and is shown in Figure 2. Specifically,
the Study area includes:

a. The Salt River drainage basin from Roosevelt Lake to Granite
Reef Diversion Dam.

b. The Salt River floodplain from Granite Reef Diversion
Dam to its confluence with the Gila River.

c. The Verde River drainage basin from the vicinity of Tangle
Creek to its confluence with the Salt River.

d. The Gila River floodplain from the Salt River confluence
to Painted Rock Reservoir.

e. The Agua Fria River drainage basin from the vicinity of Waddell
Dam to its confluence with the Gila River.

This complex of rivers and floodplains lies mostly within Maricopa
County, Arizona, but includes portions of extreme southern Yavapai
County and western Gila County. In addition, analyses of flood control
and flood frequencies of necessity would have to consider the influence
of drainage areas lying upstream of the primary Study. area.

The Study area was established after consideration of several factors
relating to flood control and CAP regulatory storage. Primary flood
damage areas in the Phoenix metropolitan area are included since local
protection works, such as channels, will be considered to reduce flood
damages. Upstream dams also might reduce these damages, so potential
damsites are included. Preliminary analysis indicates that the effectiveness
of a flood control dam is greatly reduced if it is located too far
upstream of Phoenix. More specifically, a flood control dam such as
Klondike Buttes, upstream of the existing Roosevelt Dam on the Salt
River,or a flood control dam upstream of Tangle Creek on the Verde
River, would be ineffective; therefore, the Study area was limited to
these points.

For water conservation purposes, a reservoir site should be reasonably
close to the Granite Reef Aqueduct and areas which will receive the
water it delivers. A site on the Agua Fria River that meets these
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Precipitation in the Stu9yarep occurs in two distinct seasons.
Winter rains are usually the result .of cyclonic disturbances originating
over the Pacific· Ocean. These st9irrrisbring light 'videspread preci­
pitation. The arrival over Arizo~a of moist tropical air from the Gulf

'. : 1criteria was included, .while sites: :fur'Therwest on the aqueduct were
found to be less effective. While. the 1Florence. damsite on the Gila
River meets the criteria, it is un~c~e~table due to geologic limitations
resulting in the exclusion of the GilaiRiver ~nsofar as' a regulatory
storage site is concerned. 1

1

1

I

I
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I
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I
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Physical CharacteristicsA.

Climate. The climate of the Study area is arid and marked by
extreme heat and low rainfall. Itl: summertime, daily high temperatures
average over 100°, with lows avera,ginginthe 70°. During the winter
months, highs average in -the uppel!'i 60°, with lows about 40°. Temperatures
in higher elevations tend to be lower in both summer and winter.
Precipitation amounts in the Study1area range from less than 6 inches
per year in the desert to in excess of 20 inches in the surrounding
mountains. Elevations above 3, ooq: feet experience occasional sno\v£all.
Snow accumulates in substantial amounts in the watersheds above
5,000 feet and is a maj()r factor inithe hydrology of rivers in the Study
area. Snow rarely occurs in ,the desert and generally melts upon hitting
the ground.

1

I
Geology. The area is gen;eralfY within the Basin and Range

physiographic province, which is t,ypif:1.ed by geologic faulting and
tilting. This. tectonic activity h?-s fbrmed numerous northwest-southwest
trending mountain ranges separated ,by broadalluvial basins. Despite
the prevalence offaul ts throughoUi"~ th~ area, the earthquake hazard in
the Study area is not considered ~ever~. While several major earthquakes

! i < I

have occurred in California .and northern Mexico, few quakes of consequence
have centered in central Arizona. i

i

. i
Elevations. Elevations fn the Study area vary from about

500 feet above sea level at Painted Ro~k Dam to about 2,150 feet above
sea level at Roosevelt Dam. Moun1:iainsi in the Study area.rise to over
7,000 feet above sea level. Eleva'tion~ in the, Salt River watershed
upstream of ,the Stu4¥}'V-:~,~..r.ise,td!iM"p90~;~~,t!abov~.,,?~a ••.l~veton, )3ald~
¥~akineCl§tetlJArizonaai1d 12,?7q feeit ,above sea l~vcl onHu~phrey Peak
n~ar Flagstaff /Most of the POPU~~1:*oh'()ftheStudYare.(3. res.?-des in(
metropolitan Phoenix. Elevationsin'ni~tropolitanPhoenix range from 890
feet at Buckeye to 1,380 feet above sea level east of Mesa, w'ith mountains
in or near the urban area reaching' 4,000 feet above sea level. Slopes
in the Study area are, by and large, -geritle,although steep gradients
(ten percent or greater) occur in the mountains.

I
I



Figure 2
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of California in midsummer signals th~ start of the "monsoon" or summer
rainy season which extends from July to September and occasionally
October and is marked by scattered~ often heavy thunderstonns. These
st.orms can result iIi periods of high wind, severeblotVing dust, and
flashflooding.

B. Biological Characteristics

Vegetation in the Study area varies considerably and correlates
directly with elevation, available moisture~ and temperature. The
desert plains in the western portion of the Study area support only the
hardiest plantlife, such as creosote bushes and catclaw. Stands of
mesquite, palo verde, and ironwood are found along intermittent creeks~

washes, and rivers. Lusher riparian vegetation occurs along flowing
streams. Much desert and riparian plant1ife~ however, has been lost
through agricultural development and urbanization of metropolitan Phoenix.
In the higher elevations of the Study area, up to about 4,000 feet,
greater rainfall and rugged terrain support lush desert vegetation
marked by large cacti, dense chaparral and \.;rhere there is sufficient
subterranean water, palo verde, ironwood, and mesquite trees. Stands of
oak and pine are found in the well-watered mountains and drainage regions
of the Study area.

In historic times, non-native crops supported by intense
irrigation were introduced into the Salt and Gila River Valleys.
Leading agricultural products include seed crops (cotton, milo, barley,
sorghum, and alfalfa), vegetables~ fruit (citrus and grape), and nut
crops.

Wildlife in the Study area is typical of that found in desert
and foothill regions of the Southwest. For the most part, however,
native fauna has disappeared from urban and agricultural portions of the
Study area and has been replaced by livestock and other domestic animals.

C. Socio-Economic Profile

Cultural Background. In prehistoric times, much of the Study
area was inhabited by an agricultural people known as the Hohokam. They
diverted water from the Salt River and developed an extensive network of
irrigation canals. About 1450 AD, the Hohokam deserted their villages
and for approximately the next three centuries the area remained largely
uninhabited. In historic times the Pima and Papago Indians~ possible
cultural descendants of the Hohokam, moved into the Salt River Valley.
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During the mid-1860's, sqt.tlers began diverting water from the
Salt River and irrigating farml~nd~ Later in the decade~ Phoenix was.
es tablished anq in the 1870' s itb~c:ame the leading commercial center in
the Valley. Gonstruction of the Arizona Canal north of the Salt River
and other canals to the south, and, the arrival of branchl~ne railroads
connected to transcontinental rou~es resulted in expansion of agriculture
with the subsequent growth of Pho~ni~and development of a number of
sattelite communities during the 1880's and 1890's.

Destructive floods in 1891 and 1905 together with a drought
which began in the 1890's and last~d into the early twentieth century,
caused farmers and townspeople in! th~ Study area to seeka dependable
source of water. Their efforts rEf~u,lted in construction of Theodore
Roosevelt Dam, the first multipurppse dam authorized under the National
Reclamation Act of 1902. Complet~liin 1911, this structure prOVided
both irrigation water and hydroele~t,ric power. In the 1920 's, and 1930' s,
three more dams were built on theiSalt River to conserve water and
generate hydroelectric pm·Ter. Tw~i dams were constructed. on the. Verde
River as well. ." .

During HorldWar II, the! pat t River Valley\"as the sHe of a
number of militaryairfields and 1,efense)?lants. After ~he wary the
Study area entered into a sustcSin~q,.period of ,~rban~~atJqH':lndtQ.d~strial­
ization. The development of air 2~n'ditioningmadel;lfe"in"me'tr()poli't:an
Phoenix comfortable the year round,. People'· and businesses continue to
be attracted by the dry climate anp 'increasing economic opportunities.

Population. Almost all o~ ,the Study area lies \"ithin rapidly
growing Haricopa County. With ov~;r 1,340,000 inhabitants as of 1978, it:
is the most populous of Arizona's,Q4 counties. PO:t;'tionsof Yavapai and
Gila Counties are also in the Stuqyarea. Most of the Study area's
population resides in the Salt Riyer Valley, leaving muc:h of the region
either sparsely settled or uninhab:i.t'ed. Phoenix, with a population of
682,000, is the principal community of the Study a~ea. Other prominent
towns include Scottsdale, Tempe,J,1esa,Glendale, Buckeye,and Gila Bend.
Four Il"\dian reservations are als() ,~ncluded: the Fort McDowell Reservation
on the lower Verde River, the northern portion of the Gila River Reservation
near the confluence of the Salt and Gila Rivers, the Salt River Reservation
north of the Salt River east of Phpe'ni:l{, and the Gila Bend Unit of the
Papago Reservation along the Gila!River near Painted Rock Dam. For
population statistics of the Stud.Y' a:rea, see Tables 2:..4.
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Table 2

2 Valley National Bank, Arizona Statistical Review, 1978.

1 .Census year data from the Bureau of the Census. Others from the
Arizona Department of Economic Security.

Population Growth and Racial
Distribution, Arizona and Maricopa County

1,300,000

1,041,500
190,500

15,500
44,400
8,100

663,510
852,000
971,230

1,209,800
1,260,500
1,292,000
1,431,000
2,181,000

Maricopa County

1
Maricopa County

2,363,000

1,702,600
442,300
131,000
68,000
16,800

Arizona

1,302,160
1,584,000
1,755,400
2,212,000
2,270,000
2,364,000
2,610,000
3,939,000

Population

Arizona1

Racial Distribution
2

(July 1, 1977)

(projected)
(projected)

(census)

. (census)

Total

White
Spanish Heritage
Indian
Negro
Other

Race

1960
1965
1970
1975
1976
1977
1980
200d

Year
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1 ... ,Valley National Bank. Arizona Statistical !!.evie~. 1978

populations of Study Are" CoromunHies (JulY 1. 1977)1

Avondale

Buckeye

Cashion

Chandler

Fountain H.i1:1s

Gila Bend

Gilbert

Goodyear

Glendale

Guadalupe

Litchfield! Park

Luke Air ~orce "Bas"e

Mesa

Peoria

Pho~nix

scottsdale

Tempe

Tolleson

6,900

3,525

4,280

22,800

2,000

2,000

3,975

2,650

75,175

4,400

3,100

7,350

115,000

11,500

682,200

82,000

103,000

3,750
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Table 4

1 Valley National Bank, Arizona Statistical Review, 1978

Populations of Indian Reservations in the Study Area

(July 1, 1977) 1

I
I
I
'I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Fort McDowell Mohave-Apache Indian
Community

Salt River Pima-Maricopa Indian
Community

Gila River Indian Community

Gila Bend-Papago Indian Community

Total

348

2,950

8,600

357

12,255
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Housing. Housing inthe1~t~dyarea focuses on the single
family structure. A 1977 invento~¥lndicated that 5l8,QOOdwelling
units existed in metropolitanI>ho~nix. Single family hbusesaccounted
for 329,400 of these, withapartme~t unitsnu~bering10"5,900, and townhouses
and mobile homes numbering 83,000.' Occupancy rates averaged 97 percent.
Over 40 percent of homes in the PhoeniX area were less than 10 years
old. Housing conditions on the Indian reservations in the Study area
generally are considered substand;;ird,although improvements have been
made in recent years. '.

Education. According to 11977 estimates, 21 percent of adults
in Phoenix over age 25.had less tlian, a high school education; high
school graduates accounted for 35 'percent and 13 percent were college
graduates. The median educationat l~vel for the Study area is 12.8
years.

Income. In 1977, the med~an income for metropolitan Phoenix
was estimated at $14,011. Median:ho\.lsehold incomes were under $10,000
in the inhercity, while many families in the north Phoenix, Scottsdale,
and Paradise Valley areas earned over $35,000. Indian reservations in
the Study area have family incomes' 'vhich are quite low. In 1970, the
median nmgedfrom$946 ?n,~l1e Git~ ,'R4t¥~r Indiat1 Reservation to $4,780
on the Fpl;"t HCIlQw,ell ana,$C),lt..l\;i.vc;- Iridian Rcsctvat.ions

',';'i ' . ~'-<:,,~. ,. ":;;- ";'/ ";;:': ..');";'-;

Economy. The Study are~' i~' afuaj6r c~riter economic activity
in the Southwest. Leading factorsiin the area's economy are manufacturing
(principally high technology produ~ts),.tourism, retail trade and services,
and government. Industrialdeyelop~ent is centered in metropolitan
Phoenix, with agricultural districts extending to the west, southwest,
and southeast of the urban area.Withinth~ past 20 years, manufacturing
has replaced agriculture as the mai~sourceof income in Haricopa County,
although the county still leads t~iestate in agricultural production.
Agriculture in the Study area is ~xpected to continue to decline as the
urbanization of metropolitan Phoenix increases.

Transportation. The St\.l~Y 'area is connected to the rest of
Arizona and the nation by two int~r~t;:lte highways, two railroads, and
ten commercial air carriers. The 'major factor in transportation in
~etropolitan Phoenix, however, is: the motor vehicle. Over 100 trans­
continental, interstate, and intr8:state trucking companies and two
transcontinental bus lines serve~hearea. Maricopa County also leads
Arizona in motor vehicle registra~iqns, with 646,006 passenger cars,
100,194 commercial vehicle~, and Q5~893 noncommercial trucks registered
in 1977. The large number of motprvehicles has increased .traffic
congestion in PhoeniX, but effort~ to implement mass transit and car
pooling have met with limited sucqess.

I
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Thr~e major freeways are found in the Study area. Interstate 17
enters m~tropolitan Phoenix from the north and connects with Interstate 10,
an important east-west link in the Interstate Highway System. The
Sup~rstition Freeway (Arizona State Route 360) coimectsthe communities
of Tempe and Mesa with Interstate 10. Other freeways proposed in the
Study area were halted by citizen opposition to routes and design.

Sky Harbor International Airport is the major air terminal in
the Study area. It serves in excess of 4,500,000 passengers annually.
In addition,there·are 22 other civilian airfields and two airbases in
Maricopa County which handle an increasing volume of private and military
traffic •.

Land Use. The Study area contains one of the fastest growing
urban regions in the United States. In recent years rapid population
increases have resulted in urbanization of much of the Salt River
Valley. Growth is expected to continue, particularly to the west,
southwest, northwest, and southeast. A large area of undeveloped land
north of Phoenix, presently ovmed and administered by the State of
Arizona, is another potential region for urban expansion. Indian
reservations in the southern and eastern portions of Maricopa County may
limit urbanization in these directions. For statistics on land ownership
and use in Maricopa County, see Tables 5 and 6.

D. Water Resources Profile

The major streams in the Study area are the Salt, Verde, Agua
Fria, and Gila Rivers. Their tributaries in the Study area include
New River, Skunk Creek, Cave Creek, Indian Bend Wash,·and Sycamore Creek,
as well as several smaller arroyos and washes. With the exception of
the perennial Salt and Verde Rivers above Granite Reef Diversion Dam,
these streams are ephemeral. The relatively light winter rainfall
usually is insufficient to produce sustained major surface f1mvs aiong
the tributaries, although winter and spring runoff from rainfall and/or
melting snow from the watersheds may cause significant flows on the
larger streams. Intense summer thunderstorms occasionally result in
flooding along tributary streams but not normally along the major water
courses.

The Salt and Verde Rivers supply 93 percent of surface water
available in the Study area. They are controlled by four dams on the
Salt (Stewart Mountain, Mormon Flat, Horse Mesa, and Roosevelt) and two
dams (Bartlett and Horseshoe) on the Verde. These structures which,
along with the operating agency, are known as the Salt River Project,
impound reservoirs which provide irrigation and domestic water for



status of Land Ownership, I1~r;i.cdpa County, Arizona, 1978
1

U. S. Forest S~rvice 12%

U. S. Bureau of Land
Management 31%

Indian Reserva.tion 5%

I
I
-"

I
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Other* 15%

Individual or Corporate 27%

1 Valley National Bank, Arizona St!~tistica1 Review, 1978
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10%State of Arizona

* Includes lands administered by ~neNationa1 Park Service,
Department of Defense, Bureau of Sport Fisheries and Wildlife,
Bureau of Reclamation, and other county, state, and federal
agencies.



Table 6

Existing General Land Use, Maricopa County, Arizona, 1973
1

1 Largely taken from Maricopa County Planning Department's, "A Report
Upon Future General Land Use for }wricopa County, Arizona, Part Three
of the Comprehensive Plan," 1975.

9.6
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58.7

13.7

14.1
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% Total Co. Area

41

323

882

1,260

9,226

1,305

Area in Square Miles

Airports and Military
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metropolitan Phoenix, and"ler~hotidesigned,nor authorized, for flood
control even though they providel?~gnificantflooddamage reduction. At
Granite Reef Diversion Dam, l-iated from the Salt and Verde are channeled
into canals which serve the Phoeni,xarea. 'The Agua Fria River, is
impounded by Waddell Dam, forming jLake' Pleasant. This reservoir supplies
water to Maricopa County Municipali '-later Conservation District No. I,
although the amount of surface wat~r available from this system is far
less and not as reliable as that from the Salt-Verde system.

In the Arizona t4aterComl)1:ission'sPhase I - Arizona Water Plan
(1975), the average annual consumpidve use of water, in the Salt River:-­
Valley Basin is estimated at 1,563i,QOOacre-feet,while the average
annual supply is only 931,000 acre-feet. The ground-water reserves are
being overdrafted at the rate of 6i32,OOO acre,-feet peryear to supple­
ment the dependable surface supply. Comparable figures for the entire
state show' that average annual con,sumptive use in Arizona is
4,800,000 acre-feet while the average annual supply is 2,800,000 acre-

I;

feet. The state-wide ground-ll7ater overdraft of more than 2,000,000
acre-feet per year is indicated b¥ the difference in these numbers.
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Problems and Needs

The settlement, development, and economic growth of central Arizona has
been predicated on the location and availability "of water resources.
Prehistoric and early historic settlers"relied on surface flowing
streams, springs, and rivers. Since the early 20th century, however,
dependence on readily available ground water has increased. Growth has
far outstripped the area's renewable water resources, resulting in
massive overdrafting of ground-water supplies. Despite this imbalance
between Ylater demands and renewable water reserves, the area continues
to be plagued by periodic flooding. This section highlights the problems
and needs of the Study area and their interrelationship with the Study.

A. Water Supply

The maintenance of an adequate water supply in the Study area
for agricultural, municipal, and industrial purposes is a major problem.
A satisfactory solution to the water supply problem is being sought by
the State of Arizona through the Arizona Water Commission. 'fuile a
comprehensive analysis of water supply and demand issues is properly in
the State's domain, this Study will address the issues of water conservation,
importation of water, and conservation of flood flows as measures which
could contribute toward a solution of the water supply problem.

1. Water Conservation

President Carter, in his Water Policy Message of
June 6, 1978, placed a new national emphasis on water conservation and
directed the Water Resources Council to add conservation as an economic
and environmental objective of Federal water projects. Because of the
long history of water scarcity in central Arizona, this aspect of the
President's, policy takes on added importance.

As of 1970, agriculture accounted for 89 percent of water
depletions in Arizona. Mining consumed 3 percent, and fish and wildlife
interests used a little over 1 percent. Urban uses (municipal and
industrial) amounted to less than 7 percent of the depletions. Although
urban uses have increased since 1970, agriculture still consumes the
largest amount of \Vater. Arizona's farmers and ranchers are generally
efficient in their application of water to the land; nevertheless, the
potential may exist for irrigation system improvements and improved
water management practices. Urban water conservation measures also
become increasingly important as more and more cropland is converted to
commercial, residential, and industrial uses.
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Water conservation wi1~.continue to be an important facet
of centra,l Arizona's overall water,pi,cture, and<measures to improve
water conservation n~ed to he explored. Although conse~vation alone
will not resolve the Study area' s 'Water proble.ms/ it can supplement
other measures designed to balance'the region's water budget.

2. Importation of l-later

The CAP sbould deliver a long-term average of 1. 2 million
acre-feet of Colorado River waterp,er year to' central Arizona. It is
apparent that the amount available!will not be sufficient to satisfy the
requests for CAP water or to elimillat;e overdrafting of ground-water
reserves. It is equally apparent t,hat the CAP system should be operated
at maximum efficiency to allow as much water to be delivered as practicable.

For the CAP to function efficiently, some method of
storing and regulating water deliv~red by the Granite Reef AqueduCt must
be considered. Water demand wi1l',vary from day to day, and ,season to
s,easonwhile the· capacity of the aqueduct is constant. \-lithout regulatory
storage, water supplies in excess pfthe immediate demand could not be
delivered to the Study area, and r~leases to the Salt-Gila Aqueduct and
downstream facilities could notbeu-:egulatedefficiently. 'i,rt is ~~timated

that the ability to deliver ColorCl.pp'R,:i,X~Ec.~#t~:);\in,t9cen~;'f~1 A~Azona
through the CAP would be reduced 10-15 percent annually without regulatory
storage. The need to provide regulatory storage is one of the primary
reasons for this Study. . ,

3. Conservation of Flood Flows

Large quantities of ,floodwaters flowing through normally
dry river channels in the Phoenix ,etrea result not only in flood damages,
but also in the loss of a portion of. these waters for beneficial use.
It is interesting to note· that the' v~l1ue of the water lost during floods
in 1978 roughly approximates the estimate of damages caused by flood
waters.

For instance, damages st1sta:i,ned on the Salt and Gila
Rivers during the March 1978 flood have been estimated at $31.4 million.
During that flood, approximately 600, 000 acre-feet of ~.,ater flowed past
Phoenix in the Salt River. If flood' water were assigned a value equal
to the estimated direct annual benefits of CAP irrigation water ($42.91
per acre-foot), it. would be valued! a,t $25.7 million. The existence of
CAP regulatory storage and flood control storagecapacity\olould increase
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the opportunity to store portions of floodflows for later beneficial use
either through direct water deliveries or ground-water recharge.
Preliminary studies indicate that a dam in the vicinity of the confluence
of the Salt and Verde Rivers could conserve a significant amount.of
water. A number of assumptions made during preliminary studies need to
be analyzed, but indications are that on the average, between 68,000 and
256,000 acre-feet per year of surplus runoff could be conserved. The
amount.of water available for beneficial use would vary greatly from
year to year depending on storage capacity, precipitation in the Salt­
Verde watershed, and other factors. This same benefit might be derived
if the water caught in Painted Rock Reservoir were put to beneficial
use.

As a means of providing a partial solution to the Study
area's w'ater supply problems, conservation of floodflows needs to be
explored and incorporated into the Study's other water resource planning
efforts.

B. Flood Control

Flooding along the Salt River has been recorded since the
arrival of pioneer settlers in central Arizona in the 1860's. (See
Table 7) The most serious of the early f~oods occurred in February 1891,
when an estimated peak flow of 300,000 ft' /sovertopped the Arizona Dam,
which at that time diverted water from the Salt River into the Arizona
Canal, and washed out other downstream diversion darns and irrigation
works. Floodwaters inundated much of downtown Phoenix, reaching the
intersection of Jefferson Street and Central Avenue. This event shifted
the general growth pattern of the city away from the river toward the
northern mountains.

Since 1891, a number of less extreme, though significant,
floods have occurred in the Study area. In 1905 and 1906, several
periods of severe f~ooding again took place on 3he Salt River. The peak
flow carne in November 1905 when over 200,000 ft /s was recorded near
Phoenix. t.Jarm rains melted a heavy snmvpack i~ the high mountains
causing a ~low on the Salt River of 120,000 ft /s in January and
105,000 ft Is in April 1916. This flow was exceeded bY3the flood of
February 1920, which produced a peak flow of 130,000 ft Is. Another
serious flood on §he Salt River occurred in March 1938, producing a peak
flow of 95,000 ft Is. In 1941, a large storm 5elieved near-drought
conditions and resulted in a flow of 40,000 ft Is.
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*. Data for early floods obtained 1:frOm the Interim Report on Survey
for Flood Control, Gila and Salt Rivers, Gillespie Dam to HcDm.,rell Dam
Site, Arizona, U.S. Army Corpsof:Engineers, Los AngeleS-District, 1957.

Data for recent floods obtained, from the V.S. Geological Survey,
measured at 48th Street and the Sa1t:River (figures are preliminary and
subject to revision).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I'
I
.
I

22,000

88,000

67,800

85,000

67,000

40,000

140,000

122,000

130,000
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300,000

200,000

Flood Peak (ft3/s)

Historical F100ds,on the Salt River*

March 2, 1978

March 29, 1979
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January 19,1979

April 1095

February 1920
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March 1941

February 1891

November 27, 1905

December 19, 1978

January 19-20, 1916

December 1965 - January 1966

January 29-30, 1916
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For the next 24 years.there were virtually no flood flows in
:h,e Salt River through Phoenix, but seve:al damaging. floods have occurred31.n recent years. The 1965-1966 flood, wl.tha pe~k dl.scharge of 67,000 ft /s
at Granite Reef Diversion Dam, caused d?mages to business and residential
properties, feed lots, sand and gravel operations, street crossings,
bridges, agricultural acreage, irrigation works, and utilities. Fourteen
of 17 street crossings over the Salt River Were washed out. Sky Harbor,
the main airport in the Study area, sustained considerable damage when
2,600 feet of runway were inundated. Danage to a number of sewage
oxidation ponds resulted in the discharge of ratv' sewage into the Salt
and Gila Rivers. Total damages along the Salt River from this flood
amounted to about $6,000,000, or about $12,000,000 measured in 1978
dollars.

In 1973, an extensive snowpack in the higher elevations of the
Salt-Verde watershed melted, creating a continuous flow through the
reservoir system and into Phoenix from February 21 thr~ugh Hay 29 (with
the exception of 7 days). A maximum flml of 22,000 ft /s was experienced
along the Salt River. This flow caused damages to sand and gravel
operations and forced the closure of several street crossings for an
extended period. Monetary losses from this flood, however, were not
excessive.

. . I~ March 1978, a flood occurred with an estimated peak flow of
122,000 ft. /s through the Phoenix area and caused an estimated $33,138,000
in damages (see Table 8). Approximately 95 percent of this damage
occurred on the Salt and Verde Rivers. Once again, snowmelt influenced
the flow and contributed to the' flood.

In December 1978, warm moist air from the Pacific Ocean and the
resulting precipitation

3
caused another snowpack to melt. The resultant

peak flow of 140,000 ft /s on the Salt River was slightly larger than
the March flood; however, total damages for the Study area are expected
to approximate Mardl 1978 losses. (Damage estimates are not yet available.)

The most severe flood than can reasonably be expected to occur
in a region based on its meteorologic and geographic characteristics is
called a "Standard Project Flood" (SPF). In the case of the Study area.,
this hypothetical flood has been established and, coincidentally, has a
peak flow almost identical to the 1891 flood. The Corps of Engineers
estimates that property damages in excess of $252,000,000 would result
from the SPF on the Salt River. Such an event, with an approximate 3
frequency of once every 200 years, would have a peak flow of 290,000 ft Is.
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Table 8
. !-!- .

March 1978 Flood Damage SUmblary, 'Madcopa County, Arizona
(l,OOO's pfdollars)

Business and
Physical Dam~ges Emergency Losses Total

Agricultural $3,909 $122 $ 4,031

Residential 2,806 312 3,118

Commercial 686 59 745

Industrial

Sand and Gravel 2,254 240 2,494

Other Industrial 5,148 188 5,336

Public

Roads and Bridges 12,508 391 12,899

Other Public 3,412 11 3,423

Other 1,085 7 1,092

Total - All Damages $31,808 .$1,330 $33,138
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Under present conditions, it would inundate portions of downtot-m Phoenix
south of Washington Street, including the Southern Pacific railroad
yards at 16th Street. All existing crossings would be closed during a
flood of this magnitude.

The Salt River is regulated by six water conservation reservoirs
on the Verde and Salt Rivers. These reservoirs greatly reduce peak
flows along the Salt River, although water conservation is their primary
objective. Accordingly, the reservoirs are filled to capacity toward
the end of the annual runoff season; consequently, there is no dedicated
or designated space available in the eXisting Salt River Project reservoir
system for flood control purposes. Some reservoirs were constructed
since the large floods of the early twentieth century and would have
reduced those flmvs. Table 9 summarizes the capacities of the Salt
River Project reservoirs. The total watershed served by these reservoirs
is approximately 13,000 square miles and is nearly equally divided
between the Salt and Verde Rivers. The available storage capacity,
however, is not so evenly divided, as 85 percent of the 2,063,948 acre­
feet storage serves only the Salt River. As might be expected with this
imbalance, a disproportionate share of the water from recent floods has
emanated from the Verde River.

These flood problems interrelate with physical limitations of
releases through Gillespie Dam and with the operation of Painted Rock
Dam further downstream. Gillespie Dam was constructed to provide head
works for irrigation canals, similar to the function of Granite Reef
Diversion Dam. It has negligible storage capacity and is filled with
sediments accumulated since its construction in 1921. Although river
flows pass over the crest of the dam without endangering the structure
itself, the dam has a very limited outlet capacity. As a result, water
is backed up behind the dam inundating lands upstream, depositing
sediments, and stimulating growth of salt cedar and other phreatophytes.

Painted Rock Dam, constructed by the Corps in 1959, provides
efficient flood protection for downstream areas. The maximum release
from Pai~ted Rock following the floods of 1978 and 1979 has been
3,000 ft Is, or 2~ percent of the peak inflow to Painted Rock. The
water stored in Painted Rock, however, has very limited use from that
point downstream. It represents a liabilit3 to the agricultural lands
downstream, even at flow rates of 3,000 ft /s or less, due to interruption
of transportation and aggravation of saline ground-water problems.
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1911

1927

1925

1930

1908

1946

1939

85%

15%

100%

Percent of Year
Total Completed

131,427

178,186

1,3181,580

2~5' 138
. i '

57,852

69,765

negligible

Res'¢rvoir
Capa~ity [(acre-feet)

Tetb1e 9 .

Salt River P~oject I)ams

Dam

Roosevelt

Stewart Mountain

Mormon Flat

Horse Mesa

Granite Reef

Bartlett

Horseshoe

Salt River

Verde River

Total: Salt System

Total: Verde System
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In summary, severe flood hazard conditions on the Salt River
have been confirmed by the floods in. 1978 and 1979, and a need exis ts to
fO'rmulate and implement a plan to reduce flbod damages. The Study will
address this need as one of its primary objectives.

C. Energy Conservation

In recent years, energy demand and costs have risen dramatically.
Substantial efforts are being made by power utilities in the Study area
to meet the demand, and in particular, to reduce demand during peak­
power periods. The plan developed by the Study will influence and
should be influenced by the energy picture in several ways.

If additional reservoir storage space is developed for either
regulatory storage or flood control purposes, it may provide additional
hydroelectric generating capability. This power might be provided on a
continuous basis, thus augmenting base load power capacity, or it could
be provided only during periods of peak demand. Peak po,,,er generation
might involve operation on a pump-back basis in conjunction with existing
Salt River Project facilities.

The addition of storage space or more efficient use of existing
space might allow the capture and use of water that would otherwise be
wasted, and could reduce the amount of water delivered by the Granite
Reef Aqueduct from the Colorado River. This would result in obvious
savings in the power required for pumping from the ground or the Colorado
River.

Finally, if regulatory storage is provided, the CAP would be
operated so as to reduce its own peak power demand by pumping whenever
possible during low demand periods. This could be done without affecting
the ability to meet immediate water demands. Without regulatory storage,
however, this method of saving energy would be severely restrictec.

Each of these aspects of energy conservation '''ill be taken into
consideration in the course of the Study. Particular attention also
must be given to close coordination with the Salt River Project.

D. Water Quality

TI1roughout the nation there is a growing concern for the
quality of the country's waters, and this concern has extended into the
Study area. The classic differentiation of water into surface and
subsurface categories, and of pollutants into point and non-point sources,
may aid in the understanding of water quality concerns.
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Ground-water quality vari~s igreatly throughout the Study area
from low quality with tctaldissclveq$olids in exce,Ss Qf4,000Il1g!1 to
high quality of less than 200 mg/li.'Other constituents; such as fluorides,

I

nitrates, chromiumt arsenic, sulfates,'hatdness, lead, and radioactivity
cause problems in certain localiti¢s. While causes of such pollution
are not completely understocd, in ~ number of instances (e.g. fluorides),
the problem seems to be caused $cl~ly by natural processes. In other
instances, man seems to have influ~nced the problem through generation
of pollutants from pointsourcesW~:i.Chpercolateinto ground-water
basins. Non-point sources of pollution also affect water quality,
particularly as water management p:ract:i.ces come into play. For instance,
the continucus appl:i.cation of irr:i.ga~ion water may lead to concentration
of salts to the extent that theun~erlying ground water is no longer
useful for most purposes. .

Surface water quality alsb varies in the region. For the most
part, pollutants in surface water !consist of dissolved salts and are
from natural non-point sources. There are few significant point sources
of pollution that affect surface ~ater in the Study area.

Man has influenced the copcentration of dissolved salts in
surface water through management p!raetiees. In general, surface water
quality improves during periods of! h~gh flows and deteriorates as flows
decrease. Flood water is of the highest quality in terms of dissolved
solids. For instance t flood flow~ collected in Painted Rock Reservoir
after the March 1978 flood contairiedconcentrations of 318 mg!l of total
dissolved solids on April 18, 1978, while water delivered through the
CAP is expected to contain about ~55;mg!l. Under natural ~onditions,

flood water escapes the area quic~ly, but the construction of the Salt
River Project facilities allowed ~uch of this higher quality water to be
captured for use, with the net ef~ect of improving water quality. However,
long-term surface storage tends t~ lower water quality <as evaporation
concentrates the dissolved solids.r Since regulatory storage will influence
the amount of CAP waterdelivered,i it will also influence the importation
cf dissolved solids. The location of regulatory storage may influence
surface water quality in other respects. Salt River water has an average
concentration of 620 mg!l of totaXdlssolved solids below Stewart Mountain
Dam, while the Verde River averag~ ik 260 nrg!l. The average for the
Salt-Verde system is 470 mg!I. Tile regulatory storage site and delivery
method will determine the extent to which these waters of various qualities
are intermingled. If additional ~lood water is captured for future use,
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it \\Yill be of a higher than average quality. If CAP water is stored in
ground-water reservoirs, it also will influence water quality there.

In summary, \\Yater quality will be influenced in many ways by
the plan developed by the Study. The extent of this influence should be
estimated, understood, and considered during the Study.

E. Vegetation and Wildlife

All of the structural alternatives to be considered by the
Study could impact habitat of significance to birds and mammals of the
region. ~{hile relatively few animals would die outright as the result
of a specific project, the disruption of their habitat would lead to
declines in population and possible local extinction of certain species
within the Study area. The rapid growth of agriculture and urbanization
in large portions of the Study area already has reduced substantially,
the amounts of land and water available for wildlife habitat. Of
particular interest to the Study are regions of riparian vegetation.
Such growths exist in the Study area along the lower Verde River; the
Salt River above and immediately below Granite Reef Diversion Dam; and
the Salt-Gila River from the 23rd Avenue treatment plant in Phoenix to
Gillespie Dam. All, or a portion of these stands of riparian vegetation
could be impacted by flood control projects.

A dam and reservoir at or upstream of the confluence of the
Salt and Verde Rivers could reduce the habitat for local animal population
in the area. The mule deer, javelina, gray fox, and coyote would
decrease if habitats diminished and recreational uses and development
occurred. Bird species nesting in the area could also be affected
adversely. The small amount of marsh near the Salt-Verde confluence
that constitutes potential habitat for the endangered Yuma Clapper Rail
also might be destroyed. Nesting areas for black hawks and the endangered
bald eagle could be adversely affected, and eagles in the region would
suffer from a reduction of stream feeding habitat. In addition most
species of reptiles and amphibians at the confluence site would be
impacted.

Not all effects of flood control projects are negative. If
ground-water recharge is successfully incorporated into a project, it
may improve riparian habitat and thus have a very beneficial impact.
Dams, reservoirs, and other alternatives would have similar impacts upon
vegetation and wildlife in the immediate area. The consequence of
taking no action for regulatory storage and flood control purposes would
also have positive and negative impacts on the vegetation and wildlife.
These impacts must be addressed during the Study as well as ways of
improving habitat and aiding in the recovery and conservation of endangered
species.
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F. Recreation

Be~ausethe desert climate permits year-rOlind. enjoyment of
outdoor activities, a strongdema~d exists in the Study area for recreational
facilities and programs. . The pop4Iation growth experienced by metropolitan
Phoenix in the decades after WQr1~ War II~ together with a general
increase in income levels and lei~u!1etime, has produced an unprecedented
demand for recreation of all types.! The steadily rising cost of gasoline
has, at the same time,· cCillsed.restdents of the. Study area to orient
their activities toward easily accessible facilities.

Local suppliers of recre'\ltiona1 programs and facilities, both
public and private, have been unable to keep up with the demand.
Existing facilities receive heavy, often excessive,. use fromiresidents
and visitors to the area. The resulting overcrowding not only diminishes
the quality of the recreational e*p~rience for individual users, but
also causes deterioration of the recreation resource itself. Both
facilities and settings suffer, tfuer'ebyreducing the resource's original
carrying capacity. The original problem of an insufficient and overtaxed
supply is exacerbated further. !'fuis! produces a cycle of overuse-deter­
ioration-reduced capacity (supply{-'o,veruse, that is difficult to break.

Recreational use of the few: watercourses in the Study area
provides an example of this deman~!s!upplyproblem. During hot summer
months, the flmving streams and m~n-made lakes on the Salt, Verde, and
Agua Fria Rivers are used for \.fat~r-~ased recr~ation such as fishing~
boating, swimming, ~"ater skiing, and' floating; 'vhile the lakeshores and
riverbanks serve as sites for pic~icking, hiking, and other activities.
The pressure placed on these resottrc'escausedso much damage that management
policies have been adopted which restrict the number of visitors to some
reservoirs and certain reaches ofithe individual rivers. The U.S.
Forest Service is considering addi ti'otlal management plans to facilitate
the enjoyment of this resource while,at the same time, protecting it.
Arizona's Comprehensive Outdoor Recreation Plan, proposed by the Arizona
Outdoor Recreation Coordinating C~mm'ission,estimates that by 1985,
existing lakes in Maricopa, Pina!J and Gila Counties will be able to
supply only 25 percent of the dem~nd for boating and wate'r skiing, and
only 15 percent of the demand foriboat ramps. Similar strains are
expected for other heavily used f~cHities such as hiking and riding
trails. The flowing streams in the Study area represent a unique and
irreplaceable resource particularlY ~ttractive to young people in the

,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

31

area who could not afford and :arenotinterested in flat-water recreation
as. compared to tubing down the river. A larger and more diversified
stock of land and water-based recreational facilit.ies needs to be
developed for the use of Phoenix area residents. This need will be
addressed as part of the Study.

G. Social Considerations

In the upstream portion of the Study area, major social concerns
involve the quality of life and preservation ·of the culture of the
Indians on the Fort McDowell and Salt River Reservations. At present,
the inhabitants of these reservations are faced with such problems as
low incomes, inadequate housing, and illiteracy. At the same time, they
are a proud people with great respect for their land and environmental
issues in general. A dam at the Salt-Verde River confluence would
affect th~ Indian people in many ways. It might require extensive
relocation of the Fort McDowell residence, thus placing further strains
on their social fabric and jeopardiZing the preservation of their culture.
A reservoir at this site might improve economic conditions for some
Indians. The Study must include extensive coordination ~vith the Fort
McDowell and Salt River Indians and must respect their views and values.

Due to the unique recreational use of the Salt River that has
developed over the years, destruction of this "tubing" resource would
represent a significant social change in the lives of some of the residents
of the area. Creation of different forms of recreation would likewise
effect social life.

Downstream, in metropolitan Phoenix, the Study faces a different
set of social concerns. Many essential services for the city of Phoenix
are located north of the Salt River. Severe floods close most river
crossings, isolating South Phoenix f:r-om vital agencies and imposing
hardships on commut~rs who must cross the river. The social concerns of
residents of the Study area south of the Salt River will be taken into
consideration by the Study.

Further downstream, very intensive flooding in the communities
of Holly Acres, Allenville, and other areas west of Phoenix, causes
social problems to residents. Personal hardship, financial losses, and
threat to life caused by the floods are factors that must be considered.
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H. ·Cultural Resources

Rapid urbanization over [th~ past three decades has placed
increasing pressure on the archeo~ogical and-historical resources and in
some cases obliterated many sites! of cultural importance.

Because most of the prehiistoric inhabitants of the Study area
practiced irrigated agri.cul,ture, ithe remains of their cultures tend to
be located along or near major wa,tercourses. As a result, many archeo­
logical sites could be impacted b~ flood control and regulatory storage
alternatives on the Verde, Salt, [Gila, and Agua Fria Rivers.

Historical sites along the major streams also could be impacted
by flood control and regulatory sitorage projects. The remains of old
Fort McDowell and the cemetery 0l1! tIile FortMcDo~vel1 Indian Reservation
might be affected byadamand r~servoir at theconflu~nce site. A
sheep bridge spanning the Verde Riv~r near its confluence with Tangle
Creek which is included on the Na!tional Register of Historic Places
might be endangered. The modifidation of Roosevelt Dam on the Salt
River also would involve a structjure on the National Register of Historic
Places.

,

The Study wil1 take into c0nsideration the value of such
cultural artifacts as the prehistoric and historic sites in the Study
area, and if possible, will devel!op'plans for their preservation.

1.. Water Rights

1. Indian Water Rights

As increasing amoun~s of western land were reclaimed during
the late nineteenth and early tw~ntieth c~nturies, conflicts arose
between Indian and non-IDdian wa~erusers over water rights. Non-Indian
water rights in the. West are based on. state systems of prior appropriation.
Indian water rights are based on (judicial precedent. The earliest
determination by the courts of In:di?n water rights was the 1908 Supreme
Court decision in Winters versus United States; the origin of the term
"Winters Doctrine." Through the!years, j\ldicial decision has expanded
Indian water rights to reservations, created by treaty, act of Congress,
and executive order. The Arizona' versus California Supreme Court
decision of 1964 was a strong re#f~rmation of the basic "Winters Doctrine."
This doctrine and in some instanqes,t~e doctrine of prior appropriation,
forms the basis for Indian water iclaims in central Arizona.,

I
I

I
I
I
I
I

I
I
I
I
I
I
I
I
I



I
I
I

"

I
I
I
I
I
I

-.1
I
I
I
I
I
I
I
I

33

In 1975, representatives of the Fort McDowell and Salt
River Indian Re~ervation$ were among a group of Arizona Indian tribes
presenting water rights claims before the Committee on Interior and
Insular Affairs of the United States SE:nate. They protested the proposed
allocation of CAP water as being too low. Several tribes throughout
Arizon~ have filed. lawsuits against other water users which in general ,
allege misappropriation of water which rightfully should be available to
Indians. A number of bills have been introduced in the Congress '''hich
would have more water made available to central Arizona Indians. Since
the water supply is so limited, there would undoubtedly be impacts on
the non-Indian water users.

In this region, settlement of Indian water rights is a
pressing matter which would have traumatic impact if a major reapportionment
of surface and ground-water rights occurred. It is generally accepted
that negotiation of an acceptable solution to Indian water rights is by
far preferable to either litigation or legislation, and the Federal
Government and Salt River Project are both currently involved in nego­
tiations. One of the keys to successful water rights negotiations is
the availability of a new source of water to negotiate. CAP water,
sewage effluent,and flood ''later that might be controlled by the plan
developed through this Study are examples of additional ~Ilater sourceS.

There appears to be no direct role for this Study in the
settlement of Indian water rights issues. However, the Study will
influence to some extent, the amount of water available. The need for
coordination during the Study with those agencies involved in negotiations
is also recognized.

2. Ground-water Rights

Early water law in the Southwest was based on the principle
of "first in time, first in right," which mandated a chronological
hierarchy among appropriators. Little thought, however, was given to
subsurface water rights. It was not until 1904, in the case of Howard
versus Perrin, that the Supreme Court of the Territory of Arizona ruled
that underground waters were the property of the landowner, not subject
to appropriation, but contingent on beneficial use. The Arizona Legis­
lature, in 1919, adopted a water rights permit system for surface water,
but was vague regarding the status of ground water.
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Th~ depletion of the' state 'sground-watersupplies prompted
, .... . . '.' "

the Arizona Leglslaturl1!toiadopt!theGround.wat~rC0ge of 1948. This
code provided for theestablishm~ntqfcritlcalground...W',gterareas in
basins not having stlffielent groqnd'water to provide anadeqtlate long­
teI'11lsupply for the i:trigation of! ctlltivated -lands in the basin at the
then current rates of Withdrawal.' Drilling of new wells within the
critical area forirr:igation of l!anl:i not in cuI tivationwhen the desig­
nation was made was prohibited by the code. The code, however, did not
control the' extent ofpumpageo~!wells.alread¥ in existence, nor did it
prohibit the drilling of new wE:ll~s. fo.r purposes other than irrigation.
At present, ten critical g.round-~atetareas have been designated by the
State Land Department, one of wh~ch.is the Salt River Vall~y.

I

In May 1917, an emer:gel1cy ground:"'water bill was signed into
law by the Governor • This act eS,tal:>lished a ~5 ....memberGround~\l:ater
Manag~ment Study Commission<to d~afta ground-wat~rmanagel!lentplan
which will become law in 1981 if lthe legislature/fails to enact a new
ground-water code by that date. !Theemergency law also put a 4...year
freeze on designation of new cri~ical ground~·water areas and prohibited
injunctions to stop transfers of jwater from already designated areas.

, .

The potential for mqre, extensive conjunctive use of ground
and surface waters isfrequently!meilUoned•. Ground-water recharge
measures and ground-water storagE( fbI' regulatory purposes have been
suggested, yet the existing grourid-~ater law discourages those measures
inasmuch as the right toexclusi~e hse of t~ater is lost when it is
placed in underground reservoirs 4

The Study needs to~ecpgnize the limitations ifllPosed by
existing ground-waterlatv$andIIl~stmonitor the progress of the Ground­
wateriManagement Study CommissiCl~.

J. Safety' 'of Dams

The construction.of aqalll!anywhere and particula.rly upstream
of a major. metropolitan areaalw4ys, involves consideraJ::!()Qof the safety
of the structure. The recentcatasittophic failuresiQour nation have
prompted increased. emphal:lis on d~m'safety. In the wake of recent
interest in dam safety, CC)figress !enacted Publi.c Law 92-367 to assign
responsibilities for dam safety. i

I
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A review ·of the safety of existing dams in the Study area has
resulted in concern regarding three structures: Bartlett pam on the
Verde River and Stewart }fountain and Roosevelt Dams on the Salt River.
Officials of the Bureau of Reclamation and the Salt River Project have
frequently pointed to the need for immediate attention to this issue and
the need for early corrective action. The Bureau· of Reclama.tion is
analyzing the safety aspects of these three structures in its Engineering
and Research Center; but that analysis is outside the scope of this
StudYtexceptas it applies to Roosevelt Dam which is being considered
for modification for flood control purposes. The Study must consider and
coordinate the design for modifying the dam for safety purposes along
with modifications for flood control.

Safety aspects of future dams must be carefully weighed. The
real key to dam safety lies in planning and engineering qesign. Care
must be taken not· to allow pressures· on the engineers conducting the
Study to shOrtcut, circumvent, or limit in any way, their ability to
select the best sites and design the safest structures possible. Tl;le
flood control problem in the Study area is so acute that constant
pressure from community leaders and the general public has been and will
be exerted on those conducting the Study to select a plan and implement
it quickly. Such pressure could lead to early selection of a damsite
before it is conclusively proven adequate. During later stages of
design, data may reveal that the site has limitations. The pressure on
the engineers would be such that they could not change their minds
because it would delay construction.

The. Study is certainly intended to be responsive to the various
needs of the·area as described in this section, and it should be done
expeditiously. Extreme care must be taken, however, to consider the
safety aspects of existing and proposed structures. The Study must
insure tha~ the stage is set to do the most professional job possible
and that design engineers are shielded from pressures for premature site
selection and hasty designs.
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Previous Studies and Current Plans

Several" local,stat~, and federal agencies have studied Salt-GHa flood
control, regulatory storage,andirela.ted issues.. This' section identifies
these studies by agency and highlights any interrelationship W'ith the
current Study.

A. Bureau of Reclamation

Lower Colorado Region Cqmprehensive Framework Study, 1971.

The Bureau of Reclamatiqn played a major role in this study
prepared by the Lower CqloJt:'adoRegion - Federal Interagency
Group. A framework is p~.es.ented for.development and management
of water.and related laqqJt:'esQurces>of the LowelC Colorado
Region, which includes ~he. a.rea covE!redin this Study. Many
problems considered in ~he current Study (e.g., water supplY,
flood control, and wate~ quality) are addressed, but on a
regional basis. It also contains much useful background information
and. will serve as a soutice·document ..

Central Arizona Proje¢tiStudies, 1972-1979.

The implementation of the Colorado River Basin Project Act
(Public Law 90-537) has irelEmlted ·inseveral studies of the CAP
asa whole and of its individual features. A Partial listing
of published studies will give an idea of their relevance to'
the scope of the curren~ Study•. Of particular interest are the
Final Environmental Statement on the entire CAP,' which puts the
regulatory storage issue in context, and the Draft Ertvirortmental
Statement on Orme Dam." !(See *)

* Final EJ1v:il:onmental sk,gtement, Central Arizona:project,
Departlllerttof the Interior , FES, 72..35, Boulder City,
Nevada, 1972.

Final E:nvironmental Statemertt,N,gvaj o Pt'oJect, Department
of the Interior, .F~S"72-1, Boulder City,~e:vada,1972.

Final Environmentat S:tatement, Jlavasu Intake Channel,
Havasu.PumpingPlarit and Buckskin Mountains Tunnel,
Department of the Interio.r, FES 73-2, Boulder City,
Nevada, 1972. '
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Final Environmental Statement, Granite Reef Aqueduct,
Department of the Interior, FES 74-:5, Boulder City,
Nevada, 1974.

Final Environmental Statement, Granite Reef Aqueduct
Transmission System, Department of the Interior,FES 75­
66, Boulder City, Nevada, 1975.

* Draft Environmental Statement, Orme Dam and Reservoir,
Department of the Interior, DES 76-i'7;-Bou1der City,
Nevada, 1976.

CAP Geolo~y and Groundwater Resources Report, Maricopa and
Pinal Counties, Arizona, Phoenix, Arizona, 1976.

Draft Environmental Statement, Salt-Gila Aqueduct, Department
of the Interior, DES 79-1, Boulder City, Nevada, 1979.

Other studies related to the CAP are the Tucson Aqueduct
study and the Indian Distribution System study, both of
which are scheduled to publish draft environmental statements
in 1980. The Buttes Dam and Reservoir Draft Environmental
Statement is scheduled for completion in 1981.

Dam Safety Program

The analysis of·safety aspects of Bartlett, Stewart Hountain,
and Roosevelt Dams is being conducted by the Bureau's Engineering
and Research Center in Denver, Colorado, under the authority of
the Reclamation Safety of Dams Act of 1978. The analysis of
Roosevelt Dam is underway and centers on several areas of
common interest to this Study; integrity of abutment geologic
formation~, spillways and outlet capacity, safety of the highway
which crosses the top of the dam, and flood hydrology. This
dam safety study and the current Study must be closely coordinated
and will share certain technical data. The dam safety study
has no firm schedule for completion.

Final Report Interagency Task Force ~ Orme Dam Alternatives,
1978.

In 1977 and 1978, the Bureau worked with the Interagency Task
Force on Orme Dam Alterqatives which addressed issues similar
to the ones in this Study. Due to a lack of information on the

1
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alternatives which weye ico~sidered~theTask Force was unable
tor~achaconcltlsion'\o~a,p~eferr~d alter~atiy.e•. flo.wever. the
Flnat. Repcu:;t ban invaljual:>J:ecollectionofdata?nalternative
solutions to the prob!e~s <;>f interest~and represents a point
of departure for the curlrentStudy.

B. Corps of Engineers

Interim Report 2!l. SUJ\Tey'F6r Flood Control. Gila and~
Rivers, Gillespie Dani>toiMcDowell Dam Site. Arizona~ 1957.

The Corps. studied the Sailt.,.G.ila system flood problems in the
1950's, andpublishedth;i:sreport which resul ted in authorization
ofaproject to reduce f:l09ddaIllages. The p):'oJect was never
implemented because of sbbsequent authori;tationofthe CAP and
OrmeDam.The study conita ins valuable backgrolltldcmd technical
information and will be used asa resource document.

General Design Memoranduln - Phase 1.. Plan Formu1ation For
"Indian Bend >Wash, 1973.

ThiS. document describes a llnique fl?od.c()~trol~~ojectw~fc~ .
incorporates ·multipla .uSe<iof'~'the f1'Obd'tll1'iln. a;t(:)'~g w1!tll:;'>'Rfnic·~t1r.q

andnqri--structuralrlbodicCll'ltrol measures. Gonceptually,itis
similar to the Rio Saladpplan for the Salt Rlveriat:ldwill be
useful as backgroundinfpr~ation. Indian Bend .~vlishenters. the ,"
Salt River in the St??yarea, making it imperlitive that hydrological

,i.nformationpresel'ltedin: this report betaken into account.

Gila River. New RiveranaPhoE!.pix City Streams.> Desisn Me1l1orandum­
Ph,as.e<I.~PlaJ1F'ortnulatioh,l r:)76.

This do~umentd~scrihes.afl~?dcontrol.proje~tj:n.thePh()enix
area., The projecti~ whlcri.sitind~rcons.~ruction,/affects.. the
area hydrology tOElO1!lee~t7t:lthy thecons.~ructi.'onoffour dams
(DreamyDraw~ Cc3.veButte~{ .. Adobe,and.New, River) and a diversion
channel.

Painted :l~ock Dam OperationiStudy~ .1rtformationBrochure~ 1977.

Painted RockDatn is. 10ca~ed()nt~epilaRiverat the western
edige of the. Study area. i The operat'!on ofth<is flidlity cli"rrently
isund7r study and 'vario~s :operational s.chemes> are .described ~.'
Problems associated with,operat1on'of Painted Rock Dam should
be.. taken intoaccoun.tduritigthis Study.

;
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Phoenix Urban Study

The Corps is in the final stages of this study which addresses
flood control, water quality, and water'conservation; areas of
interest common to the current Study. Although the final
report will not be published until late 1979;the following
interim and draft reports are pertinent.

Groundwater Recharge, February 1977.

This working paper presents a conceptual plan for artificial
ground-water recharge of floodwaters in the Salt River.
The principles of operation of th1s plan will be analyzed
more carefully in the current Study.

A Plan of Study for !!. Demonstration Recharge Project in
the Salt River Valley, October 1978.

This working paper, prepared for the Corps by the University
of Arizona, 'describes manyfacets,of artificial ground­
water recharge and recommends comprehensive study of the
concept through a demonstration proJect. A report has not
yet been approved or released by the Corps, but the concepts
presented are of interest to the current Study.

Draft Final Plan, 208 Water Quality Management Program,
December 1978.

This plan, prepared by the Corps for the Maricopa Assoc­
iation of Governments (MAG), presents' an areawide water
quality management plan to meet the requirements of Sec.
208, Pub lie Law 92-500 • Hater quality problems in much of
the Study area are described and will be taken into account
in the current Study.

Draft Nonpoint Sources of Groundwater Pollution, Water
Quality Hanagement Program, November 1978.

This portion of MAG's 208 plan is a comprehensive description,
of ground-water quality problems and contains a plan to
gain better understanding of the causes of the problems.
Data contained in the report will assist in the assessment
of ground-water quality impacts associated with plans
being considered by the current Study.
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Draft Envi17onmentaJ]. Assessment and Impact Statement on
Point-SoutceMetro ;PhqenifCAlternatives,Novemher 1978.

:' ,,', '; , " ", " ",":': , . ~

This environmentaldo~umentaddress;eswater "quali ty in the
heart of the Study iar¢a~ It not only provides water
quality managementjdata, but also contains considerahle

"environmental sett~ng: fnformation.

Rio Salado, Phase ~n~ 1978.-' '~'~-

This report,~~epal'ed'for the Corps by the Research and
Service Foundation,i C&llege of Architecture, Arizona State
University; describes various flood control channel
configurations in the, Salt River. The Rio/Salado concept
envisionsmtl.1tiple ,use of the natuI'a! channel by open
space, greenbelts, <recreation, commercial operations, and
flood control faci1!it$es. Rio ~aladowil1bedefined
further hy the.Stu9'Y.

Other Federal Agencies

1. U. S. Geolo&~cal Su#:vey (USGS)

The USGScondl.tcts sieveral programs of par~icu1ar interest
to the Study. Their annual report on water flows and
water qualitywillibe' used as a basic data source. The
USGS hasrecent;ly undertaken a thorough study of ground­
water aquifers· \-Thich \07111" develop infOrmation Pertinent; to
ground-waterrechargeiand storage. The USGS is also
involved in the analysis of hydrological daNifrom the
recent floods.

2. U.S. Soil Conservat:ion Service (SCS)

Tile SCShasconduct'ed numerous studies of flood control
projects>in. th~ i$tu~y area,.e.g~, the Buckhorn-Mesa and
White tanks projE!cts. To .tl1e"e}Ctent that these studies
affect local hydrol;ogt, they-will be conside~~d during the
Study.

3. U.S. Fbrest Service

This agency contto1.s much of thelandadgacenttothe Salt
and Verde Riyers., :Curre~tplanning efforts by the Forest
Service directed<atimClnagementof recreation along the
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Salt River will be of' interest to the Study. A Draft
EnvironmentalStatem/aut,Lower Salt River Recreation Area
(R3;"78-0?) was published in January- 1979, discussing tlii'S
planning. Comments on this document are to be received by
the agency by May 1979.

4. U.S. Fish and Wildlife Service

Fish and Wildlife Coordination !£! Advance Planning Report
~ the Central Arizona Project, June 1976.

This report provides an assessment of environmental
concerns related to the CAP that should be carefully
considered.

~t.ate Agencies.

1. Arizona Water Commission

Phase I .. Arizona State Water Plan, Inventory of Resources
a.nd Us"es, July 1975, and PhaseU--Arizona Stat"e Water
Plan, Alternative Futures, FebrMry 1977, are both valuable------. ',' '.,,'

to the Study for their presentation of data on water
supply and uses. Phase III, an evaluation of potential
water resource management plans, is under preparation.
The·Water Commission has primary responsibility to recommend
CAP water allocations to the Secretary of the Interior.
The amount of water available for allocation (aslt is
influenced by availability of regulatqry storage) will .be
bf interest to the Arizona Water Commission. The Water
Commission also is assigned primary responsibility for
flood control matters by the Governor •

.
2. Groundwater Management Study Commission

This agency is involved in preparation of a ground-water
managetnent plan for Arizona, to be incorporated into state
law in 1981. The staffs of the Agencies have conferred
with the Commission in the past and will continue to do
so. The eventual plans may affect feasibility of ground­
water storage and artificial recharge.
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4. Office of the Governor

Local Agencies
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This voluntary as~<>ciation of cities in Maricopa County
aodthe Countyits~lf'h.~s been designated as the responsible
agency for waterquaI:i.ty planning as required by Public
Law 92-500. vIith~9Sl.stance from the Corps ,MAG has
prepared theareawfde, plan required by Section 208 of that
law. MAG has pubUshedtwo reports onthe~io,Salado Plan
(Phase Iin 1972aqdrhase II in 1974) , and maintains
continuing interes~ ip,that project. MAGhaspri.mary

i··. ,

The ,FCDMC acts, as ~he: local sponsor fornood control
projects in thecotlnty. Its interest and input to this
Studyi$obvious,flarticularly in relation to local cost­
sharing requirements •• Thisagencyalsois~onducting a
study of the feasi~ilftyof 'channel clearing on the Gila
River in the gep-eral vicinity of Buckeye, the results of
which will be of i.q.terestto the Study; however,ther.e is
established schedule for COmpletion.

.- ,

Governo~Ba.ll.1:>it has appointed a .28....memper Community
Advisory Board to (idvisehim (and the Agencies) on the
best . plan for Sal t-tGiJ.a flood control and CAP regulatory
storage•.' This Board will playa key role in' the Study, as
is described in the next section of this report. .

3. Office of EconomiciPlanning a1.'ld Development (OEPAD)

OEPADis conducting studies related tos~condary~conomic
benef i t soL ~hanIlelizationasa part of'the Rio Salado
plan. Preliridilary iindicationsare tha.tthebenefits are
substantial. Inasmuch as an assessment of the primary
benefits (i.e. ,pr~vention of flood damages and reduction
of business losses) has indicated a lack of economic
Justificatiol1for~ha1.'lne11zation,the OEPAD conclusions
will be of gr~at' interes t •

2. Maricopa Associatiqn of Governments (MAG)

, ,

1. Flo()dControl Dis#~~c~'pfMaricopaCounty' (FCDMC)

E.
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responsibility for transportation planning and will be
concerned With eventual flood control plans as they might
affect access across the Salt Riv~r. MAG also is involved
in air quality plannin.g which will be of secondary interest
in the Study.

Salt River Project (SRP)

The SRP currently is studying a wide range. of proposals to
provide peak electrical power through a system of pump­
back storage. This study is scheduled for completion
within the year. SRP is the focal point during periods of
flooding on the Salt River inasmuch as it operates extensive
snowpack and runoff gaging stations, predictsnood flows,
and maintains a system of six storage reservoirs on the
Salt and Verde Rivers. Its continuous study of methods to
improve operating procedures will benefit the Study. The
SRP also is involved in the negotiation and Htigationof
Indian water rights with six tribes.in the Salt-Verde
watershed. The availability of CAP and flood waters will
be of interest to SRP in this regard.

City of Phoenix

The City of Phoenix recently initiated a study of the
feasibility of channelizing the Salt River in the vicinity
of Sky Harbor Airport. The results of this investigation
are scheduled to be available in a few months and will be
of interest to the Study as will the City's plan for
reconstruction of bridges and crossings damaged by recent
flooding on the Salt River.

City of Tempe

The City of Tempe has probably been the most active proponent
of the Rio Salado concept. Their planning· staff maintains
a continuous effort to promote the concept. Tempe's plan
will be considered during the Study.
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Stage I Public Involvement

Stage I public involvement has b~en conducted to insure that public
perceptions, concerns, ideas, .and preferences are understood so as to
structure the Study appropriately;. Fortunately, a great deal of infor-
fuatton has been accumulated. .

A. Public Response

The responses to the Ornie Dam Draft Environmental Statement
(1976), ptovidea great deal ofiLns~ght to public attitudes. The
concerns expressed .in these resp~nses in¢lud.e:

Alternative means of c04trbning floods along the Salt and Gila
Rivers

Conservation of local f~oodflows

Regulation of CAP watetist.ipplies

Reduction of ground-wat~r overdraft

A!r~Hi~iffiJ1.og5!~a l'\~ <'I ri"#hr~i;". ~,~r1~~···r"'i!itm~tr~·ict.~S\
i, .',;-{,:-... , -"".-i::·'; ,;

Social impacts

Economic impacts

Endangered species

Vegetation and wildlife habitat

Ground-water recharge

I~pacts on Indian .. cOnnnuni~~es

Water and air quality

Dam safety

Rec:.reation

Fish and wildlife enhancement

•
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B. Interagency T~skEorce'011. Orme Dam Alternatives

Based on ' the responses to the ()rme iDamD]:"aftEnvtronmental
Statement, the Bureau reassessed, alternatives to 'Onne Dam. The Interagency
Task Force on Orme Dam Alternatives was formed in April 1977 to identify
and evaluate single-purpose alternatives for CAP regulation and flood
control. The Task Force consisted of individuals with varying viewpoints
and backgrounds. A Technical WorkGroup was organized, which in turn
was divided into Flood Control, ,Regulatory, and Environmental/Socio­
economic Subcommitte,es~ The Task Force susp,endedwork following a
September 30, 1977 'memorandum from the Low~r Colorado Regional Direct,or
of the Bureau of ReclaIllation that no further funds be expended()n Orme
.Dam or any confluence structure. Activities were resumed after clarification
was received i~dicating ,that Congress had not intended to prohibit the
study of alternatives at the confluence site. OnMayS, 1978, the Task
Force submitted a final report which stated that a consensus recommendation
couldnot'be made because of the complexity of'"the issues involved, a '
shortage of time and resources, and tl1e diyergent opinions of the Task
.For,cemembers. Opinions expressed in response to the final' report are
vall.lablet,othe current Study, and constitute a primary source, of infotmat:i.on
for identification of alternatives to be evaluated further in this
Study.

C. The Community Advisory Board

In 1978, Governor Babbit organized the Community Advisory
Board, Salt-G:t1a Flood Control and CAP Regulatory Storage Study,to
review and advise on the identifidltionandselection ofa viable
alternative·for floodcbntrol and CAP regulatory storage. Composed of
cQIllmtlnityleaders representing a Wid~ range of constituencies and interests,
the Board has met four times to discuss its organization and receive
in.formation regarding the Study. The response received from this group
to date has been limited; however, its interest in expediting the Study
has been continually expressed.

D. Public Meetings

A brochure entitled "You and Central Arizona's Water Future"
was published by the Agencies in January 1979 to announce a series of
public meetings in the Study area. The brochure summarized the alternatives
under study and the issues involved and describe the Study process. A
map of the Study area showing the alternative sites was included. Three
thousand brochures were distributed widely to the public and placed in
depositories for: reference. A self-addressed postage paid response 'card
was sent with the brochure to give the public an opportunity to comment
if they were unable to attend the public meetings. Names of respondents
were added to the .Study mailing list to receive future material.
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News releases were sent tp the met:lia alongwith20-secont:l
public service announcewents for r.~dio,aridtelevisiontoinformthe
public of the series of meetings. iA11me,etings\Vere wep covered by the
met:lia and KCMR radio recorded the Pteetingsin full for later rebroadcast.
The proceedings of each meetingwe~e'transcribedand<are available on
request. A description .of the pub;li~ meetings follows.

Three public meetings on ith~ Study· of Alternatives For.Salt­
Gila Flood Control and Regulation~.Central Arizon,aProject Waters were
held at: the Buckeye HighSchool ~uditorium, January 30, 1979, 7:00
p.m., with 188 persons tilling ou~attendance cards; the Maricopa County
Supervisor's Auditorium, Phoenix, :January)l, 1979, 10:00 a.m., with 57
persons filling out attendanceca~ds;'and the Centennial Building, Mesa,
January 31, 1979, 7:00 p.m., with :52 persons filling out attendance
cards. The first meeting was charedby John Hawley, Mayor of Buckeye,
William A. Lavell, FieldSolicito~ f~r the Department of the Interior in
Phoenix, chaired the second meeting,: and Wayne C. Pomeroy,}Iayorof
Mesa, moderated at the third meet~ngi••. Representing the Bureau of Reclamation
at these meetings \Vere Dick Shuniqk,'Projects Manager for the Arizona
Projects Office, his assistantDe~chappelear,Stephen Magnussen, Chief
of Advance Planning, and Herb Dish.!ip, Agency Manager for the Study.
Present for the Corps of EngineerS \Vere Colonel Gwynn TeagU,e, .District
Engineer, Los Angeles District; L;i"eu:tenant.p~fo.r;~J"Y,~Si~'A,~~lle,.~p·ecial
Assistant to the District EngineeJ;'; Joe Dixon, Agency Manager, and Will
Worthington, Urban Studies Chief. I .

Each of these meetingsbega;n with slide presentations describing
the issues of Salt-Gila flood control and regulation of CAP\.tatersand
briefly summarized the alternatives under study by the Bureau and Corps.
The Study process and schedule wh~ch the Agencies will folloW also were
discussed. A public information ~rochu'I"e was distributed.

The meetings were then ofen to public questions and statements.
The representatives of the. Bureaui and Corps made responses to these
questions and comments whenever a~propriate.

Fourteen persons made conunents at the Buckeye meeting. In
general, these involved: concern; oyer the length of time of the Study,
lack of adequate bridges over thei Salt and, Gila Rivers from 9Ist Avenue
to Gillespie Dam, impaired access! to RainboW' Valley, need for channel
clearing or channelizati,on of the: Salt and Gila Rivers from 9Ist Avenue
to Gillespie Dam, environmental ::ttnpacts of upstreamstructures,channel
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clearing or channelization; concern for the Fort McDowell Indians,
operation and safety of PaintedR,ock Dam, linking, downstream flood
control with CAP regulatory storage operating efficiency of CAP, criticism
of Salt River Project during the recent floods, and support and criticism
of Orme Dam.

Specifically, it was suggested that:

1. The Agencies recognize there is no alternative to channel
clearing or channelization between 9lst Avenue and Gillespie Dam.

2. Gates be installed at Gillespie Dam to lower the height of
the structure so that a channel through the Arlington area can be made.

3. The Agencies assist in preparing an environmental assessment
for channel clearing.

4. The Salt River Project's operations be reoriented to provide
greater flood control.

5. The Agencies' priorities be shifted to provide flood protection
for downstream areas in 8dvance of any decision on CAP regulatory storage
or upstream flood control measures.

At the Phoenix meeting, twelve persons made comments involving
the need for clearing the Gila River chan'nel in the Study area, support
for and opposition to Orme Dam or any structure at or near the Salt­
Verde confluence, danger to riparian h8bitat and wildlife posed by some
alternatives, concern for Fort McDowell Indians, support of non-structural
solutions to flood control and CAP regulatory storage needs, adequate
bridges over the Salt River, criticism of the Salt River Project's
operation during the floods of 1978-1979, and concern over safety of
Stewart Mountain and Roosevelt Dams.

Specifically, it was suggested that:

1. Channelization or channel clearing is needed below the
9lst Avenue wastewater treatment plant even if Orme Dam or alternative
upstream flood control structure is built.

2. Ground-water recharge be thoroughly investigated as an
alternative for CAP regulatory storage.
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3. R~newed con.§ideration b~ g~ven tb regulatory st;orage.;damsites
on the Agua Friaand'GilaRivers.i

4. San Carlos Lake be invest~gated for CAP s.,torage.

5. Floodplain regulat1on.be strictly enforced.

6. The Salt River Projeqt's .r~sP9nsibi1itiesshouldinclude
specific flood control duties •

7. Improved flood warning systems are needed.

Twenty persons made conunents at the Mesa meeting. In general,
these comments .concerned: . the length of time of the Study,.· cost of the
Study, costs of OrmeDam and Resemroir.al"ld of channelization of.the Salt
River, operating criteriRfor any.,proposed upstream flood controlstructure,
criticism of the Salt RiverProject' soperation during the 1978 floods ,
the effects of proposed structural alternatives on riparian habitat and
eagle nesting areas, the need f"rnon-structural alternatives for both
flood control and regulatory storaige,the safety of Stewart Mountain and
Roosevelt Dams, concern for the FqrtMcDoweIl Indians, the need for
channels and bridges along the Sa~.t ~aver, and support for and opposition
toOrme Dam and Reservoir, as autb:ior~z~d.

SpecificallY, it was suggestect that:

1. The Salt River}'roje~t provide increased flood control
through modification of existing riegt.ilationsor restructuring of the
Board of Directors.

2. Water exchanges with jthe Salt River Project be accomplished
t'J prOVide CAl'< storage,.

3. Bridges, channels, and floodplain regulation be examined as
more economical solutions to flood!<protect!Qn.

4. Ground-water recharge. bep~omoted as an alternative for CAP
regulatory storage.

5. Improved flood warning systems be developed.

6. The Agencies recognizie that construction of any new upstream
structure or modification of e,cist!ing structures rnaYendangerimportant
archeological sites and critical riparianhabiti'tt.
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Additional comments and ,suggestions were receiv~d in written
form from Intetested citizens and, governnientalagencies.

E. Public Review and Comment

Numerous comments and suggestions were received by the Ag~ncies

in addition to the statement$ made at the public meetings. Several
letters and telephone calls were received in response to the brochure,
"You and Central Arizona' s \~ater Future." A number of comments were
included on the mailback postcards. Letters containing suggestions and
points of view were received as a result of newspaper articles and
television coverage of the flood events. Letters written to the newspaper
editors often contained information relevant to this Study. Many specific
publ:i,c comments on the PLAN OF STUDY were provided by members of the
Technical Agency Group and the Community Advlsory Board. Thesegroups
were furnished early drafts of this report so that their ideas and
comments could be incorporated into the final report.

The Agencies have chosen to reply to these comments through
revisions, corrections, and additions in the text rather than by a
separate comment/response section. The direct incorporation of public
comments into this document is inten~ed to make the public viewpoint an
integral part of the Study.
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Stage I Reconnaissance Findings

T:he. primary purpose of Stag?>l of 'the Study was to deve.lop a broad array
of a1 ternative . plans forsecuring'CAPi'egulatory storage/and flood
control, subject to detailed tech~ic{lf, engineering,econd1'llic, social,
and environmental assessments in.S,tage II.

In the course of Stage I activities, a number of structural and non....
structural a1ter~ati\Tes wereid?nf4f;i.ed ,but on a single....purpose basis
only. The Interagency 'l'askForce:ev~luat~dthesea1ternativesandmade
recommendations as to v.:rhether theYiv.:rere worthy of further consideration.
During Stage I, the Agencies revie~e?the TasJ< Force findings and
applied a screening criteria to dertermine site viability • Since data on
environmental and social factors aiI:"e > limited, it would be inappropri.ate
to make judgments on site viability-based on those parameters at the
present. time. Those factors wi1lbe us.ed todetermirie thescreeriipg
criteria at the end of Stage II as prescribed by the Principles arid
Standards. It was felt that sufficient engineering andecoriomic data
had been developed on Which to bas~ acceptability judgments. Generally,
the criteria used v.:ras that benefit~ <ierived should equal or exceed
costs. This criteria was not rigidly applied, however, due to the

",p'r~1},~m~~a~Y,i~~P'~u~l~,,9f. the.c,~ t if,~fl:. il't~~y,sv<cer~,a~iR" ~;;j.,Mt1)$l t iv;~,9 .~e r e

.r..~ t ~.•... -.••..n·. ~d '•......r. 0'. '.~..•....•..•..t: ~ '".. ".' ,·.'.•..•...~ o.n.•...~..•-.. ·.a1e....••.r••....•..............•...'.."'•.....••0•....•...-....•..•.••...•••....I'.,.••...... ~................. .••..•..p..~·..•.··.a ·r..'·· Q ·.··f·a..t.....•.· "" · ·1·..· '.•..•.>"•....0' 7•.......Y•.•l.a•........ 1..• ·•.c . a.L • C:';'%;iJt~~".'.~·':~'''J.llJ.- &.u~.Ll.:.., .. .:>,J. ,,·.-9-'L.:-';L<:1.,!~L.J.+'A~L<C1,.,~ _,_' t:,.L 1 ,"•• ""u¢,::~;,lla.A.ftei*~<

benefit!cosF t'afiomigh1~'\i.mp~~~·tb:en'~ore"~taired data"'wa; d~veloped.
On/the other hand, s"everal damsite$were eliminated from further consider­
ation when it became evident that more detailed studies were· likely to
result ill vastly increased costs w:i.thout improvement in benefits and
thus the benefit/cost ratio would (irdP. to an unacceptable level. In
most cases, this determination resulted from the discovery of major
geologic·deficiencies at the damsi#ewhich wouidrequirecollsiderllble
cost investment to overcome.

It is. important to recognize. that the planning process for this Study
wilL involve several iterations \vhere viability judgments, must be made.
As more datais~devel()p~d for the t>~qader~ange of planning objectives,
more' factors .are brought into .the de~ision-makingprocess. Also, as the
Study progresses, the staffsof the ~gencies and/or the public inv()lvement
program may identify still other al te.rnatives, and they too will be
given consideration.

Descriptions of alternatives consi4er,edin Stage I and recommendations
for further study are provided in the, fpllowing para~raph~h . Cost values
represented are based on January 1?77 prices. Engineering designs
leading to these estimates are gene.rally of reconnaissance grade .and
include only base structural construction costs. External costs, such
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Direct benefits are those which resulted from application of Project
water and reflects the gross value of crops produced less farm operating
expenses. Indirect benefits are those accruing outside the farm unit,
and resulting from increased flow of products, farm machinery and purchases.

as those for recreation,.fish and wildlife enhancement', archeological
mitigation, ar~ not included due to lack ()fd.;lta. Also, no attempt was
ma<.teto estimate the additional costs required to overcome geological
problems at several or the damsites. These additional costs for such
items as reservoir lining and foundation treatment could represent a·
significant addition to the base costs shown.

Values used for the estimation of benefits are also representative of
1977 prices. Benefits for regulatory storage alternatives were prepared
by the Bureau of Reclamation and were limited to those accruing to CAP.
Studies indicate that irrigated agriculture would be the major identifiable
beneficiary of CAP regulatory storage. Therefore, b~nefits were based
on the .estimated value per acre-foot of irrigation water:

$98.15

$42.91
55.24

Total Benefit/acre-foot

Direct annual benefits/acre-foot
Indirect annual benefits/acre-foot

Benefit values for single-purpose flood control alternatives are based
upon the prevention of damages. A preliminary survey of the floodplain
area was prepared, and damages expected from various flood flow rates
were estimated. The damages evaluated include those to residential
property, commercial and industrial property, agricult.ural lands, and
public buildings. The potential damages from various flood discharges
are then analyzed to determine an average annual benefit. It should be
noted that economic benefits for flood damage reduction were based on
estimates made prior to the 1978-1979 floods. Damages measured followi llg
the March 1978 event were approximately three times the estimated
damages. It follows, therefore, that all flood damage estimates will
increase when data from the recent floods are incorporated into the
economic analysis.
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Public comment on the draft of this report expressed concern that more
current cost and benefit values were not used and also that the ratio of
benefits to costs is not in conformance with the four-account procedure
described in the Principles and Standards. The Agencies recognize that
both these statements are true. Current price values were not used due
to the difficulty in upgrading benefit values. l.fuile Construction Cost
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Trends provide indices which can b~~PPlied toconstru,ction costs~ no
such indices are available.forbeBrfiit,values. Sinceb¢nefitvalues
will be upgraded during Stage II i1\lves~igations,itwas.decid~d that it
was not worth the time and effqxt to .'a;~tempt to estimate those values
for Stage I. Costs were not indexed ,because the Agenci~s felt a more
meaningful benefitlcost analysisW'oul;dresult if both were kept to the
same time frame. .

A. Structural Alternatives -,Dams
:----

A number of damsiteswere id'entified and investigated for both
CAP regulatory storage and flood c9nt:rpl storage. The following discussion
of the alternative Elites reflects that studies for Stage I hCive focused
orisingle-purpose functions. At s$ve:ral of the sites, it maybe possible
to have mul tipurposefunctions Elefyed"which would enhance their economic
viability.

Public comments identified that utilizing clams fClr ground-water
recharge may be of benefit. Thislfeport has not attempted. to evaluate
the implications of dams built specifically for ground-water recharge.
Seepage losses from a reservoir ar¢, at leastin part, returned to the
underlying ground water and> it :j,s trurthat these losses are not lost
fr-omthe region i sitotal $upply. . Hgw.~lY~J' su~h lpsses do {l,f{ect su,pplies
available for delivery and sale frqrri'CAP. Tnelogic that CAP is intended
to reduce ground....water overdraft, 4nd: that.some dams should promote
'seepage, overlooks the economic aspec~s of the problem. CAP is to be
financed, to a significant extent, jby, water sales revenues. These
revenues, as a minimum, must pay fqtthe costs of p).lmpin~thewater from
the Colorado River and other operaVop, maint~nance, andreplCicement
costs. Promoting non-revenu~-prodtlcipglosses of water would be inconsistent
with the intent of the Proj ect ~ th¢ p'ur-poses for which Congress authorized
its construction, and thePre$iden~tsIcurrentwater policy which emphasizes
water conservation efforts. Thereij'or~, dams which w,ould allow excessive
loss of water availability due to~ncontrolled seepage generally could
not produce enoughwatersu,pply ben7£;Lt~i to ezcceed construction. costs.
Additional costs required to reducE\oreliminate seepage would be significant
and measures to overcome site deficiencies could be extensive.

Excessive seep<lge was not iconsideredas a critical fac.tor for
analys:i,s of flood control dams pec~u$eit is usu<l11y assumed that those
structures will be keRt vacant or quickly evacuated and their benefits
are derived from flood damage prevent;Lo.n, notsaleof water. Of course
if .site conditions ares.uch thatwa,ter 'would merely leak around or under
the structure so that no flood water retention could take place, then
seepage control would become much more vital.
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Con£1u~nc~ and Grani te .Reef .. Sites. Orme Dam and Reservoir ~ . as
authorized~ would be constructed at the confluence of the Salt and Verde
Rivers about 20 miles northeast of Phoenix. This earthen dam would be
about 195 feet high and 5,700 feet long. Storage capacity at the spillway
crest would be l,360~OOO acre-feet. The site does not present any
serious geologic difficulties; however, it is expected to produce serious
environmental impacts on bald eagle and riparian habitat, and flowing
stream recreation. Archeological and historical sites also would be
impacted. Additionally, a significant portion of the Fort McDowell
Indian Reservation and some of the Salt River Indian Reservation would
be inundat~d if the dam were constructed.

Orme Dam and Reservoir has, in addition to its regulatory storage
and flood control functions, the potential for development of hydroelectric
power generation and recreation, and the enhancement of habitat for some
species of-fish and wildli~e. Orme Dam would reduce a §tandard Project
Flood inflow of 290~OOO ft /s to a release of 50~000 ft Is. The multipurpose
Orme Dam would cost $243,000,000. The benefit/cost ratio for Orme Dam
and Reservoir, as authorized~ is 1.8:1.0.

Two smaller structures at the Salt-Verde confluence have been
studied. Some advers~ impacts were reduced with the smaller structures,
but at a considerable loss in flood control capacity. Specific advantages
of smaller structures include the reduction of riparian habitat inundation,
the elimination of water backed up against Stewart Mountain Dam, a more
stable water surface elevation for recreational use, and reduced impact
on the Fort McDowell Indian Reservation.

Structures of various sizes at the Granite Reef -site located a
short distance dOvmstream have been investigated. The estimated cost of
a dam at the Granite Reef site to provide a regulatory storage reservoir
ly.ith a capacity of 767,000 acre-feet ::'s $243,000,000. This structure
would have~benefit/cost ratio of 1.6.

The continued study of retention structures with a full range of
sizes at both the confluence and Granite Reef sites appears warranted.

Coon Bluff. The Coon Bluff alternative is located on the Salt
River i~mediately upstream from its confluence with the Verde River and
downstream from Stewart Mountain Dam. It would be an earthen dam~

128 feet in height~ 5,000 feet long with a total capacity of 258,000
acre-feet. The Coon Bluff site impacts about half of the archeological
and historical sites affected by a dam at the confluence. Adverse
environmental impacts, including effects on eagle habitat, riparian
habitat~ and flowing stream recreation would result from a dam at Coon
Bluff.



This alternative warrants furtl1erstudy.

This alternative does not warrant further study because of the
significant geologic problems associated with the site.

Cliff Site. This alternative :is located on the Verde River, immediately
upstream from Bartlett Reservoir. :It 1w6uld serve) much the same function
as Tangle Creek. Further geologic stt:!dy .isneeded to determine feasibility.
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Serious geologic problems are present at this site.

Abutments and foundation. drilling were begun inSept.emb~.r 1976,
which indicate the foundation is coinp~i$ed of weakly to nonc;emented
sandy and silty gravel grading to g;ra~eVY silt and sand toward the
right abutment. This formation ext,en4s to depths of at least 356 feet.
Material of these types are considered permeable. The increaS'ed hydraulic
pressures caused by a reservoir, copp~ed with the easily erodable foundation
material, are ca.usesfor serious cOl:lc~rn. Blanketing of the foundation
area to reduce seepage volume and v~locity is probably not practical
because of local topography. It is! considered possible to design a
leaky dam at this site, degradingi'ts.va.lue as a storage reservoir, but
the risk of failure from piping is significant.

Tangle Creek. This alternative~s located on the Verde River. near
its confluence with Tangle Creek, 7'; mil~s upstream from the. present
Horseshoe Reservoir. The dam considered for>this site would impound a
reservoir with a flood control capa~ity of 393,000 acre-feet. Although
further geologic studies are requir~d;-preliminaryinvestigations
indicate the availability of severa:l sui.table sites along th¢.Verde
River. A darn and reservoir at Tangile,j Cr.eek would impactea'gle and
riparian habitats. It could alsoa';ff~et: a sheep bridge which is on the
National Register of Historic Places. !

As a single-purpose floodcontjrol structure, Tangle Creek would
provide limited control over Verde ~iver floodflows. Greater flood
control could be obtained in combillations with other schemes. The
benefit/cost ratio of Tangle Creek 1fol' flood control is estimated at
1.4. .

The Coon Bluff alternative cou,;ld'be developed for hydroelectric
power generation, recreation, a.nd enhancement of some species of fish
and wildlife. Little additional downstream flood control would be .
provided. The total cost of Coon 13i1uff Darn would be approximately
$272,580,000, with a benefit/cost r~tio of 0.96:1.0.
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The Cliff alternative would impact riparian and eagle habitats. Significant
archeological, social; or historical impacts are not yet assessed. The
cost·s and benefits of adam and reservoir at Cliff have not been estimated.

This alternative warrants further study.

Modified Horseshoe Dam. This alternative involves the modification
of the existing Horseshoe Dam for flood control and water conservation.
Water exchanges between the CAP and the Salt River Project might also
allow this structure to be used in a CAP regulatory role. Geologic
investigations of the site have not been completed. A modified Horseshoe
Dam would impact eagle habitat and archeological sites.

In addition to its flood control or regulatory storage functions, a
modified Horseshoe alternative could possibly be developed for hydroelectric
generation. The benefit/cost ratio for flood control ~lTOuld be 0.9 while
that for regulatory storage by means of exchange with Salt River Project
would be 5.6.

Further study of this alternative for flood control and/or regu.latory
storage is warranted •

Modified Roosevelt Dam. This alternative calls for the enlargement
of Roosevelt Darn for flood control or regulatory storage of CAP waters.
The site has no identified geologic problems. Some archeological sites
would be impacted, and Roosevelt Dam itself is on the National Register
of Historic Places.

Besides flood control or regulatory storage functions, enlargement
of Roosevelt Dam could result in increased hydroelectric generation.
Benefit/cost ratios are 1.5 for flood control and 10 for regulatory
storage by means of exchange with Salt River Project.

This alternative warrants further study.

Carrizo Creek. The Carrizo Creek alternative calls for the construction
of a new dam on the Salt River below the confluence of the Black and
White Rivers and near Alkali Canyon. The purposes of this dam and
reservoir would be to improve the quality of Salt River water and allow
for the diversion of water to the Gila River to augment the natural
inflow to San Carlos Reservoir. This proposal, however, fails to meet
the needs of CAP regulatory storage and would offer very limited flood
control for the Phoenix area.
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Because of these factqrs, the:9{l:rrizo Creek site is not an acceptable
altE;!rnative and, no fu·rther ~tudy iSiwq.rranteQ.

Klondike Buttes. 1'hisalternaitiye ~s located on the Salt River
above Roosevelt Lake • ,A dam and re'servoir at Klondike Buttes would
impact riparian vegetation and would., encroach upon a proposed Wild and
Scenic Rivers area. Geology of the:giterequires additionaLinvesti­
gation. KlondJ.ke:Buttes is not a suitable site for CAP regulatory
storage. ,It would not control TqntlO Greek, a,major tributary to Roosevelt
Lake, leaving a large uncontrolled ~rea. downstream.

Klondike Buttes is an unaccept'a.ble alternative for flood control or
CAP storage and no further study isiwl;lrranted.

New Waddell Dam. New Wadqell :Dal/l would be located on ,the Agua Fria
River immediately downstream from t;he,eXisting Waddell Dam. The present
structure impounding Lake Pleasant :is. not suitable· for enlargement for
CAP regulatory storage. An earthen dam. at the New Waddell site could
impound a reservoir with a total c~pacity of 310,000acre-feet. Currently,
geologic investigations ate being dondu.ctedto, determine the most feasible
dam axis and spillway locations. Some archeological and .environmental

,imgactscOl,l1d result from. a New Waddell Dam. It also would require the,'>} ',., , "." 13::_:/:(; ";'C'- "- --",' _ ,', !''''_, .. ,:"H1:'\:'i,.:" '. ' .e,:;"i; , , • _y:i<;:~<' '<';:":j:",,-i'!::S__,~,_'; _ ': ' ,,:,,:':(',-, • ','<--, ,,:~ - _ -', - '~"~~:i'" - ,,-," '\~_ .,:" ..y
r~Ioc~t"'--o~ of some\,!;I.?r1.cqpa CouJ$'typatk fas;Lli;\=)_e~an(~T09E>. b~eac1J,of the

'exis tf:n:g:;struc!ury.f'· iii;' .i~, Jr ·t '; >. if;; ";C' < 'i. '~",

New Waddell Dam would be a single-purpose CAP storage facility. It
would not provide significant pood controlon the Salt or Gila Rivers,
although some flood control onthe;Agiti=l Fria River couldbe'provided~
It would have possibilities fot redre~tiona1 develgpment. The structure
would have a total cost of $11$, 892', 000 and an annual cost 'of $4,550,000'.
Estimated benefits are $8,680,000 annually, giving the plan a benefit/cost
ratio for regulatory storage of 1.9.

This alternative warrants further study.

Agua Fria Siphon Site. A daIrt,andreservoir at this site on the
Agua Fria River at the Granite Reef' Aqueduct would have a total storage
capacity of 313,OOO.acre-feet and a. conservation capacity ,of 217,000 Hcre­
feet. The structure would beconstiucted of eart4, with. a height of
200 feet and a length of 11,000 fe~t.'EnvirqJlmental impacts. are minimal,
but several archeological sites worildbe affected.
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Thedgmaxis area was core drilled in 1977. The right abutment
would be volcanic rock overlain.by alluvium. The foundation~ left
abutment; and reservoir areas are all sited on alluvial materials.
Depth of alluvium exceeds 400 feet. Extensive foundation treatment
would be necessary to reduce underflow to safe and acceptable limits.
Severe seepage losses from the reservoir area to the New River drainage
are likely since no bedrock separation between the two channels (Agua
Fria and New River) has been found. Cost estimates for this site include
remedial measures to treat the foundation, but no reservoir lining costs
are included. Local lining materials in the qualities required are
unavailable and cost of lining the reservoir would be prohibitive.
Without these special measures, seepage could be as much as 96,000 acre­
feet annually.

A dam at the Agua Fria·Siphon Site would be a single-purpose
alternative; and would not provide flood control for the Study area.
Total cost has been estimated at $366,728,000, with an annual cost of
$12,920,000. Estimated~benefits are $4,900,000 annually~ giving the
site a benefit/cost ratio for regulatory storage of 0.4.

No further study of this alternative is warranted because of
associated geologic problems.

Calderwood Butte. This alternative for CAP regulatory storage is
located on the Agua FriaRiver downstream from the Granite Reef Aqueduct.
It would be an earthen dam with a height of 165 feet and a length of
5~750 feet. It would impound a reservoir y;rith a total capacity of
115,000 acre-feet and a regulatory capacity of 73,000 acre-feet. No
serious environmental impacts have been identified, although the dam
would impact several archeological sites.

Similar. to the Agua Fria Siphon site, the geologic setting is
largely unconfined alluvium. The depth to bedrock in the vicinity of
the dam axis is not known but could be too deep to allow suitable foundation
design. However, even if foundation conditions were acceptable, the
reservoir area would require lining to inhibit large seepage losses to
the adjacent drainage basins. Prohibitive costs to line the reservoir
are involved.

A dam and reservoir at Calderwood Butte would have few uses other
than regulatory storage and recreation. No significant flood control
for the Study area would be provided. Total cost has been estimated at
$462,908,000, with annual costs and benefits of $16,475,000 and $880,000,
respectively, giving a benefit/cost ratio of 0.1.

No further study is warranted.



58

North Phoenix Flood Contr?lpains,(torCAPregulation) • This
a.~ternative would use threeauthori,zed ,Corps of Engitleers:flood, control
dams north of Phoenix: Cave ButtestD~mon CayeCieek1(YAdpbe Dam on
Skunk Creek, and New River Dam on the 'N:ew River, for CAP Fegul9tory
storage. ,All three, sites would hav¢ t;oberedesignedforCAP use~
Redesign of Adobe Dam for regulator:y ~torage purposes is not,geologically
feasible. If converted to regulato,ry, storage putposes,these darns would
lose their flood control effectiven1ess. This alternative would not
provide fotflood control of tli'e SaltiRiver thpough the Phoenix area.
Conversion of the dams could irnpac~ archeological sites and would have
few uses other than regulatory stor,ag~.

Total cost for the conversion 'of the North Phoenix Flood, Control
Dams (with the exception of Adobe I~arn~wouldbe $228,302,OOO~ with
annual costs of $8,000,900. ,Benefits' from regulatory stopage are estimated
at $2,560,000 annually, resulting ~n a benefit/cost ratio of 0.3.

This alternative does not warJ:!an~further consideration.

Rio Salado Low Dams' (for CAP l1egulation). The Rio Salado Low Dams
alternative relies on three structtlre~on the Salt River between Mesa
and Phoenix to provide CAP regulat~ry' storage., The dams would be located

, near the intersection of Horne and!Thpmas in Mesa, MilL Avenue, in Tempe,
and 48th Street in Phoenix. They wouild be constructed of earth at least
30 feet high. The sites have seripusl geologic problems and would require
reservoir lining to reduce seepage! if, water were to be detained on the
surface. No archeological, envirol,1meintal, ,or historical impacts have
been identified.

ThEiRio Salado I.ow Dams would,not provide flood control and would
themselves require upstream protecfionfromflooding and siltip,g. Total
cost of the dams would be $173,040~OQO, with annual costs, oJ $5,890,000.
Estimated yearly benefits Jor regu~a~ory storageaie$3~530~000, resulting
in a benefit/cost ratio of 0.6. .

The Rio Salado Low Dams, do not appear to warrant further consideration
for flood control or surface regul.ktory storage. Low dams in the Salt
River will be further exploredas •. ~ means of inducing artificial g'('ound-
water recharge through the spreadipgbasintechnique. '

FlorenceDam~ The Florence ])hm! site is loca.ted on the Gila River
about 4 miles below the Ashurs t-Ha&d en DiverSlop,Damand6 miles east of
the town of Florence. The reservo~r t impounded by'the dam would have a
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total capacity of 1l0~000 acre-feet. and a regulatory capacity of 106~000

acre-feet. .It would inundate the pr~sent Ashurst....Hayden structure and
backwater up to the proposed Buttes Dam. Should Buttes Dam not be
built, ·a cOmplete redesign of the .Florence structure would be required
to deal with flooding and sedimentation. Environmental impacts include
adverse effects on riparian vegetation and habitat. Four identified
prehistoric sites also would be affected.

Site geology studies were conducted during 1966 and the summer of
1977. The foundation would be on volcanic rocks overlying alluvium.
Positive cut off through up to 60 feet of overlying channel deposits
would be required. The volcanic rock foundation is estimated to be
about 250 feet thick near the center of the dam, thinning toward the
abutments. Grouting would be used to s~al fractures in the volcanic
rocks. The reservoir area is largely alluvium underlain in part by
volcanic rocks. There is a strong possibility of seepage losses from
the storage pool through and around the right abutment. These losses
could amount to as much as 30,000 acre-feet annually.

As presently envisioned, a dam and reservoir at the Florence site
would provide no downstream flood control on the Gila River. Other
potential uses are quite limited. Total cost of the Florence Dam would
be $95,061,000. Annual costs and benefits amount to $3,510,000 and
$3,030,000 respectively. The benefit/cost ratio for regulatory storage
of the Florence structure is 0.9.

This alternative does not warrant further study due to geologic
problems.

Painted Rock Dam and Reservoir. Some of the water conservation
benefits which might accrue to existing or proposed reservoirs upstream
might also b~ realized if the water that is detained in Painted Rock
Reservoir were put to more beneficial use. The definition and feasibility
of such use warrants further investigation.

B. Structural Alternatives - Levees

A continuous system of flood control levees was analyzed. For
ease of analysis, the Study area was divided into reaches.

Reach 1 (Granite Reef Diversion Dam to Country Club Drive in
Mesa - 11.6 miles). ~is portion of the levee system would have a
capacity of 216,000 ft /s~ although it could be redesigned to handle



. . Reach 4 (48th Stree~ toln~erstat~ l~Freeway - 2. 7 miles) •
ThlS reach would have a capaclty of 290,000\ft Is. It would be constructed
at a total cost of $13,100,000. The ,annual cost would be $968, 000.
Yearly flood control benefits come! to $554,000, giving a benefit/cost
ratio of 0.6. . .

lteach 7 (Salt.;..Gila Confluence to Gillespie Dam-- 35. miles).
This reach of the levee system wou~d iconsist of a single le~ee along the
north side of the river only, with, a icapacity of 290,000 £t /s. Its
total cost would be $12,603,000, wHh annual cOl:)tsof $1,560,000.
Yearly flood control benefits woul~ tieapprQximately $1,140,00Q, giving
the feature a benefit/cost ratio of q.7. Because of strong local
interest in this area, these costs' i.riclude· the assumption that 80 percent
of all reqt,1ired flowage easements-woqld be contributed at no cost to the
United States or the local sponsor~

290,000 ft 3/5. Total cost is estimated at $55,700,000 with annual costs
of $4,117,000. Yearly flood~ontt'~Lihenefitsareexpected to be $140, 000,
giving it a benefit/cost ratio of O.Cp.

Reach..? (Country Club Drtv~ to Pima Road -3.6 Itl~les). The
second reach of levees wOttld have .~ qal?acity .of 290,000 ft· /s • Total
cost of this portion of the systemJwquld be $17,500,000. Annual costs
and benefits are estimated at $1,2$3,jOOO and $168,000, respectively.
The benefit/cost ratio for flood ce;,ntrol is estimated atO.l.

Reach 3 (Pima Road to 48th ~treet in ~hoenix - 4.0 miles).
This reach would have a capacity of 290,000 ft Is. TotaLcost is estimated
at $23,800,000, with an annual C()S~ df\$1,758,OOO. Yearly flood control
benefits would amount to $734,000.- The benefit/cost ratio would be 0.4.
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Reach 6 (35th Avenue to the Gila River Confluence - 10.7
miles). This reach of the levee sY$temwould haye a capacity of 290,000
Its total cost would be $52,000,000, !withannualcosts of $3,842,000.
Yearly flood control benefits would 4mount to $295,000, giving the
feature a benefit/cost ratio of 0.1. '

.........,Reach 5 (:Lnterst:.at~ 10 Freeway t03.5th.~x.~).1Jie., ~.9 miles).
T.hl..·.·.•..s p.or~ion .. of l.ev.'.•.·.~..·..·.e..s..·.wou.ld.· iI.a..·. ve a.'.. · c;aP..d.·c..·...l.·.. L.y. 0.' 1..".' 29.'.0, 0.00. £t.. ·.· /s........ The.iT\':,. ' ".- .$.:, -', '. ,,:}~C-'-_'> ,"., -',' ,,' -.. ',_-,i" "";::', ,-::;'_" :', :">-/·"~-'i."; _'. '",.', ,_.,', - -',_. : ,"': ,',," ',,""', , " ',', '

.t<it~l cof~t . is. es tilll,ateda tf' $,(J.9'';50~ ~.ft.gq4~rw~tl1\year ly cos ts·'.'amountirig to
$2,475,000. Annual benefits wouldicometO $1,689,000. The total flood

-control benefit/cost ratio would be d.7.
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Levees along the Salt-Gila Rivers appear.to be economically
unj~st:lfiedasatotal solution to the flood problem and wHlnot receive
furth~rcons.id§rationexcept in Reach 3, Reach 4, .Reach 5, Reach 7, and
in certain localized dalllage areas. such.as Holly Acres and Buckeye/Allenville.
Even though the benefit/cost ratio is below 1.0:1.0 in Reaches 3, 4, 5,
and 7, it should be noted that damage in the 1978-1979 floods was about
three times greater than the estimates used in the preliminary analysis.
In addition, releases from upstream reservoirs may require some easement
on rights to lands fl90dedbysuch releases. Levees should be considered
in combination with reservoirs to reduce such requirements. Levees. in
these reaches warrant further consideration.

C. Structural Alternatives - Channels

.Several channel configurations were analyzed for flood control
purposes •. The most feasible· section generally was a trapezoidal shape
with rivetted side-slopes and natural bottom. The river was divided
into various reaches for analysis, as was done for levee analysis.

It should be noted that different design criteria are used for
determining channel capacity than were used for levees. Levees are
normally designed to pass the Standard Project Flood safely, whereas
channels maybe designed to a much smaller capacity. The rationale for
this practice is explained in the analysis of the consequences of overtopping.
In the case of a levee system, overtopping would probably result in
failute with catastrophic resul t_s. In the case of a channel, overtopping
would not impair the operation of the channel, and.it would be expected
to reduce flood damages even though the actual flo\v ,?xceeded its capacity.
The channel capacities noted below are preliminary and are intended to
approximate the optimum size from a benefit/cost viewpoint. In those
reaches where further study is warranted, a full range of capacities up
to the StandardProj~ct Flood flow \.,i11 be investigated.

Reach I (Granite Reef Diversion Dam to Country Club Drive in
Mesa - 11. 6 ~iles). The first reach of channels would have a capacity
of 30,00q ft ! s. Total cost ,wuld be $27,380,000. Annual costs and
benefits are $2,023,000 and $116,000, respectively. The benefit/cost
ratio for flood control is estimated at 0.06.

Reach 1. (Country Club Drive to Pima Road - 3.~ miles). This
portion of channels would have a capacity of 30,000 ft Is. The total
cost W'ould be $8,497,000, with annual costs of $628,000. Annual flood
control benefits would be $81,000,. giving this reach a benefit/cost
ratio of 0.13.
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~each 1. (Pima Road to ~8~~Str:eetln P~oenix -4. 9 miles).
This secHan would have a capacl.JY,iof 30,000 ft/s. Its total cost is
estimated at $11,567,000. Annual:co~tsandbenefits would be $855,000
and $366,000, respectively. The b~nefit/cost ratio for flood control is
0.43. . .

Reach i (48th Street to I~tetstate 10 Freeway - 2.7mijes).
The fourth rectch of channels would:haye a capacity of 40,000ft Is.
The total cost is estimated at $6, ~88',000. Annual costs are $509,000,
and annual benefits from flood control·amount to $297,000. The benefit/
cost ratio is 0.58.

Reach 5 (Interstate 10 Freew:ay to 35th Avenue - ~.9 miles).
The capacity of-this reach of chariIjel!swould be SO, 000 ft Is. The total
cost is estimated at $19,215,000. ! An:nual costs and benefits would come
t6$1,420,000 al1d $1,150,000, respect!ively. The benefit/cost ratio for
flQod control is 0.81.

. Reach .§.(35th Avenue to t~e IGila Confluen§e - 10.7 miles).
Thl.s reach of channels has a capacl.ty of 30,000 ft /s. Total cost would
be $25,260,000. Annual costs arepr~Jected to be $1,866,000, and annual
flood control benefits ,.,ould be $1~8,!000. The benefit/cost ratio is
0.07. . .'

Reach 2. (Salt-Gila. Conflu~ndeto Gi113spie Dam - 35 miles).
The capacity of the channel would be 50,000 ft Is. The total cost is
estimated at $76,000,000. Annual b()s~s and benefits are estimated at
$5,000,000 and $680,000. The benefit/cost ratio would be 0.1. The
existing Gillespie Dam would limit! the effectiveness and feasibility of
channels in this reach. AlthoughJna~y comments were rec,eived endorsing
a channel in Reach 7, it wassubsef:ruEi-ntly determined that there is no
reasonable expectaUon for the beJlbf~t!cost ratio to increase sufficiently
to develop a justified project, an~thata single levee would provide
adequate protection if its feasibi~itycanbe demonstrated. Therefore,
the channel in Reach 7 waseliminaited during Stage I in favor of a
single levee and channel clearing.' ;

A continuous systetn of ch:an1;1els on the Salt-Gila Rivers through
all seven reaches for flood coptrolpurposes appears not to be justified.
Continued· study. of channels ()f yariious .• copfigurations in Reaches 3, 4,

. I,' .', " ,

and 5 does appear to be warranted,! again due to experience during 1978-
1979 floods when actual damagesg~ea~lyexceededprevious projections.
Also, the possible requirement for flowage easements and the extent to
which channels may reduce the.se e~sement-s should be analyzed.
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D. Structural Atternatives -Chapnel Clee;tring

The authorized flood control project (1957 Survey For Flood
Control, Gila and Salt Rivers, Gi11espieDam to NcDowell Dam Site,
Arizona) includes clearing of phreatophytes from the riverbed~create
a2,000....footfloodway from Gillespie Dam to Granite Reef. Dam. This
portion.ofthe authorized project has not been implemented because of
adverse environmental effects that would be unavoidable.. Although the
project was justified economically at the time, with a benefit/cost
ratio of 1.98, the methods for computing cOStS and benefits have changed
significantly since 1957, and most of the phreatophytes above 23rd Avenue
have disappeared. However,.· reevaluation of .the channel clearing project
appears warranted.

E. Non-Structural Alternatives

Water Exchanges. The concept of water exchanges envisions
storing imported CAP water in existing reservoirs for regulatory purposes.
The Salt River Project and Maricopa County Water Conservation District
No.1 have been determined to be the only water supply agencies in
central Arizona with the capacity of ef£ectinga water exchange program
for regulatory storage with the CAP. Exchanges with the San Carlos
Project were not considered in this context because they are already
assumed in the operation of the proposed Buttes Dam and Reservoir and
will be addressed in planning studies. Proposed exchanges could be
related to an enlargement of Roosevelt, Horseshoe, and/or ~\1adde1l Dams,
or carried out using existing facilities. No geologic problems have
been associated with this alternative; however, an evaluation of the
existing Waddell Dam will be required to determine if the structure
meets Federal standards. Increases in reservoir sizes related to water
exchanges could impact eagle nesting areas, riparian habitat, and archeological
sites and could cause an alteration in downstream seasonal flows. Flood
control problems might also be increased.

The cost of implementing a water exchange program can vary from
minor contract expenses up to $40,000,000, depending on extent of the
programs and modifications to existing facilities. Regulatory storage
benefit/cost ratios, therefore, range from negligible to 10. This
alternative warrants further study.

Salt River Flexible Operational Criteria (SRFOC). This is a
concept of operating the existing reservoir system on the Salt River so
as to optimize water conservation ~md flood damage reduction. The
concept involves flexible operating criteria and may include any or all
of the following:
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Sophisticated runoff fo~e4'a'sting capability.
,

... Improved monitoring of P"a~ershed conditions.-

Designation of flood cointt-ol space which varies according to
season and watershed conditions.

Modification of the wat;eroutlets of the existing system.
, I

Use of the SRFOC would decrease dOW1str~am releases of water from the
system, lessen flood damages and increa,se utilization of the Salt River
floodplain. Impacts on floodcont~ol~waterconservation, hydropower
generation, recreation, and fish a~d vildlife habitat must be evaluated.
This alternative warrants further~tudy.

: !

Floodplain }1anagement Mea~t1r¢s. These non...structural alternatives
to flood control and mitigation of iflood damages involve:

1. Floodproofing - ialterati.on of existing and future
development by such means as floodwaHs, small levees, tempora.ry closures
on openings, raising structures, and removal of structures and/or their
contents.

2. Floodplain acquisi,tion - the purchase and removal of
existing structures from the floocipla,ttn.

3. Floodplain regu1atii-on - use of regulations to lessen
flood damage.

4. Flood warning -igilving advance warning of impending
I' '

flooding to effect the removal of l?eo!ple and damageable property.

5. Bridge .constructio;n- construction of bridges of
sufficient capacity to pass flood flows, would reduce traffic delay costs
experienced during floods. ' ,

, '

These measures do not per1:a~n to the regulatory storage question
I I

and will not compl,e, tely solve floociproblem"s, but might be Justified in
.... ! . i ...

combination with other alternative$. ' For this reason, further study is
warranted.

F. Artificial Ground-water R~charge

This concept incorporates[ s~ruc'tural measures and operating
criteria to increase the amountofi s~rface water that reaches ground­
water reservoirs. Preliminary con~ideration of the spreading basin

I
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method of artificial ground-water recharge during the Corps Phoenix
Urban Study and Stage I of th;ls Study indicates that further study is
warranted. Employment of this technique would allow flood waters or CAP
waters to be introduced into ground-water reservoirs.

Physical characteristics of the Study area would limit the
recharge rate. The art of ground-water recharge is not highly developed
and would require additional study. Aritificial ground-water recharge
is not in and of itself a solution to either the flood control problem
or the regulatory storage problem. However, it may be incorporated with
other measures to arrive at the best solution. This alternative merits
further consideration.

G. No Action Alternative.

A "No Action Alternative" will be developed to assess future conditions
in the Study area if no action is taken to provide either flood control
or regulatory storage. The importance of an accurate assessment of
these conditions, based on carefully weighed assumptions, cannot be
overemphasized. It is against this scenario, not against present
conditions, that all aiternativeswill be compared and evaluated •

The No Action Alternative will assume operation of the CAP
without benefit of regulatory storage. The system then would include
only the CAP Aqueduct and Buttes Dam and Reservoir. Since the No Action
Alternative assumes no additional federal flood protection for metropolitan
Phoenix, the area would be subject to flood damages, loss of life, and
disruption of vital services. Future development of the Salt River
floodplain also would be limited under the No Action Alternative in
accordance with Federal Insurance Adminstration regulations.

In Stage II and III of the Study, a number of plans will be
formulated by combining the above list of identified alternative components.
In qrcler to achieve Study objectives, these component systems shall be
measured against the No Action Alternative; analyzed for economic,
social, safety, and environmental impacts; and tested for ability to
in.terface with, facilitate or enhance fish and wildlife resources,
recreat;lon opportunities, ground-water recharge, hydroelectric generation,
the proposed Rio Salado Project, and water conservation. The following
section, PLAN OF STUDY, describes this process.
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III. PLAN OF STUDY

The Stage I Study Results section just concluded -described observations
made and work accomplished prior to publication of this report. From
this point forward, a Plan of StudX will be presented which is designed
to resolve the stated problems and needs,taking into account previous
studies, current plans, desires expressed by the public, and preliminary
assessments of the most feasible alternatives.

Planning Objectives

The Bureau of ReClamation and the Corps of Engineers (the Agencies) are
guided by Principles and Standards for Planning Water and Related Land
Resources, prepared in 1973 by the Water Resources Council under authority
of the 1965 Water Resources Planning Act. These guidelines require that
federal and federally-assisted water and related land planning have
"National Economic Development" and "Environmental Quality" as equal
national objectives.

To. meet this requirement, therefore, plan formulation will be directed
toward meeting current and projected needs and solving problems identified
by the public in such a manner that progress can be. made toward achieving
society's preferences for national economic development and environmental
quality. Also, a system of public information accounts will be established
that displays beneficial and adverse effects on regional development and
social well-being and provides a basis for comparing alternative plans.

The Principles and Standards as applied to this Study require that all
monetary, environmental and other costs and benefit~ of the alternatives
will be considered. Planning objectives specific to the Study will be
consistent with national objectives so that each alternative can be
measured against the same standards.

Initially, twelve planning objectives have been adopted subject to
review and modification through the public involvement process. It
should be noted that the authority for this Study is derived from Public
Law 90-537, which authorizes construction of Orme Dam and Reservoir ora
suitable alternative. Therefore, plans developed during this Study must
meet the dual purposes of CAP regulation and flood control.

Study Objectives:

A. Increase efficiency of the Central Arizona Project by providing
regulatory storage capacity in central Arizona.



I

t' ,

K. Improve management and priesftrvat;ion of unique archeological and
historical resources.

i

J. Take advantage of opportun!it:Les to. improve the manageme l1 t and
protection of open space, and to i;nctease its extent.

:

E. Take advantage of opportupities for hydroelectric power production.

F. Take advantage of opportu/:liii~s on the Salt, Verde, and Gila
Rivers to enhance the quality of the Ienvironment.

!. ,
I' "!

I I

G. Take advantage of oppot'tl.1n'itH~s to enhance the social well­
being of the Fort McDowell Indian )Co~munity.

H. Enhance recreational oppolrt~n:i.ties.

I. Improve water resource maba~e~ent and encourage conservation
r i

measures.

D. Minimize power cOllsumptio~.!
!!

I
~
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Decrease flood damages alpng,the Salt and. Gila Rivers between
Reef Dam and Painted Rock pa~,' and the aguft Fria River below
Dam.

C. Increase conservation of waters emanating from the Salt-Verde
watershed.

B.
Granite
Waddell

L. Conserve and enhance fish! a~d wildlife resources.

The Planning Process

In order to conduct the Study effiJci~ntlY, a three-stage process has
been established by the Agencies. ;

STAGE I PLAN OF STUDY is the. phase we are in now. STAGE I efforts
include identification of problem~ ai'td neEads .in the Study area, estab­
lishment of broad planning object~vei3,del:i:neationof public concerns,
and formulation of a management'prrogram for conduct of the Study. A
wide array of plans is developed. r Fpllowing a preliminary assessment,
decisions are made and unsuitableialternatives ,are eliminated from
further study. The PLAN OF STUDY,] p4hJishedat the conclusiort of STAGE
I, contains alternatives warranti~g ~ore detailed evaluation and describes
the Plan of Study to be followed, !iu¢luding the estimated Study cost
and schedule.

I
I
I
I
I
I·
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STAGE II DEVELOPHENT OF INTERMEDIATE PLANS illcludes detailed assessments
of geology ; hydrology ,hydraulics ,costs, structural designs, and
institutional analyses. More detailed environment?l assessments, social
and economic studies are also conducted. Non-viable plans are eliminated
in STAGE: II and a limited number of plans are recommended for further
detailed study in STAGE III. STAGE II concludes with a thorough review
of findings by the Agency staffs and the general public.

STAGE III DEVELOPMENT OF DETAILED PLANS includes modification of plans
and designs based on economic, engineering, environmental, and social
concerns disclosed during STAGE II review. Emphasis is placed on a more
thorough evaluation of proposed plans and upon implementation arrangements.
Near the end of STAGE III, draft planning reports and environmental
statements are published and circulated for review and comment. Finally,
the Regional Director of the Bureau of Reclamation and the District
Engineer of the Corps of Engineers recommend a plan for adoption. Final
planning reports and environmental statements are then submitted to the
President and Congress.

Laws and Regulations

Numerous public laws (P.L.) and federal regulations guide the Bureau of
Reclamation and the Corps of Engineers in project planning. Requirements
contained in the documents chronologically listed below lV'ill be met when
applicable to plans under consideration.

The Reclamation Act of 1902

P.L. 59-209, Antiquities Act of 1906

P.L. 240, Leavitt Act, July 1932

P.L. 74-292, Historic Sites Act of 1935

P.L. 74-738, Flood Control Act of 1936

P.L. 75-761, Flood Control Act of 1938

P.L. 260, Reclamation Project Act of 1939

P.L. 78-534, Flood Control Act of 1944

P.L. 85-624, Fish and Wildlife Coordination, August 1958

P.L. 86-~23, Reservoir Salvage Act of 1960

P.L. 89-72, Federal Water Project Recreation Act, 1965

'1
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P.L. 89-655 National His.toriC Pre'servation Act, 1966

P.L. 90-537, COloradoRiver~asfnProjectAct,September1968

P.L. 91-190, National Envirorlmeptal Policy Act, January 1970

P.L. 91-611, River and Harbo~ apd Flood Control Act of 1970

Executive Order 11593, Protedti~m and Enhancement of the Cultural
!

Environment, 1971

P.L. 92-500, Federal Water Pqlltrtion Control Act Amendments of 1972
,

P.L. 93-205, Endangered Species! A~t of 1973 as amended
! !

Council on Environmental Qua~ityGuidel:ines for Statements on
Proposed Federal Actions Affecting the Environment (38 Federal
Register 20550), August 1973 i !

I ':

Water Resources Council Prinqip~es and Standards for Planning Water
and Related Land Resour~es qa federal Register 24778), September 1973

P.L. 93-291, Archeological arid 'tiistoric Conservation Act of 1974

P.L. 93-251, Water Resources ,Development Act of 1974

P.L. 93-502, Freedom of Informaition.,Actof 1974

Executive Order 11514, Proteqtipn and Enhancement of Environmental
Quality,March 1976 i

Executive Order 11988, Flood iPl~in Management, May 1977

P.L. 95-95, Clean Air Act AmJndwents of 1977

P.L. 95-45, Glean Water Act Amendments of 1977
! '.

President Carter's National Yfat~r Policy Statement, June 6, 1978

Council on Environmental Qualit~, National Environmental Pelicy
Act, ImplementationofProcedur~lProvisions;Final Reg\llations,

0," .-1,-1'
(43 Federal Register 5597a),iNorvember 29, 1978

P.L. 95-632, Endangered Species! Act, Amendments of, 1978

I.
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Study Management

The Study will be accomplished by persortnel of the Btireau of Reclamation '8

Arizona Projects Office and the Corps of Engineers Los Angeles District
Office with assistance from contr9:ctors, a Technical Agency Group (see
Public Involvement section for membership listing) ,and other Agency
staffs such as the Bureau's Engineering and Research·Center and the
Corps Hydrologic Engineering Center. Information developed by the Study
will be presented to the Bureau's Regional Director and the Corps District
Engineer for review. The Community Advisory Board will also comment.
In the final analysis, however, the Regional Director of the Bureau of
Reclamation is accountable·to the Executive Branch and. Congress for
fundsm9:de available to the Study. Figure 3 shows these relationships
schematically.

The Study involves several levels of management, both internal and
external to the two Agencies involved. The Bureau of Reclamation maintains
primary responsibility for policy, technical studies, and designs for
water conservation components or structures. The Corps of Engirteers
responsibilities ertcompass these same factors in relation to flood
control measures. Coordination between the Agencies will occur at the
local level to assure continuity and adherence to the program schedule.

An Agency Program Manager has been designated by each Agency to control
internal processes and effect coordination between local offices.

Responsibilities of the Agency Program Managers are:

A. Prepare work schedules and task assignments; identify deadlines,
funding requirements, and personnel needs; and monitor costs.

B. Conduct public involvement program.

C. Solicit assistance and cooperation from other agencies.

D. Coordinate Agency activities to aSsure adherence to established
schedules.

E. Identify appropriate tasks for outside contractors and insure
that work performed under contract is satisfactory.

F. Prepare progress reports for the Bureau, Corps, Technical
AgericyGroup, and Community Advisory Board.
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The Los. Angeles District, Corps of Engineers, and the Lmver Colorado
Region, Bureau of Reclamation, will provide policy guidance for conduct
of the Study consistent with the Memorandum of Understanding.

In addition to coordination hetween the Agencies, technical coordination
will be required \vith many other federal, state, and local organizations.
A Technical Agency Group (TAG) has been formed for interagency cooperation
and coordination. The function and membership of the TAG are discussed
under Public Involvement.

Contractors will be retained by either Agency as required. The Contract
Officer for each contract will be designated by the originating Agency;
contract scopes will be structured to serve the needs of both Agencies
where feasible. For example, the Bureau will award a contract for
environmental assessments required by both Agencies, and the Corps will
award a recreation planning contract to meet the needs of both Agencies.

Study Scope

The Study will follow a three-stage planning process as previously
described. The first stage, PLAN OF STUDY,is concluded \vith the publication
of this report. The remainder of the Study consists of STAGE 2 DEVELOPMENT
OF INTERMEDIATE PLANS and STAGE 3 DEVELOPMENT OF DETAILED PLANS. The
following section briefly describes the variouS-engineering, environmental,
socio-economic, and institutional analyses to be undertaken during
Stages 2 and 3. Specific features to be studied are listed in Table 10.

A. Technical Studies - Corps ~ Engi~

1. Hydrologic Studies

Required Tasks:

a. Review and evaluation of previous hydrology studies on
the Salt and Gila Rivers and documentation.

b. Determine meteorological and flood runoff characteristics
for the Salt River, the Gila River from its confluence with the Salt River
to Painted Rock Dam, and major tributaries to the Salt and Gila Rivers in
the Study area.



NOTE: Artificial groun(j-waterr~clj1arrge,hydropower generation, recreation,
and· fish andwil(jlife habit*t ie'1hancement will also be studied in
relation to the above featutes' in various combinations.

SPECIFIC S:TuJ!rYFEATURES

Non-structural Flood Damage
Reduction Measures (Floodproofing,
Floodplain Acquisition and Regul~tjjon'J

Flood l~arning Systems)
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. Functional purpose
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Flood
Reduction

New Waddell Dam

DAMS

Modified Roosevelt Dam

Modified Horseshoe Dam

Cliff Damsite

Tangle Creek Damsite

Features

Confluence Damsite

Channel Clearing (23rd Avenue to
Painted Rock Reservoir)

I

Channels (Pima Road to 35th Avenue)

Levees (Pima·Road to 35th Avenue,
Holly Acres, Salt-Gila Confluence
to Gillespie Dam)

Water Excqange (Salt River Project,
and Lake Pleasant)

Salt River Flexible Operational
Criteria (SRFOC)
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c. Determine peak d~scharge, volume frequencies, and estimate
of sediment at daIIlsites.

d. Determine Standard ProJect Flood (SPF) and probable maximum
floods at damsites a.nd downstream areas.

e. Determin~ flood routings under existing conditions and
under various alternatives; determine residual flows with various alternatives.

f. Determin.e water conservation yields for various dam
alternatives on the Verde River.

g. Coordination lVith the Bureau of. Reclamation and other
agencies.

h. Conduct dendrochronological study to estimate prehistoric
hydrograph and prehistoric flood events.

2. Hydraulic Studies

Required Tasks:

a. Analysis of existing channel capacities •

b. Delineation of overflow areas.

c. Hydraulic design of single and multipurpose dams on
the Verde River.

d. Hydraulic design of channels, inclUding greenbelts.

e. Hydraulic design of levee systems.

f. Hydraulic design of non-structural alternatives.

g. Hydraulic evaluation of channel clearing.

3. Engineering Design and Cost Studies

Required Tasks:

a. Structural design of flood control features,including
dams, channels, levees, and greenbelts.



5. Foundation and MaterialS Investigation

Required Tasks:
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Perform geophysic~ltexplorations(refractive) of the
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i

Engine~ring desig* and cost studies fo~noQ-$tructural
!

Determine costs of~ights-of-way, easements, severence,
!

Determine quantity a;nd cost estima.tefor a.Unood control
'i· ..

'I

!

a. Detennine eXistin~~nd proposed land uSeS.

b. Evaluate eXisting1a~d projected values of lands subject to

Required Tasks:

d. Design of dam embankIIl~nt sections arid levee sect.ions~
; I
~ .:. i

Economic Stud.ies of Floqd, Contro.! Alternatives
)- -. :

i

e.

b.

d. 'Delineate require<;l~ights"'of-way.
i

c.

6.

flooding.

Required Tasks:

b.
Verde damsite13.

c. Perform foundatioh and materials investigations for the
channel levees andgreenbelts.

a. Limited surveys t?~btafn overflow data.

b.Limited surveys f9I' ireservoir design.
: .

I

4. Surveying and Mapping,

:

a. Provide personnel! tq oversee and coordinate foundation and
ma.terials investigation withthe_Bur~atiof Reclamation for damsites under
study on the Verde River. i

NOTE: Engineering design and cost:s~udies will determine separate costs
for all flood control features.

and damages.

features.

•alternatives.
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c. Determine expected damages from future floods over life of
the project.

d. Assist in identification of the National Economic. Development
Plan from alternatives.

g. Compute benefit/cost ratios for alternative plans.

e. Compute annual charges from first costs and future costs
for alternative plans.

f. Estimate annual benefits accruing to alternative plans.
(Anticipated benefits include flood damage reduction, savings in cost of
fill, location benefits, employment benefits, recreation benefits, and
water conservation benefits.)

Manage socio-economic portion of Bureau's contract.

Recreation Studies

Required Tasks:

h

7.
I
1

I
I
1

.
I

a. Evaluate characteristics of recreation market- areas,
including p-resent population and population trends.

1

b. Determine present and probable future recreational use
in the Study area.

c. Preliminary design of rec.reational facilities for those
feasible alternatives that can accommodate recreational development.

d. Determine recreation costs and benefits.

e. Select recreation plans that are consistent with current
policy, economically feasible, and desired by local interests.

8. Environmental Studies

1
Required Tasks:

a. Manage Bureau's environmental contract.

-I b. Coordination with Bureau.

I
I

"

I



Study area.
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Required Tasks:

10. PhreatophyticGrowth4s~e$smenton Salt and Gila Rivers
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Evaluate combinJI.t:l_o~sof~tructtiral';~ffia non-s'tructural
,)L:( ;...)~. ·flfD}~~~f:;;:;,.~t~?,j "AVi

Describe methods 9f ,control a1)d cle~ri1)g oI phreatophytes.

Document the effe~t~ phreatophytes hav~ontherivers'

Ii
Evaluate current hdod insurance. programs.

} !

b.

h

d.

c.

9. Non-structural AnalYs~s

Required<Tasks:

i

a. nocument the invasfQnof the phreatophyte$into the

c.
geomorphology.

d. Develop' future scenB'rios of how the phreatophytes wfH
I I

affect or be affected by the No Actiqn Alternative.

f. Evaluate modifying ~xfsting bridges to handle larger
f lows or building n~w bridge$. . I

measures.

I :

g. Evaluate flexibleiop!erating criteria for the existing
reservoir system or for new reservo/i~s.

e. Evaluate existing 'fl!oodwarning systems and possible
), i'

improvements to these systems.
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B. Technical Studies - Bureau of Reclamation

1. Hydrologic and Hydraulic Studies

Required Tasks:

a. Determine flood runoff characteristics.

b. Determine peak discharge and sediment production.

c. Detennine inflow design flood.

d. RevIew and evaluate existing data.

e. Develop hydraulic design data.

2. SurVey and Mapping

Req1,liredTasks:

a. Set control for topographic mapping.

b. J)evelop topographic maps for all damsites.

3. Geologic Investigation

Required Tasks:

a. Review and evaluate existing data.

b. Location and evaluation of embankment materials.

c. Exploratory boring to determine foundation suitability.

d. Geologic mapping.

e. Seepage evaluation.

4. Economic Studies

Required Tasks:

a. Develop benefit/cost ratio for alternative plans.

b. Update benefit values to current levels.

c. Assist in arraying National Economic Development
alternative.
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Required Tasks:

5. Contract Studies
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Social studies.

Economic/demographic studies.
I

Design and aid in ~ollduct of .public involvement program.

CAP operation studies.
!

I. i
Water exchange stuqies.

Hydroelectric powe~ generationp6£ehHalsiudies.

Water conservati(i)nlstudies.

Requited Tasks:

Environmental st~dles.
i

b.

a.

c.

d.

Required Tasks:

a. Develop design dkt~ package t

b. Preliminary desikniof features.

~ i

d .F~asib~.~i ty Ig~sik!1!o.f, fe,atures.
,
i.:,;

e. Feasibility c()stfof features.

i
c. Prelimin8ry costio~ features.

a.

b.

c.

d.

6. Design 8ud Estimates:

7. Operation Studies

C. Study Management Program,.,,;" :Bureau and. Corp$

Required Tasks:

Project Management - Theimainagementof all Study activities
includes scheduling, budgeting, w~rk1 assignments, coordination,>and review
so that manpower, ~oney, and timeiar~'used in an efficient manner. Reporting

I
•
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on Study progress and briefing pf higher authority are a part of this
t:;esponsibility.

Coordination and Public Involvement - This includes coordinating
Study activity with other interested. citizens, groups, and agencies •.
Preparation for and follow-up on public meetings, workshop meetings, and
Study presentations to interested groups is a part of this task.

• Impact Evaluation -This will require evaluating all significant
economic, social, environmental, and institutional changes associated with
each alternative plan. It includes evaluating the National Economic
Development and Environmental Quality alternatives for each site.

Preparation of Reports - This includes the preparation of texts,
tables, plates, graphics, typing, and reproductdonof Study documents,
such as this PLAN OF STUDY, Stage II documentation, the draft survey report,
draft planning report, draft environmental statement, and the final survey
report, planning report, and final environmental statement.

D. Assistance FrOm Other Agencies

In addition to providing consultation and advice, the following
two agencies will be asked. to p.rovide specific work:

1. Salt River Project

Evaluate hydroelectric power generation potential of each
reservoir site.

2. U.S. Fish and Wildlife Service- --- -- -"';;;-""'---- ----
Review environmental impacts of all plans and recommend·

appropriate loss prevention, compensation, mitigation, and enhancement
measures, and if ne~essary, provide consultation as required by Section VII
of the Endangered Species Act.

E. Unresolved Issues

As technical issues arise during the Study for which the Bureau
and Corps have differing criteria, resolution will be at the lowest possible
level. For example, the following unresolved issues are discussed below:
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Spi1lwayDesigrt. !nf1.o~des~gn floods computed by the. Bureau
apd Corps maYY9ry~~gp.tf~catlt.1Y:j~e, Corps may .d~~Jgn a.t;l.gm and spi1ltva,y
und~rthe CAPauthor~ty whicheventu~llymaybeconstr;u.ctedbythe BureCi,u.
A tentative solutionis thattheqorpsdesign spiHways'.fQF, Verde River dams
while the Bureau design Orme, Grartit~Reef, Roosevelt, and New Waddell Dams.

i

Discount Rate. The CAP ajnd: the Corps Salt River channel improve-
ments are authorized at adiscountj r~te of3~ percent, whereas the current
rate for plan formul~ti?n is 67/~iPercent• The .Studyaddre'sses alternatives
to both authorized projects,. altho:ug* no decisionhCis been made as to
whether the authorized or current iratesshouldbe used to evaluate
alternatives. It is tentatively plla*ned to display annual costs based
on both discount rates. ' !

, ,

AuthorJty to Constl:'uct~ Authorization for .. the'S",,-PinclttdesOrme
Dam or a suitable alternative •.. Th~ ~utcome~f this Study may propose a
plan with features not authorized by j theCAPauthorizinglegislat.ion
(P.L. 90-537), such as a dam upstr~at1t on<the Verde River>and channelization
of the Salt River. Which Agencywputd seek funds and authority to
implement such a plan remains uncl~a*.

Public Involvement

Pu't>lic involvement is a term which, has many definitions. Itisappropriate
. at this stage in the Study to delipe~tePublic involvement objectives and
investigate options to>i.mplement the~e objectives.

The major objecti.ve of the publ:kJnyolveIllent program is to provide
timely information to the publicsb ~hatindividualsmay. participate in!- >.' ,,-...' "'- --. '.',;-,' ',. - " - -,
the planning process. This object~v~ requires thatinformati,on be '
generated through the public inV'olye~ent programs in such a manner that
the planning process ca,n beresp()nhi~e.to public needs and preferences.

Due to the previous contioversYreka~di.rtgOrme Dam and recent flood
problems,. a greater .. level,. 0t pUbli~>interesteXists in~his.Studythan
in a typical 'planning study•. The~u~l:ic dividesitselft:la,turCillyinto
four levels of interest according Foithe way a proJect is perceived~
Certain sectors of the publi.cwiJHb~ satisfied with an information~

educational Program. .On the.lowesf·ilnter~st level people have .a !tneed
to know" attitude but feelirtmanyic~sesthat the project will have
little effect on.them personally.: Oq the next interest leyel,individuals
have, definite opinions,.espepially!on; issues whi.ch directly affect their
lives, but they rnaY not have the tim~ or technical expertise to make
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a.contribution to the planning process. BeYond this level is a group
q£.qbQut .100-150 indiv.iduals who . are professional representa.t:ives of
Federal, state, and local government agencies whose job responsibilities
cover subject areas potentially affected bythis·Study. This group also
includes those with a direct stake in the outcome of the Study, such as
water users groups, environmental organizations, recreation clubs, Indian
tribes, and landowners~ Finally, at the highest interest level are the
community leaders. These individuals have a special t;"ole in a public
involvement program beca.use they are able to focus and articulate needs
and concerns of their constituencies. These public involvement levels are
shown schematically in rigure 4.

The public involvement program should satisfy information needs at all four
levels of public interest. It also should facilitate the involvement of
individuals in the Study process.

The lowest interest level or passive public should be approached with
:i.nformation program techniques, including a regular newsletter, brochures,
newspaper articles, and television coverage. Since these individuals
provide little direct feedback to the Study, the effort expended on these
acfiyities should be .limited. On the other hand, itisimporiant to
remember that media coverage is the only means available to reach some
sectors of the public.

The more active public desires invOlvement in the process and has opinions
it wants heard. Interaction techniques, such as organized public meetings
and workshops, are effective. Meetings should be timed to coincide with
critical decisions and not held too frequently. The following schedule
of meetings and workshops has been established:

1. Introductory meetings were held in January 1979 to explain Study
objectives and encourage participation in the Study process.

2. A series of workshops beginning in June or July 1979 to focus
on problems and needs of the Study area and to review preliminary alter­
natives and solicit public comment.

3. A public meeting and workshop session near the end of Stage II
to focus on intermediate alternative plans and solicit public COmment.

4. A public meeting and series of workshops near the middle of
Stage III to discuss the preferred plan and to explain the rationale
leading to its recommendation.

5. A public meeting following release of the draft environmental
statement to explain. that document and answer questions.



;

FIGUREr 4

LEVELS OF PUBLIC INTERESTr~p~A.N FORMULATION
!

Expert
Public

Active Public

Passive Public

Public Involvement
Progratns

Community Advisory
Board Activities

Meetin8S,
Workshops,
Slide· .shows

Newsletters,
Television,
Press Releases,
Newspa~~rage7
Brochures
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In addition to meetings and workshops. slide shows will be made available
for pr~en,ta,tj,OXl .to interes ted organizations.

The expert publiC can provide a great deal of technical information to
the Agencies. Governmental bodies and water users groups can produce
technical studies useful to the Agencies in areas where they lack expertise
or are required by law to coordinate with certain agencies.

The expert public will be organized as the Technical Agency Group (TAG),
which will meet periodically during the Study and will interact with the
Agencies on a continuous basis. Specifically, the TAG will:

1. Assist in the collection of existing information and develop
new data.

2. Review and analyze information.

3. Assist in plan formulation •

4. Participate in public workshops and meetings.

Membership in the TAG will be adjusted by the Agencies during the Study.
Tlje>T.i\G maybe organized into disciplinary subgroups such as fish and
wildlife, recreational and cultural resources, water resources and uses,
flood control, and power and engineering. Subgroups could be standing
committees or ad hoc, in which case they would organize to perform certain
tasks. In general, subgroups would provide data to the TAG as a whole
for consideration.

The following individuals and agencies have been requested to participate
in the Technical Agency Group:

Federal Asencies

,wAdvisory· Council on Historic Preservation
Mr. Walt, Denver, Colorado

Army Corps of Engineers, Los Angeles
District Engineer: Colonel Gwynn A. Teague, Los Angeles, California
Will Worthington, Phoenix, Arizona

Bureau of Indian Affairs
Area Director, Phoenix, Arizona



Bureau of Land Management
State Director, Phoenix, A17izona

Bureau of Mines
Chief of Intermountain Field Oper~ti~ns Center, Denver, Colorado

Department of Agriculture
Soil Conservation Service, Phoeni~, ~rizona

i

Department of the Interior
Fish and Wildlife Ecological Servilcei
National Park Service, Southern A~izpna Group

i,
Environmental Prot~cti()n Agency ; ,
Arizona Branch Chief: Richa;rd ReciVi$, San/Francisco, California

Federal Highway Administration
Bure~wof Public Roads .
Division Engineer, Ph~enix, Ariz011a

:'~~~*%S~~tt;~~~?~tt:~!;~-:~~i~~i~~~~Btke ,
"'i .•....••.....••. ""(D.""t~ ','-'t;>'7 ""."."." ·:"'{1"f.+.I.fii>"" f;·,.'i\"",~t,

Tonto National Forest Service
Supervisor, Phoenix, Arizona

,_. i",.,·,i
U.S. Geological Survey, Water Resqur¢~s Division
Arizona District Office, Phoenix,lAr~iona

;
!

Indian Reservations

Fort McDowell Mohave-Apa.che Tribal CpuncH
i i '

President: Clinton Pattea i

Dan Shaffer

Gila River Indian Community
Water Conservation BoardChairman~ ~ick Sunn
Governor: Alexander Lewis, Sr.

Salt River Pima-Maricopa Indian CQm:tiriity
Manager: Frank Martley
Planning Director: Rqger Evans

82
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Local Entities

Arizona State Parks Board

County Agencies

Arizona State Land Department
Director

83

. ,~.

Maricopa County
Engineer: Bob Estabrook
Health Services: Harry Crohurst
Parks and Recreation: Robert Milne
Planning Department

Central Arizona Water Conservation District
Executive Director

Maricopa County Municipal lvater Conservation District No. 1
General Manager: H. S. Raymond

Maricopa County Flood Control District
General Manager: Herb Donald

Mar.icopa Association of Governments
Ken Driggs, Director

Arizona Outdoor Recreation Coordinating Commission
State Liaison Officer

Arizona De~artment of Health Services
Bruce Scott

Arizona Department of Transportation
Planning Director

State Agencies

Arizona Bureau of Mineral and Geology Technology
Jan Wilt

Arizona Water Commission
Executive Director
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C~ty of Avondale
Public Works Director: Larry Ram:l.r~lz

City of Glendale
Manager

City of Mesa
Manager

City of Peoria
Manager: Bill Vaugn

City of Phoenix
Manager: Marvin Andrews

City of Scottsdale
Manager: Lynn Stuart

City of Tempe
Manager

City of TolI-esoll>
:t1C'l.nager: DaveMans~:i.eld .•.

Salt River Project
General Manager: A. J. Pfister

Town of Buckeye
Manager: Steven Thompson

Town of ElMirage
Manager: Margarita Reese

Western Area Power Administration:
Phoenix District Manager

I I
I ;

The community leadership already ~as!been organized with the formation by
Governor Babbitt of the Community]Adyisory Board to advise him on issues
addressed by the Study. An analy~:l.s! of composition of the Board shows it
to be a.good cross-section of com~uIl~ty leadership, which can speak with
authority on most Study issues. Repre~entation on the Advisory Board falls
into the following categories: t I
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1. Governmental and political.

2. Environmental and wildlife.

3. Development and business.

4. Indian tribes.

5. Media

6. Labor and citizen groups

While Board members are generally in leadership roles, they will rely
on staff personnel to provide technical expertise.

The Community Advisory Board will aid in identification of problems and
needs through complaints and comments received from members' constituencies.
Their knowledge of other planning issues will .help identify ways in which
proposed alternatives might affect different projects.

Board members can convey information gained from meetings to their
respective organizations to increase the level of communication and input.

The Community Advisory Board may be most helpful to the Study by providing
advice on acceptability of alternative plans from political and legal
viewpoints. It is anticipated that the Board will offer suggestions
concerning compromises and improvements to make alternatives more acceptable.
Once the preferred plan is selected, the Board also may aid in demonstrating
to the community that all points of view have been considered, resulting in
recommendation of the best plan.

While authority for making final decisions on plan formulation and
selection rests with the Agencies, advice and recommendations from all
.four levels of the public will be given serious consideration and will aid
the Bureau and Corps in the development of the plan which best serves the
public.

Detailed design of the public involvement program described above will be
part ofa contract to be awarded soon.
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TOTAL
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4,022,400.

'3,072,000 •

IT .82

214,400.

282,500.

IT 81

968,900.

395,800.

I

I
I·'
I

FY 79

1,306,300.

1,266,200.69,500.

54,600.

FY 78
II
I I'
~,100,900.

I l'I ,

~, 35,300.
II
I i
I I
I '

$124,100. $2,572,500.$F,A36,200. $1,364,700. $496,900. $7,094,400.
I i

The Corps requirement in FY 79wi!ulbe met through the use of$350,OOO
appropriated for the Cor-ps l'hoenix 1!1rpan Study and the. ,transfer ,of funds
from the Bureau. Corps requir~mebt$~n fiscal years 1980,1981, and 1982
may be appropriated to the Corps!<iitel;tly,or through the Bureau, whichever
Congress, dete,rmines most aPPtopr~at~.

I '. I

Corps

Bureau

TOTAL

Study Cost Estimates

Study Schedule

A 'detailed s.chedu1e of
available separately.
Figure 5.

Study actiti~ila$ has been established and is
A<Summary ~t~d¥ Schedule is presented in

I I
I I

The Milestones established in fhlal Cqrps Intensive Management Program
are listed iI} Table II. I I .

I I
1 !
I i

I !

, • I I ·
Bureau of Reclamatl.on and Corps o~lj:ngineers cost estimates for the
Study by fiscal yearareasf(jllors~

. I
I I

I I
,I iFYBO
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Table 11

Corps of Engineers Milestone Schedule

Date

April 1979

April 1980

October 1981

August 1981

January 1979

May J980

January 1979

April 1982

June 1980

September 1981

May 1980

May 1982

November 1981

Initial Public. Meeting

Approval of Plan of Study

Action

Study Initiation Announcement

Stage II Report

Action on Memo for Record

Action on Memo for Record

Stage II Checkpoint
Conference

Coordinated Draft Report and
Environmental Statement

South Pacific Division Release
of Report

Public Meeting

Draft Report and Environ­
mental Statement

Final Report and Environ­
mental Statement

Stage III Checkpoint
Conference

2

4

3

8

1

7

9

6

IA

5

5A

10

11

Milestones

I·
e

1
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I
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