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As the Nati on IS pri nci pal conservati on agency, the Department of the
Interior has responsibility for most of our nationally owned public lands and
natural resources. Thi s i ncl udes fosteri ng the wi sest use of our 1and and
wa~er resources, protecti ng our fi sh and wi 1dl i fe, preservi ng the envi ron
mental and cultural values of our national parks and historical places, and
providing for the enjoyment of life through outdoor recreation. The Depart
ment assesses our energy and mineral resources and works to assure that their
development is in the best interests of all our people. The Department also
has a major responsibil ity for American Indian reservation communities and
for people who live in Island Territories under U.S. administration.

Nothing in this study is intended to interpret the proviS'ions of the
Colorado River Compact (45 Stat. 1057), the Upper Colorado River Basin
Compact (63 Stat. 31), the Water Treaty of 1944 with the United Mexican
States (Treaty Series 994, 59 Stat. 1219), the decree entered by the Supreme
Court of the United States in Arizona v. California, et al. (376 U.S. 340),
the Boulder Canyon Project Act (45 Stat. 1057), the Boulder Canyon Project
Adjustment Act (54 Stat. 774; 43 U.S.C. 618a), the Colorado River Storage
Project Act (70 Stat. 105; 43 U.S.C. 620), or the Colorado River Basin
Project Act (82 Stat. 885; 43 U.S.C. 1501).
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SUMMARY SHEETS

Location

The plan would consist of dams located on the Salt, Verde, and Aqua Fria
Rivers in Central Arizona.

Plan

The plan would consist of constructing New Waddell Dam for regulatory stor
age, flood control, and recreation. This dam would be located on the Agua
Fria River, immediately downstream of the existing Waddell name A 4.7 mile
long reversible canal would connect New Waddell Reservoir with the Central
Arizona Project (CAP) aqueduct. Colorado River water would flow through
this canal and be pumped into the reservoir for storage. The water would be
released back into the canal for distribution to CAP users during periods of
peak demand. Cl iff Dam woul d be constructed on the Verde River between
Bartlett and Horseshoe Dams for flood contrel, additional water conserva
tion, recreation, and dam safety. The existing Theodore Roosevelt Dam,
located on the Salt River, would be modified. Stewart ~ountain Dam, also
located on the Salt River, would be modified as part of the plan to ensure
its safety.

This project would provide regulatory storage and new conservation space for
the CAP. The average annual yield would be 137,nOO acre-feet. Sufficient
flood control space would be provided to control the 200-year Salt River
flood event to a flow of 92,000 (fs, measured at Phoenix Sky Harbor Inter
national Airport, and the 100-year event of 55,000 cfs. This plan would
also alleviate safety problems at the existing Salt and Verde River dams.
Additional hydropower, recreation, and fish and wildlife enhancement would
also result from this plan.

These purposes would be accomplished without adverse y impacting existing
facilities. Any water supply hydropower capacity, or recreation facilities
lost would he replaced as part of the plan.

Project Features

Crest Elevation (feet) 1,735
Height Above Streambed (feet) 400
Dam Volume (cuhic yards) 1n,QOO,OOO
Spillway Capacity (cfs) 330,000

Dams

Reversible Canal

Capacity (cfs)
Length (milf's)

New
Waddell

(Rockfill )

3,000
5

Modified
Roosevelt
(Concrete)

2,210
340

240,000
gQ,SOO

niff
(Ea rth)

2,15?
335

1n,500,OOO
14R,700

Modifi ed
Stewart

Mountain
(Concrete)

1,535
11n

130,000
no ,000



Dams

New
Waddell

. (Rockfill)

Mod ifi ed
Roosevelt
(roncrete)

(1 iff
(Ea rth)

Modified
Stewa rt

Mountain
(Concrete)

Storage Allocation (acre-feet)

Dead
Inactive
Replacement
Regulatory Storage
New Conservation
Floon Control
Surcharge

fino
5,000

157,1'00
7?8,ROO

?57,300

25,500
~OR,3nO

l,n5,OOO

557,000
993,30n

3,555
fi,445

131,427

201 ,113
451,onO
948,000

NOTE: The storage data allows for projected 100-year s~diment deposition.



Appendices to the Regulatory Storage Oivision Stage III Report Addendum have
been prepared in five volumes as follows.

Appendix A
Oesigns and Estimates

Appendix R
Water Supply and Operations

Appendix c:
Biological Resources
C:ultural Resources

Recreation

Appendix n
Social Assessment

Appendix F.
Fconomic anrl Financial Analyses

Plan Formulation
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INTRODUCTION

The construction of Orme Oam or suitable alternative was authorized in 196R
by the Colorado River Basin Project Act (Public Law 90-537). It included
the construction of Orme Dam, or suitable alternative, as part of the
Central Arizona Project (CAP). A draft Environmental Impact Statement (EIS)
was prepared for Orme Dam in 1976. Public response to the statement indi
cated substantial environmental, economic, and social concerns regarding
inundation of a major portion of the Fort McOowell Indian Reservation and
riparian habitats, impacts on flowing stream recreation, and impacts upon
the endangered bald eagle and other wildl if~. These and other concerns
caused the Bureau of Reclamation (Bureau) to reassess the merits of Orme nam
and identify several alternatives for further study. The r.entral Arizona
Water Control Study (CAWeS) was initiated in July 1978 to develop and
evaluate alternatives, including a dam at the confluence of the Salt and
Verde Rivers, for flood control in the Phoenix metropolitan area and
regulatory storage of CAP water in central Arizona (see Figure 1).

This report is an addendum to the Stage III Report (April 1983) which docu
mented the process used to determine the agency proposed action and provided
plan formulation support for the Regulatory Storage Division EIS. This
addendum documents the results of the more detailed engineering studies and
other refinements for the proposed action. It has been determined that this
refinement and more detailed information would not change the impacts as
displayed in the EIS. This addendum is supported by the following
appendices: Appendix A, nesigns and Estimates; Appendix R, Water Supply and
Operations; Appendix C, Biological Resources, Cultural Resources, and
Recreation; Appendix 0, Social Assessment; Appendix E, Economic and
Financial Analysis; and Plan Formulation. The report and supporting
appendices include' the physical data and financial and economic analyses
based on the requirements of the project authorizing act and current Federal
policies relating to water resource development. All aspects of the plan
are considered to be within the scope of the project as authorized by
Congress.

This report also documents the dam safety repairs required hecause of hydro
logic problems associated with dams on the Salt and Verde Rivers. These
repairs were included in this addendum because of the multipurpose nature of
the proposed features. Stewart Mountain Oam was also included as part of
the plan even though it was single purpose Safety of Oams because there
existed potential for significant environmental impacts. These repairs
would be made in accordance with the Reclamation Safety of nams Act of 197R.
These repairs and additional repairs on the Salt ann Verde Rivers for dam
safety are al so described in the 1984 report on Safety of Oams
modifications.
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CHAPTER 1

BArK GROUND

Project Setting

The Project area encompasses portions of Maricopa, Gila, and Yavapai
Counties and 1S characterized by mountain ranges with steep slopes and
rugged topography separated by broad, gently-sloping, alluvium-filled
valleys. The climate is arid to semi-arid. Vegetation varies with eleva
t i on, avai 1abl e moi sture, and temperature, with only the hardi est pl ant
1ife, such as creosote bush in the desert plains, and lush Sonoran desert
vegetation in the higher elevations. Wildlife is typical of that found in
the desert and foothill regions of the Southwest and includes gray fox, mule
deer, and desert cottontail rabbit. Several Federally-designated threatened
or endangered species are found in the area; namely the bald eagle, Yuma
clapper rail, and peregrine falcon, and two plants, the Arizona hedgehog
cactus and the Turk's head cactus.

Vast areas remain in their natural state, unaltered or only slightly modi
fied by man's activitips. About 75 percent is rangeland. Agricultural
lands, urban built-up lands, forest lands, barren lands, water bodies, and
wetlands comprise the remainder. About 70 percent of the lands remain in
public ownership or are Indian reservations.

The Project area is located near a major centpr for economic activity in the
Southwest. Leading economic factors are manufacturing, tourism, retail
trade and services, government, and agriculture.

Water comes from major streams and their tributaries, many located within
the Project area, and from ground water. Accordi ng to the Ari zona Water
Commission (1978), the total annual consumptive use of water in the Salt
River Rasin is estimated at 1.6 million acre-feet, while the total annual
dependable surface Sllpply is only 931,000 acre-feet (normalized 1970 condi
tions). Ground water reserves are being overdrafted at an average rate of
fi3?,OOO acre-feet per year to supplement the dependable surface supply.
Some treated municipal and industrial wastewater is reused for irrigation
and supplements the water supply. Of the total water used, over 80 percent
is for agricultural purposes and converted urban use.

Population

Almost all of the Project area lies within rapidly growing Maricopa County.
With over 1,552,500 inhabitants as of 1981, it is the most populous of
Arizona's 14 counties. Portions of Yavapai anrl Gila rounties are also in
the Project area. Most of the population resides in the Salt River Valley,
leaving much of the region sparsely settled or uninhabiterl. Phoenix, with a
population of RI0,000 is the principal community located near the Project
area. Other prominent towns include Scottsdale, Tempe, Mesa, Glendale,

1



Ruckeye, Gila Rend, Florence, r.oolidge, and rasa Grande. Five Indian reser
vations are also included: The Fort Mcnowell Reservation on the lower Verde
River, the Gila River Reservation, the Salt River Reservation north of the
Salt River east of Phoenix, the Ak-Chin Reservation and two portions of the
Papago Reservation including the northern portion near the Tat Momolikot
Dam, and the Gila Rend IJnit along the Gila River near Painted Rock nam. For
population statistics see Tables 1 and ?

Economy

The Project area is located near a major center for economic activity i~ the
Southwest. Leading economic factors are manufacturing (principally high
technology products), tourism, retail trade and services, ann government.
Industrial development is centered in metropolitan Phoenix, with agricul
tural districts extending to the west, southwest, and southeast of the urhan
area. Within the past 20 years, manufacturing has replaced agriculture as
the main source of income in Maricopa rounty, although the county still
leads the state in agricultural pronuction.

Water Resources Profile

The major streams are the Salt, Verde, and Agua Fria Rivers. Their tribu
taries include New River, Skunk r.reek, rave rreek, Inrlian Rend Wash, and
Sycamore Creek, as well as several smaller arroyos ann washes. With the
exception of the perennial Salt and Verde Rivers above r,ranite Reef niver
sion nam, these streams are ephemeral. The relatively light winter rainfall
usually is insufficient to produce sustained major surface flows along 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 hut not normally along the major water courses.

The Sa It and Verde Ri vers are controll ed by six dams, four on the Salt
(Stewart Mountain, Mormon Flat, Horse Mesa, and Theodore Roosevelt) and two
on the Verde (Bartlett and Horseshoe). These structures which, along with
the operating agency, are known as the Salt River Project, impounrl reser
voirs which provide irrigation and domestic water for metropolitan Phoenix
and were not designed, nor authorized, for floorl control even though they
provide incidental flood damage reduction. At Granite Reef niversion Dam,
waters from the Salt and Verde Rivers are channeled into canals which serve
the Phoenix area. The Agua Fria River is impounded hy Waddell nam, forming
Lake Pleasa"t. This dam and reservoir are owned by and provide water to
Maricopa rounty Municipal Water ronservation nistrict #1 (MrMWrnRl).

In the Arizona Water Commission's Phase I - Arizona Water Plan (lQ75), the
average annual consumptive use of water in the Salt River Valley Rasin is
estimated at 1,5Fi3,OOO acre-feet, while the average annual supply is only
931,nOn acre-feet. The ground water reserves are heing overdrafted at the
rate of Fi32,OOO acre-feet per year to supplement the dependahle surfoce
supply. Comparable figures for the entire state show that the average
annual consumptive tJse in Arizona is 4,RnO,nOn acre-feet while the average

?



TABLE 1/

Population Growth and Racial nistribution
Arizona, Maricopa \'ounty

Year

1960 (census)
1965
1970 (census)
1975
1976
1977
1980 (census)
2000 (projected)

Race

White
Spani sh Heritage
Indian
Negro
Other

TOTAL

Arizona

1,302,160
1,584,000
1,775,400
2,212,000
2 ,no ,('l00
2,304,000
2,718,450
4,n?6,Onn

Racial nistribution ~/
(April 1982)

Arizona

2,240,750
440,700
152,750
74,970

227,700

3,136,870

Maricopa County

fi63,510
852,000
971 ,?30

1,209,800
1 ,2fiO ,500
1,292,000
1,509,?50
2,n34,7on

Maricopa County

1,307,450
1Q9,000
22,900
48,100

ll7,450

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

2/ Valley National Bank, Arizona Statistical Review, 1982.
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TABLE?

Enrolled Populations of Indian Reservationsll

II

21

Ak-(hin Indian Community

Fort Mcnowell Mohave-Apache
Indian Community

Salt River Pima-Maricopa
rnoian (ommunity

Gila River Indian Community

Gila Rend lJnit~/

Sif Oidak District~1

TOTAL

Arizona Trihal Directory, 1983

Districts of the Papago Trihe of Arizona

4

414

4,085

9,784

357

050

11,679



annual supply is 2,800,000 acre-feet. The state-wide ground water overdraft
of approximately 2 million acre-feet per year is indicated by the difference
in these numbers.

Vegetation

Vegetation varies considerably and correlates directly with elevation,
available moisture, and temperature. The desert plains in the western
port i on of the area support only the hardi est pl antl i fe, such as creosote
bush and bursage. Stands of mesquite, palo verde, and ironwood are found
along the intermittent creeks, washes, and rivers. More lush riparian vege
tation occurs along flowing streams. Much desert and riparian plantlife,
however, have been lost through agricultural development and urhanization of
metropolitan Phoenix. In the higher elevations, up to about 4,000 feet,
greater rainfall and rugged terrain support lush desert vegetation marked by
large cacti, palo verde, ironwood, and mesquite trees. Stands of oak and
pine are found in the well-watered mountains and drainage regions.

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

Recreation

Recreation and its economic manifestation, tourism, are significant factors.
Central Arizona has diverse recreational resources which present a unique
variety and ahundance of recreational opportunities. Traditional promotion
al endeavors recognize and enhance the depiction and cognizance of the area
as a year-round recreational utopia. The lakes, rivers, mountains, desert,
and "warm winter weather" all comhine to attract and satisfy residents and
visitors. In addition, the proximity to such renowned attractions as the
Grand Canyon, Lake Mead, and the Colorado River further attracts visitors.
Phoenix has a major segment of its economy rlevoted to accommodating the
recreational pursuits of the visitor. The water resources support such
popular activities as boating, waterskiing, fishing, sailing, hiking, camp
ing, picnicking, rafting, tubing, etc. The major lakes which have signi
ficant recreational use and facilities are Saguaro, Canyon, Apache, and
Theodore Roosevelt Lakes on the Salt River; Rartlett and Horseshoe Lakes on
the Verde River: and Lake Pleasant on the Agua Fria River. An existing and
extensive network of recreational features, with emphasis on recreational
uses of water, has developed. Over RO percent of Arizona's population
resides in the area and accounts for much of the demand on the existing
recreational features.

Riological Resources

Wildlife is typical of that found in the desert Southwest. Faunal diversity
is dependent upon habitat type, with creosote-bursage communities having
less diversity than palo verde-mixed cacti. Riparian habitats s·upport the
greatest density and diversity of wildlife due to the intermingling of water
dependent and independent species. Important species include the bald
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eagle, Yuma clapper rail, mule deer, javelina, hob cat, kit fox, desert tor
toi se, and gila monster. Fisheries p.xist primarily in the Salt and Verc1e
Rivers and their associated reservoirs, and in Lake Pleasant. Roth native
and introduced species occur in the area, including large mouth hass,
bluegills, crappie, roundtail chuh, gila topminnow, anc1 several species of
catfish.

r.ultural Resources

The American Southwest has heen occllpied for at least n,non years. The
history of the human use of the area has been recorded in written form for
only the last three centllries and it is often sketchy. The only record for
the prehistoric era, and portions of the historic era as well, 1ies in
archeological sites, which are abundant within the project area. From
in i t i a1 settlement unt i 1 around the time of r.hri st, human occupants of the
area 1 ived a nomadic life, hunting and gathering native plants and animals.
Subsequently, a settled farming economy developed anc1 the Hohokam Indians of
the Salt-Gila Rasin developed one of the most elaborate irrigation systems
in the New World. Other surrounding similar cultural groups such as the
Sinagua and Salado, lived north of the Hohokam but are less well documented.
The complex sociocultural system of these sedentary farmers collapsed about
a centu ry prior to the arri val of the fi rst ruropean explorers. I" the
1500's and 1600's when the Spanish conquistadors and priests arrived, Pima
Indians were farming along the Gila River but hac1 a smaller population and a
simpler political and economic system than the Hohokam. The nomac1ic Yavapai
and Apache lived in the more rugged country north of the ~alt River valley.

After the Mexican War of Indepenc1ence, the Spanish era ended in IR?l.
Mexican hegemony lasted only until 1848 and resulted in few changes. The
United States acquired the area north of the Gila River in lR4R as a result
of the Mexican-American War and the area south of the Gila was acquired in
1853 by the Gasden Purchase. Within a few decades, native Americans were
relegated to reservations.

During the mid 1860's, American settlers resumed the earlier Hohokam prac
tice of diverting water from the Salt River and irrigating farmlands. I_ater
in the decade Phoenix was pstablishec1. r.onstruction of the Arizona r.anal
north of the Salt River and other canals to the south of the Salt River, and
the arrival of branchl ine rail roads connected to transcontinental routes
resulted in expansion of agriculture with the suhsequent growth of Phoenix
and development of a numher of satellite communities c1uring the lRRn ' s and
1890's.

Destructive floods in I8q], together with a drought which hegan in the
1890's and lasted into the early 20th century, causec1 farmers and towns
people to seek a dependahle source of water. Their efforts reslllteo in
construction of Theodore Roosevelt Dam, the first multipurpose dam author
ized under the National Reclamation Act of I90? Completec1 in lql1, this
structure provided both irrigation water and hyc1roelectric power. In the
1920's and 1930's, three more c1ams were huilt on the Salt River to conserve
water and generate hydroelectric power. Two dams were constructec1 on the
Verde River as well.



During World War II, the Salt River Valley was the site of a number of
military airfields and defense plants. After the war, the area entered into
a sustained period of urbanization and industrialization. The development
of air-conditioning made life in metropolitan Phoenix comfortahle the ypar
round. People and businesses continue to he attracted hy the rlry climate
and increasing economic opportunities.
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CHAPTER II

PROBLEMS, NEEDS, AND ISSUES

The problems, needs, and issues of the Region which were arldressed in this
study include flood control, water supply, and related environmental and
socioeconomic factors. The following provides a discussion of the prohlems,
needs, and issues identified during this study.

Flood Control

Flooding along the Salt and Gila Rivers has been recorded since the 1860's.
The largest flood on record occurred in February 1891. A list of signifi
cant flows on the Salt River is provided in Table 3. These flows confirm
the flood hazard conditions along the Salt and Gila Rivers and the need to
formulate and implement a plan to reduce flood damages.

Although there have been numerous flows in the Salt River, the climate is
still considered arid. Because of this, dams were built on the Salt and
Verde Rivers to capture as much water as possible for future use. Although
these dams and reservoirs were not designerl to provide flood control, they
incidentally reduce peak flows when storage space is available. Since the
primary purpose of the dams is water conservation and not flood control, the
reservoirs are often filled to capacity. Consequently there is no dedicated
space in the system for controlling large floods.

The social ramifications of flooding are a major issue as well. Dislocation
of residents and flood damage to public facilities which cause severe inter
ruptions in essential services are ramifications which extend beyond the
flooding itself to the time required to repair and recover from the damage.
The bridge outages in metropolitan Phoenix isolate communities from vital
services and impose hardships on residents who must cross the river. In
fact, the cost to the region in traffic delays produced when all hut three
bridges across the Salt River were closed in December lq78 accounted for
over 40 percent of the losses reported. Construction of larger bridges over
the Salt River will reduce these losses significantly. On the Salt River,
12 bridges are planned or have been constructed by city, county, and state
agencies. The majority (nine) of these bridges have a capacity of ?OO,OOO
cfs. Two large bridges are planned for the Gila River (200,000 cfs); one on
the Verde River (55,000 cfs), and four on the Agua Fria River (85,000
160,000 cfs).

\~ater Supply

Because the climate is arid, maintaining an adequate water supply for agri
cultural, municipal, and industrial purposes is a major prohlem. A satis
factory solution to the water supply problem is heing sought hy the State of
Ari zona through the Ari zona Department of Water Resources I comprehens i ve
analyses of water supply and demanrl issues. Water conservation (efficient



TARLE 3

Floods on the Salt River Relow
Granite Reef Dam

Peak Flow
nate cfs

February 1891 300,000

Apri 1 1905 115,000

Novemher 1905 200,000

January 19-?0, 1910 170,000

,January ?9-30, lQ1n 105,000

February 1Q20 130,000

March 193R 95,000

March 1941 40,000

Oecember 1%S/January 19fif) fi7,000

February ?l-May 29, 1973 22,000

March 1978 1?2,000

necember 1978 140,000

January 1979 lClO,fiOO

March 1979 67,400

Fehruary 1980 180,000

December 1982-June 1983 30,000

October 1983 41,000

Damages
($ millions)

N/A

N/A

N/ A

N/A

N/A

N/A

N/A

N/A

f'00

N/A

33 0 1

51.8

N/E .!/

N/E .!/

fiOoO ?)

N/A

N/A

1/

?/

Not Estimated

Not including agricultural ~amages
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use of existing water supplies) is one means identified as a partial solu
tion to the problem. Arizona's new ground water management law is aimed at
achieving a "safe yield" (ground water withdrawal equal to replacement) in
Maricopa County by the year 2025.

Arizona's farmers and ranchers are generally efficient in their irrigation
practices; however, implementation of advanced techniques could result in
additional water savings. Urban water conservation measures also become
increasingly important as more and more cropland is converted to commercial,
residential, and industrial uses.

Although efficient use alone would not resolve the State1s water problems,
it can supplement other measures designed to balance the region's water
budget. Efficient use of local water supplies does not result directly from
imp1ementat i on of regul atory storage features; however, the result of the
State's water conservation efforts would be reflected in future use of
Central Arizona Project (CAP) water.

Another method the State will use to help solve its water problem is impor
tation of Colorado River water via the CAP. The CAP will transport Colorado
River water from Lake Havasu, on the Ari zona-Cal i forni a border, to the
Phoeni x metropol itan area by 1985 and to the Tucson metropol itan area by
lQ91. The r.AP will divert between 0.4 and 2.2 million acre-feet per year
from the rolorado River, depending on the system's available storage capaci
ty, user requirements, and the availability of water in the Colorado River.

It is estimated that with regulatory storage the CAP delivery could be
increased 13 percent on an average annual basis. The r.AP system is designed
to deliver a relatively constant amount of water throughout the year. With
regulatory storage, extra water can be brought in during the winter months,
put in storage, and be available to add to the amount of Colorado River
water that CAP can deliver during the high-use summer months. In addition
to meeting fluctuating water demands, regulatory storage would maximize the
use of Colorado River water. According to the Colorado River Basin Project
Act, which authorized the construction of CAP, the CAP can divert contin
uously at capacity only when the Colorado River reservoirs are full or
spilling. Regulatory storage would allow this additional water to be
diverted and stored in the system for later use during the year.

Providing regulatory storage capability in the CAP would increase the reli
ability of the system in meeting seasonal water demands, providing flexi
bility in emergency situations, reducing energy use during peak periods, and
ultimately, influencing the amount of water that can be imported from the
Colorado River.

Conservation of surplus local flows is another method that would help solve
the State's water supply problem. Large quantities of floodwaters flowing
through normally dry river channels in the Phoenix area result not only in
flood damages, but because these floodflows are presently uncontrolled, a
great deal of water which could be obtained for beneficial use' is perma
nently lost.
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The existence of CAP regulatory storage anrl flood control storage capacity
would increase the opportunity to store portions of floodflows for later
beneficial use either through direct water deliveries or ground water re
charge.

~Iater Quality

The impacts on water quality resulting from implementation of the regulatory
storage plan were analyzed in relation to current heneficial uses
(agricultural, fisheries, rlomestic) of water in the area. The three issues
of most concern raised during plan formulation were salt loading, eutr0phi
cation potential, anrl possible degrarlation of existing surface water
systems.

Salt loarling occurs when saline irrigation water is applied to agricultural
lands with inadequate drainage to remove the added salt from the soil
profile. Salt accumulation in the soil may adversely affect crop produc
tion. The CAP, without regulatory storage, is expected to import an average
1,020,000 tons of salt per year. The increased water supply attributahle to
the regulatory storage plan would increase the salts imported hy approxi
mately 153,000 tons per year (15 percent). This increase is consirlered
insignificant in comparison with the total salt imports. With or without
regulatory storage, the concentration of dissolved salts in CAP imrort water
is sufficiently low for long term irrigation of properly drained lands.

Eutrophication refers to increased biological productivity in a hody of
water which can result in degradation of water quality for many uses.
Nuisance algae blooms are common in eutrophic water bodies and may impart
taste and odor, decrease clarity, reduce dissolved oxygen, and cause
unsightly films on the water surface. Eutrophication may increase water
treatment costs, decrease recreation activities, and result in unaesthetic
reservoir appearance. The results of the analysis for New Waddell Reservoir
indicated a low-to-moderate probability of eutrophication. A more detailed
discussion of eutrophication may be found in Chapter VI, page n3.

The qual ity of both surface anct ground water within the CAP service area
varies greatly. One indicator of water quality is Total nissolverl Solids
(TDS), which is presented in Table 4 for the various surface water sources.

Any mixing of Colorado River water with existing surface water would alter
the existing quality. New Waddell Rpservoir was evaluated for possihle
degradation of various water quality constituents. IJsing a hlending ratio
of nine parts Colorado River water to one part Agua Fria River water,
average TOS would increase qR percent, from 358 mg/l to 7ln mg/l. Other
constituents, such as sulfate, sorlium, chloride, and calcium, also woulrl
increase significantly. However, the mixed water would still meet all
required standards and remain suitahle for existing irrigation use.

Plan development did not inclucte the mixing of Salt-Verde River water in the
aqueduct. However, mixing may occur within SRp·s local ctelivery system with
or without regulatory storage.
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TABLE 4

Averag.e Total Dissolved Sol ids Concentrations of Surface Water Sources

Milligram per Liter

Recommended Domestic Water Supply Standard

Lake Pleasant

Verde River Below Bartlett nam

Salt River Below Stewart Mountain Dam

Confl uence Mi x

CAP Water at Diversion Point (Lake Havasu)

500

35EJJ

314~/

n35!.J

4971/

722Y

1/ u.S. Bureau of Reclamation, unpublished data, 19R2 January-April.

2/ Environmental Protection Agency Storet data retrieval system. Run made
2-16-80, using data for the period of record December 1950 - September 1979.

3/ Weighted average based on U.S. Geological Survey flow records resulting
in a 43 percent Verde River mix and a 57 percent Salt River mix at the
confluence of the two rivers.

4/ Environmental Protection Agency Storet data retrieval system, March 1981
version. Run made August 24, 1981, using data for the period of record
October 1908 - June 1981 for Colorado River below Parker name
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Vegetation and Wildlife

Considerable public concern centers on the potential impact of the plan on
threatened and endangered species and land and water habitats which could be
degraded or destroyed.

The rapid growth of agriculture and urbanization has reduced substantially
the amount of land and water available for wildlife. Of particular interest
are areas of riparian habitat. Such areas exist along the Verde River, the
Salt River above and immediately below Granite Reef Diversion Dam, and along
the Salt-Gil a River from the 23rd Avenue treatment pl ant in Phoenix to
Gillespie Dam. While relatively few animals would die outright as the
result of construction, the disruption of their habitat would lead to de
clines in population and possible local extinction of certain species. The
U.S. Fish and Wildlife Service has determined the following Federally
designated endangered species occur in the area: Bald eagle, Yuma clapper
rail, and peregrine falcon; Arizona hedgehog cactus and the Turk's head
cactus; and the gila topminnow. No critical habitats have been designated.
A Biological Opinion by the U.S. Fish and Wildlife Service on the effects
the plan could have on these Federally-designated threatened and endangered
species indicates that implementation of the plan would jeopardize the
continued existence of the bald eagle unless proper mitigation measures are
incorporated. No impact to endangered plant species is anticipated.

Not all the effects of the plan would be negative, however. Ground water
recharge could encourage riparian habitat development and increased
impoundments could increase available habitats for fish.

Recreation

The desert climate which permits year-round enjoyment of outdoor activities,
together with increased income levels and leisure time, has produced an
unprecedented demand for recreation of all types. The steadily rising cost
of gasol ine has, at the same time, caused residents to orient their activi
ties toward easily accessible facilities. The supply of recreational pro
grams and facilities, both public and private, is unable to keep pace with
the demand. Existing facilities receive heavy, often excessive, use from
residents and visitors.

The types of recreation available is also a concern. Recreational use of
the few water courses provides an example of this problem. Ouring hot
summer months, the flowing streams and man-made lakes on the Salt, Verde,
and Agua Fria Rivers are used for such water-based recreation as fishing,
boat i ng, swimmi ng, water ski i ng, and floating. The 1akeshores and ri ver
banks serve as sites for picnicking, hiking, and other activities. The
flowing streams represent a uniljue and irreplaceable resource. Tubing has
become a major water-based r2creation activity for residents of central
Arizona. The Salt River provides the only fast-water recreation opportu
nities in central Arizona that is relatively safe for tubing and easily
accessible for users from the Phoenix area. The opportunity to "tube down
the river" is particularly attractive to people who cannot afford or are not
interested in flat-water recreation. A study to determine user character
istics (Natelson, 1979) concluded that according to the majority of the Salt
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River users, no alternative to the Salt River for tubing exists. Other
river areas such as those along the Verde and Gila Rivers are not as
attractive to recreationists as the Salt River. A report by the Governor's
Task Force on Parks and Recreation in Ari zona stated that "the demand for
water-based recreation experiences in Arizona continues to grow. The
acquisition and development of additional water-based recreation must be
given a high priority." It is further stated that "recreation development
shoul d be incorporated as an expl icit objective into the pl anning of all
water projects within or affecting Arizona." In 1980 it was estimated that
there was a demand from within the area for over 12 million annual recrea
tion days. This demand was for those activities normally associated with a
water resource. The supply, in the area, should accommodate approximately
12.5 million annual recreation days by the year 2000. However, it is ex
pected that the demand wi 11 have increased to over 27 mi 11 i on annual rec
reation days by the year 2000, the net result being a large unmet demand for
water-based or water-oriented recreational facilities. Central Arizona has,
and will continue to have, a significant unmet demand for outdoor recreation
facilities and opportunities associated with water resources. The recrea
tional aspects of this plan have been designed to meet identifiable demands
and fully utilize resources and opportunities, where environmentally and
economically feasible, to increase the supply of public recreational
facilities. When implemented, the plan would insure enjoyment and utiliza
tion of it's water resources for recreational purposes.

Cultural Resources

Rapid urbanization over the past three decades has placed increasing pres
sure on archeological and historical resources. Prehistoric and historic
populations tended to cluster along or near major water courses just as
modern populations do. As a result, many archeological and historical sites
coul d be affected by f1 ood control and regul atory storage on the Sal t,
Verde, and Agua Fria Rivers.

Federal and State historic preservation policies have been substantially
strengthened in the last two decades to conserve our disappearing prehis
toric and historic heritages. ~ultural resources are being considered while
planning the CAP in order to avoid or minimize damage. Where adverse im
pacts are unavoidable, mitigation measures are being developed and
instituted to conserve the scientific and heritage values of those resources
within the path of construction.

Water Ri ghts

Current water laws in Arizona assign ownership rights to ground water and
prior appropriative rights to surface water. Two specific issues are Indian
water rights and ground water rights.

Surface Water Rights and Agreements

Many entities have historic water rights and contractual relationships for
water from the Salt, Verde, and Agua Fria Rivers. Construction of plan
features would not interfere with these rights or contractual relationships.
The Bureau of Reclamation has made application with the State of Arizona for
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a state-approved water right for the beneficial use of waters from the Salt,
Verde, and Agua Fria Rivers. These rights would arise from the construction
of plan features. Waters derived under these rights be used to supplement
other CAP water supplies and would be distributed in accordance with
established CAP needs and priorities.

Indian Water Rights

In 1975, representatives of the Fort McDowell and Salt River Indian Reser
vations were among a group of Arizona Indian tribes presenting water rights
claims before the Committee on Interior and Insular Affairs of the U.S.
Senate. They protested the proposed allocation of CAP water as being too
low. Since then, these and other tribes throughout Arizona have filed
lawsuits against other water users which, in general, allege misappropria
tion of water which rightfully should be available to Indians. Two Indian
water rights bill s were passed by Congress and signed into 1aw for the
Ak-Chin Indian Community and the Papago Tribe. Additional adjudication
related to the Winter's Doctrine water rights is being undertaken. Since
the water supply is so limited, the outcome of adjudication can impact the
non-Indian water users.

In this region, settlement of Indian water rights is a pressing matter which
would have a traumatic impact if a major reapportionment of surface and
ground water rights occurred. In March 1980, the Secretary of the Interior
announced CAP allocations which increased the amount allocated to the
Indians. In December 1980, the Secretary signed contracts with 11 of the 12
Indian communities that had previously been allocated water. It is
generally accepted that negotiation of an acceptable solution to Indian
water rights is preferable to litigation. One of the keys to successful
water rights negotiations is the availability of a new source of water with
which to negotiate. Floodwater that might be controlled by this project,
CAP water, and sewage effluent are examples of additional water sources.

Ground Water Rights

The dep1 etion of the State's ground water suppl ies prompted the Ari zona
Legislature to adopt the Groundwater Code of 1948. This code established
"critical ground water areas" in basins not having sufficient ground water
to provide an adequate supply for the irrigation of cultivated lands.

In May 1977, an emergency ground water bill was signed into law by the
Governor. The Legi sl ature adopted the Gr'oundwater Management Act in June
1980. CAP water supplies were considered in framing this act and its man
agement objectives. The act provides that there will be no expansion of
agricultural irrigated acreage within an area designated as an Active
Management Area. A person contracting for CAP water may, however, substi
tute, on a one-to-one basis, acres irrigated between 1975 and 1980 with
acres irrigated between 1958 and 1968 in order to effectively use CAP water.

Other major provisions of the act outline rights and uses of water, rights
to sell water, methods to reduce withdrawal s, and other management and
enforcement methods.
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Safety of Dams

The construction of a dam anywhere, particularly upstream of a major metro
politan area, always involves consideration of the safety of the structure.
Wi th the February 1980 fl ood and the questions rai sed about the safety of
Stewart Mountain Dam, public awareness of the importance of dam safety has
increased.

During a review of the safety of existing dams, it has been determined that
should either a probable maximum flood (PMF) or a maximum credihle earth
quake occur, all six Salt River Project (SRP) dams would experience some
degree of failure resulting in uncontrolled reservoir releases and catastro
phic consequences to lives and properties downstream. SRP dams are owned by
the United States and operated by SRP through a contract with the United
States. Thus, the Bureau of Reclamation is responsible for insuring the
safety of these dams and their operations.

Wadde 11 Dam, on the Agua Fri a Ri ver, owned and operated by Mari copa County
r~unicipal Water Conservation District #1 (MCMWCD#l), was evaluated by the
State of Ari zona under the National Safety of Dams program. It was deter
mined that under PMF conditions, the spillway would be inadequate. Current
ly, the owners are taking preliminary steps to rectify.the problem. How
ever, these steps will not be implemented if New Waddell Dam is constructed
(see Chapter IV, page 25).

Energy

In recent years, energy demands and costs have risen dramatically.
tial efforts are being made by utilities to meet the demand and,
cul ar, reduce demand duri ng peak power peri ods. Thi s pl an woul d
and be influenced by the energy picture in several ways.

Substan
in parti
influence

Additional reservoir storage space developed for either regulatory storage
or flood control purposes may provide additional hydroelectric generating
capabil ity. This power would be provided on a continuous basis, thus aug
menting baseload capacity, or it would be provided during periods of peak
demand.

The addition of storage space or more efficient use of existing space would
a11 ow the capture and use of water that woul d otherwi se be spi 11 ed. Thi s
would result in decreased ground water pumping and overdrafts.

To further enhance the CAP impact on regional power suppl ies, the pumping
plants along the Granite ·Reef Aqueduct (particularly the Havasu Pumping
Plant which will consume over half of the CApis pumping energy) will be
operated whenever possi bl e at full capacity duri ng offpeak power demand
periods and at reduced capacity during onpeak periods when consumer demands
for electricity are the highest. This shift in use from onpeak to offpeak
can be handled on a daily basis by the aqueduct itself. But on a seasonal
basis, summer to winter, a storage facility is needed to pump the water when
energy use is low (the winter months), stored, and delivered at a later time
when energy use is higher (the summer months). Ry shifting CAP energy
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requirements from summer to winter, power could be made available from the
Na vaj 0 Powerpl ant duri ng the hi gh demand summer months and marketed at a
higher rate than during the low demand winter months. A regulatory storage
facility would provide the storage necessary to allow these energy shifts to
take place.

Land Use

Water availability and flood control measures have the potential to influ
ence the types, locations, growth patterns, ownerships, and uses of land.
Alteration of the floodplain is actually de facto land use planning.

Residential and recreational developments are frequently located on private
and public lands adjacent to major reservoirs because of the environmental
amenities and recreational opportunities afforded by the impounded surface
waters. Open space areas within floodways, that in urban areas have levees
to provide limited protection from flooding, may also experience development
pressure. Impl ementati on of the pl an coul d 1ead to changes in 1and use
along the floodplain.

Social and Economic Issues

The social and economic issues reflect the concerns of local residents,
government officials, and special interest groups. Of all the socioeconomic
issues related to flood control in central Arizona, flood damage to proper
ty, transportation disruption, and service interruption affect the largest
number of people. The lives of those who are not directly flooded are
disrupted by traffic delays, bridge and utility outages. and damages to
businesses in floodprone areas. Enforcement of existing zoning regulations
that preclude future development in the floodplain is expected; still, some
way to solve the problems created by existing development is needed.

Implementing - or not implementing - a water development plan carries with
it soc i a1 and economi c costs and benefits; some peopl e benefit, whil e some
"pay." For instance, communities could benefit from new jobs, businesses,
etc. while persons living in the area affected by this plan may be forced to
relocate.

The net benefits of alternative soliltions were determined by assigning a
monetary value to the benefits of flood control (damage prevented), regu
latory storage, recreation, and hydropower to justify the plan from a
national economic development standpoint.
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CHAPTER III

DESCRIPTION OF PLAN 6 - THE PROJECT ACTION

Eight plans were developed that to different degrees address the prohlems,
needs, and issues that were discussed in Chapter II. From these, Plan n was
selected as the plan that best resolves those concerns. This chapter
describes that plan.

Project Purposes

Plan 6 includes the construction or modification and operation of four dams
and associated reservoirs. The plan calls for the construction of New
Waddell Dam and Cl iff Dam and the modification of Theodore Roosevelt and
Stewart Mountain Dams.

Th e operat i on of th ree of these dams (New Waddell, Cl iff, and Mod ifi ed
Roosevelt) would provide water supply, flood control, recreation, and fish
and wildlife benefits. The dams on the Salt and Verde Rivers (Modified
Roosevelt, Modified Stewart Mountain, and Cliff) would correct existing dam
safety problems.

The plan would provide 660,000 acre-feet of regulatory storage and 206,000
acre-feet of new conservation capacity for the Central Arizona Project
(CAP). Sufficient flood control space would be provided behind dams on the
Salt and Verde Rivers to control the 200-year Salt River flood event to a
flow of 9?,OOO cfs measured near the Sky Harbor International Airport.

These purposes would be accomplished without adversely impacting existing
facilities. Any water supply, hydropower capacity, or recreational facili
ties lost would be replaced.

Project Location

New Waddell Dam would be located on the Agua Fria River, immediately down
stream of the existing Waddell Dam. Cliff Dam would be located on the Verde
River, hetween Rartlett and Horseshoe Dams. Modified Roosevelt Dam would be
located on the Salt River, at the site of the existing Theodore Roosevelt
Dam. Stewart Mountain Oam, located on the Salt River, would require modi
fication to ensure its safety. The general location of the structures is
shown on Figure 2.

Project Pl an

The plan is multipurpose. As previously discussed, the plan includes con
struction of four dams for water conservation, flood control, and dam
safety. It also includes development of recreational facilities and miti
gation measures for biological, cultural, and social resources. 'As part of
this plan, Horseshoe Dam would he breached and its storage capacity replaced
at Cliff Reservoir.
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Physical Facilities

New Waddell Dam and Reservoir. New Waddell Dam would be located approxi
mately 1/4 mile downstream from the existing Waddell Dam within the Lake
Pleasant Regional Park. The site area includes 41,ORO acres. The dam,
spillway, reservoir area, canal, pumping/generating facility, ann trans
mission facilities, as well as roads, borrow areas, recreation areas, and
other construction-related activities are shown on Figure 3. All lands,
necessary easements, and rights-of-way for this feature would be acquired by
the Federal government.

New Waddell Dam woul d he a zoned rockfi 11 structure with an ungated
spillway. Discharges from the spillway would be to the Morgan City Wash
which flows into the Agua Fria River ahout 3/4 mile downstream of the new
damsite. Flood control for the Agua Fria River would be provided through
the operation of the conservation pool.

Two water supply outlet works would be part of the dam. Maricopa County
Municipal Water Conservation District HI (MCMWCDHl) presently uses water
storage in Lake Pleasant. One service outlet would be required for MCMWCDHI
releases to Lower Lake Pleasant. The water would then be diverted into the
existing Beardsley Canal. The other service outlet would release water into
a reversible canal connecting the Granite Reef Aqueduct to the base of the
dam.

Diversions from the Granite Reef Aqueduct would he made into the reversihle
canal from which the water would be pumped into the reservoir at the pump
station. Power would be produced when r.AP diversions from the reservoir
flow through the pumping/generating facility into the reversihle canal and
back into the Granite Reef Aqueduct. The canal would he located on the east
side of the Aqua Fria River. The pumping/generating facil ity would be
located near the l~ft abutment of the dam. Approximately 12 miles of trans
mission lines would be required to connect these facilities to existing
transmission lines.

Cl iff Dam and Reservoir. Cliff Dam and Reservoir would be located on the
Verde River about 6 miles downstream of the existing Horseshoe l1am. The
site area includes approximately 52,800 acres, most of which is under
Federal ownership.

Cliff Dam would be an earthfill structure and would include flood and water
supply outlet works. All releases would be to the Verde River channel. The
location of the dam, spillway, reservoir area, recreation sites, borrow and
waste areas, and other construction-related areas are shown on Figure 4.

Modified Roosevelt Dam & Reservoir. The existing dam and reservoir are
located wholly within the Tonto National Forest about 76 miles northeast of
Phoenix and 30 miles northwest of Globe, Arizona. The dam is constructed
across the Salt River.
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Theodore Roosevelt Dam modification would consist of ralslng the existing
structure from elevation 2142 to elevation 2210. This would require removal
of a portion of the existing dam and the placement of new concrete to ele
vation 2210. The existing ~pillways, outlet works, and power outlet works
would also be replaced. The powerplant would remain at the downstream toe
of the dam. The location and features of Modified Roosevelt Oam are shown
on Figure 5.

Modified Stewart Mountain Dam. Dam safety problems at Stewart Mountain Dam
necessitate modification to the existing dam. Modifications would include
replacement of the top 40 feet of the arch section, construction of an
auxiliary spillway, and rehabilitation of the arch right thrust block and
the right and left gravity sections. These modifications are necesary to
correct hydrologic problems which would be caused by the occurrence of an
Inflow Oesign Flood (IDF) and to correct structural problems which could
occur under Maximum Credible Earthquake (MCE) loading.

The auxiliary spillway, located on the right abutment of the dam, would have
a crest elevation of 1,496 feet and would he a gated concrete structure with
a capacity of 87,000 cfs. The total combined capacity of the existing and
auxiliary spillways would be 210,000 cfs.

No new flood storage space would be provided nor would CAP regulatory
storage space be included. Approximately 10 acres of land would he required
for construction of the new spillway. The location and features of Modified
Stewart Mountain Dam are shown on Figure n.

Recreation Development

The recreation plans associated with the plan call for replacement of exist
ing recreational facilities and expansion of other recreational opportu
nities associated with the proposed water resource developments. Facilities
would be provided at Lake Pleasant, (liff, and Theodore Roosevelt Lakes to
accommodate outdoor recreational use. Specific recreational development for
each reservoir would assure maximum public utilization, enjoyment, and
protection of the resource. The following briefly describes the proposed
recreational development associated with each feature. For a complete
description, refer to Appendix C, Recreation.

New Wadctell Dam and Reservoir. Recreational development at Lake Pleasant
would primarily be restricted to the west shore of the reservoir. Four
major sites, with a total of 67 acres, are planned. Specific facilities for
camping, picnicking, hiking, swimming, hoating, and fishing would be
developed.

Cliff Dam and Reservoir. The proposed development at Cliff Dam and Reser
voir would be designed to provide water-hased recreation~l experiences and
enhance the recreational utilization of the area. Four areas were selected
as being appropriate for recreational development and would include eques
trian facilities, camping, picnicking, hiking, swimming, fishing, boating, a
marina, concessions, and an archeological interpretive area.
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Mod i fi ed Roosevelt Dam and Reservoi r. Ten sites were sel ected as appro
priate for recreational development at Modified Roosevelt. Proposed devel
opment would include camping, picnicking, boat launch and ramp, fishing, and
parking. Some of the existing facilities would be upgraded, including the
ranger station, concession buildings, floating dock, and boat ramp.

Fish and Wildlife Measures

The impacts to biological resources would result primarily from dam con
struction, reservoir inundation, and flow releases from reservoirs. The
biological resources represented include biotic communities, specific cases
of Federa lly-des i gnated threatened and endangered speci es, and management
and special use reservoirs. The impacts of dam operations would not occur
at Modified Stewart Mountain Dam and Reservoir or Modified Roosevelt Dam and
Reservoir since these elements would continue to operate as they have in the
past.

Mitigation measures identified as part of the plan are briefly described in
the following pages. A complete discussion of the mitigation plan may be
found in Appendix C, Riological Resources, and in the Regulatory Storage
Division Final Environmental Impact Statement.

Rifarian/wetland Communities. The revegetation of 250 acres of cottonwood
wi low and 6QO acres of mesquite would be done at the Cliff site.

The mixed scrub at all sites and cattail habitat at Cliff Dam would recover
without revegetation through natur~l succession. To ensure full development
of the habitat values, livestock grazing and off-road recreational vehicle
(ORV) use would need to be eliminated in this riparian area and fencing may
be required.

The draining of Horseshoe Reservoir and the hreaching of Horseshoe Dam would
be scheduled to coincide with t~p seeding and germination period of cotton
wood and willow species in March and April.

All riparian habitat in the construction areas not required for construction
purposes would be protected from damage. All lands containing riparian
habitat which is removed due to construction outside the impoundment area
would be contoured and revegetated to preconstruction conditions.

Other Terrestrial Communities. Vegetation clearing plans, which call for
only partial conservation pool clearance to provide fish cover, would be put
into effect at New Waddell and Cliff Reservoir sites. No clearing would
occur in the conservation pool at Modified Roosevelt reservoir.

The Inflow Design Flood (IDF) areas at New' Waddell, Cl iff and Modified
Roosevelt Oams would he manag~d for wildlife hy restricting grazing and of
road vehicles either by fencing or obtaining management agreements for
withdrawn lands. Permanent water sources would be provided in areas where
water is not now availahle to wildlife.

All areas of construction disturbance in sites not needed for permanent
facilities would be returned to natural contours and revegetated with native
plant species.
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Perennial Streams. The 7 miles available in Horseshoe Reservoir through
stream management techniques would be reclaimed to replace the habitat value
lost from the 6 miles of river inundated by Cliff Dam and Reservoir.

The Bureau would work with the U.S. Fish and Wildlife Service to design and
evaluate a positive cutoff above the IDF elevation to provide a barrier to
the movement of fishes upstream on Tule Creek into the Gila topminnow
habitat. Fish barriers would be placed above the IDF elevation to avoid
impacts to native stream fish.

Reservoir Aquatic Communities. Possible impacts resulting from the intro
duction of Colorado River ichthyofauna into the New Waddell Reservoir would
be investigated through a Cooperative Effort with the Arizona Game and Fish
Department, the U.S. Fish and Wildlife Service, and other interested
parties.

The rate of drawdown at New Waddell Reservoir would be reduced to 5 feet or
less during March and the first half of April as often as is practical.

Conservation pool clearing would be reduced to the minimum possible level.
A total of 2,486 acres would be cleared at the Cliff and New Waddell
Reservoirs primarily for human safety and navigation conservations as
predicated on expected boat usage.

Minimum pools would be incorporated into the sediment and inactive storage
pools at Cliff and New Waddell Reservoirs. At Cliff Reservoir, the pool
would be 1,030 acres in size with an average depth of 30 feet; at New
Waddell Reservoir, the pool would be 1,540 acres in size with an average
depth of 26 feet.

The construction of a harvest basin immediately downstream of Horseshoe Dam
would facilitate the salvage of sport fish for stocking in Bartlett
Reservoir. A management agreement would be required with the Arizona Game
and Fish Department for such salvage and restocking operations.

Special Use Areas. The recreation plan for Modified Roosevelt Reservoir
would include closing the recreation sites within the waterfowl area during
winter use periods and providing irrigation equipment and sufficient water
to irrigate 100 acres of winter food crops for waterfowl.

Endangered Species. The U.S. Fish and Wildlife Service has issued a
Biological Opinion under the Endangered Species Act that the plan as
proposed would jeopardize the continued existence of the bald eagle in the
southwest. In accordance with estahlished policy, the Rureau would work
with the U.S. Fish and Wildlife Service, Arizona Game and Fish Oepartment,
and the U.S. Forest Service to prepare an agreement to implement management
strategies and actions to avoid adverse impacts on nesting bald eagles which
would result from increased recreation activities.

The Bureau would continue to support the U.S. Forest Service 'efforts to
maintain nest wardens and provide liaisons between construction forces. The
~est Watch Program would continue to receive funding from the Bureau.
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Horseshoe Dam would be breached in a manner that woulrl avoirl excessive
erosion and promote stream and riparian development in the exposed Horseshoe
Reservoir.

Rorrow excavation would be avoided at Meddler Point, if possible. If not,
construction specifications would require removal of materials during the
eagle non-breeding season anrl stockpiling materials outside the p.agle hreerl
ing and foraging territory. Rorrow areas ,,,auld he restored to provirle
habitat suitable for eagle forage fish.

Award of the construction contracts associated with Modified St~wart

Mountain Oam would be scheduled to permit initiation of constructiOI1 in
April or May and thel1 continue uninterrupted except for blasting. Con
struction specifications woul~ exclude initiation of construction from
October through March. Rlasting activities would he prohibited from
December through March.

The Rureau would work with the Fish and 1,.Iildlife Service to desig'1 ann
evaluate a positive cutoff ahove the IOF elevation to provirl~ a harrier to
the movement of fishes upstream on Tule Creek into the Gila topminnow
habitat. The positive cutoff would he constructed unless unforeseen design
problems or extreme costs are encountered.

Project Monitoring. The Bureau would monitor the effects of the plan a'1rl
the success of all mitigation measures.

Cultural Resource Measures

As part of the plan, p.xtensive measures to mitigate adverse impacts upon
cultural resources would he implemented concurrently with construction.
These measures would he carried out in the context of the ongoing cultural
resource program developed for the CAP and in accordance with a programmatic
Memorandum of Agreement with the Advisory (ouncil on Historic Preservation
and the Arizona State Historic Preservation nfficer. The mitigation
measures include:

1• Imp 1ementin g datarec0 ve ry and res enrch stu rl i es a f sit <> 5

immediately affected by the plan.

? neveloping a program to monitor, manage, anrl sturly archeological
and historic sites in the inrlir~ctly aff~cted areas.

3. nev~loping of a program for public rlistrihution anrl interpretation
of study results.

Social Measures

Approximately 90 families would he relocat~d as a r~sult of the modification
of Theodore Roosevelt nam. These residents live near the northern boundary
of Roosevelt Lake Estates. The full-time resirlents (apprOXimately 3R
famil ies) woulrl have the option of ohtaini'1g a replacement lot adjacent to
the existing community while the remaining part-time resirlents would he



compensated for the acquisition of their property through the Uniform Relo
cations Assistance and Real Property Acquisitions Policies Act of 1970
(Public Law 91-646). Relocation of the KA Ranch at the Cliff damsite would
also be required.

Operating Assumptions

The Bureau desires to transfer the operation and maintenance of completed
features to a local entity or entities as rapidly as practicahle. Recause
of the multifunctional and multipurpose nature of this plan's r~servoirs,

cooperative operating agreements between the respective interests would he
necessary to ensure that each purpose woul d be properly served. These
agreements would define the rights of each party and the responsibilities
and limitations of the operating entity. The following operating guidelines
have been assumed.

New Waddell Dam and Reservoir. The Bureau intends to transfer responsi
bility for the operation of the CAP aqueduct system to the Central Arizona
Water Conservat ion Di stri ct (CAWCD) along with all features whi ch woul d be
critical to water and power operations. Since the operation of New Waddell
Dam and Reservoir is critical to CAP power-use management, which would he
closely linked to the operation of the aqueducts, it is assumed the CAWCD
would operate New Waddell Dam and Reservoir.

Salt and Verde Dams and Reservoirs. Cliff, Modified Roosevelt, and Modified
Stewart Mountain Dams are located within the existing Salt River Project
(SRP) system. Because of this and the fact that the operation of these dams
and reservoirs would have little impact on CAP operations, it was assumed
that SRP woul d operate plan features above Gran ite Reef Oi vers i on Dam.
These features would be operated consistent with existing guidel ines and
rights related to the following entities:

City of Phoeni x
Phelps Dodge Corporation
Roosevelt Water Conservation District
Salt River Indian Agency
Roosevelt Irrigation District
Peninsula Horowitz/Roosevelt Irrigation District
Salt River Valley Water Users Association
Fort McDowell Mohave-Apache Indian Community

Under the provisions of the Flood Control Act of 1944, the Corps of
Engineers has responsibility for flood control operating procedures at all
federal dams that have flood control functions. Accordingly, the Rureau
would work with the Corps to develop flood control operation criteria for
Modified Roosevelt, Cliff, and New Waddell Dams.
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CHAPTER IV

DESIGNS AND ESTIMATES

Proj ect Features

As discussed in Chapter III, the plan includes the construction and opera-
tion of two new dams and the modification of two others. This chapter
briefly describes the designs and costs for these features. For a more
detailed discussion, refer to Appendix A.

The January 1983 construction cost for the pl an is estimated at
$1,035,500,000. The cost includes the dams, appurtenant structures, reser
voirs, and all other associated costs. The annual appraisal operations,
ma i ntenance, and repl acement (OM&R) costs assoc i ated with thi s pl an are
estimated at $4,781,000.

New Waddell Dam and Reservoir

The dam and portions of the reservoir would be located. in Maricopa County
within the boundaries of the Lake Pleasant Regional Park. The reservoir
would have a storage capacity of 892,000 acre-feet as shown below.

Accumul at i ve Water Surface Area
Storage Storage Elevation Inundated

(Acre-Feet) (Acre-Feet) (Feet) (Acres)

Surcharge 1725 12,310
CAP Conservation 728,800 892,000 1702 10,240
MCMWCD#l

Replacement 157,600 163,200
Inactive (initial) 5,000 5,600 1508 300
Dead 600 600 1450 45
Streambed a 0 1430 a

The storage data includes an allowance for 68,800 acre-feet of projected
laO-year sediment deposition between the streambed and elevation 1702. The
68,800 acre-feet would be deposited above elevation 1496. The new impound
ment would include the existing Lake Pleasant and would inundate the present
Waddell Dam and recreational areas.

New Waddell Dam would be a zoned rockfill structure rising about 305 feet
above the streambed to a crest elevation of 1,735 feet, where it would form
a 4,900 foot crest 1ength. A 600 cfs gated outl et located in the ri ght
abutment woul d be constructed for Mari copa County Muni ci pal Water Conserva
tion District #1 (MCMWCD#I) requirements. The intake structure would be
designed with a sill elevation at 1450 feet. The tunnel, approximately
1,870 feet in 1ength, woul d be constructed fi rst so it coul d be used for
diverting flows during construction.
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A 3,000 cfs inlet-outlet works for CAP requirements would be constructed
through the left abutment of the dam. The outlets, with an intake sill at
elevation 1520, would consist of three 11-foot-diameter steel-lined tunnels
extending through the abutment where steel penstocks would continue to the
pump-generation plant.

A 330,000 cfs free flow spillway located 7,SOO feet west of the darnsit~

would provide overflow protection to tre dam. The spillway would he a
7S0-foot-wide structure with a crest elevation of 1,702 feet extending about
140 feet to discharge into a wash th~t emptips into Morgan City Wash. Flows
would be conveyed into the Agua Fria River below the Beardsley Diversion
Darn.

A pumping-hydroelectric generation structure would be locaterl on the east
side of the Agua Fria River about 1,nOn feet downstream of the dam crest.
It would have five major floor levels and he approximately ISO feet wide and
370 feet long. Thp. plant, with six vertical shaft pump-gp.nerating units,
would have a pump ann generation design capacity of 3,000 cfs. During
releases, the plant could generate up to 35 megawatts of electrical power.
Design drawings of New Waddell Oam are shown on Figures 7 and 8.

The 4.7-mile Wadrlell r.anal woulcl interconnect New Waddell Dam with the
Granite Reef Aqueduct. It would be located on the east side of the Agua
Fria River and connect with the aqueduct at a point just downstream of the
Agua Fria River siphon outlet. At New Waddell Dam, the connection would be
constructed at the pump-gen~ration plant. The canal would be designed as a
reversible flow structure capable of delivering up to 3,000 cfs by gravity
to the pump-generation plant •.A typical dral'ling of Waddell Canal is shown
on Figure 9.

The transmission system would provide power for the dam and pump-generation
plant. One, single-circuit, 230 kV, steel lattice construction, 7gS kcmil
ACSR conductor transmission line would be constructed to the pump-generation
facility from the Bureau's \4estwing Substation located to the southeast.
The P-mile line would parallel the double 500-kV .Arizona Public Service
transrnission lines exteT"lding to and past the damsite. A switchyarrl and
230-kV transformer area would he located just ~ast of the pump-generation
plant. Station power would operate the valves, gates, spillways, elevators,
anrl general station lights. .

All removahle facilities which might be impacted by the construction and/or
new water surface levels in the reservoir would he relocated. Approximately
n miles of existing rastle Hot Springs Road, which is located within the dam
construction or high water impact zone, would require relocation. This
would be done at the beginning of construction so the existing access road
could he closed. A 1.7S-rnile roact would provirle access to the new park
areas and recreational facilities. An estimated a miles of existing
interior park roads would also need to he relocated. All projf'ct roads
woulrl he utilized initially as unpaved construction roads.



Loke

/,oke Pleasant

CENT/IAL AI?IZ()NA PR(NECT'- Ai7lZ0NA

KEY MAP

FIGURE 7

LOCATION MAP

NI::'W WA{)[)ELL DAM
FEJISIBILITY DESIGN

PLAN, LOGATION MAP AND KEY MAP

NOTE
Access roods lo s l-ruc/"ures nof shown

(

{600

\

"

) "~

// -\.

/ \

14 'CJ
f{)

)

oullo!

for resorvoir
nol shown

)
(
:

f Appl'ooch c!wllrll!/

PL AN

))

Pump
unil s

r,'onsfo"{f/o!"

AppI'ooch chollne/

!lwee II,!! !I)

Sleol pipes'

j

i

i



()

o
IHOO

AfH--,A IN THOUSAND:'; OF ACHES
if G f3 to

CAPACll'Y iN HUNDHED THOUSANDS OF ACHES FEET
B 12. 1(\ 20

1

12

CAPACII"Y
ACRE-H,r, T

FIR 6 ,'100

5,000

600

1i9? ,O()():I'

f:I.. EVATIONS

IIIOR /0 I/O:'

11!JO /0 150R

Ihverbed /0 1450

1111r

I 5
SPILLWAY [)1;';C~IAHGt IN HUNDF/FD THOUSANDS OF CPS

OUTLET nl~':~CHAfWF. iN TEN THOU~)ANDS OF CFS

ARE,l1 CIU'/4CITY·.. DISCHARGE CURVES

RESE:'F?VOII? CAPACITY AI.LOCATIONS

PUHPOSE

I1cUve conservoIion

Tii/O/

;,'r: Includes 58,800 ocry} fee j- o!!owance fi)f' /00 year seei!men1 deposition
/Je/ween;;lreambed uod fl, 1/02, u( which 68,1300 aere fee'l is
abovo tJ 1496.

11 surchorqe 01214.000 acre /'I,oel (Max, WS', 1:'1 1(25) OJ comblno/Wi!
vVilh 0 spillwoy dl5c/Jurqe 01330,000 cfs, IS provided '10 prolocl

Ihe iollow l'Iood which hos u peak of 195,400 cIs
(] !."5 doy volume 688, ~)()O {Jere f(:e l.

14()O
o

Cresl II /1350

1:/ /716,0

/I /726,0

Hoodway wllh Ijuordrol/s 00

hoIh sides

~: Cros! of dom

Lumls of excava1"ton
21

0625

0,5/

Orlljlflol Ijl'oond slirfoce

!jrOlind and bock fill surface

1./):/

:';00?clO

ION

Cresl or- dum
1.1 11350

0,//

100

Inclt !uyers

fnch loyol's

fo 24 inch layors

100

lJIonkef IjrOuflolj

S/uslJ Ijrou/1fl1j ond dentol conCl'ele
os reqa.tred

2 I

!v1ox!!num waI"er surloce;

lop of udlvi! cooservo iroo
1/02,0

Ol'lljIOO/ Ijl'o/)f)d uod bockfll/ slirIoce

Wel/ graded f'ree droinmq coheslOo/ess moiel'lof compocied by Ilhra/ory I'olfe r' from 3 100/ loyel's

Assumed surfoce of firm formoIlOo

Core ow/erlof S~/ecled GC, :iC, C( ma/eno/s compocled by tumplI/(! roller to 6

liller muler'lol !,roces;;ed .load ond Ijrovel compucled by vlbl'alory 101l1!1' 1'0 :'4

'Pl'ocessed cool'se ,ond ood qrQvel cumpac led by vlbn /ol'y 1'0//01'

E'MBANKMENr EXPLANA7'/ON

100 01' loochve copoci!y,

fl, 150FlO

Ilml is of excovalloo

2.

lop 01' dead copoci!y,
il,I450,O

Cf?EST OE'TAIL
{}

"d "

40
I

FIGURE 8

NE:W WAOl)lf:U. DAM
F£'ASIflIUTY OE:STGN

EMEJANKMENT
I'HOP'IL,J:.:: AND SECTION

DEPARFMEN't OF Till.:: IN7"ERIOR

HUREAU or f(ECL,AMATION

CENTIlAI. AlIIZONA ellO,IEeT "-All/ZONA

1000

1600

I
'~l
;>
\.u,

\400
1.,,1

i 12,00
10 , 0014 + 00III -I' 0022 ... 0026 00'30 + 00

Assumed SUl'toce of l'irm f'ocmolloo,
:10 -1'00 \4 -I' 00

~,)TATJOW:; ON GHf:,>;T OF DAM
42" 00

Lower Lak() Pleosonf

Cur tClln 91'0U Ilnq

50 + 00 46 + 00

S Three 1/ () I (J

!

54 00

Ulookd

j
:'Hl -+ 00

1200

1600

1400

IlJDO

'",
I.J!



N. G. 8.

TYPICAL SEcrlON

FIGURE 9
ALWAYS Tlllnl< SAfETY

CENTRAL ARIZONA PRO,JEeT
I/EI7iULATORY STO/?AI7iE DIV/S/ON··AIIIZONA

NEW WADDELL
I?EVI::RSIBLE CANAL

TYPICAL SECTION

nDlS/i;WE,'I f"H':'l..l) APPfWVAI ..

TECtiNICAL /If'f'HOVAI

AeeNOVE.'/).

1982. 344-330-3440



Additional construction roads and haul roads leading to the materials area
south of the damsite would be built as deemed necessary. Those roads which
are to remain after construction would be improved and/or paved to remedy
construction deterioration.

Construction and operation of the new dam and reservoir would require the
relocation of about 1 1/2 miles of 12.5 kV Arizona Public Service electrical
distribution lines. It would also be necessary to relocate additional dis
tribution lines providing service to Maricopa County's educational facility
located on the east shore of the Lower Lake, which would itself be
relocated. The park operates a sewage digester located within the proposed
reservoir. This facility would have to be dismantled and moved to a new
location.

The proposed development of New Waddell Dam and Reservoir would require the
acquisition of approximately 13,071 acres of land. Of this total, about 160
acres represent acquisition from the MrMWCD#l. The remainder is State land,
primarily within the boundaries of the Lake Pleasant Regional Park.

The construction and operation of this feature would impact several MCMWCD#l
facilities. The existing Waddell Dam would continue to operate for the
MCMWCD#l during the construction of the new dam and would serve to protect
the construction site. A portion of the existing structure would be
breached to elevation 1539.3 after the completion of the new dam. In
addition, the existing spillway gates, hoists motors, and miscellaneous
metal work would be removed.

Construction would also require draining the Lower Lake, which is formed by
the Beardsley Diversion Dam. The construction plan would accommodate the
diversion requirements of MCMWCD#l during peak periods. The construction
plan utilizes a care and diversion scheme consisting of upstream and down
stream cofferdams along with a diversion tunnel located on the right abut
ment of the dam with the outlet portal discharging into the lake below the
dam construction site, downstream from the diversion dam.

The total cost of constructing New Waddell Dam is estimated at $417,643,000.
A summary of the construction cost estimates is shown on the Project Con
struction Cost Estimates at the end of this chapter. Detailed cost
estimates are provided in Appendix A.

The total appraisal-level cost for OM&R for this feature is estimated at
$2,738,000 for the dam structure and its appurtenant works. The appraisa1
level OM&R costs are displayed in Chapter V, page 37.

Approximately 9 years are estimated to complete the development of New
Waddell Dam and its associated features. Construction of the dam and its
appurtenant works would require about 4 1/2 years.
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Cliff nam and Reservoir

The dam and reservoir would be located on the Verde River within the Tonto
National Forest. The dam axis would be locatec1 about f) miles downstream of
Horseshoe Oam. The reservoir, l()cated in Maricopa anrl Yavapai r:aunties,
Arizona, would extend 11 river miles upstream and would inunoate Horseshoe
Oam.

The reservoir would have a storage ci'lpacity of 7Q3,740 acre-feet. IJnoer
maximum water surface conditions, the reservoir would extenrl upstream 13
miles and inundate Horseshoe Dam. The storage allocation is shown below.

Surface
Storage Aggregate Flevation Area

Purpose (Ac re- feet) (Ac re- fept) (Fep.t) (Acres)

Surcharge ~,14f).q 1S,000
Flood Control 451,000 793,740 ?,Ofi6 g,R46
Active Conservation 332,740 342,7 40 1'.,001.5 S,367
Inactive 6,445 10,000 l.Rfih 480
f1ead 3,555 3,555 1,847 224

The storage data includes an allowance of 41,313 acre-feet of projected ]00
years of sediment deposition between the streambed and elevation ::?,001.5.
Approximately 33,000 acre-feet of the sediment would be deposited above
elevation 1,866.

Cliff Dam would be a 335-foot-high, zoned earthfill embankment structure
with a 4,100-foot-crest length at elevation ?151'.. There would be a
20-foot-high dike with a 260-foot-crest length at elevation 2152 on the left
ahutment.

The river outlet works, consisting of a tunnel through the left abutment of
the dam, would discharge 2,?On cfs at a reservoir water surface elevation of
1R66. The box-type intake structure would provide for initially releasing
reservoi r water from below the lOO-yl:'ar serlirnent level hy use of an adjust
able sill. The upstream tunnel would be a circular tunnel about 1,1)50 feet
long, concrete lined, ann pressurizerl. A gate chamber \'/oulrl house two
regulating outlet gates and two emergency outlet gates. Access to the gate
chamber would he through an access shaft. The downstream tunnel would be a
mooifiec1 horseshoe-shaped tunnel about 1,S50 feet long, concrete linerl, anrl
free flow. .A chute and type II hydraulic jump stilling basin \'/ould he
providerl at the downstream end of the tunnel.

The flooo outlet works would consist of three parallel tunnels through the
left abutment of the oam. They are oesigned for a cornhined discharge of
~5,OOO cfs at a reservoir water surface elevation of 2001.S. All three of
the tunnels and their corresponding structures woulrJ be identical wit"" the
exception of the upstream and downstream tunnel lengths. The intake struc
tures vJOuld be box-type intakes. !Jpstrea:n tunnels for the flood control



The existing

outlet works would consist of concrete lined and pressurized circular
tunnels. Each gate chamber would house two regulating outlet gates. Access
to the gate chambers woul d be gai ned by an adit extendi ng from the ri ver
outlet works gate shaft. The downstream tunnels would be modified horseshoe
tunnels that would be concrete lined and free flowing. Overall lengths of
the tunnels would be 3,200 feet. A chute and type II hydraulic jump still
ing basin would be provided at the downstream end of each tunnel.

The spillway would be located on the east side of the left abutment. The
maximum combined release from the spillway and flood control outlet works
would be 1 imited to 186,000 cfs. The spillway would be at an e1ev-3tion
above the top of the flood control pool to allow the 500-year flood to pass
through the flood control outlet works without utilizing the spillway.
Recause of the low probability of the spillway discharging and the rela
tively low cost, an open-cut channel was chosen for the spillway. Design
drawings of Cliff Dam are shown on Figures 10 and 11.

There would be two methods for providing station power. One would be a
20-mi1e 12.5 kV transmission line from the Arizona Public Service Company's
(APS) Cave Creek Substation to the dam. The cost of this line, including
transformer facilities, is estimated at $750,000. The second method would
be the installation of diesel or propane fueled engine generator equipment
with sol ar/battery power i ncl uded for cont i nuous communi cat ions and reser
voi r water level and gate position monitoring. Using both methods would
insure power to mechanical equipment (gates, valves, motors, etc.) in the
event of fail ure in one or the other power sources. The cost of both is
estimated at $990,000.

A 3.6-mile paved road from Horseshoe Dam to the Cliff damsite would provide
access during construction and later serve as the O&M road to the dam. Two
3.5-mile roads would also be constructed to provide access to recreation
areas.

The proposed development of Cliff Oam and Reservoir would require the acqui
sition of and/or right to use 17,000 acres of land within the Tonto National
Forest. Of the total land requirement, 212 acres represent private owner
ship acquisition (KA Ranch). Livestock grazing rights in the area would
have to be acquired.

Horseshoe Dam woul d be abandoned and part i ally breached.
facilities would be replaced at Cliff Dam.

The cost of constructing Cliff Dam is estimated at $346,179,000. A summary
of the construction cost estimates showing the distribution of the costs
among the various features is shown on the Project Construction Cost Esti
mates at the end of this chapter. Detailed construction cost estimates are
provided in Appendix A.

The total appraisal-level cost for OM&R is estimated at $547,000. The cost
includes supervision, labor, equipment, and overhead for operating and
maintaining the dam structure and its appurtenant works. The appraisa1
level OM&R cost estimates for this feature are displayed in Chapter V, page
39.
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Approximately 12 years are estimated to complete the development of Cliff
Dam and its associated features. Construction of the dam and its appur
tenant structures would require about 4 1/2 years.

Modified Roosevelt Dam and Reservoir

The dam, reservoir, and related features for Modified Roosevelt Dam are
located wholly within the Tonto National Forest, about 76 miles northeast of
Phoenix and 30 miles northwest of Globe, Arizona.

The reservoir would have a total storage capacity of 2,1156,200 acre-feet.
The storage allocation is shown below.

Purpose

Surcharge
Exclusive Flood

Cont ro1
Joint Use
Act i ve

Conservation
Inactive
Dead

Storage
(Acre-Feet)

101,300
455,700

1,275,400
308,300

25,500

Aggregate
(Acre-Feet)

2,166,200
2,064,900

1,609,200
333,800

25,500

Elevation
( Feet)

2210

2175
2171

2151
2060
1994.8

Water Surface Area
(Acres)

31,063

25,627
25,010

19,200
8,230
1,610

The reservoir would have a total flood control allocation of 557,000 acre
feet. As shown above, 455,700 acre-feet of the total flood control alloca
tion is designated as joint use space. The storage data includes an allow
ance of 268,000 acre-feet of projected 100 years sediment deposition between
the streambed and elevation 2151. The 268,000 acre-feet lies above
elevation 1966.

Modification of Theodore Roosevelt Dam would include ralslng the existing
structure to elevation 2210. Part of the existing dam would be removed
prior to the rlacement of new concrete. The existing dam would be excavated
down to elevation 2100. A 10-foot thickness of stone block and cyclopean
masonry would be removed from the downstream face to obtain an unweathered
contact surface suitable for placing new concrete. The downstream face
would be excavated down to elevation 1947 and its surface sandblasted.
Grouted anchor bars and a drainage system would also be installed. The
anchor bars would be installed at 5-foot spacing each way and have an embed
ment of 8 feet into the existing dam. The new crest length would be 1,180
feet. The crest thickness would be 7 feet.

Foundation treatment would consist of a combination of drainage tunnels,
solid circular 6-inch-diillneter steel bars, or post tension wire cables, and
a 25- foot-deep concrete shear key with an average thickness of about 15
feet. The foundation treatment would be needed only on the abutments.
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The outlet works would consist of two 10-foot R-inch-diameter conduits with
the inlet centerline at elevation 2000 and the exit centerline at elevation
1945. The outlet works would be located near the center of the dam. The
corstruction of the outlet works would require some tunnel excavation
through the existing dam and some underwater construction.

The power outlet works would have a rectangular bellmouth inlet with a
centerline elevation at 2030. The inlet would transition to an ll-foot
6-inch-diameter conduit. The construction of the power outlet would require
tunnel excavation through the existing dam and underwater construction on
the upstream face.

The dam would include submerged orifice-type spillways. Each spillway con
duit would have a 13-foot 4-inch by 20-foot O-inch top seal radial gate.
The intake centerline elevations were established at 2110 feet. There are
three conduits on each abutment that would discharge into a chute with a
fl ip at the end. The spillway chute would be designed to flip the water
into a plunge pool. The plunge pool was designed to protect against scour
during normal operation of the spillway. At a maximum water surface eleva
tion of 2210 feet, the spillways would have a discharge capability of
115,500 cfs.

The existing 36 MW powerplant, located at the downstream toe of the dam,
would be modified to operate under a revised operating head range. Modi
fications to the existing powerplant would be extensive and would involve
removal of all equipment. A new turbine would be installed. The rewound
generator would be reinstalled and all other removed mechanical and elec
trical equipment reinstalled or replaced as required.

A 115-kV switchyard would be reinstalled at its present location after the
powerplant is modified.

Oesign drawings of Modified Roosevelt Dam are shown on Figures 1~ and 13.

Several types of relocations would be involved in the development of
Modified Roosevelt name One major relocation item would involve the devel
opment of construction roads to accommodate traffic during construction and
a permanent crossing over the Salt River after construction of the modified
dam. This is perhaps the single most. significant cost item of the collect
ive relocation obligations.

The other relocation items would include portions of an impacted residential
subdivision, a private concessionary, existing stream gaging and transmis
sion system, and Salt River Project and U.S. Forest Service recreational and
administrative improvements along the Salt Arm of Theodore Roosevelt Lake.

The cost of constructing the Modified Roosevelt Dam is estimated at
$231,500,000. A summary of the construction cost estimate showing the
dis t ri but i on of the costs amongst the vari ous features is sho,wn on the
Project Construction Cost Estimates at the end of this chapter.
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Detailed construction cost estimates are provided in Appendix A.

The total appraisal-level OM&R is estimated at $1,496,000. The cost
includes supervision, labor, equipment, and overhead for operating and
maintaining the dam structure and its appurtenant works. The appraisal
level OM&R cost estimates are displayed in Chapter V, page 40.

Approximately 10 years are estimated to complete the development of modi
fications to Theodore Roosevelt Dam and its associated features. Construc
tion of the dam and appurtenant works would require about 4 1/2 years.

Modified Stewart Mountain Dam

stewart Mountain Dam is located on the Salt River about 25 miles northeast
of Mesa, Arizona. The dam and its reservoir are located within the Tonto
Nat i onal Forest and withi n Mari copa County.

Stewart Mountain Dam impounds Saguaro Lake and has a total controllable ca
pacity of about 69,800 acre-feet at elevation 1529. The 207-foot-high
Stewart Mountai n Dam is a concrete structure compri sed of four di st i net.
parts: A multicurvature arch darn, two gravity tl,rust blocks, two gravity
wing dams, and ogee crest spillway with nine radial gates. The structural
inadequacies of the dam's arch, thrust block, and gravity sections due to
overtopping would be relieved by an auxiliary spillway placed on the right
abutment.

To remedy the instability problem that would result from a maximum credible
earthquake (MCE event, the following changes "muld be made. The top 40
feet of the arch would be reshaped and reinforced with passive steel to
reduce horizontal tensions. The right gravity section would be reshaped to
improve its stabi 1 ity and woul d bridge the di stance between the proposed
auxi"l i ary spillway and the right thrust block. The left gravity section
would be replaced with new concrete and an additional 6-foot thickness would
be added to the downstream side of the section. The right thrust block
would be stabilized by adding additional reinforced concrete to the south
and west faces. The left thrust block would require no change.

The existing spillway is located east of the left thrust block and is a
gated ogee crest-type spillway with a concrete 1 ined chute. The spillway
has nine 27- by 23-foot radial gates. The structure would not undergo any
modification.

The auxiliary spillway wOLJld have a gated ogee crest, a concrete lined
chute, a flip structure, and an unlined plunge pool. With a crest elevation
of 1496 feet, it would be controlled by four 30- by 30-foot radial gates,
with the capacity of 87,000 cfs at a surface water elevation of 1533 feet.
The exi st i ng surface outl ets and powerpl ant woul d not requi re any modi fi
cations.

Design drawings for Modified Stewart Mountain Dam are shown on Figures 14
and 15.
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The cost of constructing the modification of Stewart Mountain Dam is esti
mated at $40,160,000. A summary of the construction cost estimate is shown
at the end of this chapter. Detailed Project Construction Cost Estimates
are provided in Appendix A. Since the Salt River Project would continue the
operation and maintenance of this feature, no OM&R costs were estimated.

It is estimated that a 2- or 3-year construction period would be required
depending on upstream reservoir operations and associated downstream water
user requirements. Approximately 1 year would be required for materials and
foundation explorations programs.

Recreation Development

Recreational development at New Waddell would be largely confined to the
western shore of the reservoir. Four sites would be developed. Access to
the lake, for recreational purposes, would be relocated and controlled by a
manned entrance station. Recreational development would include facilities
to accommodate hiking, picnicking, camping, boating, fishing, and sight
seeing activities. In addition, such management and support facilities as a
ranger station, concession, gas docks, sanitary dump station, and an inter
pretive center are also included. The development, including replacement,
would require about 240 acres and is estimated to costS6,236,000 with an
accommodation of 863,000 annual recreation days.

Recreational development at Cliff would consist of four sites. Access to
the major recreational areas would be along Forest Highway ?05, the Horse
shoe Dam Road. Recreational development would include facilities to accom
modate camping, picnicking, boat launching, a marina/concession area, fish
cleaning station, visitor center, and archeological interpretive area. In
addition, equestrian-oriented facilities and trai1heads, connecting to
existing trail networks, would be provided. The recreational development
would involve approximately 275 acres and is estimated to cost $10,435,000
with an accommodation of 381,411 annual recreation days.

Recreational development of Modified Roosevelt nam would consist of 10
sites, with one being primarily for river access. Development was planned
to be conducive to environmental constraints involved in wildlife mitigation
proposals for the lake. Current access routes to the area would be main
tained and some would be improved. The paving of A-Cross Road, on the
eastern shore of the reservoir, would greatly increase expected use. The
plans call for paving of all recreational access roads and the use of guard
rails as a management tool to prevent unauthorized off-road use.
Recreational development would primarily consist of picnicking, camping,
boat launching, fishing, a marina/concession, a sheriff's aid station, and a
visitor center. The proposed development would require approximately fi60
acres, with an estimated cost of $1R,552,OOO, exclusive of road development,
and have a capacity of 1,061,000 annual recreation days.
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Mitigation Costs

The mitigation costs for the plan would total $?O,4?7,OOO, including
$13,489,000 for the cultural resource program and $6,930,000 for the bio
logical resource program. The costs for the biological program include:
$4,361,000 for planting cottonwoods and willows and breaching Horseshoe Dam
to mitigate losses to the riparian wetland communities; $1,890,000 for
fencing and water catchments to mitigate losses to the terrestrial commu
nities; $667,000 for stream stabilization to mitigate losses to perennial
streams; and $20,000 to manage special use areas.

Estimated Construction Costs

Project construction costs are estimat~d at $1,035,500,000 for Reclamation
facilities financed through the Colorado River Rasin Project Act of 1968
(Puhlic Law 90-537). and the Reclamation Saf~ty of Dams Act of 1978 (Public
Law 95-578). The costs of the facil ities were estimated by the Rureau of
Reclamation on the hasis of January 1983 prices. These estimates are based
on feasibility designs that would provide a mini~um useful project life of
100 years. nIP costs of the individual features are shown at the end of
this chapter.

nevelopment Program

An estimated 12-year development program would be needed to complete the
development of the plan. The proposed construction program is shown at the
end of this chapter. The beginning of construction would depend on Con
gressional appropriations. The initial delivery dates for r,AP water are not
contingent upon construction of the plan's features; however, the enhance
ment of the water supply and delivery would result from these features.
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Dam

Item

Modified Stewart Mountain Dam
Project Cost Estimate

January 1983
Field Costs II

Rehabilitate arch. thrust block,
and gravity sections

Construct auxiliary spillway

Foundation treatment

Relocations

Spillway access road

Mitigation

Other Costs (non-contract) - 25 percent

Construction Cost

$14.500.000

15,500.000

2.000.000

30.000

100,000

8.030.000

$40.160.000

lIAll cost estimates are represented on January 1983 price levels.



1"111"1"11"111""111""1111 1111 1111111111'1 1111 11111 "I 1111T1 n InImTTI rnJl11nTrlDJIJ I-rrmrrll nIITlnrOllll n rTiI TlTI1ITnrrn:rTl:II ITITT1Im I1111TT1 mn I'TITn n lUI rnrrnrlTl
000'00" ooo'OOt'1 000'000'" 000'0"'11 ooo'ooo'u ooo'oo,'.u OOO'o••'~'J 000'00"01' 000'001'111. OOO'ooO'C'" 000·00 ..·... OOO'OOt'H ooo·oo ..·.e OGg'Ost'n ooo'o'c',

11111111111 11111111111 1111111111, 11111111111 11111111111 11111111111 1I11111111i 11111111111 11111111111 IIlnllllll 1I1111111t; 11111111111 11111111111 1IIIIIIIIn 1111111111; 11111111111
oo'oo,',co',

----- ---'---'- ----- ---_.
J.SOO NOIJ.OnllJ.SNOO 9 NY1d

i'fYO ::1::1110

uBI' eo

uB,.eo

UO""~"IPOi'f waO

'" 0 0 uOII~nJ"uoO

4. • __ • 4 • . _

OOO'OOI'Ot

000'000'1

000'000'&1

1111; II 1111111111111: 1111111111111'1111111111111111 dllill

1111 I1I11 , III III 11111I till II " 11I1 '" IIt I-In hll II Inlt I111

,,I," II 1"1"1" I1I1111"ll1ll1ll1lllll1lltl tl

"111111111 IIII'IIIII! 11111111111 11111111111

1111111 tllIll 111111111 ""ll1lllln

,---- iYoHi;:i.Nnow J.lIVM3J.S 031~100"
illlllllill 11111111111 1111111111; 1I111111111 1111111111111111111111 1I111111m nlllllllll Lll11lllln 11111111111 11llllltlu 1L1rrtulll llll1lillll nltll:l1l1:1 ItJntrtiTI nlnll!111 ---- ------- --_

I III I1111 II 11111111 I II 11I11I11111 11111 Itlill 11111111111 Illnt IIITI nlrrlntn llhrttrhl rrtntrrtn ntntntrt IIttrtrrttJ TItrrlnm ntntrrm rrtnhllntrdntntn TIinin1n _
OOdooe', OOO'OOC" 000'00"01 OOO'ooru 000·00'·.... OOO'OO,'Ot ODO·OGe'., OOO'OOC'" OOO'OOC'U 000'00..•• 000'00", OOO'OO"UI .ao:) UOn::»nJ.auoo

lit 1I1111 n 11111111111 1IIIIII11n 11111 tnln Tit 111111 11 llh Itrrln n:lnlnlTl ntrrtn 111 rrl:11ln!Jl n:t:u:trrtn rrtntrr.ln nttrtT!,tn tn:t:rrtnhT rrtntn:trr rrtrrtntn rrtrrtrrhl ---- ----- -
000'001 OOO'OO,'C 000'00". 000·00.·.. 000·00.·.. 000'001'" OOO'oort 000'001" 000'001" 000'001 000'00' '01 8.eO::> I:) 8 JIUO O-UO N

11111111111 11111111111 11111111111 11111111111 11111111111 nlTIilll11 rrtrrllttn rtt ,rrlnhrtn ITI ,rrhttrrtn rtttrtrrlrr __ _ _
, OOO'OOC 000"00tI 000"00", 000'00.', 000"00,'1 OOO'OOt'.. 000'001" UOn.6,U,.

Illrtlnln III 1-trrln~ti1T1T1 TIirrtrrttT - rrtnt.-.+.-. rrtntnfttnm 'co rrh:ttrrtn ---- --- -- _
OOO'OCM'I ooo"oo~', OOO'OO~', 000'00"" ,LIII: 000'00"-1 111111 000'00,'1~ '.11I1I:».~ UOU•• J:».t:j

11111111111 IIlnlllln "1111,,ltl nl I 1I11T1rrtll rrllllnh-l I1hTlrrtn MtnttTl1l trtnln1TT trhmrtnrmnln1n --- ---_ - _ _ _
OOO'ooe 000'00" ooo'ooo'~ •••••• 31 U8A8 .00l:t

11111111111 1111111111~ IJ linIn trlnmhr ntl1lntn ---- -------- _ _ _ _
OOO'Ooe'OI 000'000'" 000'001.'" 000'00"'11 000'00..'" 000'001" 000'00"'. 000'001 I OOO'OOo'lI~ uon:»nJa.uo:» W.O

'11'11'11111,1',11'111111,11111111111111111, 11111111111 1IIItlltili 1I111111111 Itllllllll1 rrlnhlill Jlll1tl-rtll IIll1tr~11 til rlrrtn nlnlntn ----- ---_____ _ _
·,t"O:> '0'." "••y 000'000'1 000'001"1 000'001'1 OOG'00r'1 OOO'OOI',~ u8,.eO

'11,,1111111 1101111111 IIIIIIII!II IItllllllll 1111111111111111111111 Illl1ln!11 Irll1lntll Illnlrrlll IItnlllhl 1111111 In nln1nlll [lln"lllI nllllllll1 1I1111nln IIlntntn ----- ----_ _ _
i'fYO J. 1311 3S001l 031::1100i'f111:111111 1 111'1111111 11111111111 1I111111111 11111111111 1111111111111111111111 I1tllllllrt rthlll1ll1 IIllllnlll nllrltTt11 IIITrrrlttT nlrrlllill 1I11llrrin trllltl-rttT ntnlntn ---- ---- _ __

1111,1111111'1111"1'11111111,1,, 11I111lt111 1111111I111 IllItllllll IrIltllllll I1I1t1nfn tllnllllli IItlt1l1ln Illrrhlhr rrh:llnfn trinhtlll Irlnlnln ntnlnlrt trllllrrm ---- -------- __ _ _
ooo"oot OOO'oor'l 000'00Cf. OOO'OOC"u 000'001.'1' 000·00.... 000'00.'0' ooo'oo,'tt 000'00"" ooo'OOt',~ OOVOOl'U OOC100t"t OOO'OOI',tc 1.00 uOn~nJl'UO:>

1111111111 0 11111111111 11111111111 III II 11I11I 11111111111 11111111111 1I1111111rr 11 11Itn1n ~lllllll Irlnllllll III I111I In nlrrlntn Irtnlrrl M l-rltrtnm trlllinirr ninl1T~ --- -____ __ __ _ __
OOO'ool OOO'ooe OOO'OOI'~ 000'00.', 000'00'" 000'00-" 000'000" 000'00", OOO'oo,'~ ooo'oo,·~ 000'00' OOO'OOO',t "10::) l:t eJ auo :>-uoN

'1111111111 11111111111 1I1111 0111l 1I111111111 11111111111 11111111111 nllllllin 11 In 1111 rlnin trttrttrtn rrtrrtrrtn IrtnlrrttT -- _
000'00" 000'001"1 000'00'" OOO'OOt'l 000'001', 000'.. OOO'OOI'U uoneDnlW

:lllllnhl !III'IIII 1 rrttT1nin InITr rrltttntn-n I ---- ---- _
oocroos OOO'OOI'~ ooo·oo~·. 000'00". 000'00"1 OOO'OO~'1 ooo·oo.·~ 000'001'11 '.IUII:).~ uOn.eJ:»8t:j

:1111111111 11111111111 1I111111111 1I1111nln 111111111 1 rrtntnltl ntnlirtn nintnln nlrrtntrr1ttrTlTTttl trtrrh:rttr ntntrrln rrlTTtrrtntrrtrrhTtrt nlrrtnt -- _
OOO'OO( 000'000', 000'001" .BaA,as wao ao,,'.'JOH

1111111111: 11111111111 11111111111 111111111 I IIltllll~n rthtlnln Illrllnln IIlnlltinllllllrrtn _ _ _
OOO'OO~ 000"0cW, OOO"OOI'tt OOO'oo~·~, 000'001'01 OOO'OOl.·'C 000'001'0" 000'00'" ooo'ooo'~" UOI):)nJ,luo:» wao

111111 II III 111' 1111111 III II 111111 II II" III II ," IItl till Irllllllill ITIIIII "n 11 II t1T1ltl- n:tH I'Jtl1tn~'lnt I nmf-n-In ni rthtin rrhtln-tn
t~"I•• :) ,.,." ".... 000·00..·.. OOO'ooe-l OOO'OOO'O~ 000'000'. OOO'OOI'tl

II Inl 1111 ni Irtnln rrh,ln1n1ThltnlTl tiM Inln rrtnmlnr tlntrrtn l-rlTrlntTt Tlirtlrrh1 rrtnirrtn Trl1 tn-r----I _

11111111111 11111111111 11111111111 1111111tll1 1-r11l1tlll1 lrl1l11l1M rrl-rtlnln IIlnlllll1 rrlnlnln 1111rlllin II-tlllllill

11111111111\" 1111111 "\"II1IIIIt1

'111111111111111111111 111111,111;

'"111111111 11111111111 1I11111111i 11111111111 11111111111 11111111111 111111111" trllllllill Illnlilill IlllIllIllI 1I111111Jr;jnll.lllllll nllllllill 1I111111111111111111n flllIlllllIOOO'ow"', ooo·oot.'u ooo'ooe'~ a 000·0•••• OOO'OOC', ooo'OOt', 000'001

11111111111 I I111111111 11111111111 11111111111 1111111 IIII 111111 rrltl rrllllnin Trl111ITtl1 TJ IIIIIII n n Irtlllirr II IIIIITlnrnlJrlirtn tTl nlnl n nlnlnln nl 1-llrtln l11rtlnlll
00d00I 000'00..', 000'00'" ooo'ooc', 000'00. ooo'ooe 000'00' 1 000'00'" I .,ao:) 1:>8JluO:)_uON

11111111111 11111111111 11111111111 11111111111 111111 II n It1ln trl trl trln n In I ltJJllIlrr nlnlllln IIlnltt1rt rrttTltrtn tTttTltrtn nlntn1:I:t ItlnlnJo n IrrltTln ---- -- _ _ _
000'01 000'01 ooo'oOt. uOU.DUIW

11111111111 11111111111 11111111111 11111111111 III 1 rrtrrtntrr nlnhlln nlnlntn Tlnlrr~n 111n1nin tTtntnln nhllnln tTlrrltTln
000'00.·.. OOO"OOt'U OOO'OOO'Ol 000'001',

IIlnllrlrr 1I1111rrll1 tIltrhltn lrtTt1rtln rtlttl]t tIT htin ntnlntrrfnlnlTttnlrtlnlnmltTt11llllnlrrlrrtrrtn
, on•• :) ,.,_", " •• , 000'001 OOO'OOJ', 000'00"

11111111111 11111111111 11111111111 1I11111llL IMIlII Itl alIt/nlll llllllnill IllllhI~r.1ttullllntI1111IMlt1lntnllr1t1lntl1ttTtijlnltTJItIII

u81.eo

UOI\IBII'i'f

i'fVO 11300YM M3N

NBliBffiFlrmfFJiFFHlIiliHfflH#' 1-----
_t IIYiA , ~ lIYH ~-!~"-

rrttllll~[I II111111la rrtlllnin 1I1111nln tllnlnlTl 1---- -
OOO·OO.'.C ooo'OO,'CI 000'000'1& 000'01"1& ooo'ou'i OOO'OOI'oUt "0:» uon::tnJlluo::)

Illnltlttl 1,11-,111111 IItrllllln 1I1-t111lln11111111111 ----- --- - - ----- _
000'001" 000'00'" ooo'OOC ooo·oo~ OOO'OOI'U ".0:» ,:tUJ)UOO-UON

tlllltTlltI lrtn - -- -- ---
Viol,", Viol. I 000'00& I 000'00' 000'001 000'0. 000'0' 000'001.

1I111111trl 1IIIIftlili 11111111111 11111111111 1IIIIInill II1IIIIIIII 11111111111 -------, -- ------
000'001'( waO lIepPIN\ BUI"~leJ8

II I11111111
OOO'ooe".~

1111 "I till
000'00&"

11111111111

III I I Itrl1,
000'00'"

,""111111
OOO'Oo~"

11111111111

---. ------- . L_______ I t-------J 1------1 I I 1-- 1 -.__

nlnllllrl
OOdooe'oe

rrt-rll 1I III
000'00'"

rr Lilli I III

0,111111111 1111:111111 11111111111 11111111111 11111111111 11111111111 III1II1 11hllllttl
000'001. OOO'OO~'I

'1111111111 'II',I,IIII 11111111111 11111111111 11111111111 11111111111 IIllillllll 11111111111 11 hI Iillllllill 11111111111 rrhlllllli Itllrll1111 ItIItlll III 11111111111 "
000'00('" 000'001 OOOOOl" UOI\~nJ"UoO ,IU"O lIeppa iii

'1'1111111 I'I"I!II'I ,,,,;I,IIII 11111111111 11111111111 IIll1tlllll 11111111111 11111111111 11111111111 IItnl1ttrl ttlnintll trtrllltlrr 1I1ltlnll1 " __ _ _ _
ooo'ooc'e oOO·OOC'1. ooo'oo~', 000 DOl. ,~ uOU:JnJleuoO JO'.JeueO_dwnd

"1'1111111 1I1!!11I11I 11111111111 1111111111111111111111 11111111111 IIll1lltltl 11111111ln---- _ __ _ _
000'001" OOO'OOC'II 000·00.·.. 000'001'" OOO'OOC'II 000·001·... ooo·oo.'.~ ooo'ooe', 000'00&'111 uon::tn"l.uoO weO

"111111111 '''''''111111111111111 11111111111lllnllllll rrllrlllin trlnltllnlThrlTlhl~ttThtittITI-rrlntntT1ntl1tn ITtntntn Zrntn -
t::l."".:» '01.,. " ••y 000'001" OOO·OO~·CI 000'001" 000'001'"

i! 1111111 II 1111'1111: I ,,111111111 1111 rlnln 111111111 II 111111 II I II II I II trrIT 1 t ttt-rfTtttt ~.I:n_tntl1 IIlntltt 11 11 hrttrtTl tTtnltrtt1 lrrITlttt Illn 11 II I r rrhrtrT1lt I ri nil I~n -- _

:"" III 1"1' 'I"l" 1111"1111111111"1 "1111111" 111 1111111"1111"111
'1111111111 11111111111 11111111111 11111111111 "111111'" 11111111111

'1111111111 111:,111111 11111111111 11111111111 11111111111 11111111111

1'IH iiRHtH !'IH~+'H+lj'HH\HififHjm1lr[rlfRm'liffl'H~lffilf)miiJim~fmfHiIi& __s8J1Ht~m1m1iH'B{itffi~1rLO_, "_

U lin... U lIYH _~I_!Y_~~I~i lin A' I~~~YiA 01 IIU" e_IIH"__~_"_ L IIYiA_UI~_~~!~1 .: lIYiA

1I\I"~~O~d NOI.LJn~.LSNOJ ....0

e e
~

e



Chapter V

OPERATIONS, MAINTENANCE, AND REPLACEMENTS

Introduction

As stated in Chapter III, the Rureau desires to transfer the operation and
maintenance (O&M) of completed Central Arizona Project (CAP) works to a
local entity or entities as rapidly as practicable. This chapter briefly
describes the normal operation of the plan and presents appraisal-level O&M
cost estimates.

New Waddell Dam and Reservoir

New Waddell Dam and Reservoi r Reservoi r woul d i ncl ude 157,600 acre-feet of
replacement space. The plan would not impose or require changes in the
manner in which the existing reservoir has historically been operated. All
natural inflows to the reservoir from the Agua Fria River would be credited
to and available for use by Maricopa County Municipal Water Conservation
District #1 (MCMWCD#l) under its existing water right until the replacement
space is filled.

The release of water for MCMWCO#1 would be through an outlet to Lower Lake
Pleasant. The water would then be available for diversion into the existing
Beardsley Canal.

The remaining conservation space (660,000 acre-feet) would be operated to
allow maximum pumping of Colorado River water through the Granite Reef
Aqueduct as described in Chapter IV. New Waddell Dam would be connected to
the Granite Reef Aqueduct by a 3,000 cfs capacity reversible canal. Diver
sions from the aqueduct would he made to the canal during the winter months
(November through Apri 1). The water woul d then be pumped into the reser
voir. The amount of the diversion would vary and equal the difference
between the downstream demand at the time of the diversion and the aqueduct
capacity.

During the summer months (May through October), water would be released
through an outlet to the reversible canal and back to the Granite Reef
Aqueduct. A generator would be operated to produce power during the release
operations. The actual amount of water released would depend on system
demands during the period.

Although no exclusive flood centrol space would be provided in the reser
voir, flood control for the Agua Fria River below the dam would be provided
by restricting the reservoir surface during potentially high flood months.
The reservoir surface would be restricted to elevation 16g4 during April,
May, and June. Operating the reservoir in this manner would reduce the
200-year fl ood, currently 120,000 cfs, and the lOa-year fl ood, currently
90,000 cfs, to 10,000 cfs as measured above the confluence of the Agua Fria
and New Rivers.
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Spillway operations would begin after the reservoir1s controllable storage
is completely full and outlets are operating at capacity. This would occur
above water surface elevation 1702.

The construction plan utilizes a diversion scheme consisting of upstream and
downstream cofferdams along with a diversion tunnel located in the right
abutment of the dam, with the outlet portal discharging into the lake helow
the dam construction site but just downstream from the diversion dam.

A cost of $2,73R,nOO per year is estimated as the required appraisal-level
operation, maintenance, and replacement (OM&R) costs for the New Waddell
faci 1it i es and its associ ated operat i ona1 requ i rement. Tab1e 5 shows a
summary of these appraisal-level OM&R costs.

Cliff Dam and Reservoir

The operation of Cliff l1am and Reservoir would be similar to the current
operation of Horseshoe Dam except a flood control operation would be added.
The conservation pool in the Cliff Reservoir would normally be the fullest
in the late winter or early sprirtg, and would be drafted throughout the
spring and summer months to bring the reservoir to its lowest storage by
late summer.

The water in the CAP portion of the conservation storage would be held for
the CAP until CAP demands require their release. There would he no direct
connect ion between the CAP aqueduct and Cl i ff Reservoi r. Therefore, to
del iver CAP water from Cliff Reservoir, it would either he released to the
Verde River for diversion into the Salt River Project (SRP) canal system or
transferred to SRP ownership. Water released to the canal would he used by
CAP users along the canal. CAP water retained in storage and transferred to
SRP ownership would be used as a credit for CAP water users who would
receive their allocation through exchanges with SRP. Cliff Dam and Reser
voir on the Verde River, together with Modified Roosevelt Dam on the Salt
River, would be operated as a combined, coordinated flood control reservoir
system. Flood control releases from the individual reservoirs would he made
on the basis of monitored inflow into each reservoir. The existing avail
able flood control space would be constantly evaluated in an effort to
maintain a balanced flood control space posture. Releases from the Salt and
Verde storage systems would therefore he made so as to not exceed a comhined
inflow of 50,000 cfs at the confluence of the Salt and Verde Rivers.

Flood control operat ions woul d begi n when i nfl ows into a full Cl iff Reser
voir (storage at elevation 2001.5) exceed downstream water demands.
Thereafter, operations throughout the allocated flood control space woulrl
limit the maximum releases from Cliff storage to ~5,OOO cfs during opera
tions.

This flood control operation would vary dp.pending on the time of the yenr.
The maximum flood control space would he maintained during the months of
December, .January, February, and March. From Apri 1 through September,
351,000 acre-feet of 450,000 acre-feet of floorl control space (called joint
use space) could be used for additional water conservation.
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TABLE 5

Summary of Appraisal-Level Annual OMf7 Costs
New Waddell Dam and Reservoir -

January 1983 Costs ~
Items

Dam

Pump-Generation Plant

Transmission Lines

Switchyard

Plant Substation

Power 1/

Waddell Canal

Recreation Facilities

$ 90,100

470,000

8,000

127,600

8,400

1,527,300

100,300

400,000

Total Annual Apraisal-Level OM&R Costs and Power Costs $2,738,300

1/ Costs for the dam features obtained from curves applied in 1981 Tucson
Aqueduct study, based on reservoir acre-feet and structure design capaci
ties. Costs for remaining items estimated from empirical graphs and tables
in the Reclamation Instructions, Series 150.

2/ Cost for substation and O&M costs for pump-generation plant and trans
mission lines indexed from January 1970 to January 1983 level using standard
O&M cost indices.

3/ 1983 energy prices of 21.614 mills/kwh for the plant and 0.35 mills/kwh
for the powerlines.
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Staging of the reservoir to elevation 2066 signals the emergency operations
phase and rel eases througll out 1ets woul d be increased to out fl ow capabil ity
with the balance of outflows passing through the spillway. Flows would be
maintained at capability until the reservoir is drawn back to elevation 2066
(top of conservation). The flows would then be cut back to the maximum
flood control release (25.000 cfs) to allow the decrease to match inflow.

A cost of $547.000 per year is estimated as the required appraisal-level
OM&R cost for the Cliff facilities and its associated operational
requirements. Table 6 shows a summary of these appraisal-level OM&R costs.

Modified Roosevelt Oam and Reservoir

Operations for the modified dam would continue in a manner similar to the
existing structure except for the addition of a flood control operation.

The enlarged reservoir would be operated to conserve the flows of the Salt
River and Tonto Creek. Under normal operations. the conservation pool in
the Modified Roosevelt Lake would normally he the fullest in late winter or
early spring. and would he drafted throughout the spring and summer months
to bring the reservoir to its lowest storage by late summer.

Excess water credited to CAP would be delivered through the same mechanism
as Cliff Dam and Reservoir.

The r~odified Roosevelt nam on the Salt River together with the proposed
Cl iff Dam on the Verde River would be operated as a combined. coordinated
flood control reservoir system.

Flood control operations would begin when inflows into a full Theodore
Roosevelt Lake (storage at elevation ?-151 feet) exceed downstream water
demands. Thereafter. operations throughout the allocated flood control
space would limit the maximum releases from r~odified Roosevelt storage to
25.000 cfs during operations.

This flood control operation would vary depending on the time of the year.
The maximum flood control space would be maintained during Oecember.
January, February, and March. From April through September, 455,700
acre-feet of 557,000 acre-feet of flood control space (called joint use
space) could be used for additional water conservation.

Staging of the reservoir to elevation ?175 signals the emergency operations
phase and releases would be increased to outflow capability and maintained
at capability until the reservoir is drawn back to elevation 2175 (top of
flood control). Then flows would be cut back to match inflow.

Spillway operations would begin when flood operations calise storage to
exceed elevation 2151. The spillway. a submerged gated type. is designed to
be operated as a controlled flood outlet.

The total appraisal-level OM&R costs for Modified Roosevelt nam is estimated
at $1,496,000. Table 7 shows a summary of these appraisal-level OM&R costs.
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TABLE 0

Summary of Appraisal-Level Annual P~&R Costs
Cliff Dam and Reservoir -

Item

nam

Transmission Line

Auxiliary Power

Recreation Facilities

Total Annual Cost

January 12?3
Costs -

$116,000

10,000

1,000

420,000

$547,000

1/ Costs for the dam features obtained from curves applied in 19R1 Tucson
Aqueduct study, based on reservoi r acre-feet and structure des i gn capac
ities. Costs for remaining items estimated from empirical graphs and tables
in the Reclamation Instructions, Series 150.

2/ Cost for transmission 1ines indexed from January 1970 to January 1983
level using standard O&M cost indices.
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Item

TABLE 7

Summary of Appraisal-Level Annual OM&R Costsl /
Modified Roosevelt Dam and Reservoir

January 1983
Costs

Dam

Powerplant

Switchyard

Recreation Facilities

Tota1 Annual Cost

116,000

263,000

432,000

685,000

$1,496,000

1/ Costs for the dam features obtained from curves applied in 1981 TucsonAqueduct study, based on reservoi r acre-feet and structure design capacities. Costs for remaining items estimated from empirical graphs and tablesin the Reclamation Instructions, Series 150.
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Modified Stewart Mountain Dam

There are no operational changes anticipated as a result of the proposed
mod i fi cat ions. Flood ope rat ions woul d begi n when water storage reaches
elevation 1529. At that point, gates would be opened to release at rates
equaling inflow rates.

Recreation, Fish, and Wildlife Facilities

A major factor that contributes to the utilization of a recreational area or
facility is the operation, maintenance and replacement (OM&R) function. The
commitments made through recreational development would require management
agencies to assume the responsibility of the OM&R for the recreational areas
and facilities. The Bureau would not undertake the operation or maintenance
of the recreational developments planned for New Waddell, Cliff, or Modified
Roosevelt. The U.S. Forest Service and Maricopa County would be identified
as the operators of the facil Hies. It is expected that minimal Bureau
staff woul d be needed to oversee the necessary contracts and agreements.
All funding for maintenance would be the responsibility of the operating
entity. No Bureau appropriations are projected. The operation of the
recreational areas would continue with no changes in current practices and
policies.

New Waddell Dam and Reservoir

Maricopa County, acting through its Parks and Recreation Department, is
expected to be the local sponsor and manager of the recreation facilities at
New Waddell. Currently, the County operates Lake Pleasant Regional Park at
the Lake where existing facilities would be replaced. Since the County has
expressed an interest in continuing the operation of the new recreational
resource, necessary agreements/contracts waul d have to be developed. The
current cost of operating the existing facilities at Lake Pleasant was used
as a base from which to develop an annual management cost. It is estimated
that the annual appraisal-level OM&R costs for recreational development at
New Waddell would be $400,000. These costs would be assumed by the r.ounty.
The County would continue the imposition of an entrance/use fee to generate
the revenue necessary for park operations. Minor increases in County staff
would be necessary to accommodate the increased use.

Cliff Dam and Reservoir

The U.S. Forest Service (Tonto National Forest) would manage the recrea
tional program and facilities for Cliff Dam and Reservoir. A formula,
developed in conjunction with the Tonto National Forest, was used by the
Bureau to identify operation costs. The annual appraisal-level OM&R costs
for recreational development at Cliff Reservoir is estimated at $420,000.
This cost would be funded through the U.S. Forest Service budgeting process
with no Bureau funding anticipated above and beyond that necessary for
initial development. Bureau staff would manage its participation after
development.
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Modified Roosevelt Dam and Reservoir

Management of the recreational areas and facil Hies at Theodore Roosevelt
Lake would continue through the Tonto National Forest. It is estimated that
the annual OM&R of the recreational facilities would be $6R4,400. Funding
would be through U.S. Forest Service budgets with no additional costs to the
Bureau. Bureau staff would manage its participation after development.
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CHAPTER VI

WATER SUPPLY

Introduction

The CAP will derive its primary source of water supply from the Colorado
River via pumped withdrawals from the Bill Williams arm of Lake Havasu near
Parker, Arizona. This supply accrues to Arizona by virtue of a 1944 con
tract for del ivery of water between the State and the Secretary of the
Interior. Under the plan, the Colorado River supply would be supplemented
from time to time by accruals to CAP storage on the Agua Fria River (New
Waddell Dam and Reservoir). on the Verde River (Cliff Dam and Reservoir).
and on the Salt River (Theodore Roosevelt Dam and Lake).

Water Resources

The amounts of water available to the CAP are governed by a number of acts,
compacts. treaties. and U.S. Supreme Court decrees. The applicable rules
and regulations used to estimate the amount of water available for Plan 6
developllent are listed below and described in greater detail in Appendix B.

Colorado River Compact, 1922
Boulder Canyon Project Act. 1928
Seven Party Water Agreement, 1931
Water Contracts - California. Arizona. and Nevada
Boulder Canyon Project Act. 1940
Power Contracts - Hoover Dam Power
Allottees Mexican Water Treaty, 1944
Upper Colorado River Basin Compact, 1948
Colorado River Storage Project Act. 1956
Decree of the Supreme Court in Arizona v. California
Lake Mead Flood Control Regulations. Amended 1982
Colorado River Basin Project Act. 1968
Colorado River Reservoir Coordinated Long-Range Operation Criteria.

1970
Federal Water Pollution Control Act and Colorado River Basin Salinity

Control Act, 1972. 1974.

The decree in Arizona v. California confirmed Arizona's entitlement to the
use of Colorado River water at 2.8 million acre-feet of annual consumptive
use from the first 7.5 million acre-feet for use in the Lower Basin plus
half of the Lower Basin surpluses. In addition, the decree defined the
proportionate rights and priorities of Federal lands along the Colorado
River.

CApls capability to divert from the Colorado River under surplus .conditions
(those years in which more than 7.5 million acre-feet are available for
Lower Basin consumptive uses) has been determined to be the design capacity
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of the CAP Granite Reef Diversion Dam (3,000 cfs) on an assumed year-round
basis, or 2,172,000 acre-feet per year. This assumption is consistent with
the design of the Granite Reef Aqueduct and pumping plants which do not
require annual shutdown for scheduled maintenance.

Colorado River Input nata

The Colorado River is one of the most highly controllerl anrl institution
ali zed ri vers in the \'Iorl d, provi ding water for use in seven states and
Mexico. It is approaching a point when the natural water supply of the
river will not he adequate to meet all of the demands placed upon it. While
the natural suppl ies are ac1equate to meet quantitative needs today and in
the years immediately ahead, if the Upper Basin States of rolorado, New
Mexico, Utah, and Wyoming develop their resources at a rate commensurate
with their expressed desires, shortages would develop within a timeframe
that directly affects CAP supplies from the rolorado River. CAP sturlies of
the Coiorado River have consistently adhered to these !Ipper Basin desires.
Assumptions regarding the Upper Basin development schedule are rletailed in
Appendix 8.

The Bureau has responsibility for the operation, administration, planning,
and forecasting of the water resources of the Colorado River Basin. As a
basis for forecasting, the Bureau developed procedures based on the accu
mulation of historic basin runoff.

To assist in the evaluation of the complex interrelationships hetween river
hydrology, basin development, river la~, and reservoir operations, the Upper
Colorado and Lower Colorado Regions developed computer models which simulate
basin operations. The Colorado River Storage Project (CRSP) model was the
model ing basis for all of the project and provided study data on water
available to the CAP from the Colorac1o River.

There are three components to a river system simulation study: (1) The
simulation model -- a computer program comprised of mathematical functions
that maintain a water budget and operate the river v.·ithin defined con
straints; (2) water supply and salt loading data; and (3) projected deple
tion data. The CRSP model simulates river operations in accordance with
current interpretations of rules and regulations established by Congress,
court decree, and international treaty.

Among the information required for the CRSP model are hydrologic data,
physical system constraints, schedules of new depletions, and other planned
activities which affect river flows and management, diversion schedules,
maximum objectives, etc. Results of the CRSP model sturlies for project
planning purposes are summarized in Table R. For more detailed information
on the Colorado River input data, refer to Appendix R.

As with the CRSP model for the Colorado River, two models were developed to
assist in the evaluation of the CAP. Central Arizona Project Simulation
Model (CAPSIM) simulates tt'Je monthly operation of the CAP system of aque
ducts, pumping plants, and reservoirs. It was developed to evaluate long
term operating criteria and pol icies with respect to CAP water supply,
energy consumption, water distribution, and salinity. The program was
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TABLE 8

Co lorado River vJater Supply
FRO~ LAKE HAVASU 8T CENTRAL ARIlD"IA PROJECT

t.R.I.'. IJMUl&T JON MODEL DECEM8ER 1~81 RUN

UNITS: 1000 A.F.

II U N o F , a E II U E iii t E iii U M B E II

TEAR 2 3 • ~ I> 1 8 ~ 10 11 12 13 I" 15

IU~ 1 to I> 1 toto 1 toto 1 to I> hI> 11>1> 1 to I> 1 to I> 11>1> 1 I> to lbl> 71>b Hb hI> lhl>
I~"b 1~27 l!in 1527 l~i7 1527 1527 1527 1527 1527 1527 1~i7 1527 1527 1527 1527
1~17 il71 2111 2171 i171 20110 152 .. 152" 1524 1524 lSi .. 1524 1524 1524 H>l5 '''~5
1~88 2171 2171 2171 1171 1521 1521 1'I5? 1521 U58 1521 15?1 1521 1'j21 10113 2042
1~"'1 ?171 21TI 2171 ll71 1518 1'j18 lo70 1'j18 1'j18 1518 15111 l'jlll 1841l 15111 2171
1'Ill " ?171 2171 2171 2171 1~1~ 1'j1'j 1515 l'jl~ 151'5 1515 1515 1~15 11>13 151~ i171
1~'I1 2171 2111 2074 2171 1512 1512 1512 151i! 1512 1512 151i! 1512 207" 151i 2171
1'I~2 2171 2171 t50~ 2077 150~ 150'1 150~ 150'1 1501l 1'j0'l 150'1 1'j01l 150'1 11150 2077
1'1'13 i171 l171 1""3 15(17 1507 1507 1507 1843 1507 1041 10"1 1041 1%7 1'1"3 2('3"
tqq~ <,Obll i'171 i!17I I!>O" 1!>0" 1!>~4 10;0" 1504 150" "00 IIb4 lib" 1504 "'ObC! '" I 7 I
11I'I5 HOI> 2171 il71 150l 1502 1502 1502 1502 1502 .00 10"0 1'502 1502 11I"3 2171
PIli!> 2\71 (lli75 2\71 tallll \11111 \035 \1"'1 til/II \11111 lOa lOa tlllq \illlq (1\71 (1171
1'I'n 217 I '4'1b 20bb II~b 14'1to 100 lI'Ib '4'1b 11135 400 eoo 14'1b 1"'1/> 20b/> l'171
I 'I 'Ill 2171 ,.q" 1''14 11'14 10340 .00 11'1' 1"'14 '00 .00 400 ,e1l4 1'141 l1l3l' 2171
l'IIl'l 2171 lOll'l 11~1 14~1 851l 100 U~I 111 'II .00 15~ 85'1 14~1 20b" ll7l l'0,,"
2000 l171 2171 1488 1032 1032 1I5b 1188 1lJ 32 1(;0 1032 14811 le811 1'111 ll71 15'1~

?OOI lOb3 1171 II/lb .00 400 loeb lellb 400 '00 10(1 1.8" 1 a 8b 2171 2171 1171
iDOl 14&3 lOb2 1463 857 400 10l'b 1"83 400 400 400 11l1b 1"83 lOl-l' l'171 2171
lO03 14"1 1481 102" 1'81 400 85'j 102b 400 400 400 '00 1&27 1180 i171 i171
lO(l4 l03b 1·7'1 853 10ib '00 1G71l .00 400 400 '00 400 20b4 ll7l 20ba l171
200~ lllO 147b 10210 '00 .00 102b 400 .00 '00 400 8~0 18'1'1 2171 IS'll' 2171
100b l05'1 1473 '00 400 85" GOO 100 400 .00 854 1873 l171 2171 2171 i05 Q

2007 1471 101'1 85l .00 101'1 400 .00 .00 .00 101'1 101'1 2051 2171 l171 I" 71
100/1 14b'l 850 101'1 400 '100 400 '100 400 400 .00 850 1815 2171 2171 lat- Q
200'1 14010 1018 8411 400 8411 .00 .00 '100 888 '100 1'17'1 ll71 2053 2171 141 35
lO11i 1404 4110 lOll '00 1017 GOO .00 847 lOll 400 1871 illl I"t-" 2171 II ('7
lOll 10"b 400 100 ·00 4UO '100 '00 1018 400 e48 llli 1171 1'135 2053 20'j3
2012 14bb ll .. & .00 400 '100 400 '100 400 400 1018 1051l 2111 2111 14bb I"bb
2013 14 bl> 14bb .00 .{I0 '100 .00 'IOU .00 400 84& 1817 1171 1171 I al-I> I .. t-b
2010 101& 1018 lao 811& '100 400 400 4UO '100 l .. bb lO'l7 i053 ll1l 1'135 IlIbl>
?015 400 '00 .00 10111 .00 400 e4& .00 84& lIHI il11 la/>b 2171 2107 I"b"
lOIt> 400 40U 400 .110 800 400 1018 800 1018 1171 i171 1'141 "05'1 iO"Cl I .. t-I>
lO17 e4& 'IOU 400 eoo 400 400 .00 800 400 l053 i053 l171 Jllbb llbt- 101>1>
io ", lObI> 400 IICO 800 .00 400 400 400 I .. e 1&17 2171 2171 1410" 14"" Illll1
lOl'l 1018 .00 .00 .00 400 400 400 '00 14bb 20'17 i053 2111 11117 10,,10 808
2uiO "00 .Ov .00 .OU '100 .00 400 80'1 14b7 2171 14"7 2171 1&71 11I!>7 10111
iO?1 .00 400 .00 .00 400 tOo 400 10 III 20'17 lO'i4 1'I3'j lo'jo l050 lal>7 0(10

ioU 400 .00 .IlO .00 400 .00 '00 40U ?054 1'13'5 2171 l"b7 1111-7 14b7 1'0'1
2ui3 400 '100 400 400 '100 .00 400 84'1 11118 2111 i171 14b7 l11b7 10\& 10\1\
lo? .. .00 .00 '00 '100 .00 84'1 .00 14b7 Iqlll> lObO il3b 11124 111107 114Q 41(,0

20i'~ 400 .00 '100 .on '100 10\11 114'1 14b7 1'135 141-7 2171 1/171 141>7 I 01 ~ /14 41

20ib 400 .Ou '00 '00 .uo .. 00 J(llil 1407 2054 1 'H5 i054 lOS4 14b7 400 101&
loi7 "00 400 .00 400 100 '00 40{' l"b7 1871 1171 14b7 14b7 1"107 ""Il 4r,0
lOl'b 4UO 400 400 .00 '00 .00 400 1820 2171 l171 14 b7 14117 1018 1(\11\ .. Oll

iO?'I 400 .Ov 400 400 84'1 .00 e4'1 1'111(\ 10'j" 2130 1 4 b1 14b7 400 400 "(10
;>03u 400 .OU .00 400 '01& .00 "b1 1'I3'j "07 2111 1871 14b7 400 400 4C I 0
2u31 400 4100 '100 .00 400 BI'I 14b1 20'j4 1'135 2054 i05a '4b7 8"'1 8"'1 400
It'32 400 400 .00 400 ·00 101" ,.b7 1877 2171 141-7 14107 Ub7 14b7 101 " live,
lc33 .00 .00 .00 100 'lOll 400 1818 2171 2171 II/> 7 14b7 1018 1018 100 4(10
20311 400 .00 .00 400 400 84'1 1 llll lOS" 2130 14b7 14107 .00 .00 400 41(,0

2035 .00 .00 '100 .00 .00 14Ib 7 lq35 1107 lUI 1871 l'1b7 '100 401' eoo "Oil
2u3b 401l .00 .00 '100 ."'1 1Gb7 lObO 1'14\ lObll lOI>O 14bl 8"'1 400 100 .(1(1

2037 400 400 400 '100 101e lU7 1871 2171 14101 14b7 14b7 l'b7 BG'I 40(1 4UO
i'03/1 100 .00 .00 400 .00 1107 1171 U7I 14b7 14b7 1011' 101P. 1018 400 A(I(\

103'1 400 .00 400 '00 .00 14b7 2054 2130 '''1>7 14107 .00 .00 400 40U 41(11,

2040 '100 ·00 ·00 84'1 81'1 1'111 l'b7 l171 1177 14&7 400 400 .00 400 "UI-

lOUl
1~85-2040 tl7070 S87ill 5I.&'j 410.2'1 4310l .8327 tll02'j &to848 71111 7427b 81052 875b'l 85471 80"80 7'i0 ....

AvEIiAGES
1'18'j-20.0 11'11.7 1041.7 '1'1.0 1ll''I. \ 7b'l.7 8b3.0 108'1.1 11'13.7 Ilbq.8 132b.'I 1117.4 15&3.7 15211.3 1..... 3 13"1. (I

lOUL
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written to be flexible enough to evaluat~ such unresolvec1 situations as
reservoir location, aquerluct design, water allocations, and water use
priorities. The Salt qiver Project Simulation Model (SRPSIM) was developed
to simulate the future operation of the SRP reservoir system and is used to
determine operational data of that SRP system. SRPSIM operational criteria,
objectives, input data, and c1emands were developed in strict cooperation
with SRP.

Agua Fria River

To incorporate the Waddell site into the CAP simulation model, the existing
operating records of Lake Pleasant were extended to the 1906-1980 data
period. Published data include:

Reservoir inflow: water years 1915-1919 and 1934-presen~/(USGs)1/
water years 1914 and 1920-1933 (USBR)-

Reservoir contents (annual): water years 1929-193~1 1
(daily) : water years 1939-Present-1

Reservoir releases and spills (monthly): water years 1940-195111 1
water years 1952-Present-1

Estimates of reservoir inflow for the 1906-1913 period were obtained by
monthly correlations of the Agua Fria River with the Verde River, an ad
jacent drainage to the Agua Fria River in the upper reaches. Continuous
Verde River records are available from 1888 and are the only records in
central Arizona applicable for the desired time period. Seasonal and annual
runoff correlations were also tested but produced weaker relationships than
the monthly correlations.

The drainage basin abovp Lake Pleasant is mountainous, sparsely populated,
and largely in Federal ownership (forests). Therefore, historic runoff
patterns were assumed to he representative of future conditions. Also,
in forma 1 di SCU5S ions with MCMWC[)#l management i ndi cated that there were no
formal operating criteria for regulaterl releases. Thus, the historic re
leases were assumed representative of future conditions (see Table 9).
These data were entered di rectly into the CAPSIM model without further
adjustment to reflect the potential future operation of MCMWCD'I space in
New Waddell. CAP operated inflows and outflows are superimposed on this
baseline.

II "Water Resources nata for Arizona, Water Year 1979," Il.S. Geological
Survey, and preceding annual reports.

2/ "Report on Water Supply of the Lower Colorado River Rasin," Bureau of
Reclamation, November 1952.

31 "Report on Central Arizona Project-Appendices ," necemher 1947, Rureau
of Reclamation, and unpublished MCMWCD#1 records.



TABLE 9
HISTORIC AND ESTIIlATEO HISTORIC RUHOH O~ THE AGUA fRIA RIVER AT LAKE PLE ASANT

UNITS 1,000 ACRE-FEET
llATfR

TE'R OCT NOV DEC JAN fEB liAR APR "AT JUN JUL AUG HP TOTAL

1906 1.6 15.0 28.0 1.0 11.0 35.0 13.8 0.0 .6 3.0 9.5 2.1 193.2
1901 .2 1.2 112.0 45.0 58.0 24.0 10.0 0.0 1.0 2.e 5.6 5.1 264.9

1908 9.0 1.1 .2 .1 48.0 •• 0 .5 .8 .6 6.0 11.0 4.5 90.4

1909 1.9 .9 135.0 12.0 15.0 12.0 18.0 0.0 .5 4.8 15.5 6.0 281.6

1910 0.0 .4 .3 155.0 1.0 1.5 10.0 0.0 0.0 1.9 4.1 2.8 183.0

1911 .4 1.3 .2 124.0 51.0 15.0 2.6 1.0 1.4 5.8 3.2 6.E 21B.1

1912 10.8 2.9 15.0 .1 .2 9.0 34.0 0.0 1.1 4.0 6.3 2.1 86.1

1913 11.2 .6 .2 .1 2.0 11.0 21.0 0.0 .5 2.0 3.9 4.5 51.0

1914 1.0 3.0 .4 1.8 55.2 1.6 1.3 .1 .1 3.2 .1 3.e 17. 6

1915 2.1 .4 10.1 13.6 48.3 9.2 2.5 9.9 .6 5.4 3.1 2.4 168.8
1916 .2 2.3 15.0 316.0 33.2 31.0 '.9 1.1 .4 1.5 3.E 1.1 481.1

1911 12.4 1.0 1.2 22.1 18.9 6.8 92.3 5.8 .9 63.9 9.0 5.6 240.5

1918 .5 .5 .1 3.1 1.3 16 .9 1.2 .2 .8 .9 ZZ .1 .6 49.4

1919 .4 1.8 2.0 .5 11.2 3.4 1.1 .6 .2 26.1 13.1 28.5 90.1

1920 1.9 18 O. 0 16.4 .••• 4 128.9 ZZ .4 1.5 4.3 .1 2.1 11.3 10.1 466.0

1921 1.0 4.4 2.4 1.' 3.1 1.3 1.5 .1 .1 21.0 20.1 8.6 66.0

1922 34.1 1.0 14.2 94.0 65.1 66.0 6.5 1.8 1.6 2.8 5.1 13.1 305.9

1923 1.3 1.4 5.3 .f 4.2 51.1 6.3 3.2 2.3 4.0 4.9 52.3 143.0
In4 .1 6.5 14.6 16.e 2.1 6.3 11.3 1.1 .9 1.0 7.4 7.8 142.5

1925 2.1 1.5 4.5 1.1 1.1 1.1 1.1 .8 1.1 6.5 10.4 11.5 42.8

1926 1.1 1.0 2.2 2.1 4.1 9.1 12.0 17.1 1.2 6.1 24.3 22. 1 164.2

1921 6.0 4.0 40.0 1.0 110.0 24.0 23.0 2.0 1.0 .8 24.1 31.1 321.0

1928 1.8 .5 3.7 2.2 9.4 2.0 2.8 2.4 1.5 1.6 9.9 2.0 39.8

1~2> 1.6 .3 .6 .6 .4 .3 5.3 .1 .1 .6 4.~ 8.8 23.2

B30 .4 .2 .2 1. 2 .6 8.6 2.2 .4 .2 4.9 9.4 6.0 34.3

1931 .4 6.4 .6 .6 56.1 .9 .4 .3 .2 5.4 29.4 2.2 102.9

1932 1.1 1.0 6.2 1.1 58.1 9.1 .6 .4 .3 1.0 ?4 .1 84.2

1933 2.0 .3 1.1 9.2 2.6 4.4 1.0 .8 .8 1.B 3.1 5.4 32.5
1934 1.3 .5 .3 .3 .2 .4 .2 .2 .2 .4 8.1 .9 13 .6

1935 .2 .8 2.1 8.3 28.1 14.9 2.1 .2 .B 3.4 9.2 B.4 18.5

1936 .2 .4 .4 .4 1.6 1.2 .5 .3 .3 5.0 9.1 3.9 23 .9

1931 .6 .3 1.1 4.3 58.2 41.B 2.1 .1 1.4 1.3 2.2 1.2 114.6

1938 .6 .5 .4 .3 .2 23.1 .4 .1 0.0 0.0 .5 .4 21.1

1939 .3 .1 5.4 .4 1.2 1.9 .6 0.0 0.0 0.0 2.6 11.4 2C?9
1940 • 3 • 5 • 5 • 2 2.5 .2 1.3 • 5 .8 .4 I.? 1.1 10.2

1941 3.7 • 3 19.0 11.5 11.0 14.2 68.2 3.8 .8 4.5 4.1 2.0 209.1
I'll, 2 1.5 .8 4.0 2.9 1.4 2.6 1.0 .2 0.0 .6 3.6 3.3 21.9
I'll, 3 1.2 .7 .5 1.6 .3 2.2 .2 .1 .1 .1 11.6 3.4 22.0

1944 .1 .4 .3 .2 12.5 19.8 2.6 .5 0.0 1 .2 2.0 2.2 42.4

1945 .2 .1 .9 1.5 5.2 19.9 4.2 .5 1.0 2.3 4.0 .2 40.6

1946 1.4 .4 .7 .3 .2 .1 .1 0.0 .1 1.4 4.0 2.3 11.0

1941 .5 .1 1 • ~ .5 .2 .1 0.0 .2 .1 .1 3.9 .1 1.1

1~46 0.0 0.0
• <

.1 .1 .1 0.0 0.0 0.0 .2 it.! C.O 5.2

I'll" 0.0 0.0 .1 15.5 1.4 5.4 1.1 0.0 .9 1.0 .5 201 35.2

1950 4.0 .2 ·~ .3 .5 .9 .1 0.0 0.0 301 .5 0.0 10.2

1951 .1 .1 0.0 .8 .1 01 .1 .1 0.0 .8 101.f .6 104.6

1952 0.0 3.0 1.9 18 .1 1.0 21.4 4.9 1.0 0.0 1.9 4.6 1.6 59.4

1953 .3 .5 .6 .4 .2 .6 .4 .1 1.3 5.6 2.6 .4 13.0

1954 .1 .2 .2 .4 .3 13.2 1.3 .3 .6 1.9 4.8 2.9 26.2

1955 .1 0.0 • 1 .4 .2 .3 .2 .1 3.4 6.3 16.1 .4 28.2

1~56 .2 .1 .2 .2 .2 .3 .2 .2 .6 3.4 .9 0.0 6.~

1957 .1 ·. .1 11.1 4.4 1.2 .2 .2 .2 .2 .2 0.0 18.0

1958 .3 4.4 .2 .2 5.1 10.0 2.4 .1 .6 0.0 1.5 12.1 36.9

1959 .3 .1 .2 .2 .6 .3 .1 .2 0.0 1.0 13.6 0.0 H.6

1960 5.1 .1 19.3 a.6 2.0 1.1 .4 .3 .5 .6 4.6 1.E 45.6

U61 .5 .1 .1 .3 .3 .3 .3 .2 .2 1.1 .3 1.9 6.2

1962 .2 .1 .2 1.3 2.6 3.6 .5 0.0 .1 0.0 0.0 .3 E.9

1963 .1 .1 .1 .1 .1 .1 .1 .'1 .1 0.0 11.1 1.9 13.9

1964 .1 .7 0.0 .1 .1 1.5 .5 .1 .1 1.2 1.5 .1 12 .6

1965 .1 0.0 .1 6.3 6.3 11.6 38.4 .5 0.0 1.2 1.1 4.4 10.6

1966 .4 6.6 B9.2 11.5 8.B 6.1 1.7 1.3 .8 1.4 2.4 6.3 136.1

1961 .3 .4 6.0 .1 .8 1.0 .7 1.4 1.2 2.5 4.4 1. e 21.2

1968 .3 .5 50.1 13.8 22.5 6.2 1.9 1.6 2.0 2.3 3.9 1.9 101.0

1969 .6 .2 .1 4.5 4.2 1.8 1.8 1.0 1.1 2.2 2.5 3.4 29.4

1910 0.0 .1 .2 .2 .5 6.1 .5 .8 1.1 1.8 3.8 24.6 39.1

1911 .2 .2 .3 .3 .4 1.0 .6 .5 .9 1.3 9.6 .6 1~,. 9

1912 .1 .2 .2 .3 .6 .1 .5 .5 .6 1.4 3.4 .8 9.3

1913 21.1 2.6 1.9 3.8 23.0 55.0 20.8 3.5 1.8 1.5 1.9 1.3 150.2

1914 .2 0.0 0.0 .6 .2 1.2 1.2 1.5 1.1 2.8 3.3 1.0 13.1

1915 .4 .8 .1 .3 .3 .1 .9 1.3 .8 .8 .4 .2 1.0

1916 .1 .1 .2 • 1 32.1 1.4 6.1 1.0 .1 1.9 .6 4.0 48.9

1917 .3 .1 .2 .4 .3 .2 .5 .1 0.0 0.0 .1 .4 2.6

1918 .2 .2 .5 9.9 31.4 164.0 6.9 2.0 1.2 2.0 2.2 1.6 222.1

1919 .1 14.8 91.1 61.1 20.8 58.9 21. 8 6.1 3.3 3.1 4.1 1.6 . 294.6

1980 .3 0.0 .3 4B.6 295.6 31.0 11.3 5.9 3.3 2.8 2.0 1.4 402.5

TOTAL 169.3 346.0 eOO.4 1361.4 1469.1 1019.9 e17. e 94.8 55.4 210.1 569.4 394.8 1128.4

AVERAGE 2.3 4.6 10.1 19.2 19. ~ 13.6 7."' 1.3 .1 3.6 1.6 5.3 95.0
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Verde River

The runoff of the Verde River at Cliff damsite is essentially equal to the
runoff into the existing Horseshoe Oam, for which published inflow data are
available for the entire 1906-1980 period. The Verde River inflow data, see
Table 10, were entered directly into the SRPSIM without adjustment; historic
runoff patterns were assumed to be representative of expected future
cond it i on s •

Sa 1t qi ver

Inflow to Theodore Roosevelt Lake consists of runoff from the Salt River and
Tonto Creek for which published records are available for the entire
1906-1980 study period.

Theodore Roosevelt inflow for project study purposes has been generally
defined as follows:

Water years 1906-1913, from unpublished SRP records.11

Water years 1914-1940. from the gage Salt River near Theodore Roosevelt
plus the gage Tonto Creek near Theodore Roosevelt ..

Water years 1941-present, from the gage Salt River near Theodore
Roosevelt plus Tonto Creek above Gun Creek, near Theodore Roosevelt.

The Salt-Tonto inflow data, Table 11, were entered directly into the SRPSIM
mode1 without further adj ustments. Thi s hi stori c runoff is assumed to be
representative of future conditions since much of the drainge area ahove
Theodore Roosevelt Dam is mountainous Federal lands (Indian reservations and
forests) •

Water Rights

The CAP right to divert and use Colorado River water stems from three major
parts of the "Law of the River." These include the 1964 Supreme Court
Decree, the 1944 water service contract between the State of Arizona and the
Secretary of the Interior, and the Colorado River Basin Project Act, 1968.
Pertinent parts of these documents define the quantity of Colorado River
water available to the CAP and its priority of use relative to other Lower
Colorado River diversion rights.

The decree specifi es the consumpt i ve use ent itl ements of the three Lower
Basin States from water apportioned to the Lower Basin under the 1922
Colorado River Compact as follows:

Arizona -- 2.8 million acre-feet per year (plus half of any surpluses)
California -- 4.4 million acre-feet per year (plus half of any surpluses)
Nevada -- 300,000 acre-feet per year

II These data differ slightly from published USGS data.
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TABLE 10
MIST:lVIC IlUHOFF o~ T"! nllO! IlIYfV lBt'V! MOil Sf SHO! OA~

UNITS 1,000 leIlE-HET
IUTER

TEAll OCT NOV DEC JIN ~EP 'UR I'll HI' JUN JUL AUG SfP TOT Il

1906 31.0 187.6 50.0 46.1 63.4 351.2 n.5 13." 7.8 10.6 33.9 10.3 8"".P
1907 e.B 15.6 149.7 144.1 142.6 UI.) '1.2 12.5 10.7 e.7 18.6 21.7 H9.5
190e 30.5 19.2 17 .0 14.9 106.7 13.1 16.2 25.4 7.2 21.8 48.5 18.0 "0~.5

1909 12.7 14.2 110.5 tn. e T6.1 Ut.4 H.4 to.5 6.6 20.4 71.9 24.1 7H.2
1910 7.4 10.B 17.7 214.3 25.9 76.5 4e.3 6.e 1.9 3.4 15.2 10.9 439.1
1911 9.5 14.0 15.8 16701 Be.5 143.t n.9 27.1 15.5 13.6 11.C 2~.7 60f.4
1912 32.9 21.2 34.3 15.2 14.6 .7.3 122.6 13.4 11.8 11.1 Z3.3 9.4 394.1
1913 36.7 13.0 11.7 10.4 25.5 111.1 1Z.2 5.3 6.6 3.7 11. 3 16.6 331.7
1914 10.0 13.5 15.0 54.7 164.6 31.6 13.6 7.6 4.9 7.6 9.1 11. ~ ~ 50.5
1915 11.7 13.3 15.5 67.3 130.7 211.1 125.4 161.2 9.5 14.9 17.5 11.5 794.6
1916 e.5 11.5 13.2 "'1.5 213.8 315.3 3'.4 12.3 8.1 8.7 25.8 70.1 1208.2
1917 40.1 17.2 17.5 "1.0 7'.0 106.3 ]54.9 72.2 12.6 16.2 '2.8 19.4 846.2
1918 12.8 12.3 13.5 16.7 45.5 279.2 19.3 8.0 5.7 9.7 25.6 8.5 45f. 8
1919 e.5 15.2 18.7 11.3 44.8 93.7 77.5 8.4 5.6 111.6 51.5 21.6 482.4
1920 42.2 161.6 132.5 131.3 509.2 11 0.4 60.4 16.9 9.5 8.2 23.4 10.2 1Z1~.~

1921 8.7 10.2 17.7 16.0 15.1 30.2 12.2 e.3 6.1 11.4 '7.6 19.6 253.1
1922 23.0 14.5 12.5 151.2 149.2 197.3 61.6 12.9 8.0 9.4 H.3 11. C 736.9

UZ3 9.0 12.3 72.0 11.9 64.0 1B. 0 45.9 '.9 5.5 6.9 9.~ 110.4 4 9f. 1
1924 13.9 ~1.4 zo~.~ 57.9 18.0 26." 96.2 8.7 4.5 8.7 3.5 9.6 504.3

1925 10.3 10.2 19.2 14.2 16.0 22.7 25.3 11.3 6.2 10.9 19.2 63.6 229.1

1926 45.1 19 .0 21. 0 16.6 14. B 40.7 256.1 23.7 6.0 9.S 13.7 17. ? 4 B? ~

1927 13.6 12.0 1P. ~ 18.4 384.7 122.6 46.7 10.B '.1 14.3 26.3 105.0 182.0
1928 15.7 16.4 22.f 28.3 78.4 60.6 13.7 9.0 5.7 6.3 2~.9 9.6 292. f
1929 13.6 IS.l 16.7 17.3 20." B2.6 1 Z5.7 8.0 5.9 7.5 31.7 20.6 365.1
1930 9.0 12.1 13.3 12.3 23.3 79 .4 31.0 8.4 4.7 16.3 35.1 14.5 2 ~ 9.4

1931 12.4 26.1 20.5 12.4 156.3 38.3 12.2 13.9 4.1 7.5 43.4 19.9 366.0
1932 9.1 26.2 53.3 27.0 365.1 222.e 45.1 11.0 7.2 11.2 13.1 6.2 797.3
1933 15.4 11.6 10.7 19.9 18.2 43.9 16.0 20.0 7.8 9.0 7.7 9.8 190.0
1934 12. ~ 10.7 14.2 14.5 12.0 12.9 14.4 5.8 5.~ 5.9 24.5 10. 5 143.2
1935 8.8 13.9 16.9 59.9 120.3 117.8 58.4 9.9 5.8 6.2 32.f 2~.1 476.f
193~ 13.2 11.7 15.5 14.3 44.7 56.9 40.6 8.0 4.5 10.8 23.6 16.6 260.4
1937 10.7 17.0 13.6 24.3 347.0 246.1 83.9 10.4 7.4 11.1 7.6 8.8 187.9
1938 11.0 12.0 14.0 15.0 18.9 2'6.0 12.4 6.7 4.0 6.8 14.2 10.3 411.3
1939 9.4 11.8 21.2 16.5 17 .1 f2.1 18.6 6.9 4.7 4.5 17.4 80.8 261.0
1740 11. e 12.5 14.7 19.5 51.7 23.3 15.1 8.5 7.2 5.4 20.1 17.5 207.3
1941 43.5 24.3 122.3 81.2 18 5. 9 294.4 275.6 39.5 11.7 13.6 1~.3 17.9 1125.2
1942 31.4 21.9 23.5 31.9 19.4 60.0 38 .1 14.5 6.8 7.0 9.6 7.3 171.4
1943 10.1 13.3 15.1 23.4 34. 9 106.2 14.8 7.7 5.5 5.3 24.3 10.1 270.6
1944 12.8 1, • 2 17.2 17.3 40.5 159.7 101.? 20.1 6.9 6.2 7.B 10.7 412.7
lS45 12.4 1~.9 16.3 17.3 29.4 129 .6 102.9 14.0 6.4 8.1 19.7 6.9 '77.9
1946 14.0 13.3 21.3 18.6 14.7 17.2 46.8 8.6 6.1 11.3 24.4 18.4 ; 14 .7

194 7 11.6 26.3 31.8 22.7 18.0 14.1 10.3 901 6.1 7.3 23.4 16.1 197. C

1948 12.4 14.2 -18.4 16.0 19.6 56.1 49.4 8.5 6.4 9.0 19.2 6.9 236.1
1949 10.4 13.7 21.4 59.4 6601 165.2 97.7 12.0 10.3 11.4 12. 9 16.9 497.4

1950 33.e 15.6 18.4 19.0 54 .1 31.3 11.2 8.2 6.0 19.1 12.0 9.1 237. P
1951 9.5 12.2 14.0 15.3 14.6 16 .1 12.3 16.2 5.6 5.8 72.8 16.6 211.0
195 Z 13.6 16.7 106.4 138.7 23 .9 114.6 147.2 19.2 6.4 7.8 13. C 16.1 623.6
1 9 ~ 3 11. ~ 17.8 2 O. 1 25.3 13.5 19.3 10.5 9.9 6.0 26.4 25.7 10.8 196.8
13~4 10. 1 12.0 14.! 15.6 14.1 119.8 37.2 8.0 5.9 18." 20.9 15. 1 291.9
1955 12.2 12.8 14.7 17.5 14.9 22.3 10.6 8.3 18.8 20.4 51.7 8.4 212.6
19~6 11.2 13.1 17.4 15.4 14.0 12.6 11.1 7.2 5.2 12.6 11.6 5.9 137.3
1957 9.7 12.5 14.2 8.3 124.3 36.2 10.4 12.4 10.4 11.9 19.8 8.1 n8.2
19~8 12.8 57.9 16.6 14.3 49.9 165.3 7C.3 9.6 7.7 4.6 1 ~ • ~ 36.0 460.~

1959 16.5 14.5 14.7 13.9 21.0 20.3 10.1 8.2 5.6 14.0 33.~ 7.8 18 C• 2
1960 39. ? H.7 84.1 52.8 23.7 115.2 14.6 9.5 6.5 5.5 10.7 14.1 394.7
1961 13.8 13.6 14.2 13.8 12.5 14.3 24.5 7.5 5.1 8.2 16.5 20.2 164.2
1962 9.9 13.1 18.2 20.6 95.0 76 .9 50.0 7.7 5.5 5.5 7.a 10.6 320.8
1963 11.7 11.4 1~.2 15.4 13.9 13.7 9.2 7.0 4.9 5.5 48 •• 24.1 180. ~

1964 U.9 15.2 15.0 14.8 12.7 19.4 63.0 8.0 5.5 9.5 55.1 13.8 242.~

1965 9.6 1 Z. 5 1~.7 96.1 52.3 '1.7 257.5 16.3 7.7 10.0 14.0 20.1 ~O?~

1966 10.2 82.4 283.6 64.4 22.0 105.4 16.5 10.3 7.2 9.0 19. ~ 15 • ~ 646.1

1967 15.4 15.7 172.5 19.1 14.5 14.1 15.9 10.3 9.8 10.8 20.1 13.7 3 31. ~

1968 11.1 12.1 60.P 73.8 140.0 75.7 35.7 16.7 a.6 9.8 20.7 9.2 474.2

1969 14.2 15.8 17 .6 146.5 40.5 114.5 51.4 12.3 7.5 9.1 12.9 16.0 45P.'

1970 11.2 16 .0 15.2 16.0 13.1 51.a 17 .8 10.2 7.5 12.7 19.0 ~ 7. 1 277.6

1971 13.9 15.2 17 .1 17. 5 13.8 16.0 11.8 '.1 6.4 6.7 27.2 10.3 ItS.O

1972 18.8 17.1 83.0 23.6 14.2 11.9 10.7 8.5 8.7 9.8 15.0 9.4 230.7

1973 257 ., 64.8 84.1 36.1 89.7 239.4 !35 .5 81.3 12.8 12.6 13.4 9.E 1237.4

1974 12.2 16.0 17.8 24.3 14.5 20.9 13 .8 9.8 6.7 11.3 12.1 9.5 16P.~

1975 12.6 22.3 16.7 16.2 15.7 55.4 79.1 13.7 7.5 10.a 8.6 11.2 27C.O

1976 10.9 13.5 16.9 15.6 162.1 44.2 66.3 16.8 7.6 12.4 10.? 1~. t 392.2

1977 15.2 14.8 16.9 19.3 14. ! 13.9 13 .6 10.3 7.5 7.9 1 ~ • 1 12.3 161. 1

1978 16.1 12.6 14.9 39.4 114.0 640.6 38.4 12.9 7.6 7.4 13.3 9.9 9U.l

1979 12.0 81.5 28~. 6 132.4 83.6 233.2 111. 0 19.7 11.8 10.4 18.9 9.5 1009.~

1980 12. 9 15.7 17. ~ H·6.4 6]4.0 1" 3.7 91.2 21.0 10.6 17.7 13. C 12.4 116f.l

70TH 1419.0 1713.1 320~.t 3721.3 6~~~.~ 7909.J 4591.2 IP3.8 550.5 879.6 1737.7 1476.7 ?4463.0
AVE~IGE 18.9 2Z. P 42.7 49.~ 81 .1 105.5 61. 2 15.7 7.3 11.7 23.2 19.7 459.~
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TABLE 11

HISTORIC AND fSTH'AT~D HISTORIC RUNDl"f Of HI! SALT RIVER AND TONTO CREH UOV~ ROOSEVELT DAM
UNITS 1,000 HRE-FEET

WATER
YEAR OCT N~V DEC JAN FEe 'UR APR MAT JUN JUL AUG SEP TaT AL

1906 22.0 309.4 98.6 91.4 10.0 467.9 304.3 105.4 41.3 31.4 44.8 28.8 1625.3
1907 19.4 16.7 264.9 195.1 1~% •• %26.1 117.1 41.6 31.8 22.4 72.9 68.0 1225.8
1908 75.8 53.1 30.0 25.0 199.2 234 .2 106.9 56.7 25.5 36.5 11 7. 2 b4.8 1024.9
1909 19.8 B.O 202.4 11.6 1".0 184.5 234.5 32.2 3'.4 24.8 63.4 143.2 1233.!
1910 28.3 67.8 18.6 95.6 34.9 14.0 61.2 31.7 8.9 8.0 15.6 13.9 456. 5
1911 11.4 11.1 18.1 '13.8 154.6 267 .3 6!.2 36.2 20.4 23.0 19.0 10. 8 733.9
1912 48.8 24.7 15.7 14.8 14.5 76.4 130.5 70.7 25.4 15.8 29.4 26.7 493.4
1913 21.5 18.3 18.5 16.8 . Z1.4 85.3 111.1 36.8 14.1 12.9 16.9 16.7 ~90.?

1914 14.2 17.6 24.2 24.2 108.5 73.1 66.2 27.9 15.7 36.9 66.5 45.4 520.4
1915 4e.3 31.8 165.1 173.4 250.2 l!l' •• !63.3 243.' 76.6 91.2 37.6 24.0 1757.2
1916 20.2 22.8 20.2 1116.3 272.9 524.5 263.2 114.6 51.7 ZB.9 48.1 61.4 2544.8
1917 90.5 28.5 20.6 • 104.9 95.1 79.4 1.7.e 78.9 31.5 32.2 32.5 19.8 811.7
1918 15.3 16.2 16.8 15.5 30.1 143.4 45.0 23.9 17.6 25.1 28.3 12.4 389.6
1919 11.3 14.2 2%.2 19.1 84.2 121.3 229.3 78.3 23.3 213.7 112. e 48.7 978.4
192 0 31.6 145.2 331.4 186.9 607.4 201.2 149.1 106.2 39.4 19.6 40.9 18.9 H77.8
1921 18.7 34.3 22.' 21.3 22 .6 26.8 20.6 18.7 14.0 46.9 233.2 b6.1 545.2
1922 21.1 15.8 26.6 51.1 96.7 H2.2 127.4 61.3 24.4 22.9 33.7 15.4 682.6
1 '123 12.2 13.6 41.9 19.2 48.2 138.0 79.5 41.4 15.5 26.3 58.8 116.3 610.9
1524 25.3 66.6 211.0 97.7 33.5 64.9 200.5 70.3 23.6 15.7 16.5 12.5 8 '18.1
1'125 11.1 12.2 16.2 15.3 14.2 68.0 41.1 17.0 12.5 11.5 3!.6 61. 0 324.7
1'126 30.2 20.1 18.0 16.0 16.0 85.8 349.0 144.2 28.8 21.1 2?2 22.9 775. ?
1 '127 16.9 15.8 27.7 23.0 329.0 156.9 138.4 e4.4 40.6 24.0 31.8 53.7 '42.2
1928 14.4 14.0 15. '1 16.1 51.'1 52.8 39 .'1 32.3 15.9 19.8 27.1 16.4 31t.5
19B 16.3 18.6 16.'1 1901 23 .1 52.5 13 1.2 29.0 13.3 18.8 70. ? b2.0 471.1
1'130 25.8 16.3 14.2 16.1 33.0 121.5 104.7 ?7 oS 11.4 40.2 61.6 16. 1 504.4
1'131 10.4 21.6 18. 1 12.5 173.6 ~4.9 87.1 67.7 15.9 19.7 66.5 73.2 ~21.2

193:' 68.6 44.6 95.'1 61.8 451.3 VB.7 196.6 76.4 27.1 31.4 54.4 ?l.C 1?77.8
1 '133 19.6 14.5 13.2 21.6 36.6 107.0 71.5 66.7 31.9 30.4 29.0 24.1 466.1
1'134 2'1.! 17.9 1'1.'1 16.1 16.0 26.8 19.8 12.6 7.9 11.4 49.4 28.6 256.4
1935 11.8 14.2 13.4 68.9 145.9 ISS.? 1'1'1.1 70.0 4 O. 4 14.6 38.8 ?3.8 836.2
1936 14.1 14 .1 15.9 14.4 126.4 1?2.3 203.9 71.1 21.8 14. '1 27.? 30.8 687.0
1 '137 14.8 19.2 20.7 33.6 312.7 271.7 216.8 78.2 24.2 19.4 17.4 14. e 1043.5
1'138 12.7 12.0 14.5 13.7 13.3 158.7 51.1 27.9 11.8 14.4 38.6 26.5 395.2
1939 9.6 9.6 15.3 15.7 27.1 93.1 11 8.8 32.6 9.9 8.1 23.8 17.4 381.0
1940 11.'1 12.9 13.0 16.2 37.2 57.6 56.7 27.3 14.0 14 .1 22.1 26.2 309.2
1941 32.1 30.0 216.2 250.5 210.6 611.5 347.2 340.3 84.2 43.6 40.1 35.! 2241.8
1942 45.'1 31. 0 51.2 76.8 38.1 87.1 142.3 60.5 18.3 13.6 26.0 18.6 60'1.4
194 3 16.8 15.6 23.1 71.4 59.0 200.1 101.4 38.5 12.'1 10.2 25.7 20.4 595.1
1944 15.9 13.0 14.1 14.3 38.2 108.9 92.0 44.4 15.8 12.0 16.4 22.8 407. 8
1945 18.0 16.2 17.1 20.4 36.4 139.2 165.5 74.5 16.5 13.0 34. S 12.0 56?6
1946 16.7 1 0.8 18.1 18.2 14.7 ? 1.6 35.8 15.2 6.5 11.0 41.9 11 e • 8 33~.3

1947 19.6 36.8 46.0 25.9 27.4 38.0 30.0 21.5 7.7 6.4 30.1 41.3 ?30.7
194 8 44.1 16.5 23.4 18.3 23.7 73.0 192.0 50.5 12.6 13.3 18.5 7.2 493.1
1949 8.4 11.0 35. e 157.1 81.0 H7.9 172.4 78.3 28.6 34.3 3E.! 15.2 e 2@. e
1950 14.8 12.4 15. 1 15.6 26.6 40.4 35.3 14.8 7.1 15.7 D.7 10.8 222.?
1951 7.3 8.3 10.0 11.7 12.0 17.3 21.0 25.2 7.3 7.0 132.5 18.4 278.0
1952 10.6 14.4 90.0 462.5 46.6 192.6 342.2 14 7.1 41.7 17.3 30.4 14.8 1410.2
1953 10.1 18.7 21.1 21.4 14.0 92.3 38.0 22.8 12.4 20.6 16.3 6.3 294. C
1954 6.3 8.9 10.1 11.2 11.1 161.2 62.3 23.3 8.0 24.5 4~.4 1 S. 7 389. C
1955 9.0 8.7 9.7 11.8 10.5 15.8 13.4 9.9 13.4 26.5 13 ~. 2 16.6 280.~

1'156 9.0 9.9 14.9 15.5 26.8 47.7 39 .9 23.4 7.2 9.3 12.4 4.6 220. ~

19 S 7 5.7 7.8 8.4 107.2 16.6 54.2 38.9 32.4 19.7 12.2 66.F 21.2 453.1
1959 16.6 27.4 16.4 12.5 50.0 241.6 250.4 114.4 24.8 9.3 20.4 42.2 e2~.C

1959 45.0 14.9 13.9 12.2 13.5 16.0 15.4 8.2 4.7 15.5 97.0 14.3 270.t
1HO 56.9 e6.9 227.1 219.8 70.2 214.5 102.4 43.5 17.6 8. 5 11.6 8.8 1057.P
1961 16.0 12.6 11. , 12.2 11.5 23.1 34.3 12.5 6.6 8.7 19.8 19.5 188.7
1962 9.2 16.9 38.1 76.8 134.2 133.9 246.4 74.4 18.9 11.9 9.8 14.7 1B~ .1
1 '16 3 16.6 15.0 14.4 16.7 76.5 50.0 54.7 18.8 6.3 4.8 103.6 ~9.8 437.2
1964 21.2 20.0 13.6 11.1 10.5 16.5 62.5 23.7 8.5 19.'1 44.0 50.7 :02.2
1965 18.7 12.0 14.4 151.1 94.0 136.4 241.0 95.6 33.9 25.3 33.2 15.1 870.7
1966 10.3 38.3 532.0 127.2 45.3 20T. 8 152.7 55.4 16.5 12.8 29.9 :6.4 1264.t
1967 15.6 14.3 42.9 14.8 13.' 19.9 19.8 11.3 8.0 25.6 86.1 42.1 314.?
1968 13.5 12.2 116.6 169.8 220.0 201.0 175.6 85.8 28.3 19.6 itS. 1 1 ... 4 11 04. e

1969 15.1 13.5 15.5 117.5 52.3 'J5.0 148.2 65.9 19.3 14.5 2?0 30.7 61 r. ~

1970 15.0 19.3 17.3 15.5 13.7 44.4 57.7 4i.2 12.4 11.8 22.6 ~6.t ~ 5 F. • ~

1'171 lb.9 11.4 12.9 15.0 13.8 17.7 16.2 11.6 6.1 7.8 61.0 33.3 22?7
1972 147. e 46.2 105.5 43.0 20.3 31. 1 1509 9.6 12.4 9.6 11. ~ 13.2 4 6~. 1
1973 356.0 9'1.2 129.? 73.5 205.2 442.8 410.'1 382.3 81.7 36.4 24.8 12.6 2254.7
1974 11.9 14.7 15.5 30.6 15.2 39.0 32.6 18.6 7.3 11.9 20.0 10.5 227.f
1'175 36.7 33.3 15.1 14.8 29.7 147.6 200.0 11 0.3 29.1 21.7 11.5 20.7 6H. ~

1976 9.7 10.6 15.3 12.7 120.4 41.3 82.5 56.7 14.9 19.5 18.7 !7 .1 419.4
1 '177 13.0 11.5 11.4 15.7 13.4 16.0 39.6 20.6 8.6 14.0 26.2 19.9 209. e

1978 15.2 12.3 10.6 37.6 158.7 894.3 194.2 66.2 19.9 13.0 23.3 11.5 1456 .5
1979 12.5 144.8 456.9 320.6 223.2 412.0 405.3 188.2 78.9 26.1 27.3 14.2 2310.r
1980 13.5 17.5 17. 3 178.6 762.9 223.7 247.4 176.7 54.7 25.4 35.3 20.6 177:;. f

T:)TA L 2058.9 2183.1 4465.6 ~827.1 7420.S11e38.2 9976.7 4873.7 1712.8 1718.1 3241.7 2364.6 56e61.:
lV5RlGE 27.5 29.1 59.~ 77.7 9S.'1 1'7.2 13?~ 65.0 22.8 22.'1 43.2 ? 1.5 753.'
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While the Supreme Court decree specified how Colorado River water should be
shared among the States during "normal" years and "surplus" years, it left
to the Secretary of the Interi or the manner in whi ch shortages woul d be
shared after satisfaction of present perfected rights in each state.

The 1944 contract is in accordance with the Boulder Canyon Project Act of
1928 and provides the contractual basis for which CAP may divert a portion
of Arizona's entitlement. The rolorado River Basin Project Act of 1968
provides the authority.

Section 301(b) of the Rasin Project Act is called the "California Guarantee"
provlslon. This section directs the Secretary to administer shortage sup
plies by limiting CAP diversion from the Colorado River so as to "assure the
availability of water in quantities sufficient to provide for the aggregate
annual consumptive use ••• in the state of California •••of 4,400,000 acre-feet
of mainstream water. and by users of the same character (perfected rights.
existing contracts, and Federal lands) in Arizona and Nevada.

The Lower Colorado Region has determined that 1imiting CAP diversions to
400,000 acre-feet in shortage years would accomplish the above and not cause
Lake Mead to be drawn below minimum power head at any time through the year
2040, the end-point of Colorado River future operation studies.

Rights to the use of Ari zona water from sources other than the Colorado
River are derived from State law, based on the doctrine of prior
appropriations. Arizona law includes an application-public notice-permit
system to secure the right to store, divert and/or apply surface waters of
the State. The Water Rights Registration Act of 1974 requires all claims to
surface waters in Arizona (except those already adjudicated or derived from
Federal actions) be registered with the State. This legislation also di
rects the Arizona Department of Water Resources to proceed with statewide
court adjudications. Until these adjudications are completed, quantifica
tion of rights which may accrue to CAP through implementation of the project
i suncert ain.

The water rights of the Agua Fria basin have not been adjudicated. Uses of
surface water from the Agua Fria River upstream from Lake Pleasant are
limited, with diversions for mining and irrigation of less than 1,000 acres.
The major existing water right of concern in this study was the stored
diversion rights of the MCMWCDH1 which owns and operates Lake Pleasant.
There are no other major, downstream water rights on the Agua Fria River.

Federal actions with respect to water rights necessary to implement con
struction of New Waddell nam would include negotiation of agreements with
MCMWCD#l to define ownel~ship rights, credits and charges, operating cri
teria, sharing of operation and maintenance costs, and filing of appli
cations with the Arizona nepartment of Water Resources to secure the right
to store Colorado River water in the new reservoir and to store and use
unappropriated waters of the Agua Fria River for CAP purposes. Federal
appl ication for Agua Fria River water rights was filed July 15, 1983, with
the State of Arizona.
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There are complex water rights issues involving tne Salt and Verde Rivers
since new conservation storage space is proposed within a storage system
(Salt River Project) alreacty encumbered with legal water rights issues, and
multi-party operating contracts and agreements.

Federal actions required to construct Cliff \lam as proposed include appli
cation to the State of Arizona for Verde River water rights associated with
new conservation space, negotiation of operating agreements with Salt
River Project to define ownership rights, crerlits, changes, and operating
criteria, and sharing of operation and maintenance costs. Simi1~r actions
are required for Theodore Roosevelt nam. Federal application was made
September 1qR3 to secure the above Salt ann Verde water rights on heha1f of
CAP.

Water Requirements

Water requirements associated witf) the (AP are neither static nor firmly
estab1 ished. Final decisions on who would receive how much CAP water lies
with the Secretary of the Interior in accordance with the Rou1der (anyon
Project Act of 1928 (45 Stat. 1057). Water demand assumptions used in the
study reflected the most recent expressions of the Secretary and the Arizona
Department of Water Resources. Tables 12-14 summarize the allocations of
CAP water for Indian uses, municipal and industrial U"&I) uses, and non
Indian irrigation, respectively, as used in the New Waddell Sizing Study.
Subsequently, on ~1arch 24, lQS3, the Secretary made final allocation rleci
sions regarding both Indian and non-Indian water users, which differ
slightly from those used in the studies. The differences have been ana1yzerl
and would not change the major assumptions or study results.

The CAP was authorized to provide water deliveries to its users at cana1
side. Facilities required to convey CAP water from the aquerluct system to
the area of use are the user's responsibil ity with the exception of the
Indian allottees. Therefore, all CAP water dernanrls were assumed to be at
canalside.

Aqueduct and reservoir losses in the form of seepage and evaporation were
incorporated into the CAPSIM. Currently there are no instream flow require
ments downstream of any of the existing rlafTIs although SRP is required to
release 50 cfs for the Fort McDowell Indian \.ommunity. None were assumerl
for this study.

A version of the CAPSIM morle1 was developed to represent the sppcific water
use of this plan. Operational criteria were carefully constructed within
the model. Complete descriptions of the model are includerl in Appendix R.

New storage totals Qn7,nOO acre-feet including 6nn,nOn acre-feet of rpgu1a
tory storage and new conservation space at the New Warlrlel1 site, 1.70,000
acre-feet of new conservation space at the C1 iff site, and 137,000 acre-feet
of new usable space at Theodore Roosevelt Lake. As described in previous
chapters, New \~adde 11 Reservoi r wou1 d be di reet 1y connected to the CAP
aqueduct system by t~e Waddell Canal. It is assumerl the (liff anrl Modified
Roosevelt space would be used only to capture anrl conserve Salt and/or Verde
River 'r'later that wou1 d normally spill ; nto the ex i s t i ng SRP system. As



TABLE 12

Central Arizona Project
November 1981 Tentative i}locations

for Indian Uses-

Ak Chin

Gil a Ri ver

Sa It Ri ver

Fort McDowell

Papago-Chuichu

Camp Verde

Papago-San Xavier

Papago-Schuk Toak

San r:arlos

Pascui Yaqui

Tonto Apache

Yavapai Prescott

Total

I rri gat i oJ-I

58.300

173.100

13 .300

8.000

255,400

Tribal Homelan~/

4.300

1.200

27.000

10,800

10,000

500

128

500

54,428

IJnits:
Acre-feet/Year

Total

58.300

173.100

13.300

4.300

8.000

1.200

27.000

10.800

12.700

500

128

500

309,828

1/

2/

3/

Department of the Interior news releases. November 12. 1981. Office of
the Secretary.

Subject to a 10 percent reduction in shortage years, except the Gila
River which is subject to a 25 percent reduction.

Shares priority during shortages. prorata with up to 510.000 acre-feet
of M&I uses and the remaining Indian irrigation after 10 and 25 percent
reductions.
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TABLE 13

state of Arizona Recommended Allocation of
Central Arizona Project Water f9r

Municipal and Industrial Uses-

Units:
Acre- feetl Year

M& I Sector

Municipal~/
Maricopa County
Pi nal County
Pima County
Other Counties

Subtota1

powerl!

. ? IMlnes.=.
Pima County
Gila River Basin
Salt River Basin

Subtotal

RecreationY
Arizona Game & Fish
Mari copa County

Subtotal

OtherY
Phoenix Memorial park41State Land Department-

Subtotal

TOTAL

Year 1985
All ocat i 011

97 ,512
4,582

25,073
4,665

131,832

o

29,157
14,000

o

43,157

755
852

1,607

45
15,000

15,045

191,641

Year 2005
All ocat ion

188,025
14,954
65,417
14,035

282,431

o

26,072
50,110
7,932

84,314

378
777

1 ,155

71
18,240

18,311

386,211

Year 2034
Allocation

279,566
24,130

163,034
28,014

494,744

43,218

18,332
37,275

5,177

60,784

324
665

989

84
3Q,006

39,090

638,825

Assumed to be shared equally by Maricopa

II From 1etter dated January 18, 1982, from Ari zona Department
Resources to the Secretary of the Interior a-nd the corresponding

~n. Assumed to vary uniformly between allocation years.
- Assumed to begin with 1,650 acre-feet in year 2006 and
~?ifOrmly until 2034.
- Not identified by location.
and Pima Counties.

of Water
computer

increase
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TABLE 14

State of Arizona Recommended Allocation of
Central Arizona Project Wat7r for

Non-Indian Irrigatio~

Percent of Available Water

Entity

Arcadia Water Company
Avra Valley Association
Central Arizona 1.0.
Chandler Heights 1.0.
Cortaro-Marana 1.0.
Farmers Investment Corp.
Harquahala Valley 1.0.
Hohokam 1.0.
La r.roix
Maricopa-Stanfield 1.0.
Marley, Kemper, Jr.
McMicken 1.11.
MCMWCO#l
New Magma 1.11.
Queen Creek 1.0.
Rood, W.E.
Roosevelt 1.1).
Roosevelt Water

Conservation District
Salt River Project
San Carlos 1.1).
San Tan 1.0.
Tonopah 1.0.
U.S. Forest Service

Total

1985
Allocation

0.13
3.69

18.01
0.28
~.14

1.39
7.67
0.36
0.04

20.48
0.04
7.28
4.66
4.34
4.83
0.04
2.61

5.98
2.97
4.09
0.77
1.98
0.22

100.00

2005
All ocat i on

0.14
3.84

18.73
0.28
2.05
1.44
7.98
6.61
0.04

n .30
0.04
5.60
3.37
4.52
4.99
0.04
2.72

5.92
3.05
4.25
0.80
2.06
0.23

100.00

2034
Allocation

0.15
4.21

20.55
0.30
1.99
1.58
8.75
7.25
0.05

23.35
0.05
2.61
2.88
4.96
5.42
0.05
2.98

4.84
0.00
4.66
0.86
2.26
0.25

100.00

1/ From letter dated January 18, 1982, from Arizona Department of Water
Resources to the Secretary of the Interior.
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needed for CAP, water stored in new Salt or Verde stonge space waul d he
re 1eased to the ri vers and deli vererl to those CAP water users capable of
taking water through SRP facilities.

When water in the aqueduct exceeds the schedul ed monthly CAP demand, the
excess water would be stored in New Waddell for later release. When sched
uled monthly CAP demand exceeds water in the aqueduct, the model would first
release any CAP conservation water remaining in ownership at either Cliff or
t-bdified RooseveH Reservoirs, then release CAP water stored in New Waddell.

Water Quality

Water quality studies in support of regulatory storage plan selection and
environmental impact analyses consisted of three hasic parts: Evaluation of
changes in constituent, concentrations projections of salt loading, and
assessment of reservoir eutrophication potential.

Salt loading studies were done using future projections of Colorado River
salinity concentrations furnished by the CRSP model and Bureau estimates of
salinity concentrations of other local surface water sources. These pro
jections were used as inputs to the CAPSIM model which traces the influences
of CAP operations on total salinity. The salt loading analysis focused on
the increase in CAP water supply (CAP yield) attrihutahle to regulatory
storage and the accompanying increase in imported salts.

The major salt load attributable to the CAP is a result of importing
Colorado River water into Central Arizona and not a direct result of adding
regulatory storage as a feature of the CAP. The CAP is expected to import
an average of approximately 1,020,000 tons of salt per year from "future
without" conditions. This salt import figure assumes that the salinity
standard for the Colorado River below Parker Darn of 747 mg!l (l.Oln tons!
acre-feet) is maintained in the futur~. Salt import would increase by
153,000 tons per year (15 percent) with implementation of the proposed
regulatory storage plan. This increase was considered insignificant in
comparison to the total salt import. Salt concentrations in delivered water
would remain sufficiently low for irrigation and other current uses.

The constitutent evaluations were based on water quality data collected by
the U.S. Geologic Survey and accessed, for most sites, from the EPA's Storet
data base. Long term average constituent concentrations for various sources
were used to determine changes following mixing of CAP imports with the
current supplies in the project area. Although the accuracy of these pre
dictions may be limiterl, they were considered adequate for comparison of
alternative plans.

The water in storage in Lake Havasu, formed hy Darker Dam, originatAs from a
combination of Colorado River water and Rill Williams Rivpr w~ter. The
published water quality data for the (olorado River below Parker nam were
evaluated for maxifTlum, minimum, and average values for various rp.ported
constituents. These rlata are displayed in Table 15. Water quality data for
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TABLE 15

SURFACE WATER QUALITY, COLORADO RIVER BELOW PARKER DAMa
(mg/l, unless otherwise noted)

Constituent

Alkalinity as CaC03
D Arsenic
T Arsenic
D Barium
T Barium

Bicarbonate
T Boron
D Cadmium
T Cadmium

Ca Ic ium
T Carbon <organic)

Carbonate
Chloride
Chromi um (Hexa)

T Chromium
D Copper
T Copper
T Cyanide

Oxygen (dissolved)
Fecal Coli forms (cols/l00 ml)

D Fluoride (84.7·)
Hardness (total, as CaC03)
Hardness (noncarbonate)

T Iron
D Lead
T Lead

Magnesium
T Manganese
T Mercury
T Nitrate (as N)

pH (pH units)
T Phosphorus (as p)

Potass i um
D Selenium
T Selenium

Specific Conductance (~U/cm)

D Silver
T Silver

Sodium
Sodium Adsorption Ratio
(no units)
Sulfate
Dissolved solids (180·C)
Turbidity <JTU)

D Zinc
T Zinc

Phenol ics

No. of
Samples

156
1

56
1

57
145

65
7

65
146

59
139
166

I
58

I
57
58

109
49

127
166
165

57
9

57
146

58
58

I
202

66
139

I
58

700
I

58
119
119

167
636

43
9

57
62

Min ilIUm

98.0
0.00400
BDL
BDL
BOL

120.
0.0500
BOL
BOL

73.0
1. 90
BDL

75.0
0.00100
BOL
BOL
BOL
BOL
5.10
0.990
0.200

290.
170.

0.0300
BOL
BOL

26.0
BOL
BOL
0.170
7.10
BOL
4.50
0.00300
BOL

950.
BOL
BOL

90.0
2.20

240.
602.

1. 00
BOL
BOL
BOL

Average

128.
0.00400
0.00284
BOL
0.135

156.
0.196
0.000286
0.00462

85.6
4.55
0.0288

94.5
0.00100
0.00357
BOL
0.00793
0.000862
8.53
4.78
0.378

339.
211.

0.159
0.00144
0.0408

30.9
0.0208
0.0000431
0.170
7.95
0.0258
5.21
0.00300
0.00279

1120.
BOL
0.00350

107.
2.54

309.
722.

2.58
0.00889
0.0239
0.00127

Maximum

ISO.
0.00400
0.00500
BDL
0.500

177 .
0.360
0.00100
0.0130

100.
14.0
4.00

140.
0.00100
0.0200
BOL
0.0290
0.0200

II. 7
41.9

0.500
380.
243.

0.550
0.00400
0.100

40.0
0.0400
0.000600
0.170
8.80
0.100
6.80
0.00300
0.00500

1720.
BOL
0.0100

120.
2.88

380.
848.

10.0
0.0200
0.310
0.00700

Note: DE Dissolved Fraction; T z Total Recoverable; BDL = Below Detection Leve!

4Environmenta1 Protection Agency STORET Data Ketrieva1 System, March
1981 invent version. Run made on August 24, 1981 using data for the
period of record October 1968 - Jun~ 1981. All constituent levels shown
rounded to three significant figures.
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the Agua Fria River and Lake Pleas~nt were very limited. The water stored
in Lake Pleasant originates from trihutaries which include the Agua Fria
River, Boulder Creek, r.ottonwood Creek, Humbug Creek, and French Creek. The
Agua Fria River is the largest volume contributor. Water quality sampling
of the Agua Fri a Ri ver at Rock Spri ngs began in January 1982. These data
are shown on Table 16. The network of sampl ing stations around the New
Waddell site has been expanded and water quality data are now being col
lected from reservoir releases and several trihutaries. Water quality
characteristics of the Verde River below Rartlett rlam and the Salt River
below St.ewart Mountain Dam are shown in Tables 17 and 18, respectively.
Table 1q represents the combination of these records to characterize the
quality of water near the confluence of those rivers immediately upstream of
the SRP diversion point.

The Colorado River at Lake Havasu is estimated to contain an average Total
Dissolved Solids (TrlS) concentration of 7'?'l mg/l. The principal dissolved
components are sul fate (average 309 filg/l), sodium (average 107 mg/l),
chloride (average Q4.5 mg/l), and calcium (average 85.6 mg/l). Tns of the
Agua Fria River is relatively low, at an average concentration of 158 mg/l.
The principle dissolved components are sulfate (average 85 mg/l) , sodium
(average 37.8 mg/l), chloride (average 36 mg/l), and calcium (average 50.8
mg/l ) • IInder the proposed pl an, Agua Fri a Ri ver water woul d he rni xed with
CAP imported Colorado Piver water in an enlarged Lake Pleasant. The effects
of this mix were estimated using a blending ratio of nine parts Colorado
River to one part Agua Fria based on a typical year operating schedule. TOS
in the reservoi r woul d increase g8 percent, from 358 mg/l to 710 mg/l.
Other increases include sulfate (254 percent), sodium (178 percent),
chloride (157 percent), and calcium (66 percent). However, the mixed water
would still meet all required standards would remain suitable for existing
irrigation use.

i~ixing CAP water with the present SRP domestic supply may increase the
concentration of dissolved organic substances in this supply. This could
result in a higher potential for trihalomethane (THM) formation following
wa t e r treatment. THM product i on is dependent upon the amount of organi c
compounds in the water, the amount of chlorine used in disinfection, and the
length of the time chlorine is in contact with the water prior to final use.
Colorado River water is known to have a high concentration of organic com
pounds (THM precursors). Currently, some Phoenix area municipal waters are
near the Federal maximum contaminant level (0.1 mg/l). CAP operation does
not require mixing Colorado River water with the SPP supply. If such mixing
does occur, it is unlikely to be affected hy regulatory storage. Lake
Pleasant water, which would be affected by such storage, is not currently
used as a domestic supply. Releases from Lake Pleasant hack into the CAP
system may contain a luger organic load than imports due to biological
production within the reservoir. However, since eutrophication potential of
the enlarged reservoir is relatively low, organic load increases are ex
pected to he insignificant. Overall, implementation of the regulatory
storage pl an shoul d tlave no impact on domestic slJppl ies beyond that of r:AP
operation without storage.
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TABLE 16

SURFACE WATER QUALITY, AGUA FRIA RIVER AT ROCK SPRINGSa
(mg/l, unless otherwise noted)

Constitu~nt

Alkalinity as CaC03
D Arsenic b
T Arsenic
D Bariumb

T Barium
Bicarbonate

T Boron
D Cadmiumb

T Cadmi um
Calcium

T Carbon (organic)
Carbonate
Chloride
Chromium (Hexa)

T Chromium
D Copper b

T Copper
T Cyanide

Oxyg~n (dissolved)
Fecal Coli forms (cols/lOO ml)

D Fluoride (84.7')
Hardness (total. as CaC03)
Hardness (noncarbonate)

T Iron
D Lead b
T Lead

Magnesium
T Manganese
T Mercury
T Nitrate (as N)

pH (pH un its)
T Phosphorus (as p)

Potassium
D Seleniumb
T Selenium

Specific Conductance (~U/cm)

o Silver b
T Silver

Sodium
Sodium Adsorption Ratio
(no units)
Su I fat e
Dissolved solids (180'c)
Turbid i ty (NTU)

o Zi nc b
T Zinc

Phenol ics

No. of
Samples

4
2
4
2
4
o
4
2
4
4
4
o
2
o
4
2
4
4
4
4
4
4
4
4
2
4
4
4
4

2
4
4
4

2
4
4
2
4
4
4

4
4
4

2
4
a

Minimum

140.
0.00900
0.00900
0.0650

<0.100

0.0900
<0.00300
<0.00100
39.0
2.50

32.0

0.00300
0.00700
0.00700

<0.0100
8.60
4.00
0.300

160.
23.0
0.0600
0.00200
0.00100

16.0
0.0100

<0.000100
3.20
8.30
0.0900
1. 60

<0.00100
<0.00100

420.
<0.00100
<0.00100
25.0
0.900

53.0
257.

0.600
<0.0120

0.0200

Average

175.
0.0100
0.0133
0.0730

<0. 100

0.165
<0.00300
<0.00150
50.8
4.10

36.0

0.00725
0.00750
0.0138

<0.0100
8.88

36.3
0.325

215.
41.3

2.04
0.00200
0.00425

21. 8
0.0850

<0.000100
3.85
8.43
0.150
1. 98

<0.00100
<0.00100

582.
<0.00100
<0.00100
37.8

1. 20

85.0
358.

31. 6
<0.0120

0.0325

Maximum

190.
O. OliO
0.0160
o 0810
0.100

0.230
<0.00300

0.00200
58.0

5.20

40.0

0.0190
0.00800
0.0290

<0.0100
9.10

120.
0.400

240.
54.0
6.40
0.00200
0.00800

25.0
0.270

<0.000100
4.50
8.60
0.180
2.30

<0.00100
0.00100

676.
<0.00100
<0.00100
45.0

1. 40

100.
401.
liD.
<0.0120

0.0600

Not~: D: Dissolved Fraction; T : Total R~cov~ra~l~; -- Data Not Available

a U. s . Geological Survev from U.S. Bur~au of Reclamation unpublish~d
data, 1982; p~riod of rHord Januar~-April 1982. All constituent
levels shown rounded to thr~~ si~nificant fiF.ur~s.

b
Samples taken below Lak~ Pleasant.
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TABLE 17

SURFACE WATER QUALITY, VERDE RIVER BELOW BARTLETT DAM
a

(mg/l, unless otherwise noted)

Constituent

Alkalinity as CaC03
o Arsenic
T Ars~nic

o Barium
T Barium

Bicarbonat~

T Boron
o Cadmium
T Cadmium

Calcium
T Carbon (organic)

Carbonat~

Chloride
Chromium (Hexa)

T Chromium
o Copper
T Copper
T Cyanide

Oxygen (dissolved)
Fecal Coliforms (cols/IOO ml)

o Fluorid~ (84.7')
Hardn~ss (total, as CaC03)
Hardness (noncarbonate)

T Iron
o Lead
T Lead

Magn~sium

T Manjl,anese
T Mercury
T Nitrate (as N)

pH (pH uni ts)
T Phosphorus (as p)

Potass ium
o Se lenium
T Selenium

Specific Conductanc~ (~U/cm)

o Silver
T Sil ver

Sodium
Sodium Adsorption Ratio
(no units)
Sulfate
Oissolv~d solids (180'C)
Turbidity <JTU)

o Zinc
T Zinc

Phenol ics

No. of
Samples

328
16
IS

6
6

520
I

16
16

541
23

399
352

o
16
16
16
o

21
31

210
540
519

71
16
16

541
16
16

3
512

53
219

16
IS

522
6
6

502
502

350
482

39
16
16
o

Minimum

28.0
0.00500
0.00700
BOL
BOL

34.0
0.190
BOL
BOL

19.0
I. 80
BOL
2.00

BOL
BOL
0.00300

8.60
1. 00
BOL

79.0
BOL
BOL
BOL
0.00400
6.40
BOL
BOL
0.0200
6.80
BOL
I. 30
BOL
BOL

ISO.
BOL
BOL
4.20
0.210

11.0
109.

1. 00
BOL
0.0100

Average

185.
0.0121
0.0133
0.0550
0.100

236.
0.190
0.00156
0.00619

42.5
4.20
I. 57

18.8

0.00375
0.00275
0.00888

11. 6
8.35
0.340

212.
18.9

O. 192
0.00300
0.0714

25.7
0.0900
0.000263
0.0967
8.01
0.206
3.39
0.000750
0.000600

510.
BOL
BOL

30.4
0.880

52.9
314.
83.3

0.00700
0.0356

Maximum

350.
0.0180
0.0210
0.100
0.200

427.
0.190
0.0140
0.0100

75.0
9.60

15.0
130.

0.0100
0.00700
0.0200

17.8
99.0
0.800

413.
182.

3.50
0.0120
0.100

55.0
0.380
0.00260
0.140
8.80
0.400
7.40
0.00300
0.00100

929.
BOL
BOL

290.
8.2 J

107.
550.

2800.
0.0300
0.200

Not~: 0= Oissolv<!d Fraction; T = Total R<!cov~rabl<!; -- Data Not Availablt';
BOL = Below Oet~ction Level

aEnvironmental Protect;on Agency STORET Data Retr;evai System. Run
made on February 16, 1980 using data for the per;od of record December
1950 - september 1979. All const;tuent levels shown rounded to three
s;gnif;cant f;gures.
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TABLE 18

SURFACE WATER QUALITY, SALT RIVER BELOW STEWART MOUNTAIN DAMa
(~g/l, unless otherwise noted)

Constituent
No. of
Samples Minimum Average Maximum

Alkalinity as CaCO}
o Arsenic
T Arsenic
o Barium
T Barium

Bicarbonate
T Boron
o Cadmium
T Cadmium

Calcium
T Carbon (organic)

Carbonate
Chloride
Chromium (Hexa)

T Chromium
o Copper
T Copper
T Cyanide

Oxygen (dissolved)
Fecal Coliforms (cols/IOO ml)

o Fluoride (84.7°)
Hardness (total, as CaC03)
Hardness (noncarbonate)

T Iron
o Lead
T Lead

Magnes ium
T Manganese
T Mercury
T Nitrate (as N)

pH (pH units)
T Phosphorus (as P)

Potassium
o Seleni UllI

T Se leni UllI

Specific Conductance (~U/cm)

o Silver
T Silver

Sodium
Sodium Adsorption Ratio
(no units)
Sulfate
Dissolved solids (180°C)
Turbidity (JTU)

lJ Zinc
T Zinc

Phenolics

323
16
IS
7
7

385
2

16
16

406
20

162
303

o
16
16
16
o

20
28

182
404
400

27
16
16

406
16
16

3
396
46

185
16
15

405
7
7

377
377

299
362

33
16
16
o

15.0
0.00200
O.OOlDO
BOL
BOL

18.0
0.140
BOL
BOL

36.0
2.20
BDL

70.0

BOL
BOL
BOL

1. 60
1.00
0.200

121.
BOL
BOL
BOL
BOL
5.50
BOL
BOL
BOL
4.50
0.0100
2.40
BOL
BOL

505.
BOL
BOL

47.0
1.29

32.0
316.

1. 00
BOL
0.0100

130.
0.00338
0.00387
0.0771
0.100

160.
0.185
0.000813
0.00669

50.4
4.79
0.358

234.

0.00188
0.00250
0.00868

6.61
22.0
0.380

180.
49.4
0.187
0.00663
0.0743

13.7
0.0625
0.0000438
0.0533
7.74
0.223
5.83
0.000188
0.000267

1140.
BOL
0.00171

161.
5.13

51.4
635.

2.91
0.0160
0.0331

189.
0.00600
0.00700
0, ~OO
0.200

230.
0.230
0.00400
0.0100

420.
18.0
35.0

610.

0.0100
0.00600
0.0200

·13.7
470.

1. 10
270.
113.

2.10
0.0600
0.100

28.0
0.170
0.000400
0.160
9.10
8.30

42.0
O.OOlDO
0.00200

2340.
BOL
0.0100

382.
10.4

360.
1300.

10.0
0.120
0.100

Not"': 0: Dissolved Fraction; T = Total Re,"overabl",; -- Oata Not Availabl .. ;
BOL: 1l",low De't",ction Level

aEnvironmenta1 Protection Agency STORET Data Retrieval System. Run
made on February 16, 1980 using data for the period of record December
1950 - september 1979. All constituent levels shown rounded to three
significant figures.
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TABLE 19

SURFACE WATER QUALITY, SALT RIVER PROJECT WATERa
(mg/ 1, unl~ss otherwise noted)

No. of
Constituent Samplesb !'tinimumc Averaged !'laximumc

Alkalinity as CaC03 323 15.0 154. 350.
0 Arsenic 16 0.00200 0.00761 0.0180
T Arsenic 15 0.00100 0.00792 0.0210
0 Barium 6 BOL 0.0676 C.200
T Barium 6 BOL 0.100 0.200

Bicarbonate 385 18.0 193. 427.
T Boron 1 O. 140 0.187 0.230
0 Cadmi UJD 16 BOL 0.00113 0.0140
T Cadmium 16 BOL 0.00648 0.0100

Calcium 406 19.0 47.0 420.
T Ca~bon (organic) 20 1. 80 4.54 18.0

Carbonate 162 BOL 0.879 35.0
Chloride 303 2.00 141. 610.
Chromium (Hexa) 0

T Chromium 16 BOL 0.00268 0.0100
0 Copper 16 BOL 0.00261 0.00700
T Copper 16 BOL 0.00877 0.0200
T Cyanide 0

Oxygen (dissolved) 20 1. 60 8.76 17.8
Fecal Coliforms (cols/l00 ml) 28 1. 00 16.1 470.

0 Fluoride (84.7 0
) 182 BOL 0.363 1. 10

Hardness (total, as CaC03) 404 79.0 194. 413.
Hardness (noncarbonate) 400 BOL 36.3 182.

T Iron 27 BOL 0.189 3.50
0 Lead 16 SOL 0.00507 0.0600
T Lead 16 SOL 0.0731 0.100

!'lag ne 5 i um 406 5.50 18.9 55.0
T Manganese 16 SOL 0.0743 0.380
T Mercury 16 SOL 0.000138 0.00260
T Nitrate (as N) 3 SOL 0.0720 0.160

pH (pH units) 396 4.50 7.86 9.10
T Phosphorus (as P) 46 SOL 0.216 8.30

PotassiLDD 185 1. 30 4.78 42.0
0 Se leni LDD 16 SOL 0.000430 0.00300
T Selenium IS SOL 0.000410 0.00200

Specific Conductance (~U/cm) 405 150. 869. 2340.
0 Silver 6 SOL SOL SOL
T Silver 6 SOL 0.000975 0.0100

Sodium 377 4.20 105. 382.
Sodium Adsorption Ratio 377 0.210 3.30 10.4
(no units)
Sulfate 299 11.0 52.0 360.
Oissolved solids ( 180°C) 362 109. 497. 1300.
Turbidity (JTU) 33 I. 00 37.5 2800.

0 Zinc 16 BOL 0.0121 0.120
T Zi nc 16 0.0100 0.0342 0.200

Phenoli cs r)

Not~: 0: Oissolved Fraction; T: Total Recov~rabl~; -- Oata Not Availabl~;

SDL. Below Dt't~ction L~vel

aEnv1ronmental Protection Agency STORET Data Retrieval System. Run
.ade on February 16, 1980 using data for the period of record December
1950 - september 1979. All constituent levels shown roun~ed to three
s1 gni fi cant fi gures. .
bHinimum number o.f samples from Salt or V~rdt' data.
cMinimum and maximum are for th~ Salt or Verdt' Rivers and .ould bt'
~xp~rl~nc~d if the oth~r rivt'r was not flowin!!.

dwei~ht~d avera~~ bas~d on USGS flow r~.ords rt'sulting iG a 43 p~r.~nt
Verde and 57 percent Salt mix at the conflu~nce of thoe two rlVt'rs.
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Assessing the eutrophication potential of proposed reservoirs is a develop-
ing science. Presently, there is no single approach that would result in
unequivocal conclusions concerning the status of or potential for
eutrophication. All the techniques have assumptions and 1imitations that
must be considered in analyzing and interpreting study results. Recognizing
the inherent limitations, an assessment was performed for the proposed
reservoir sites in which Colorado River water would be introduceo.

The procedure used to assess eutrophication potential was a nutrient loading
analysis. This analysis estimates the nutrient loads and relates this to a
potential for algae production. Nutrient loads were calculated from dis
charge records, and nutri ent concentrations were determi ned for peri odi c
water samples. Based on the Bureau's publication, "Guidelines for Studies
of Potential Eutrophication," it was further assumed that phosphorus is the
most important factor limiting algae growth. The "Guidelines" state that
the Canfield and Rachmann model was the most accurate phosphorous loading
equat i on ina test us i ng data on 68 reservoi rs in 11 western states. The
CAP assessment was based on this model. The eutrophication analysis for New
Waddell was performed for two cases of CAP operations. Case one was based
on average ope rat i ona1 i nformat i on and presumed that the reservoi r woul d
contain a mix of nine parts of Colorado River water and one part local Agua
Fri a Ri ver runoff. Case two was performed in the same manner except the
reservoir content was assumed to be entirely Colorado River water. The
eutrophication analysis and results are summarized in Appendix B. The
resultant probability of eutrophication ranges from 33 percent for case one
to 16 percent for case two. These computed probabilities are less than that
computed for the existing reservoir.

The quality of the Colorado River mainstream is largely dependent on the
amount of annual runoff experienced in the Colorado River basin. The water
to be diverted by CAP has in the past been diverted by California users:
The t~etropol itan Water District (MWO), which diverts from Lake Havasu; and
the Imperial and Coachella Irrigation Districts, which divert at Imperial
Dam downstream of Lake Havasu. Implementation of the regulatory storage
plan would increase CAP's ability to take additional water from the river
during surplus conditions, which would otherwise be diverted by California
users. Therefore, the effect of CAP operations on the quality of Colorado
River water would be very limited.

The mixing of Colorado River water with Agua Fria River water in the New
Waddell Reservoir would alter the quality of water stored in the reservoir.
Agricultural users of Agua Fria water downstream would experience a change
in quality as explained earlier; however, the water would remain suitable
for agricultural uses. F.:utrophication-related water quality problems may
actually be diminished. The water released from the reservoir back to the
aqueduct would be of generally better qual ity depending on the amount of
Agua Fria water introduced during the mix. The majority of the water in the
reservoir during most years would be Colorado River water; therefore, very
little change would be experienced in the quality of water returnJng to the
aqueduct.
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PI an development does not require Jnlxlng Salt 'ind Verde Riv~r water with
Colorado River water in the aquerluct. If mixing does occur, users of Salt
Verde water would experience a change in water quality hy the introduction
of Colorado River water into the SRP rlelivery systE'm regardless of plan
development.
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CHAPTER VII

RECREATION, BIOLOGICAL, ANn CULTURAL RESOURrES

Recreation

The implementation of this plan would greatly assist in meeting the out~oor

and water-oriented recreational needs of the area. The reservoirs would
provide additional recreational facilities and the Modified Roosevelt and
New Waddell features would provide extensive hoating opportunities. The
recreational features were planned by the Rureau with input from local,
Stat e, Federa1, and pr i vat e age nc i esand the pub1i c • Th e fa c il it i esthat
could be developed are identified in Chapters III and IV. This section
identifies expected uses. More detailed information is contained in
Appendix C (Recreation) and in the recreation supporting documents to the
Regulatory Storage Division Final Environmental Impact Statement.

New Waddell Reservoir (Lake Pleasant)

Recreational facilities at Lake Pleasant would accommodate boating, fishing,
water skiing, picnicking, camping, sightseeing, hiking, and a nature study.
Existing facilities would be replaced and current use should continue.
There are no special use zones proposed for the lake and the Maricopa County
Parks and Recreation Department and Sheriff's Department would be respon
sible for management and law enforcement. The lake is expected to have
significant use. The lake level would fluctuate from approximately 9,60n
surface acres to 2,600 surface acres. The lake would have approximately
7,200 surface acres during the heaviest use season, April to ,June. The
current high level of use and unique water setting, close to the Phoenix
metropolitan area, should attract residents and tourists. Current access
would be replaced and upgraded to provide for ease of travel to the lake.
It is estimated that the planned facilities would accommodate R63,?OO annual
recreation days. r.urrent recreational use is over 1 million annual recrea
tion days, so the overcrowding that exists and would continue to exist in
the park is evident. Use of the park is not restricted. As the water level
fluctuates, users follow the water level. Much of this use is not asso
ciated with the existing developments and accounts for much of the discre
pancy between existing use and planned facility use/development. Reported
use is only for the developed facilities. The impacts of the recreational
use should he continuous from project initiation to completion since the
existing resource would continue to be used for recreational purposes during
construction activities.

Cl iff Reservoi r

Recreational facilities that would be developed or replaced at the Cliff
site would include boating, fishing, camping, picnicking, hiking, a nature
study, equestrian activities, and sightseeing. Current recreational use of
the Cliff area, including Rartlett Reservoir, is somewhat limited due to
difficulty in travelling to the area, time involved in travel, and proximity
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of other areas to the Phoenix metropolitan area. (IJrrent use at all the
lakes on the Verde is estimaterl at 174,O()() annual recre3tion (jays. The
planned recreational dev~lopment5 would accommodate 381,rOO annual recrea
tion days. Cliff is located approximately 25 miles northpast of Phoenix.
The improvement of access and attractiveness 0f t~e niff setting would
attract more people to the area for recreational pursuits. The recreational
develop'nent has specifically been designerl to accolnmorlate this uSP anrl still
protect the unique enviromnent.al resources of the area. Cl iff Reservoir
wOllld fluctuate from a high of ?,840 surfaCf~ <lcres to a low of 34(1 surface
dC res, with the ,nean surface aren, from April through Octoher, ~ei ng 1,?70
surface acres. Recreational plans were based on the main surface area and
considered the fluctuation prohlems. For this reason, most of the major
rlevelopment is plannerl near the dam. A major exception would be the devel
opment in the Sheep Brirlge area, which would provide improved access to the
Verde River, the Mazatal Wilderness Area, ilnd an equestrian-oriented recrea
tional use area. Access to the recreational sites would be from Horseshoe
~am Qoad and Tangle rreek, on Forest Service/County roads. It is possible
that portions of the reservoir and the Verde River, particularly in the
Chalk I~ountdin area, would he closed to public use during eagle breeding
seasons to dccomrlOdate wi 1d 1i fe needs. The Cl; ff area has a hi gh occurrence
of cultural resources. The recreational plans identify an archeological
interpretive area and trail. The IJ.S. Forest Service would administer the
facilities at the lake.

Theodore Roosevelt Lake

The recreational uses at Theodore Roosevelt Lake would inclucle fishing,
hoating, wat2rskiing, sailing, camping, picnicking, hiking, a nature study,
and sig1tspeing. Theodore Roosevelt Lake is located on the Salt River
approximately 30 miles northeast of Phoenix. Access is currently difficult;
thus use is somewhat lilnited. In adrlition, recreational development at the
lake has been limited. Use <it Theodore Roosevelt Lake is estimated at
fi R8,OOO annual recreation days. The replacement and new facilities devel
ored should accommodate l,Ofil,fiOO annual recreation days. Access to the
lak? anrl its pastern shore would he improved. All prilnary rpcre3tional
accpss roads \'Ioulrl be paved and guardrailed as an environmentiil control
measure. Th~~ public dnd the IJ.S. Forest Service have recommenrled pxtensive
developrnent of the Theodore Roosevelt I.ake aren for recreational use. This
dpvelopment has been tempered with a need to protect specific resources such
as hird breeding areas. The recreational plans address measures to accom
pl ish this objective. Theodore Roosevelt Lake would fluctuate from a high
of 14 ,1)40 surfaCF~ acres to 11,cnO surface acres in the typical year, with
the mean level during the lise season ')t~ing 12,OOn surface acres. The
:nanagernent Jf t~le recreational facil ities at Theodore Roosevelt Li\kewould
be the responsibility of the II.S. Forest Service.

Recreation Renefits

Recrp:jtion benefits ha'/e !wen estimatpd hased on il'1ticipated use froln new
develnpments. A unit value was a5sig~ed to the various activities hased on
similar spttings and recreational attractiveness of the proposed
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developments. The losses of recreational opportunities are minimal in that
in-kind replacement would minimize losses. Estimated recreational benefits
are displayed in Chapter X and in Appendix E.

Biological Resources

The project area contains a variety of habitats which are generally classi
fied as upland desert and riparian terrestrial vegetative types and riverine
and lacustrine aquatic habitats. The major vegetative community is the palo
verde-mixed cacti cover type. The riparian complexes of cottonwoods and
willow are found along the floodplains of perennial rivers throughout the
area. Riverine environments include the Agua Fria River flowing through the
New Waddell site, the Verde River at the Cliff site, and the Salt River at
the Modified Roosevelt and Modified Stewart Mountain sites.

Several special interest and use areas exist within or adjacent to the
project area. Portions of the Verde River have been recommended for inclu
sion in the National Wild and Scenic Rivers System. The Theodore Roosevelt
Lake Wildlife Area, located on the Tonto Creek arm of Theodore Roosevelt
Lake, serves as a wintering area for Pacific Flyway Great Basin Canada
geese. The Tonto National Forest Management Plan includes a 480-acre tract
along the Salt River designated as the Blue Point Cottonwood Botanical Area.
Other special use areas include: Designated wintering areas for bald eagles
and peregrine falcons; restricted areas surrounding bald eagle nesting
sites; riparian habitat rehabilitation sites along the Salt and Verde
Rivers; and the Three Bar Research Area adjacent to Theodore Roosevelt Lake.

Terrestrial wildlife species are common to all cover types. The faunal
assemblage is typical of the Arizona Upland Division. The ichthyofauna is
comprised of non-native fishes. Native fish are found primarily in the
riverine habitats.

Special status species include the river otter, bald eagle, peregrine fal
con, Yuma Clapper rail, black hawk, osprey, desert bighorn, razorback
sucker, r;ila topminnow, roundtail chub, desert tortoise, as well as other
species for which there is a moderate threat to the habitats they occupy.

Cultural Resources

Investigation of cultural resources followed the CAWCS three-stage planning
process. Initial considerations were based on extant information about
previously recorded sites or available historical documents and maps. As
t he range of alternat i ves under cons iderat i on was narrowed, on-the-ground
sampl e surveys were conducted. Subsequently, vi rtually compl ete survey
coverage of construction zones ?nd reservoir pools was achieved. All poten
tial historical sites within the area were also inspected. Much of the area
in the indirect impact zones, definecl as extending approximately 1 mile
beyond the maximum water surface elevations, was not surveyed but the num
bers and types of sites present were estimated on the basis of survey
results within the reservoir pools.



The reslll ts of thes(~ surveys incticilt:~rl that more tllan ~,?On prehistoric ann
hi~toric sit~s are present within the project areas (~ee Tahlp ?O). Thp
most sig!1ificant resources are those dt Theorlore Ro,lsevelt lam anij Lal<'.e
where almost 1,500 prehistoric and 87 historic sites or cOlnponents are
present. The prehistoric resources include d few potential archaic era
sites which coulrl date from the millenia preceeding the Christian era, hut
most could date to the Hohokam and ~alarlo occupations. Prehistoric villages
include pitholJses, compound,>, and r.1asonary puehlos ranging up to ll1()rt~ than
100 rooms. The most significant ;Jrehistor'ic sites (lre five clusters cen
tererl on artificially constrllcted platf'Jrm mound sites. Apartlnent-style
pueblos and cOlnpound sites are present wit;,in these clust.c:'rs al()ng witl-t
various limited activity and agricultural features. Thrse evirlently reflect
the relatively high rleg r 2e of socioeconomic complexity of the later part of
the prehistoric occupation.

The historic sites include Theorlore qoosevolt :Jam, t'l National Historic
Landmark. This is the world's high~st maso~ry dam dnd rlates froln the hegin
ning of the Reclamation era. Numprous other related sites, <;1/ch as con
struction camps and facilities, are prpsent. Some significant sites relatpd
to ranching anrl development of transportation routps are also prespnt.

The resources at Cliff ar~ only slightly less significant:. The range of
prehistoric site types is similar to that ~t Theorlore Roosevelt nam, hut the
sites in general tend to be smal1i'>r. However, more and larger Hohokam
pithouse villages are pres(?nt. nlP surveys reported fewer :nasnnry pllPhlos
and compound sites than at Theorlore Roosevelt nam. O:1ly one potential
platfor'm mound complex has hpen identifierl. Thp historic occupation was
also less intense and related primarily to construction of Horseshoe Oam and
limiterl ranching activities.

The resources at New Wadrlell are far less abundant. Ol1ly an ('stimated un
prehistoric and 16 historic sites are present. The prehistoric sites are
primarily small artifact scatters dnrl small hahitation sites. The historic
sites are related primarily to water resource developme1t and dam construc
tion. At Stewart Mountain nam only a single prehistoric petrograph sit~ anrl
t hree his tor i C 5 i t es r e 1at.edt0 con <; t r II ct ion 0 f the darn are presen t •



TABLE 20

Archeological and Historical Resources

Prehistoric11 Historic.£1 Both 11

New Waddell 120 16 0

Cl i ff 1,464 16 4

Modified Roosevelt 1,478 64 23

Modified Stewart Mountain 1 3 0

3,063 129 27

11 Recorded

21 Known and projected
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CHAPTER VI I I

ENVIRONMENTAL ANALYSIS

This chapter describes anticipated environmental impacts of Plan 6 as
described in Chapter III. The information contained here is included in
greater detail in Appendix C and n and in the Regulatory Storage Division
Final Environmental Impact Statement.

Recreation

Project recreation facilities would accommodate 2,306,100 annual recreation
days. This would be an increase of 2,080,850 annual recreation days over
what existing facilities can accommodate. The increase would assist in
meeting the area's projected recreational needs for camping, boating, pic
nicking, fishing, water skiing, hiking, sightseeing, and sailing. No
white-water or "tubing" activities or use areas would be adversely affected.
The effects on stream-oriented recreational uses would be negligible.

Biological

Coordination

As part of the biological analysis, various publics were contacted. The
U.S. Fish and Wilflife Service and the Arizona Game and Fish Department were
the principal contributors to the biological analysis under authorities
provided under the Fish and Wildlife Coordination Act and Endangered Species
Act. As members of the Habitat Evaluation Team, these agencies assisted in
the evaluation and quantification of project effects and developed the
initial mitigation measures for Plan n. The U.S. Fish and Wildlife Service
had the lead role in the Habitat Evaluation Procedure studies. The Tech
nical Agency Group, organized as part of the study's overall planning pro
cess, provided information on plan development which was incorporated into
the biological analysis.

Project Impacts

Impacts to biological resources would result primarily from dam construc
tion, reservoir inundation, and flow releases from reservoirs. The environ
mental processes would he influenced by construction and operation
activities. The alteration of environmental processes would result in a
modification of the resource condition, both in amount and quality.

The element areas are defined by the Inflow Design Flood (InF) inundation
area. Areas for Plan 6 facilities outside the IDF area (haul roads, rever
sible canals, powerlines, etc.) and other areas where direct impacts would
occur were also included.
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I\dv~rse construction impacts would occur on a projpct-wirle hasis. These
impacts relate to the actual destruction of hahitat causerl by thp crpation
of project facilities, clearing vegetation for haul and access roads, harrow
arp<ls, conserviltion pool clearing, dnd ~Jork and storage yarrls. Additional
irnpacts would occur from tIlE rresence of the construction forces and general
con5tructi()n activities. Noise and disturhancrs cre"ted by the movement of
equipment, material hauling, hlasting, c()ncrpte hatch plant operations,
aggregrate pxcavation, and the like woulrl have the pffect of driving wild
1ife from the construction arens to areas of 1 itt!P or no disturhance.

The effect of this habitat distruction and eviction on resident wilrllife
\.,ould be the immediate reduction in densities and resource utilization in
the construction areas. Nearby populations would he affected by th.e in
crease in competition for l·imited resources and a reduction in breeding
potential as the displaced populations immigrate into the undisturhed habi
tats surrounding t~e sit~ areas. These types of impacts would be relatively
short term and would have an impact similar to natural perturbations such as
a large wildfire.

Long t~rm impacts woulrl resu1t frorn the p1acement of permanent structures
and facilitieo;, human activity around the facilities dnd recreatiofl sites,
and the actual operation of the dams with their fluctuating storage levels
and release schedules. Tf-te adverse impacts of dam operations would not
occur at Modified Stewart Mountain nam and Reservoir or Modified Roosevelt
Oam anrl Rrservoir since these I'~lernents I'lOulrl continue to operi!te as they
have in the past. New \..Iaddell nam and Reservoir operations would cause
significant adverse impacts hut rliff Oam and Reservoir may actually enjoy
an improvement over the present operation of Horseshoe Rpservoir.

H,Jrnan a·~ti"itif's in and around Plan f) facilities would have thi~ same effect
as rlescriherl nhove; hut the temporal nature of these impacts would he long
term. The most significant effect of these activities would he from the
~ix-to-eight-fold increase in recreation at ~liff, Modified Roosevelt, and
IJpw Warlde 11 Oa;os c1nd Rp.servoi rs.

The greatest impact from t~p operation of (liff, Modified Roosevelt, Anrl New
Waddell \>lOuld he the loss of habitat through perfllanent and periodic
in~Jndatiof). Tf-tis would affect all terrestrial and riverine hiotic communi
ties and constitute a long term impact over existing and future conditions.

~ew Waddell naM and Reservoir

Terrestrial Communi':ies. The greate<;t loss of upla.nrl desert would occur at
the New Waddell ~itp. The loss of habit"t and displ~cement of wi1rllifp due
to construction impacts in this cOlnlnunity would have the effects described
~hovp. Additional impacts would rpsult from ~he con~truction of a 4.7-mile
r'I"versible canal ~hat ""ould parallel the east hank nf the Agua !="ria Riv~r

soutil to thp CAP aqlJ~c1llct. The impacts rl~l.'lterl to co()stru·:~ion ()f thp. canal
would be similar to those ~esulting from road construction except the canal
would require a 30(l-foot right-of-way. The canal would limit or rerluce
\'Iildlifl" movprnl"nt ~etwepn thp river channel ~nti the hahitat to the past.
Thl~re is ,31so the likelihood of anilnal dro",nings in the cana.l sh0uld th~y

attempt to cross.
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In assessing the impacts of the operation of the plan, the assumption was
made that within the first 10 years of operation the conservation pool would
be filled at least once. Given this situation, all desert-type vegetation
in the conservation pool would be lost and the oft described habitat hiatus
would come into being.

This loss of upland desert would not stop at the top of the conservation
pool. While New Waddell Dam is not designed for flood control, a surcharge
pool would be provided to 1imit releases from the reservoir in a semi
controlled fashion. The filling of the surcharge pool would cause the
inundation of additional vegetation above the conservation pool.

The extent of riparian habitat at the New Waddell site is limited. Only two
areas, Morgan City Wash and the Agua Fria channel upstream of Lake Pleasant,
contain stands of willow trees. The Agua Fria channel has a few scattered
cottonwoods. Mesquite makes up the greatest part of the riparian community,
followed by salt-cedar. Impacts to this habitat would be limited in extent
and occur primarily during the operational phase.

Wetlands, represented by stands of cattails in the Lower Lake, would be
totally lost due to dewatering for construction. Recovery would be de
pendent on the morphology of the basin after construction.

Aquatic Resources. Aquatic resources would seemingly benefit from the
larger lake and increased habitat availability. This is true for most
species dependent on aquatic habitat, waterfowl, pelagic fish, periphyton,
phytoplankton, zooplankton, and invertibrates such as crayfish and larval
stages of fish. The increased habitat would result in a beneficial change
in habitat qual ity for these creatures due to the inundation of freshly
aerated soils and vegetation and the resultant decomposition of that
vegetation. This increased habitat quality and quantity would be a boom
and-bust situation because of the large seasonal fluctuations of the
reservoir. The long term impact should stabilize at a somewhat better level
than what presently exists.

Seasonal drawdown rates of the reservoir would have a significant affect on
centrachids (bass, bluegills, crappies, etc.), spawning success, and den
sities. Of primary importance to this reservoir is a sport fishery whose
primary product is large mouth bass and allied species.

There would also be a significant increase in total dissolved solids (TDS)
concentrations. The mixing of Colorado River and Agua Fria River water
would result in a concentration of 722 parts per million (ppm) as opposed to
369 ppm which is considered an almost optimal condition. This change would
represent a decrease in habitat quality. New Waddell Reservoir would suffer
a reduction in habitat quality for centrachids. In general, the decreased
spawning success and reduced survivabil ity of young fish would result in
lower centrachid densities and biomasses. These reductions would directly
correspond to lower fishermen success (catch/unit effort) and a loss of
economic value for this fishery.
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Endangered Species. The only Federally-desig~dted endangered species in the
New Waddell area is the r,ila toprninnow. This fish occurs ahove the maximum
high waterline of the surcharge pool in Tule Creek, a trihutary of thp Agua
Fria River. Normally, water flawing in Tule Creek rioes not reach the Agua
Fria; however, if the SlJrcharge pool is full nr nearly so, "lr'lrl t!')e creek is
flowing, the existing natural barriers, which now prevent t"e non-native
fish predators of tfle t::>pminnow f:oln accessing the population, would he
rendered ineffective. If this occllrred, prerlators cOulrl gain 'lcces,> to thl~

isolated population and destroy it. Fish harriers would he placed ahove the
IDF elevation to avoid impacts to native stream fish.

Special lise Meas. r:'Jrrently there are no special use or Inanagemt?nt Meas
solely dedicated to conserV3tion or protection of wildlife.

Ciiff Dam and Reservoir

Terrestrial Resources. r,onstruction ann operatiorlal impacts \'Jould affect
all terrestrial habitats in this site area. The loss ()f hahitat and dis
placement of wildlife due t'l constructif)~ impacts ifl this C0 rnmU'1ity would
have the effects descrihe~ ahovR.

Total conservation pool clearing would occur on ] ,4~R acres in the lowpst
portion of the reservoir het~'Jeen el~vation ]8fi() anrl 19F8 for water qual ity
reasons. Partial clearing would occur hptween ell?vation 19~8 anrl ::,noo.s,
the top of the conservation pool, for a total of l,8:n acres. r:1earing
would lessen the hazards of navigation ann provide human sRfety henefits in
the recreation site areas. The vegetation in this area would ~e inunrlnted
with the first filling of the pool. This represents a foregoing nf hene
ficial protective cover for fish Jnd only n temporal lnss to terrestri"l
hahitat over what would occur anyway. The clearing plan would likely under
go further modification prior to i:l1plementation since curreflt information
shows that total clearing of the vegetation would have 1ittle impact in
increasing water quality. The partial clearing may also be reduced in
extent if the Arizona Game and Fish Commission imposes horsepower
restrictions and "no wake zone" areas on the management of this reservoir.

In assessing the impacts of the operation of ~l iff Reservoir, the aS5umption
was made that within the first l~ years of operation the conserV3tion pool
would be filled at least Jnce. Given this, all deS2rt-type vegetation in
the conservation pool would he lost and the hathtub ring effect (hahitat
hiatus) would become ohvious. This loss of upland desert would not stop at
the top of the conserv3tion pool. The reservoir is designed for flood con
trol with a surcharge pool to control releasps frorn the reservoir. The
filling of th(~ surcharge pool would calIse the inund~tion of arlditional
vegetation ahove the conservation pool and create a v2getatioflal grarlient.
ranging from flood tolerant species to highly floon susce;>tihlp spt?cies.
'Jegetation would also he distrihuted i'll;)ng tllis gradil?flt according to thp
duration and frequency of inundation. nnce a rlestrllctivt? ·intlnrlation eVflnt
occurs, this surcharge area would exist in a slJcce<;sional discl imax for as
long as the periodic flooding occurs, prohahly the life of thp project ,,!r
until a major change in operations occured. A qllnntitative ilnalysis of t~is
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impact has not been attempted due to the highly unpredictable nature of
floods and the lack of reservoirs in this area that are in a fashion similar
to the Plan n reservoirs in operation.

The riparian habitat at Cliff is not limited in extent as at New Waddell.
The riparian community type occurs all along the Verde River channel
upstream and downstream of Horseshoe Reservoir. There is a mesquite fringe
at the approximate high water line of this reservoir. Mixed cottonwood/
willow and mesquite stands occur fringe-like along the entire course of the
river. The greatest development is immediately downstream of Hors~shoe Dam.
This area provides excellent habitat for nesting birds and winter migr~nts.

Impacts to the riparian habitat would be extensive and occur during both the
construction and operational phases. The cottonwood/willow, mesquite, and
mixed scrub communities lying downstream of Horseshoe Dam would be lost
either during construction through the direct loss of the vegetation or
during operations through inundation. The Horeseshoe lakebed lies partially
outside the conservation pool high water line of the new lake but within the
fl ood control pool. Above the conservation pool and within the surcharge
pool the growth of riparian groves would be dependent on the duration of
inundation. Salt-cedar and willow would withstand greater periods of inun
dation than mesquite or cottonwood. These former species would likely form
a sparse, scattered cover withi n the upper port ions of the conservat i on
pool, becoming quite dense at the edge of the conservation pool and along
the major drainages running into the lake.

Wetlands in the area are seasonal in nature and are represented by stands of
cat tail s, johnson grass, and immature cottonwood and wi 11 ow in dewatered
portions of the Horseshoe lakebed that overlie deep alluvial silt deposits.
These areas are generally inundated each year during the winter fillup
period and exposed in late spring. When winter flows down the Verde are
minimal, this area provides excellent winter waterfowl habitat. This area
would suffer impacts from increased inundation with the Cliff operation.

After the construction of the facilities, all construction disturbed areas
not required for operation would be reclaimed. These areas include all
borrow and spoil areas, haul roads, maintenance and storage sites, and
disturbed areas around the facil ities and in unneeded portions of rights
of-way. The reclamation would consist of recontouring and revegetation to
natural conditions similar to the surrounding hahitat.

Aquatic Resources. Aquatic resources would benefit from a larger lake and
increased habitat availability at Cliff. This is true for all species
dependent on aquat i c habitat, waterfowl, broadcast and nest i ng spawni ng
fi sh, peri phyton, phytopl ankton, zoopl ankton, invertebrates such as cray
fish, and larval stages of fish. Associated with the increase of hahitat
would be a heneficial change in the quality of the habitat for these crea
tures due to the inundation of freshly aerated soils and vegetation and the
resultant decomposition of that vegetation. This increased hahitat quality
and quantity would be a boom-and-bust situation because of the large sea
sonal reservoir fluctuations. The long-term impact should stabil ize at a
somewhat better level then what presently exists.
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The seasonal drawdown rates of the reservoir would have a significant effect
on centrachid (bass, bluegi1ls, crappies, etc.) spawning success, and
densities. This reservoir has little importance as a sport fishery now due
to the seasonal fluctuations of water levels and an almost annual dry IJfJ.
The original construction and operation plan for Cliff would have cleared
the entire conservation pool of vegetation. The plan as described above has
been modified. The spring drawdown rate for C1 iff is suitable for centra
chid spawning on a far more regular basis than what occurs now. These two
parameters combine to make an enhanced sport fishery. The operation of the
inactive pool and sediment pool, however, may have a detrimental effect on
the fi shery at Bar1 ett Reservoi r two mi 1es downstream. Current1 y, when
spawning does occur in Horseshoe Reservoir, a portion of the juvenile fish
are flushed downstream to Bartlett when Horseshoe is evacuated. This
situation would not occur with Cliff in place and the densities of juvenile
fish would decrease in Barlett.

The impacts to the riverine aquatic habitat would occur primarily in
response to the blockage of nutrients that normally are discharged down
stream when Horseshoe is totally evacuated in the late spring and summer.
Additionally, there may be some clear water scouring in this river section
where norma 11 y heavil y s i It-1 aden f1 ows now occur. There may also be a
change in the temperature regime of the remaining river due to increased
storage and greater depths in the Cliff Reservoir. Upstream impacts on the
Verde would likely be insignificant if they occur at all, and would be
rel ated to short-term storage of f1 oodfl ows. The conservat i on pool wou1 d
not inundate additional portions of this upstream section of river.

One 1ive stream occurs in the site which s'Jpports populations of native
fish. Lime Creek on the west shore of Horseshoe Reservoir is maintained by
permanent spri ngs. Impacts to these popu1 at ions coul d occur as descri bed
for the Gila topminnow population at New Waddell.

Endangered Species. The only Federally-listed endangered species occurring
in the Cliff area is the bald eagle. The Chau1k Mountain breeding territory
occurs at the upper end of Horseshoe Reservoir and normally exists along a
flowing section of the river. nuring recent yers, high water levels in the
reservoir flooded a tree nest repeatedly and the eagles are now using a
cliff nest, well above the high waterline. With the operation of Cliff,
this territory would have more river within its boundaries and would not be
as 1 ike1y to be flooded out if the tree nest is used. The main impact to
this breeding pair would come from the six-to-eight-fold increase in recrea
tion pressure caused by the availability of additional river miles. The
Endangered Species Opinion prepared for Plan 6 (see Appendix C) describes
the impacts to this species. As indicated in the Bureau's response to the
Endangered Species Opinion, this element has been modified to prevent
impacts from occurring.

Modified Roosevelt Dam and Reservoir

Terrestrial Resources. Construction impacts would primarily affect upland
desert, mesquite, and mixed scrub habitats. Riparian habitats would be
affected during the operational phase to a minor degree. The greatest loss
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of habitat would occur in areas used for haul roads, borrow and material
storage sites, and construction staging. The actual construction of the
facilities would take place in an area with little resource value. The
impacts associated with the construction activities are described in
Appendix C.

Operational impacts would essentially be insignificant due to similar opera
tions and resultant water levels that now occur at the existing reservoir.
The new conservation pool elevation would be only 12 feet higher than the
existing pool hut the frequency of occurrence would be such that the fringe
of mesquite around the reservoir would not he significantly reduced in
extent on a long term basis. The mesquite fringe would shift from its
present position slightly upslope encroaching on the desert upland hahitat.

Aquatic Resources. During construction, the only anticipated impact to
aquatic resources would be from the possible dewatering or reduction in the
reservoir level to an extent that it would affect the survival of the fish
population. This is an unlikely event and one that would necessitate a
rather large salvage effort.

Analysis of the new operation of this reservoir detected no change in the
overall value of the habitat for aquatic habitat dependent species.

Endangered Species. Construction impacts to endangered species would occur
at the Meddler Point borrow site. Activities would affect the ability of
the Pinal Creek bald eagle nest pair to forage in the area. Meddler Point
is the prime early nest season foraging area for this pair.

Additionally there would be recreation impacts associated with the operation
of Plan 6 facilities.

Special Use Areas. The Roosevelt Waterfowl Area is managed for conservation
of migrating winter waterfowl. The area is located on the Tonto arm of the
reservoir and is maintained to provide winter nesting and foraging areas for
migrating ducks and geese. The area is closed to human entry each year from
November 15 to February 15 to protect waterfowl. Some of the proposed
recreation sites are either within or immediately adjacent to the waterfowl
area (see Appendix C). The use of these sites plus the overall increase in
project-related recreation would tend to reduce the value and effective
acreage of the waterfowl area.

Modified Stewart Mountain Dam

Terrestrial Resources. C:onstruction impacts at this site would primarily
involve upland desert habitat. Early in the planning process, a commitment
was made to avoid obtaining material for construction from the Salt River
downstream from Stewart Mountain Dam due to the sensitive nature of the
area. Ry this commitment, the major impacts of this element would be
avoided. The remaining impacts would be rather insignificant in nature and
extent.
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Aquatic Resources. The construction and oppratio1 uf this ~lement would not
significantly affe"t aquatic resources.

Endangered Species. The Rlue Point/Stewdr-t ~"'ountain halrl. eagle nest is
approximately one mile dOvlnstream from this site. It is currently tIle most
productive nest in the pntire hreerling pOf)IJlation. F0r t~e last threE' years
this nest has produced three fledglings per year.

Special IJse .~.reas. There are no special USI~ ar\~as that woul(j '1e ilffpcted hy
this ell=>ment.

1~ i t i gat ion

The principal method for rietermining mitigation nepds WilS thp Hahitat Eval
uation Procedure developed hy tl-te 11.5. Fish and \~ildlife Service. This
methodology quantifies changes in wildlife habitat qual ity and qlld~tity over
time.

Ra sed on these Habi tat Eva 1uat i on Procedures, the Illi t i gat ion meas 11 res ilnrl
Plan 6 modifications would fully alleviate impacts to Riparian/~Jetland

Communities, Reservoir o.quatic Communities, Perennial Str~ams, ilnd Special
Use Areas and avoid jeopardizing enrlangered species. Other terrestrial
communities have mitigation measures which are reasnnahle and fensihle hut
provide less than full compensation for losses due to cost and operational
constraints. Reservoir aquatic communitie~ would henpfit from the plan due
to increases in habitat and prey availability. However, thp largemouth !lass
and allied sp~cies, which are the mainstay r:>f the sport fishery at Ne~"

Waddell, would he adversely affected. This would directly affect the
economic value of this resource.

The primary impacts descrihed in the previous s:->ction ore based on the
effects of impounding water. The amount of water impounded dnd the opera
tion of the reservoir were determined by forecasting t.he availahility of
water haserl on historical records. The mitigation of the effects of the
reservoirs is therefore dependent on the accuracy of these forecasts.

Rip3rian/~Jetlnnd r.ommunitips. The plan wouH result: in no r1pt loss I')f
habitat values to the Riparian/Wetland r.o~munities upstream of Rartlett and
Stewart Mountain nams and at Lake Pleasant. Methods for me~tjng this
commitment would include revegetilting cottr:>nwooei/willow and Inesquitp hahitF.lt
types in suitahle areas within th~ exposerl hed of Horseshoe Reservoir ~bove

elevation lQ40. Raserl on curr'ent informatiol1, a sufficiel1t (Ired would he
exposed to recover all hahitat value lost to construction and operation,
including losses at Modified Roosevelt and New Waddell Oams.

The mi xed shrub at all sites and tlw crltt.ail habit"lt at 1'.:1 iff n31l1 \1dulri
r2cover without revegetation through natural sllcces<;ion. TI) enSI!rp full
development of the hahitat values, livestock yr.'lzing dnd off-road vehiclr,>
use would net~ci to be el iminated anrl fencing may he reqlli~'?d.

The rlraining of Horseshoe Reser~oir dnd the hreaching of Horseshoe nam w8uld
he scheduled to coincide \I/it'l the ,;peding and germination rwrinc1 of cotton
wood dnd willow speci<,s in i~drch and t\pril.
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All riparian habitats in areas not required for construction purposes would
be protected from damage. All riparian habitat removed due to construction
outside the impoundment area would he contoured and revegetated to
preconstruction conditions.

Other Terrestrial Communities. The upland desert habitat represents the
major vegetative type within the Cliff, Modified Roosevelt, and New Waddell
site areas and would be subjected to the greatest acreage loss within the
reservoir inundation lone. To mitigate the loss of habitat value to the
greatest extent practical or to compensate for the losses, values in other
habitats would be increased.

The most practical means to decreasing losses would be to manage the Inflow
Design Flood (IDF) areas at New Waddell, C1 iff, and Modified Roosevelt
damsites for wildlife by restricting grazing and off-road vehicle use. This
management would increase habitat values by 87 percent over the unmitigated
project action. An additional 5 percent of the lost value could be regained
by providing permanent water sources in areas where water is not now
available to wildlife.

To impl ement these measures, the IOF woul d be fenced and/or management
agreements established with the U.S. Forest Service (for Cliff and Modified
Roosevelt damsites) and the Maricopa County Parks and Recreation Department
and/or the Arizona State Land Department for the New Waddell damsite.

All areas of construction disturbance in sites not needed for permanent
facilities would be returned to natural contours and revegetated with native
plant species.

Perennial Streams. The Rureau would replace all habitat value lost due to
the construction and operation of the plan. Impacts to the native fisheries
in perennial streams caused by the increased water storage elevations at
C1 iff and New Waddell damsites which could introduce non-native reservoir
fish into isolated native fish habitat would also be avoided.

Up to 7 miles of river which would be available in Horseshoe Reservoir would
be reclaimed through stream management techniques to replace the value lost
from the 6 miles of river inundated by Cliff Dam and Reservoir.

Reservoir Aquatic Communities. Lost hahitat values would be replaced to the
greatest extent practical. These values would be compensated by increasing
habitat values elsewhere, or by increasing the density of game fish in
the reservoirs as measured by catch/unit effort.

The rate of drawdown at New Waddell Reservoir would be reduced to 5 feet or
less during March and the first half of April as often as is practical.

Conservation pool clearing would be reduced to the minimum possible level.
A tota 1 of 2,486 acres wou1 d be cl eared at C1 iff and New Waddell sites
primarily for human safety and navigation considerations, predicated on
expected boat usage.
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r~inimull pools .'1ould be incorporated into the sediment and inactive storagp
pools at Cliff and New \~arlc1ell Reservoir,;. At Cliff Reservoir, this pool
would t"Je 1,rnO acres in Silo Itlith an av~rilgp depth of 30 feet; the New
\~addell Rpser'voir pl)ol would hI? 1,S40 acrf'S in area and average;>n feet
rieep.

Spf'cial Use /\reas. The Roosevelt '.I1at.i"rfowl Managprnent~rea would incur
dirpct anrl indirpct impacts from thl-' anticipated ~ight-falri incrpase in
recreation lIS~ nf Raosl-'velt Lakp. This ,>/olJlrj redllcf~ its value to migrating
waterfowl. To re(hcing trw effect of this disturhance, the value of the
manage~ent arpa would he increasAd.

The recreation plan for tAodified Roosevelt ~eservoir incluc1es recreation
sites within the Waterfowl Area during winter use period. Irrigation equip
ment (either portahle Of permanent) and sufficient water to irrigate 100
acres of \'1inter food crops for waterfowl would be provided. Tl,is measure
would increase the l\rizona Game anrl Fish f)epartrnent's ability to provide
winter food crops hy approxim~tely SO pprce~t.

~ndangered Species. The U.S. Fish and Wildlife Service has issued a
Biological Jpinion uflder the Enc1angered Species Act that the plan as pro
posr:.>d wOllld jeopardiz..~ the continued existence of tt"1e hald eagle in the
Southwpst. The ,Jeopardy Opinion was is<;llerl hpcause of the impacts from
recreation developments and opportunities at Cliff and Modified Roosevelt
Reservoirs anr:1 because of construction impacts at t~odifierl Roosevelt and
Moc1ified Stewart ~ountain nams.

In accordance wit'! established policy, the Ruredu would work with the II.S.
Fish and Wildife Servicp, Arizona Game and Fish [)epartment, and the 11.<;.
Forest Service to prepare an agreement to impl ement Inanagernent strategips
and actions to avoic1 arlvers€' imp~cts on nesting hald eagles.

The RuredtJ would continup to support the Il.S. Forest SPfvice' efforts to
Inaintain nr~st wardens and provide liaisons bptween constrllction forces. The
nest watch program would continue to receive funding from tile Rureau for
th is effort.

The RurealJ supports breaching Horseshoe [)am in a manner that woulrl proillote
stream and riparian developme1t in th~ exposed Horseshoe Reservoir and avoid
ex~:r:.>ssi'le erosion. The Rureau ~tOlJlc1 coordinate with the \I.S. Fish and
l4i 1dl i fe Servi ce to de vel op requi rements for evacuat i on of Horseshoe Reser
voir, whic~ would be inclurled in the rlata suhmitted for final design and
construction sppcifications.

If possihle harrow excavat.ion woulrl ~e avaided at ~edrller Point. If not,
construction specifications would require remcival of materials c1uring ~aglp

nonhreerling season anrl s~ockpi ing materials outside the eagle breeding and
foraging territory. Rorrow areas waul d he restored to pr~vide hahi tat
5uitahle for eagle forage fish.



Award of construction contracts associated with Stewart Mountain nam would
be scheduled to permit initiation of construction in April or May and then
continue uninterrupted, except for blasting. f:onstruction specifications
would exclude initiation of construction from October through March.
Blasting activities would be prohibited from Oecember through March.

The Bureau would work with the U.S. Fish and Wildlife Service to design and
evaluate a positive cutoff above the IOF elevation to provide a barrier to
the movement of fishes upstream on Tule Creek in the Gila topminnow habitat.
The positive cutoff would be constructed unless unforeseen design problems
or extreme costs are encountered.

The Bureau would participate in fishery investigations as part of an
Interagency Agreement.

Cultural Resources

Impacts

The estimated 3,300 prehistoric and historic sites within the area are
subject to various of types of impacts. In general, the impacts are ex
pected to be adverse rather than beneficial, concentrated rather than dis
persed, caused rather than induced (although induced recreational impacts
could be substantial), and of a long-term nature because the resources are
nonrenewable and the effects are permanent. Many of the impacts would occur
over the short term, duri ng the fi rst few years of the project; but some
flooding impacts would be delayed.

To analyze the severity of the impacts, three types of impact zones were
differentiated: Construction, inundation, and secondary usage.
Construction impacts are the most severe because they often lead to total
site destruction. Inundation can lead to mechanical, chemical, and bio
logical alterations. In general, the severity increases with the frequency
of flooding and would be most severe within the conservation pool. Impacts
would be less damaging in the floodpools but could be substantial at the
lower zones where frequency of inundation would be relatively high. Impacts
in the surcharge pool and surrounding secondary impact zones would be much
less severe although increased recreational use would lead to degradation of
site integrity through inadvertent damage or vandalism. In summary, sites
within construction zones and the conservation pool could be expected to be
destroyed over the short term. Those sites lying within floodpools, sur
charge space, and secondary impact zones could be expected to be degraded
over the long term. Table 21 shows the numbers and relative percentages of
significant prehistoric and historic sites within these lones.
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TABLE 21

Significant Historic and Prehistoric Sites

Destroyed Over the Destroyed Over the
Short Term Long Term

Site Prehistoric Historic Prehistoric Historic

New Waddell 47(40%) 10(60%) 73 (60%) 6(40%)

C1 iff 182(10%) 6(30%) 1282(90%) 14(70%)

Modified Roosevelt 31)(2%) V(25%) 1463(98%) 65(75%)

Modified Stewart
Mountain 0 0 1(100%) 3(100%)

165(5%) 38(30%) 2819(95%) 88(70%)
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Mitigation

Mit i gat i on measures for cultural resources are aimed at preservi ng the
significant values of the site. Extensive measures to mitigate adverse
impacts upon cultural resources would be implemented concurrently with
construction of Plan 6 features. These would be carried out in the context
of the ongoing cultural resource program developed for the CAP and in
accordance with a programmatic Memorandum of Agreement with the Advi sory
Council on Historic Preservation and the Arizona State Historic Preservation
Officer. The mitigation measures for the plan include:

1. Implement i ng data recovery and research studi es of sites immedi ately
affected by the plan.

?. Oeveloping a program to monitor, manage, and study archeological and
historic sites in the indirectly affected areas.

3. Developing a program for public distribution and interpretation of
study results.

Plans to implement these measures are outlined in Figure H; and further
discussed in Appendix C.

The proposed data recovery studies would focus on about 45 historic sites
(approximately one-third of those recorded). The studies would focus on the
history of water resource development and use in central Arizona. The
prehistoric data recovery would concentrate on about 35 of the major sites
(approximately 1 percent of those estimated to be present or 20 percent of
those to be destroyed or disturbed over the short term). The studies would
investigate the development and decl ine of complex cultural systems. The
monitoring and management program would deal with the remaining 3,000 sites.
The total cost o·f the mitigation plan, including development of a visitor
center at Theodore Roosevelt Lake, is estimated at $10.5 to $13.5 mill ion.

Figure 17 outlines the estimated level of effort and funding for cultural
re ource mitigation.

Consultants in Plan Oevelopment

When the development of a general historic preservation plan for the entire
CAP was initiated in January 1982, almost 250 individuals and organizations
were solicited for ideas, comments, and suggestions. The planning of the
cultural resource aspects of the plan benefited from consultation and
coordination with various agencies and individuals. Members of the Bureau's
CAP Ad Hoc Committee for Cultural Resources include representatives of the
Arizona State Historic Preservation Office, Advisory Council on Historic
Preservation, affected Federal agencies, local agencies such as Salt River
Project, and professional societies.
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fRAMEWORK fOR CULTURAL RESOURCE MITIGATION,
REGULATORY STORAGE DIVISION, CENTRAL ARIZONA PROJECT

MITIGATIVE
ACTION NEW WAOOELL

PLAN 6 £L[KNTS
STEWART MOUNTAIN MODIFIED ROOSEVELT CLIFf

Data Recoyery Studies

historic ca-bined historic archeology study focusing on water resource deYelo~ent sites

prehistoric no further
study

anticipated

/" """"no further
study

ant ic ipated

/" "\
_ajor study of one

Sa lado plit fo,..
lllOund ec.plex

/"
_ajor study of

Slnagua sHe
eOlllp 1ex .nd

'-Hohok_ v111 ages

Monitoring/M1nageaent

Public Interpretation

/" "\
interagency agreeMent with Tonto forest for
long-te,.. (10 year) study of sites in less
i-.ediate and indirect i_pact zones

,'----------------

develop yisitor
faellities with
forest Service,

Salt River Project,
or Tonto National

MonlJlent



ESTIMATED LEYEL OF EFFORT AND FUNDING FOR CULTURAL RESOURCE MITIGATION,
REGULATORY STORAGE DIYISION, CENTRAL ARIZONA PROJECT

MITIGATIYE
ACTION

Data Recovery Studies

NEW WAObElL
PLAN 6 ElEMENTS

STEWART MOUNTAIN MODIFIED ROOSEVELT CLIff

historic 8 to 12 person years field effort for historic archeology studies
2 to 4 person years for social. political and econa-ic history

3 to 4 person years field effort for HABS/HAER recording

total funding estimated at $1 to $1.5 .illion

prehistoric 70 to 80 field
person years of

effort

70 to 80 field
person years of

effort

Monitoring/Management

Public Interpretation

total funding estiaated at $8 to $10 .illion

3 to 5 person years of effort annually for
10 years· 30 to 50 person years

$100.000 to $150.000 estl..ted annually for
10 years for a total of $1 to $1.5 .11110n

rehabilitation of e.lst
ing structure or construc
tion of 5000 square toot
facility and furnishings

$500,000 estimated
contribution

~ ~- ~~~~~~~~~~~---~---



CHAPTER IX

SOCIAL RESOURCES

As discussed in Chapter III, social resources in the area would be affected
by implementation of the plan in two distinct ways. Construction of Cliff
and Modified Roosevelt Dams would require the relocation of residents living
in the reservoir areas. This would cause negative social effects. Provid
ing flood control for the Phoenix metropolitan area would result in
significant beneficial social effects.

Many factors were identified for the relocation and flood reduction impacts
judged to best "capture" the social consequences of Plan 6 actions. The
selection of factors was based on an extensive review of the research liter
ature and on discussions with members of the affected community. Both
primary and secondary data sources were incorporated into the assessment.

The literature review yielded a list of characteristics associated with
success in adapting to relocation and with the ability to cope with
disaster. The affected community was compared with these lists of charac
teristics. Projections were made about the general level of expected
impacts. Factors were measured for existing conditions, based on primary
data that were collected, using three techniques. First, case histories
were conducted with members of the affected community. These histories were
recorded and transcribed; they contained information about the recent char
acteristics of the community and about the factors that would be traced
across the project conditions. Second, interviews were conducted with key
informants who were chosen for their specialized knowledge about some aspect
of impact assessment. Third, field observations were made and recorded by
researchers who visited affected communities. They attended community
functions and public meetings and made notes on their observations.

Secondary data were used extensively in the assessment. Demographic infor
mation obtained from census data and local, state, and federal government
agencies was incorporated.

Data analysis consisted of making impact projections, rating the level of
impact, and assessing the probable effect of the impacts. Impacts were
rated accordi ng to one of fi ve 1evel s. nependi ng on the probabi 1ity of
occurrence, likely duration, number of people affected, reversibility of the
impact, and extent to which many areas of life were affected, changes were
rated as follows: 1) no change, 2) sl ight change, 3) moderate change, 4)
substantial change, or, 5) extreme change.

The effect rating was contingent upon the value system of those experiencing
the impact and the magnitude, duration, extent, and probability of impact.
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Relocations

Four communities at Theodore Roosevelt Lake would be directly affected by
relocation: Rockhouse Farm, Roosevelt Lake Estates, Roosevelt Gardens ~ast,

and North Ray Estates. A large number of people in each community are
part-time residents. The populations of these communities are as follows:

Rockhouse Farm
Roosevelt Lake Estates
Roosevelt Gardens East
North Ray Estates

47
359
130

60

People living at Theodore Roosevelt Lake are geographically divided into two
distinct populations: Those living on the east side of Theodore Roosevelt
La ke (G lob e) and tho seli vi ng 0 nth e we s t sid e 0 f the La ke (P ayson) •
Residents living on the same side share facilities and participate in the
same social events and community projects. Very little social interaction
occurs between east- and west-side residents. Rockhouse Farm and Roosevelt
Lake Estates are located on the east side, while Roosevelt Gardens and North
Bay Estates are on the west side of the lake. Also, three ranches on the
east side and ten ranches on the west side would be affected by the plan.

The east-side communities differ from the west-side communities in two
important ways. Fi rst. the east side is more developed with a more dense
population and the neighborhoods are more residential. Second, there are
more businesses on the east side that cater primarily to the tourist trade.
Lakeview Marina, on the east side near the dam, provides docking and boat
services. Roosevelt Lake Resort is also located on the east side. A small
gas station is located near the resort, and Spring Creek Store, a large
grocery store, is about 1 mile away. In addition to these businesses, one
sma 11 store is located at Rockhouse Farm.

The communities on the west side are not as developed as those on the east
side of Theodore Roosevelt Lake. There are more uncleared lots and more
lots without buildings, houses. or trailers. Also, there are fewer
businesses.

Wh il e each 0 f the f 0 ur a f fected communit i es have un i que features, genera1
izations can be made about all of the Theodore Roosevelt Lake residents.
Collectively, their most distinguishing characteristic is their commitment
to a rural, independent lifestyle. They relish their isolation and the
peaceful ness of the rural, desert setting. Residents spend a great deal of
time out-of-doors. The area is very scenic and residents have a deep appre
ciation of nature. The lake is an important feature of the residents'
lifestyle and their primary source of recreation.

KA Ranch, located 1 mile south of ~orsehoe Dam, would be inundated by Cliff
Reservoir. The ranch, in existence since 1887, includes 212 acres of
fami 1y-owned 1and llsed for growi ng feed and for other ranchi ng ope rat ions.
Additionally, the family has obtained grazing permits from the U.S. Forest
Service to use 36,848 acres of Tonto National Forest land near the ranch.
Two people live on the ranch year round.
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In addition, five to seven ranch hands reside there part-time. nuring the
summer months, nine additional family members live at the ranch. The
nearest services are ?O miles away in rave Creek.

By comparing the characteristics of the approximate 350 residents that would
he relocated with the results of what the literature shows has happened to
other relocations, the following impacts are projected:

1. Moderate (temporary) increase in stress levels.

?. Sl ight increase in physical and mental health problems resulting
from increased stress.

3. Suhstantial decrease in personal autonomy.

4. Morlerate reduction in potential for self-sufficiency.

5. Moderate decrease in informal support networks. Slight decrease in
informal interactions between households.

6. Moderate decrease in community cohesion and slight decrease in
social organization.

7. Substantial decrease in potential
vi abil ity.

for sustained community

The mitigation plan developed to reduce these impacts includes the following
provisions and recommendations:

1. Require relocation of only those residents within the 2DD-year
floodpool.

2. Provide U.S. Forest Service land in the Theodore Roosevelt Lake
area borrlering Roosevelt Lake Estates for relocatees, and allow enough space
for neighbors to resettle near each other in similar housing patterns.

3. Monetarily compensate all expenditures and new expenses incurred by
residents as a result of their relocation in accordance with the Uniform
Relocation Assistance and Real Propp.rty Acquisition Pol icies Act of 1970
(Public Law 91-~4~).

4. Provide an accurate and reliable system for etisseminating infor
mation to residents so that they are constantly informed about relocation
proceedings.

s. Initiate a resettlement plan that ensures the participation of the
entire community in all decisions and plans relevant to their relocation.

6. Provine special services to meet the needs of residents ~uring and
after relocation, including moving services for the elderly, ill, or dis
ahled, or for those without the transportation to move themselves.
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Approximately on families w0illrl hI" rpqll;,~pd to rplocatp evpn if no rplnct1
tions occurrprj within the flood sllrc~nrgp i'lrp<l. Thp,;" are rpsidpnts who
live at elevations helow ?,171 ff'Pt, near tlw northern :)oIJnclarv of Roospvelt
Lake F.:stntes (closest to the 1,'1kp). Ahout nnf'-half arp pnrt-t'ililE' rpsirlrnts,
many of \"hOln evpntually plan to rptire in t.he (ommuni+;y. Tf the mitig?tinn
recommenrlations are followerl, rF'siripnts w111lrl he rpirnhurspd for .'lny Fini'ln
cial losses resulting from thl"ir movF'. They \1/0111.-1 'w rrlort'ltp;! tngpther
.3rljao~nt. to their own cOlnll l Jnit:y sn thot frienrlshirs "nd <;llppnrt nptwnrks
would not e rlisrllptprl. They coulrj <:,till retAin thpir prpfprrerl lifF'stylp
(Inri rernnin invnlvpri in ,:nmmunity flctivHip.:; nnrl \'/oulrl hp prnvirjprl \tJit.h
moving support services. As a result, thp impacts of rplocntinn of thpsr on
families \-Ioulrl hf'> significantly rprlllcprl and comn1unity level impacts ,,,oulrl
virtually he pliminatPrj sincp t.he rplnc"t.pd re<;irlpnts \o/nulrl rpmain in thp
community.

The affectprl arp.rl COll1prisp.<; il portion of thp rnet~OD(11it"n ilrprl of cpnt.rill
Arizona which most dirpctly pxperiencps prohlems ass()ci~terl ,,,HI, &londing
along the <)t1lt nnrl r,ila Rivprs. Thpsp' cornllllJnitips h;wp f'xppripncprl flooding
three times in tllP last rlpcac1p: tAarch 1Q 78, npc("lnhpr lQ7~, anrl rpl)ruilrY
lQ80.

The current poplJlation in the ?nO-YPdr floon inundation r1rPil is pstirnatprl to
he 3~,70n persons, which constitutps ? rercpnt of the lORn Maricop" rnunty
population of 1.508,000. TI,p pa<;tprn and ,""pstern extremities arp in a
rural, agricultural setting. The centr"l sector contains hoth resirlpntial
neighhorhoorls anrl ,nixerl resirlpntinl-indlJstrinl-cnrrUllprcial us/'s.

Thp communities locaterl in tilt> rlownstret'lrll "lrpa that hove experienu'rl pr()
blems associatprl with flooding inclurle:

City of 1-1esa
City of Tempe
City of Phoen i x
Holly Acres SI/hriivision
Salt Qiver Pirna-Mnricop" Tnrli.~n rnn1!1lunity (<:PJ1MTr.)
~ila Rivpr Indian rommunity (~R[f)

~tlckeyp Clreil

Meso, Tempp, and Phoenix ar;:> ur~)an arpas, whilp Holly Acres. t.he Salf: ~ivpr

Indian l.omlllunity, thp I~ila River Tnriii'ln rornmllnity, and PIIC!(PVP ilrp rllrnl
areas.

1n aridition tn thesp o.;PVerl cOrllmunities, i'l nliJTlhpr of arei'l-v/irlp .;;ystpms arp

locaterl in the <)alt River flno;pli1i'1. Thpsr> ;"(lilrip "lllt(1[T1nhilp, ,dr, anrl
rail transporti'ltion rOlltps ,~nd eqllip'Tlpnt, f)'Jhl ic IItilitv linps .'1nri ~f)~/prs,

telecommunication line'). (lnd h!Jsinpss 0;Jprations.



Major highways in and around the floodplain include Beeline Highway, Mari
copa Freeway, and Interstates 10 and 17. In addition, a number of trans
portation routes connecting Phoenix with its suhurbs run directly through
the floodplain. There are 29 roads crossing the floodplain, of which 15 are
bridge crossings and the remainder are "dip" or surface crossings.

Air and rail facilities bordering the floodplain include Sky Harbor
International Airport and the Southern Pacific Railroad yard and accom
panying tracks and equipment. Both facilities are located in Phoenix.

Public utilities in or bordering the floorlplain include> two wastewater
treatment plants, two sewage treatment plants, five sewage lines, six water
lines, 14 power transmission lines, 12 natural gas lines, 11 telephone
lines, and many active landfills.

The types of businesses in the floodplain include light manufacturing,
supply houses, scrap yards, sand and gravel mining operations, ana wholesale
facil ities.

Business, public utility, and transportation losses resulting from prior
flooding have amounted to several million dollars.

Reducing the 200-year flood to a flow of g2,OOO cfs through the Phoenix
metropolitan area would have significant beneficial effects. The following
are the impacts:

1. Net Disaster Losses - $86,090,000 in residential property damage
would be reduced by the year 2000. The majority of directly affected indi
viduals are in low-to-moderate income brackets. Loans and depletion of per
sonal savings for property repairs by a majority of approximately 4/),000
individuals would be extremely reducerl.

2. Lifestyle Oisruption - Lifestyle disruption would be extremely
reduced for approximately 46,OnO individuals. El imination of loss of work
and school time for these same individuals would he eliminated.

3. Automohile Transportation Oisruption - The 14-1~ hridge crossings
would be maintained and the costs of flood-related damages to hridges anrl
roads would be substantially rerluced. Significant transportation disrup
tions would be eliminated.

4. Air and Rail Transportation Oisruption - $7,0?1,nnn in flood
related damage costs and flood-related damages to the airport channel
clearing project woulrl he eliminated by the year ?non.

5. Public Utilities - Substantial reduction of damages to electrical
transmission towers and power lines would he suhstantially reducerl. Oamages
to sewage and wastewater treatment plants and active landfills would also be
substantially reduced.
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6. rOnllOunication - Flimination of rlisrurt·ion to rl~livery sprvicp of
puhlished mat.erial (i.~., mail, newspapers, Pte.) would he plimini1tpd anrl
Ii i s rupt i on of phone sprvi cp v/()ul Ii 'w suhstant i a11 y rprlllcprl.

7. Rllsinpss rommflnity - ";fi?,SlQ,(1nn in darllagps to the hllsinpss com-
munity wflulrl f)p rpduced and revp:1l.1p<; l()st due to transportation disruptions
would he eliminated.

8. Tnurism - Thprp wOIJlri l-)(, rt sllhst"nt:ial rerllJction in short- ilnrl
lnng-tprm losses (trip ulncpll'ltions) thr'lt 'lavp rpSIJ1tp,1 from arlvprsp
puhlicity on flooriing in thp ilrPil.

g. PIJhlic <:afpty - Thpre woulrl hp a rerluction of flpproxirnat.ply
$1 million in prnergency costs. tlimin"tion of neeriprl ain from out.side the
Phopnix metropolitan arpa woulrl he pliminfltprl.

)n. \.om~lunitips Inunrlater1 - Resirlential propprty rlamagp anri hreakrlowns
in informal <;upport net''''lOrks anrl community cnf,psion for approximately M;,nnn
inriivirllJals i" 7 cornfTlUnitips (MpSfl, Temoe, Phoenix, wp~·qr, r,Plr., Ruckeyp,
Holly flcres) \-J()IJlrl hE' pliminflterl.

11. Arirlitional Lanri lisp fin adrlitional 3/J)3 acres valupo at
$107,311.,nno hy yp.ar ?nnn woulrl he availahlp for higher urhan lISPS.

1? Physical ~nd M~ntal Ht>alth - F.:limination. The potpnt.i~l for inun-
rl~tion ()f approximately 4n,nOn indiviouals wOIJlrl he f:>liminateri along with a
high proha hility of a large numher of flood-rE'l~t.pd rlE'aths. Potential for
physical injury and illness anrl severe str~s<; woulrl he eliminaterl for these
same inrlivirlllals. Suhstantia1 rec1uctiof1 of potential for rlisorganizec1
(panic) ilctivity vmulrl he rerlucerl suhstantially.



CHAPTER X

ECONOMIC ANO FINANCIAL ANALYSIS

Introduction

This chapter describes the methodology and results of the benefits and cost
estimates for Plan 6 along with the data, procedures, and results of the
cost allocation and repayment analyses.

(conomic Analysis

Benefits and costs were estimated at January 1983 price levels. All values
of benefits and costs were annualized over 100 years at 7 3/8 percent. All
prices were assumed to remain constant in real terms except for the prices
of fossil fuel use in energy production. Agricultural prices were norma
l i zed.

Renefits

For ease in display, the henefits were categorized as regulatory storage
henefits which include all water-and power-related benefits, flood control
benefits, Safety of Dams (SOD) henefits, and recreation and fish and wild
life benefits. The 7 3/8 percent rate was used since this formulation rate
was in effect when the Secretary of the Interior selected Plan f) as the
proposed action.

Reg ul atory Storage. Regul atory storage benefits are the di rect benefits
accruing to the project from increased water supply as well as from
increased project operational flexibil ity. The water supply benefits were
grouped into three categories: Irrigation, Indian, and municipal and indus
trial (M&I). It should he noted that regulatory storage would provide the
opportunity to increase both project water suppl y and power benefits and
would also confront the operator with the tradeoff hetween maximizing either
of these benefits. The analysis assumed the water supply would take pre
cedence over power management in operating regulatory storage.

With regard to power management, it appears likely that given regulatory
storage, water interests would be willing to make a firm commitment to the
util ities for project power during summer peak periods. To date, however,
no contractual power commitments have been made. Consequently, no capacity
benefits were claimed.

Flood Control. The economic benefits for flood control were calculated for
two categories: Inundation reduction and location benefits. When final
flood control benefits from the Corps of Fngineers are received, they will
be incorporated in the economic analysis.
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Safet.y Of Dams. Thp pl.'l~1 incor~ordtp<; fT1f'>:1ific;jtion of Thpodorp Poosl'velt
Dam and constrtlction ()f a 'lP,-! dam ~t thp r:liff sitp t.o <lssurF:' tIl(> safpty of
the pxisti'19 <;alt: River ProjPct (SRP) dar.1s rluring rn inf1o~J desig'1 fl'10rl
(IOn. \~ith each pl~n, thp .dam <;afpty hf'npfit.s wprp assurnprl t.o ~w pqual to
the avoided costs of thp h\Clst cost S"'lfpty r>f f1dln<; (son) solution.

r:nsts

r. 0 nst r II C t ion r: 0 s t s for t h p ~1an H" ~ d ~ <;:.: r i hp rl h r: hap t. er V • ThPy ar p :

Npw vladde 11 narn
Cliff Dam
Modi fied Pnospvplt lClm
i<1orli fied Stewart ~"oll'lt.aii1 nam

TOTAl.

t 1117,nnn,nnn
l4h,?nn,nnn
')ll,snn,nnn

__~~~~.!..nn~

The interest
hy t f,e f,'jct
const.ruction

duri n9 con st r II:: t i 0 '1 ,~! nr. ) c. '11 : .J1at pd f~) r [) 1i'l n n t~ ns
that the plar'1 is multip'lrpl)<;" .HH1 rnill-t:i<;tructiJr;]l.
pprind pxtpnds over }'1 yPClrs.

C0fY1P 1 i r..'l t:P,-f

Thp t!1t'11

Minor costs wn'llr! be associClt.pd wit!') thp lnss of pxistin9 stfPClln-rpliltpd
recreation at t.he prnjPct sites. Thr><;p C0stS \~[)'.J1d hf~ offsP/". i)y ,1 gain in
s t rea;n mi 1PS fit YOfseshop. Rps\"'rvoi r wh i ch w,')ul d he hrp"chprl .1S pMt nf th.:>
proposer! action. Since t.her p would he i'l nrt. q;lin in statin'l-ori p1tpr! rp(
re"ltion and sincp USI~ in the')!" arp(\<; is fllinor, np.ithpr the costs nor the
henefits were estimated in monptary tpfm~.

Water quality changes wpre invp.~tig0t.prl (1nd riptprrninpd to he mnnpt.aril'y
insignificant. Oppration, maintenance, and fpplocetnpnt (nMM?) costs \~i>rp

also calculated for thp plan. Thp Clnnual !wnefit.$ dnd ens!:s ofl' Slll1lFlnrized
on T3hle ?? The net henpfits i'lfP $??,7nO,nnO.

The cost alloc'3tion i\nd r""payment dn.~lysp" ":\l'i~ iiI'. the ;1~j1rais~l lpvpl ,~ni1

suhjpct to change as morp r~~jnprl pstimat.ps of costs af~ marip. Thp prncp
<lures lJspd are suhjpct tn 11"9<,\1 .1'1r1 poli.::y intprpr'ptiltions .~nd s!lhjPct 1:0
fllttlfP change. /.... s 0 rl~sult, CI'1y «()nClllsions dr,~w1 ·F,'Ofll thp fPSlllts nf thp
analysps presentE'rl herr sholllrl lw rropPf1v qllolifiE'(1 wit\-, rpg"r:i tn thp
nature of the data and ,=jssilmpt i flns Ilsed.

Mpthodolngic"l nVPfV;PW

Tht' pril'1(1ry [1UfpOSP of tho fi'1i'1'1ci.31 il:1rllysis w,~s tn p(jilit..1hly .111nrt1t.('
costs i'lm"ng thp variou<; f"unctior.s ')Pfvpd (~:9. ~~3t.pr supply, flood Cl')rltf11,
r~crp3tinn, pte.) dnd pstn'llisiJ the> h,"Jo;is f.'"\r t~lE' fPrrtYl11P!lt of' thn"p (n<;tc;
that wOIJlrl be fPi:n:"'lursahle. Thp Fin(1:1cial ,1'1(\1.'{<:';5 for t.~li<:, stlJdy '~(l<:'

S0l11Pwhilt uniq!lp. The ilHt=>rnntivp plClr1<; wPf(~ df>vc,lop",rj 1'.0 satisfy t.hp I1PP0',

of hath CAP r29'11'ltory stofag p (Inri <:em. TI1;O:; tJ.,s ;1"i\~IIP !)peilllc;p t.l-)p two
fun: t i 011 S, Cf.I Pan rl <: nn, 'N P. f I~ il ~ I t h ') i" i 1 P :1 \I n dp r Ii iff (' f p fI t (' (HI 9 f I~ S sin n d 1



TARL~ 22

Summary of Benefits and Costs

(7 3/8 Percent)

Benefits

Regulatory Storage

Power Management
Water Supply

Irrigation
Indian
Municipal & Industrial

Flood Control
Inundation Reduction
Location

Safety of Dams

Construction
Interest During I.onstruction

Recreation

Total Benefits

Costs

Construction Cost

Interest Ouring Construction

Operation, Maintenance, &Replacement

Total Cost

Net Benefits

91

34 .Ron,000
11,400,000

(11 , ?OO ,0(0)
(500,000)

(1,700 ,nnO)
27,50n,00n .

(11 , nno ,ono)
(16.500,nOO)

44.400.000

(34,400,000)
(1°,noC' , (00)

7,300,000

127.400,000

76,400,000

n,300,000

n,oon,ooo

104,700,000

22,700,000



aut~orities a~rl have ~iffprpnt cost sharing ~nrl repaympnt rules. Thp
analysis ,,,,as furth?" compl iC'ltprj by th~ Filet that rpglJlatory storage is only
a s,11.311 part of the tota~ r.AP anrl must i-)e finilncially integratpd with the
totn 1 !'AP tr) d p ter:n''1p t'lp al1ootion and r'ppl~Ylnpnt impacts of rpgulatory
st:)ri'lgp.

In an atr-.Plllpt to <;implif)' t.hp st:lrly. thp financii'll a'li11ysis 'Has spparatprl
i'lto two parts. Thp first part dpvPlnpprl a hasic ~llocation of thp costs
~,)r l"(lch I)lil.n hptwr>pq rp.~JU1.~tnry sl:orilg p c1()d <;nn. The ~(>cnnri part finnn
cia11y inU'g:,atprj thn'>p costs al1ncatprl to r'pgulator.v c;toragp intn the
larger fAP cost ~llncatif)n nn~ rppnyment ~naly5ic;.

Rnth parts of thp allocation utilizprl the <;eparahle rost Remaining Rpnpfit
(-:;rPR) metharl of "llocotion. Sr.RB is t.hp stanrlard rnpthorl uspo to allocatp
thp co~ts of ferlera11y-fund~rl multipurposp water projpcts dnd is prescriherl
~~ t~e most accept~hlp alloc~tion method hy both the Water Resources
rOilncil's lI')rincipl;'s and !'uirle1 inps" r'lnd Peclamatif1n Instructions (Series
1.1'1. Part l 1fi).

R~·;ic~lly. thE' SCPR methnrl illlocdt~<; costs hy directly assigning costs that
~rr separahle to pach function and proportioning the rpmaining joint costs
dFlong t.he varinlls functions rooghly in proportion to the lwnefits recfliverl.
A ;nor(~ detailpd ovprvievl of these procprlur~s is provirlprl in Apppnrlix ~.

Ilepayment i)f the CAP woulrl primarly be the responsihility of Central Arizona
hJ,1tpr ronserV'ltion llistrict (owen). rAwer) enCOlnp.'lsses thp entirp three
cOI!nty ,)reil c;ervpd hy the CAP anri has hrOilrl authority t l ) lflvy taxp<; anrl
collpct rpVenl1flS from the -sale of project watPf for the purpose of repaying
p"lJject (nst<;. Revenlles frOin the s.'lle of eXl:ess energy from Navajo Power
01 d'll: ann Ari zona's portion of thp re,/pntlt?s credit.erl to thp Lowl"r ~olorad(j

Pivf'r nasin iJflvJ?loprnent Fund from Roul,-jpr Canyon anc! Parker-novis Projects
wouH ·31so he availahlp to assist the project rppayment. The following
pres:>nts thp. rl~paympnt annlysis for regulatnry stnragp costs nnly. The
rr>pi'lYiTIPnt of t.ht~ regulatory storagp costs wprp evaluated with rpgarri to
r~p2yment of thp CAP as ~ whole which is rppdirl in accorrlancp. with Rpclama
tion lnw ilnn COTltractlJal agr"pments Iwt,wpen thl" Ilni+.prl <;t.ntps (Inri rl\Wn.

~ll()c~tion of rosts RptwPl"n ~AP anrl ~afet.Y of noms

fl(\sed on the henpfits anti costs prpsented helow in Tahlps ?l ilnd n. an
allocatinn of cns~.S hetwE'pn thp rpg'lliltory stnragR nnrl f:\On functions W(lS

cnmp 1ptf"rl 'J,) i ng tile SCP~ procedlJr~. ,~c;hort. slImmilry of tlw d"ta ani rpsul ts
()f that. ,'In(\lyc;is is providpd in t.he fOllt.,wing tilhlE's. Tahle?') summnrizps
tilt> C,Il.D,'Snn 311oCiltion for Plan ~

,\ c; s h0I'm. IJ1P. '1:.1. ;131) •3 rni 11ion to L) 1 con <; t r II ct ion cos t wo 111 rl havp $711? • ~
mill inn allnc~t~rl to r.~r ~nd ~?'il.n ~illion allocaterl to snn. Tn a similar
mannf>:', the FV' of ~pa . .1. mi'lion \"0I/H have tqd.l million allocat,:>rl to
rf'9111 at.~)r.l stor"y~ and ~3n.,1 !"1i11 ion tn ~nn. Rp(''l115;> ('\~'1 woulrl he a sppar
ahlf~ cost sr>rviny CAD functio'1S only. the nM1 enst woul ..j he "lllocatprl en
tirply to (AD. Thp rpsult wOilld hp a toti'll projPct. cost of Q.13S ..1 million
(inclurling rnc ilnd c-'lpitillizPd OM,I',R) which vJOulrl have ~ln'i2.1 million allo
i.aterl to r'p9"1r1tory storrtg p and ~?81.3 millio~ i'lllo(~~e,i to <;nn.



TABLE 23

Summary of Costs by Feature
(IJnit: $ Million)

Cliff Dam
Modified Roosevelt Dam
Modified Stewart Mountain Dam

New Waddell Dam

Total Construction Cost
Interest During

Canst ruct i on

TOTAL COST

Annual Operation, Maintenance, &Replacementl /
Capitalized Operation, Maintenance, &Replacement @ 3 1/4%

Cost

34f;.?,
?31.S
40.2

417.f;

1035.5

124.4

1159.9

6.0
175.7

1/ Includes Project Pumping

TABU: 24

Summary of CAP/Safety of Dams Renefits by Function
(Unit: $ Million)

Function Cost

Irrigation
Indian Irrigation
Municipal & Industrial Water Supply
Flood Control
Power
Recreation

Total CAP ~enefits

Total Safety of Dams Benefits
Total Benefits

93

284.0
50.5

10?.7
574.0

1240.5
214.7

2466.4
521.7

?988.1

d



TABLE ~5

Regulatory Storage/Safety of nams Allo~ation

(Unit: $ Million)

Regulatory Storage

Total Cost
Construction
Interest nuring Construction (IOC)
Operation, Maintenance, & Replace'nent (OM&R)
OM&R (Annual)

Tota1

Sa fety of OalTIs Total

1035.3
124.4
175.7

nJ)

1335.4

Rene fi ts 24nn.4 5?1 .7
Single-Purpose Cost 12QO.4 S?l .7
Justifiable Expenditure 12QO.4 521 .7
Multipurpose Without 512.7 1290.4
Multipurpose Without Inc 55.9 11 y .5

Separabl e Cost
Construction 56 9 .n 40.2
IDC n8.4 4 )3
OM&R 175 .7 o.n

Tota1 R13 .7 45.0

Rem ai ni ng c1u st i f i ab1e 47().7 47n.7
Allocation Factors .5 .s

Remaining Joint Cost
Construction 212.8 212.8
IDC 25.6 25.n
OM&R 0.0 0.0

Total 2'38.4 218.4

Total Allocated Cost
Construction 782.3 253 Jl
IOC 94.1 30.3
OM&R 175.7

Tota1 lOS? .1. 283.3

(q88.1
1812.1
18U .1

fi09.R
73 .?

175.7

858.7

953.4
1.n

425.n
51.2
n.o

47f).8

1035.3
124.4
175.7

1335.4

NOTE: rosts and benefits are calculatRd at 3 1/4% interest. After review
of the designs and estimates, the cost of ~1odified Roosevelt na:n was
increased $19R,nOO. Hal f of these costs ('tqq,OnO) would Of> allocated to
Safety of Dams and hal f to Regulatory Storaq~. Interest during construction
would increase proportionately.



Fi nanci al Integrat i on of Regul atory Storage with CAP

This section describes how the allocated regulatory storage costs would be
financially integrated into the total cost allocation and repayment analysis
for the CAP.

The approach used in the financial integration first developed a baseline
CAP al location that did not include any regulatory storage features. This
allocation, in essence, represented the "No Action" alternative. The base
line allocation then served as the basis for comparison with the new alloca
tion which added the allocated regulatory storage costs and benefits.
Comparisons then showed the impacts the plan had on reimbursable and non
reimbursable CAP costs and CAWCD's total repayment obligation.

Because of the complexity of the CAP allocations, the financial integration
incorporated four stages.

Stage I was the preallocation of the Navajo Powerplant. These results are
summarized in Table 26.

TABLE 26

Comparison of Preallocation of Navajo
Construction Costs With and Without Regulatory Storage

Pl an Irrigation M&I Power Tota1
( Mi 1 • $) (Mi 1 • $) (Mi 1 • $) (Mil. $)

Baseline 70.2 38.3 51.0 159.5
Regulatory

Storage 64.0 29.8 55.1 148.9

Table 26 shows a significant change from baseline analysis in the preallo
cation of Navajo. Total costs, as well as costs allocated to each function
except power, are less than the basel ine analysis. There are two reasons
for this. The first relates to the adjustment made in the preallocation
factors for the baseline analysis. The costs preallocated to the irrigation
and M&I functions were reduced due to the change in factors which accounts
for the decreased allocation to those functions. The power allocation
increased since the power factor was not decreased like the other two
factors.

Stage II was the SCRB allocation of CAP construction costs. The comparison
with and without regulatory storage allocations is displayed on Table 27.

In general, Table 27 shows that most of the plan costs would be allocated to
the irrigation, M&I, and flood control functions. Although the other func
tions would be affected, they would not be changed as substantially as the
flood control and irrigation functions. The recreation allocation increase
is due to the large proportional increase in benefits expected from regula
tory storage. The fact that the power function would be the other primary
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TARLE n

Summary of SCRB Allocation of CAP (onstructi?n Costs
l·Ji th and Wi thout Regul atory Storage-

($ Mill ion)

Fi sh & Flood
Plan Irrigation Power M&I Wildlife Recreation Cont ro 1 Total

--

Raseline 1 ,O8~.6 51.0 663.8 41.0 g .1. 75.1 1,gn.R
Regulatory

Storage 1 ,434.~ 55.1 F.73.5 17 .1 gO.4 404.1 2,f)g4.f)

1/ Ooes not include Interest During Construction

Reneficiary and substantial additional costs wOIJld not be allocat2d to that
function becallse of Navajo's preallocation is based on a "use of facilities"
allocation instead of a SCRB analysis.

Table 28 provides a detailed c~nparison of the allocation of Plan 6 costs
among the various functions. The costs were derived by subtracting the
total allocation of r:AP costs of the haseline analysis froln the total
allocated CAP costs with regulatory storage financially integrated.

TABLE 28

Summary of SCRB Allocation of Re~~latory Storage
\'onstruction Costs -

($ Mi 11 i on)

Irrigation

351.6

Power

4.1

M&I
Fi sh &

Wildlife Recreation

-3.7

Flood
Control

128.8

Total V

771.8



The allocation to the M&I function would slightly increase with regulatory
storage. This would occur because the increase in flood control benefits
would cause an increase in the joint costs allocated to flood control,
resulting in a minor increase in joint costs allocated to M&I.

Stage III was the determination of CAWCO's repayment obligation. Table 29
provides a summary of CAWCD's total CAP repayment obligation after the
financial integration of regulatory storage.

TARLE 29

Comparison of CAWCO Total CAP Repayment
With and Without Regulatory Storage

($ Million)

Plan I . t· 1/ M&IZ/ Power'!:...! Totalrrlga lOn-

Baseline 747.8 010.3 54.0 1,41?1

With Regul atory
Storage 101Q.5 n49.0 58.? 1,726.7

1/ Does not include Interest Ouring Construction (IOC)

2/ Includes InC

The integration of regulatory storage plans with the rest of CAP would
increase the CAWCD's repayment obligation by $314.6 million. For all
practical purposes, the increased costs were allocated to irrigation.

The repayment analysis was performed during Stage IV of the financial inte
gration. Table 30 summarizes the results of the repayment analysis. The
numbers shown summarize the total revenues that would be received over the
project's entire repayment period from each of the various revenue sources.
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l-omparison If Tnt.'ll r.AP Rppa.Y"'f>n~

Ppv~n0ns for Reyulatory S~orayp

~) Million'

Plan
Trrigation
?pvenup';

Totiil
PpvP'lues

--_._-------- ---

Raseline 4R.S

i": ith Regul atory
Storage ~l.?

The point of most significancf' in T,lhlp ~n is thp ;nc.rp,J<;p i" po...,pr l~pvpnllPS

that woul rl he. ohtairwrl with rpg'll<lt:ory <;torag p • Tntal pOWer r.oVPflIJ?S I":)ulrl
he increasprj hy approxirnatply ~4ilS fTlillion ovor t 11P rr~pa.v:1lpnt pprioti. T;,p
power reVI:>nllPS \-,ould InQrp than off.:;pt tl-)p a:1dition,~l rpg'Jl"tory st.nragp
costs, anrl reduce tlw reVPr1UP reqllir.:>rnl'>nts frqnl othpr sr)tJrcp<;. Tahllc>::n
displays the con"trilction cost allocatinfl chanqps twtw(c>pn the prnjpct tinder
haseline conditions and thp projrct ,,,,HI-) rpglll.'ltory stnrrlg p •

TARI.F 11

Changps in ~onstruction (nst nllociil:inn frorn
Raselinp to Qpgulatory ~t.or"gp

(~ Million)

Indian Non-I1rlian
snn Power Irrigation Irrigation M~I

Fl ()od
ront ro 1

Fish ~ 1
\t.lilrllif'" ppcrent:inn T0t?1-1

?'i1.n 4.1 17.7 ? 71.7 ~?l V~.K - .1.7

11 SUfTl of total cos~. :::hangp~ frO"l rE'qlll.3tnry stnra·1 P rln n0t. <;U:11 t') thp
total cost of tile pr0[)ospd ad'on siner.> ~ln.1S fTlil 1 ion 1:><;<; is Mldpd t.n
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CHAPTER XI

PLAN FORMULATION

Introduction

Identifying and addressing problems and issues assured that the concerns of
the public were addressed throughout plan development, evaluation, and
se 1ect i on. As di scussed in Chapter I I, the problems, needs, and issues
centered around flood control, water supply, dam safety, and related
environmental and socioeconomic factors.

In order to develop plans that met the problems and needs, the Rureau ini
tiated the Central Arizona Water r.ontrol Study (CAWCS). Through a Memoran
dum of Understanding, the U.S. Army Corps of Engineers assisted the Bureau
in the flood control planning and analysis. The Reclamation Safety of Dams
Act of 1978 authorized the Bureau to assess the safety of six Salt and Verde
River dams. Since the corrective measures identified on these structures
closely interrelated with the flood control and water storage objectives of
the CAWeS, dam safety was added as a CAWCS objectives. In November 1981,
during the third stage of a three-stage planning process during which a wide
array of possible solutions were developed and analyzed, the Secretary of
the Interior selected Plan 6 as the agency proposed action. As discussed in
Chapter III, the plan calls for the construction of New Waddell nam, f,liff
Dam, Modified Roosevelt l1am, and Modified Stewart Mountain l1am. In April
1983, the Bureau filed the draft Regulatory Storage l1ivision Environmental
Impact Statement with the Environmental Protection Agency. Along with the
proposed action, the draft displayed four alternative solutions and a "No
Action l' plan. As a result of public comments on the draft, another plan was
added. This plan did not include Cliff nam but instead proposed modifying
Bartlett and Horseshoe Dams to solve Verde River dam safety prohlems.

Public Involvement Program

Due to public concerns over Orme Dam and the flooding problems in the area,
a very high level of public interest in the study existed. It was essential
that the studies be conducted with extreme rolitical sensitivity and with a
visibility and openness which would lend credibility to the final conclu
sions. Public involvement (PI), therefore, was absolutely crucial to this
study.

Various types of activities and techniques were utilized to meet the objec
tives of the PI Program. They included formation of technical or appointed
groups, interest groups, workshops, community meetings, and other activities
such as brochures, newsletters, press and media coverage. Prior to each
stage of the study, the PI techniques used during the previous stage were
evaluated and public involvement plans for the next stage were formulated.
A complete description of the techniques employed throughout the study are
documented in Appendix E.
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The major thrust of the Stage I Public Involvement Program was to establish
a highly visible program in the community. Activities were geared toward
obtaining information useful in directing the study and included identifying
problems, issues, and alternatives; getting to know the leaders of the
various interest gr0ups; and establishing media contacts. Arizona Governor
Rabbitt established a Governor's Advisory Committee and the Bureau formed a
Technical Agency Group. Public meetings were held to discuss issues,
alternatives, the planning process, and schedule. These Ineetings provided
valuable information on issues that warranted consideration during the
study. Media coverage, which was substantial during the first stage of the
study, included coverage of the publ ic meetings, participation by Bureau
personnel in radio call-in shows, and ne~"spaper supplelnents that addressed
the flooding issue and possible actions the Bureau could take to resolve
those issues.

During Stage II, as the planning focus shifted from problem identification
to plan formulation and detailed analyses of alternatives, the emphasis of
the PI shifted to increasl~d participation by the public in evaluation and
selection of alternatives. Stage II activities were therefore designed to
fully integrate the PI Program with the planning process. A project office
and hotline were established, a monthly newsletter and mailing list were
developed, and a process for storing public comments and media coverage was
initiated. Major activities included public workshops and community
meetings at key points in the study and special meetings with communities
that could be affected by the alternatives.

The PI Program for Stage III emphasized involvement of the public in for
mulation, development, and evaluation of the plans. Monthly newsletters and
pre sen tat ion s con tin ued wI, il e Con gres s ionalb r i e fin gsand to ur s for the
media kept key publics abreast of study progress. In October 1981, the
CAWeS Factbook was published. This report explained how the alternatives
were developed and provided a description and comparison of the impacts and
effects of each alternative. Public meetings were used to obtain public
reaction to the information displayed in the Factbook. Then, in November
1981, the agency proposed action was selected by former Secretary of the
Interior James Watt. As the study focus next shifted to refining plans, the
PI effort continued in the form of newsletters, special briefings, and
Technical Agency Group meetings.

In April 1983, the Regulatory Storage nivision Draft Environmental Impact
Statement was filed and public hearings were conducted to receive comments
on its adequacy. In February 1984, the Final EIS was filed with the EPA.
It identifies Plan 6 as the agency proposed action.

Plan Selection

The CAWeS followed a three-stage plan fonnulation process. While the basic
tasks within each stage vJere similar, the level of detail and reliability of
the data and analyses increased with each stage (See Figure 13).
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Stage I was exploratory in nature. Problems, needs, and issues were identi
fied and a wide array of possible solutions were developed that, singly or
in combination, could provide flood control and/or regulatory storage.
Recommendations made by the Bureau and the Corps of Engineers were based on
site suitability (geology), location, and economics. At the end of stage I,
a P1 an of Study documented the a1 ternat ives warrant i ng further study and
outlined a management program for the remainder of the study.

During Stage II, the planning focus shifted from problem identification to
formulation and testing of alternative solutions. The elements from Stage I
were screened and the best of the "competing" e1 ements were identi fied for
further study. In order to optimize the ability to provide both flood
control and regulatory storage, single-purpose and multipurpose systems were
developed. Recommendations were based on operations (performance), optimi
zation, economics, environmental and social impacts, and institutional
factors.

In Stage III, with the development of specific plans, the focus of the plan
ning effort shifted from alternative formulation (although alternatives were
continually being modified) to thorough impact assessment and evaluation.
These studies provided the basis for development of 8 candidate plans and
selection of the proposed action. These plans included Stewart Mountain Dam
even though its objective was single-purpose because repairs were complex
and there existed potential for significant environmental impacts.

After the p1 ans were formu1 ated and techni cal studi es comp1 eted, a process
for systematic comparison of plans was developed, trade-off meetings were
conducted, and the agency proposed action was identified. At the time of
the decision it was recognized that more planning and studies were needed
prior to implementation, and an approach for addressing these issues was
developed. Appendix E provides a detailed description of the issues and the
process used to refine the agency proposed action.

Alternatives to the Proposed Action

The project plan (Plan 6) presented in the previous chapters is the result
of extensive plan formulation studies. Of the eight plans developed and
studied in detail during Stage III, 6 plans were carried forward and dis
played in the draft EIS. Another alternative, Plan 9, which was studied and
e1 imi nated during Stage II, was reintroduced as a result of comments re
ceived on the draft EIS. Many people expressed concern that each alter
native plan in the draft included Cliff Dam and Reservoir. In response to
this Plan 9, an alternative not including Cliff Dam, was evaluated and dis
played in the Final EIS. Table 32 describes the physical facilities of the
proposed action and the seven alternative plans, including Plan 9. The
following section briefly describes these plans and more detailed
information is prOVided in Appendix E.

Plan 8, "No Action". The "No-Action" plan provided the baseline against
which all other plans were compared. Under Plan 8, CAP would be con
structed, but no CAP regulatory storage or flood control would be provided.
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Plan 1:

Plan 2:

Plan 3:

Plan 6:

Plan 7:

Plan R:

Plan 9:

Ti\8Lt: 32

Description of Plans
Displayed in Final EJS

Cliff + Modified Roosevelt + Modified Stewart Mountain

Cliff + Modified Roosevelt + Modified Stewart Mountain +
Nonstructura1

Confluence + Cliff + Modified Roosevelt + Modified Stewart
Mountain

New Waddell + Cliff + Modified Roosevelt + Modified Stewart
Mountain

New Waddell + Cliff + Modified Roosevelt + Modified Stewart
Mountain (environmental emphasis)

No CAWCS project; safety of dams studies continup. to select a
preferred dam safety solution

New Waddell + Modified Roosevelt + Modified Stewart Mountain +
Verde River Oams Modifications
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However, Safety of Dams (SOD) studies would continue toward selection of a
preferred SOD solution. Such a solution may differ from the Cliff and
New/Modified Roosevelt combination in the alternative plans.

Plan 1, Cliff + New/Modified Roosevelt + Stewart Mountain Dams. This plan
consists of constructing C1 iff Dam on the Verde River and New/Modified
Roosevelt Dam on the Salt River to provide flood control, additional water
conservation, hydropower, recreation, and dam safety and New/Modified
Stewart Mountain Dam on the Salt River for dam safety purposes. The general
location of these structures is shown on Figure 19. The projected average
annual water yield would be 107,000 acre-feet. Sufficient flood control
space would be provided to control the 200-year event (275,000 cfs) to a
flow of 92,000 cfs measured at Sky Harbor International Airport, and the
lOa-year event (215,000 cfs) to 55,00 cfs at the same point. The hydrologic
safety problems at the existing Salt and Verde River dams within the Salt
River Project (SRP) system would be corrected. Water supply, hydropower
capacity, and recreation facilities at the existing Theodore Roosevelt and
Stewart Mountain Dams would be maintained or replaced.

Plan 2, Cliff + New/Modified Roosevelt + Stewart Mountain Dams +
Nonstructura1 Measures. This plan limits construction to that necessary for
dam safety purposes. The plan consists of construction of Cliff Dam on the
Verde River, New/Modified Roosevelt Dam on the Salt River, and Stewart
Mounta in Dam on the Sal t Ri ver for dam safety purposes, and nonstructura1
f1 ood damage reduct i on measures downstream. The general 1ocat i on of these
structures is shown on Fi gure 20. The p1 an wou1 d provi de no new conser
vati on space for CAP, but through dual use of the sediment space at New/
Modified Roosevelt Dam over the life of the project the CAP yield could be
increased by 16,000 acre-feet per year. Incidental flood control provided
by the use of the surcharge space at Cliff and New/Modified Roosevelt Dams
(no dedicated flood control space) would reduce the 200-year flood to
157,000 cfs measured at Sky Harbor Internati ona1 Ai rport, and the lOa-year
flood to 150,000 cfs at the same point. Because of this lower level of
fl ood control, nonstructura1 flood damage reduct i on measures may be requi red
downstream. These measures, however, would be local actions implemented
with local funds. The hydrologic safety problems at the existing Salt and
Verde River dams within the SRP system would be alleviated.

Plan 3, Confluence + Cliff + New/Modified Roosevelt + Stewart Mountain Dams.
In Plan 3, Cliff Dam on the Verde River and Theodore Roosevelt Dam on the
Salt River would be constructed for flood control, additional water conser
vat ion, hyd ropower, and SOD. Conf1 uence Dam wou1 d be constructed at the
confluence of the Salt and Verde Rivers to provide CAP regulatory storage.
Stewart Mountain Dam would be constructed on the Salt River for SOD only.
The general location of the structures is shown on Figure 21. This plan
would provide 330,000 acre-feet of regulatory storage space in the Conflu
ence Reservoi r, 170 ,000 acre-feet of new CAP conservat i on space in C1 iff
Reservoir, and could use one-hal f of the sediment pool at Theodore Roosevelt
Lake to increase CAP yield by 163,000 acre-feet per year. Sufficient flood
control space would be provided at C1 iff and New/Modified Roosevelt to
cont ro1 the 200-year fl ood to between 70 ,000 and 92,000 cfs at Sky Harbor

103



International Airport, and the lOO-year flood to 5n,nf)O cfs at the Sd:ne
point; routing fl\)od,~aters through the Confluence Reservoir :nay provide some
additional reduction in flows :olnpared to tht: other plans. The plan ,vould
provide pote~tial fo~ additional hydropower and recreation.

Plan 6 (Agency Proposed l\ction), 'Jew '~Jaddell + Cliff + New/Modified
RooseveTt-t Stewart ·"1ountain Darns. Cliff Darn on the Verde River and Ne,v/
r10dified Roosevelt f)aln on the Salt River would be constructed for flood con
trol, additional water conserviition, find SOD. New vJaddell Darn on the Agua
Fria River would be constructed for- regulatory storage purposes and would
provide incidental flood control. Stewart i"1011ntain Dam on the Salt ~iver

I'lOuld be replaced or modified for SOD only. The general location of the
structures is shown in Figure 22. This plan would provide 66n,OnO acre-feet
of regulatory storage spiice at r~ew Waddell Reservoir, l7n,OnO acre-feet of
new conservation space at Cliff Reservoir, ilnd would use one-half of the
sediment pool at Theodore Roosevelt Lake to increase the CAD yield by
li7,i)()f) acre-feet per yedr. SiJffich~nt flood control space would be pro
vided to control the 200-year Salt/Verde flood event to a flow of 9~,nnO cfs
at Sky Harl)or International Airport, and the lilO-year flood event to 55,00n
cfs at the saine point. This plan would also alleviate the hydrologic safety
problems at the Salt and Verde River darlls within the SRP syste1n, and would
provide the potentia-' for additional hydropower and recreation. Cliff,
Newn~odified Roosevelt, and Stewart Mountain Dams would be as described in
Plan 1. Wat~r storage capacity and recre3tion facilities at the existing
Waddell Oarn would be replaced at the new reservoir.

Plan 7, Nel'l \~addell + Cliff + ~~ew/Modifir~d Roosevelt + Stewart r"1ountain
Dams. This plan is tlw same as Plan f) excert ''later would be made availab1e
to 1hiintain minimum flows (enough water to sl1stain fish populations) in the
Salt River between Stewart Mountain and Granite Reef Diversion Dams and in
the Verde River below Bartlett Dam. Also, water would be made available to
pro vide t he pot enti a1 for r ecreat i on an rl f ish and wi 1d1ife en han cem ent on
the Salt River through the Phoenix area by providing approximately 30,000
acre-feet of water for the proposed Rio Salado development. The method of
d2livery of this Rio SalCIdo water Froln the CAP system is yet to be
determined. The CAP wat;~r SIJprly would be increased by 114,00n -Jere-feet
per- year. This plan provides for a minirnum pool at Cl iff Reservoir as well
as at Ne,'1 Waddell Reservoir for fish and wildlife enhancement and recreation
purposes.

Pi an 9, New Waddell + Modi Fied Roosevel t t r~odi fied Stewart r"1ount-:tin Oams +
Vercfe-Ri',fer Dams r"1odifications. This plan would consist of constructing New
'Waddel-l-nain on the Agua Fria River for regillatory storage purposes.
Theorlore Roose'Jelt Darn on the Salt River, would be 1l1Odified ff)r flood con
trol, additional water' conservation, and SOO purposes. Stewart r"1ountain narn
on the Salt qiver WOUld be Inodified for son only. Rartlett [)a1n on the Verde
Kiver ''1ould be raised 27 feet and an auxiliary spill'way would be added for
SOO purroses. A spillway would also be added to Horseshoe Dam on the Verde
Qiver for son purposes. The general location of the structures is shol'ln on
Figure 23. This plan would provide ~Go.noo acre-feet of regulatory storage
space a~ tJew vJaddell qeservoir and wO'Jlrl use one-half of the sediment space
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at Theodore Roosevelt Lake to increase the CAP yield by 115,000 acre-feet.
Modified Roosevelt Dam would have sufficient flood control space availahle
to control the 200-year Salt/Verde River flood event to a flow of 215,noO
cfs at Sky Harbor International Airport, and the lOG-year flood event to
170,000 cfs at the same point. This plan would also alleviate the hydro
logic safety problems at the existing Salt and Verde River dams within the
SRP system and would provide the potential for additional hydropower and
recreation.
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