
CB TRAL ARIZDNA PI· BeT
ENVIBO MENTAL
STATEMENT

~
..\\f~.

Lake
GLEN CANYON DAM

Powell

'\.'" .
~",,'~,

:r
HOOKER
DAM SITE

CHARLESTOtN
DAM SITE

1.1 - .- 01!7J.



DEPARTMENT OF THE INTERIOR

EES 'j ~ - 35

FINAL

ENVIRONMENTAL STATEMENT

PROPOSED

CENTRAL ARIZONA PROJECT

Prepared by
Bureau of Reclamation

Department of the Interior

SEP 2 6 1972

~---
Commissioner

Interior-Reclamation, B.C., Nev. 9-72



S.R.P Salt River Project

~

Deming

@l

\ 5 P-
i- '

f~@@

~

0
VAl,..E""CIA co

CA7RON co ----r U

....
@ ,

Do hi I ~

~

Lordsburg
L

,
"

II .' to,
, -,

r6~6\

~
~ ,
SA~t JUAN cO l

I 1.. "
;1

Gallup,,
~

-f..:. ... - 4., lIs,1t",I f
.r I .q ~ M~_~_~.!~L E Y CO

,..-,. , • VAl.ENCIA CO.

.
~@

~"I

I °C __0____" r)

~----,- 1- -- .... - I ..
-.- --A-PACHE co , ShiprOCk@../

, ' i .~~ Farmington
RESERVATIOW

'"

,,

lZUNI INul'N

: RESERVATION

I
.' ..

,~ .. '-. ~.
~: ~.,,- ~

-, CSt JohnsI
, Shoy/low,i @;'fPrlrrgerville

; .~~ i
f I lI!Q)
i ,- I
IDine : J -l

l
' 4Y @)

i( f<£ "~ <t ) les~ ..ve
'( ~(}

,°l~ i I I",::: .:tl 1.. J 1·~sO'ORROCO
;., • 3_ \ 'l- I ",,",00:-

II:~ c:----' j;4I
,,:; ~Cliftdn - GRANT CO. t!}- --

CAM _ v I ... 1"I.\l~;;< ,
S,""aIl""" '\. \ l "/."""""" L, ~

_~ ".) Silver City \ ~
l Z

[LUNA co.----

,..
~~-------~ ....-

I

HOlb~~)i-r@l
N @-.

Snowflake \ ' '--"
I ,

IFORT. APACH ,
, INqlANl R(SEflVAT ON~ _

• .6. 1"':0

'~

'~ ...... I

t. /1":1'~.f'.

" 1
\@ i

~ ,: ,- \----------
I")~' tj,' I I,Sierra ' Bisbee ,.: ,
Vista ',y.o' '7'-~-,--: _:~_.JDo-u.9~a~-_J'~--C1'---.:.

j...:' ~ L;vr'
/ iR"",

/...1 ".,_

°

~-i

'.

~

?

l/
~~'
~,

~(

o

::;I

~

Wql oms

'" ,

~
rAT '\'IOM4lt I

DAM SITe C
a a ;-

~.
~J NOlAN

~I
/

.,,

ab

RESERVAT C.N

•

Ir
C;

PIMA

Ash Fork

"c

PAPAJ",

~,

rI

(85)

0/°
~ <

'""' ..
> '"
~I':o. ~

'"

HNGTON co. I-----.J-HAV: co, I K

lMARICOPA ';0

.1

'"

Peac~ S;:rings

,,;~,r.

IOgmc

o

'466\

I •
"

cr"J,

r
,,~~ 1

t>~" :

• \ H,,·Salome
• \- ope"\

'9~ GRANITE REEF
. AQUEDUCT

.

&~

r

I AJOe' ............,,~ I
~'" s @

"-...,... ,

I -.... ,

oAfIS DAM
B.R.

tlouldel
City

'"";5)

~

~

N

,,

PALO vERDE
DIVERSION DAM B R.

MOR£LOS DAM
MEXICAN

oX'

~~
lie'

FEATURES

Water use areas

Indian reservation

Aqueduct terminus

Closed aqueduct

Open aqueduct

Dam and reservoir

Generating station

Pumping plant

Siphon

Tunne I

75
I

~

50

ABBREVIATIONS

25

SCALE OF MILES

-.-j

t---t~--
r~",
vv

&
'Q,

J.(

H

UNDER

AUTHORIZED CONSTRUCTION EXISTING

81.A. Bureau af Indian Affairs

8.R. Bureau of Reclamation

EX PLANATION

C.c. Corps of Engineers

P Private

AUGUST- 1968

2S 0
F3 E3 E3

MAP NO. 344-314-944

GENERAL LOCATION MAP

UNITED STATES

DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

CENTRAL ARIZONA PROJECT-ARIZONA-NEW MEXICO

REV. 8·72 Caranea
Interior-Reclamation, B.C., Nev. 9-72



SUMMARY

) Draft ( X) F'inal

Department of the Interior, Bureau of Reclamation, Lower Colorado Region

1. Type of action: ( X) Administrative Legislative

2. Brief description of action: Public Law 90-537 authorizes the
Secretary of the Interior to construct the Central Arizona Project.
Major project features involve the construction of one concrete and
three earthfill dams; four aqueducts, including tunnels, a major
pumping plant, and several smaller plants; and transmission facili
ties to provide power for the plants. water will be transported from
Lake Havasu via the aqueduct system for multipurpose uses in the proj
ect area. The project will provide municipal and industrial water for
the Tucson and Phoenix metropolitan areas and water for lands in
Maricopa, Pinal, and Pima Counties in Arizona and Grant County in
New Mexico. Work is tentatively scheduled to begin in 1972 and con
tinue through 1982.

3. Summary of environmental impacts and adverse environmental effects:
A long-term average of 1.2 million acre-feet of water will be pumped
annually from Lake Havasu for multipurpose uses. This new supply of
water will be managed with local supplies to provide flexibility in
meeting the demand for water imposed by municipal, industrial, and
agricultural uses. Project water will be used as a replacement for
ground water. The aqueduct system will be about 371 miles long and
require about 16,000 acres of right-of-way supporting mostly desert
shrub vegetation. The four reservoirs will require about 38,000 acres
typically supporting deciduous trees near the channel and mesquite,
grasses, forbs, cacti, and associated desert shrubs on the adjacent
terraces.

The existing biota and esthetic values will be influenced by the con
struction of reservoirs and the physical modification of topography
and vegetation resulting from construction of project features. Some
Indian lands and primitive and wilderness areas will be affected.

4. Alternatives considered:
a. Alternative diversion routes.to central Arizona
b. Alternative water sources
c. The alternative of no action
d. Alternative power sources
e. Alternatives to major features of the project

5. List of entities from whom comments have been requested or received
with responders indicated by "*"
See attached list.

6. Date made available to CE~ and the public:

Draft statement: September 27, 1971

Final statement: SEP 2 6 1972



CENTRAL ARIZONA PROJECT

LIST OF FEDERAL, STATE, AND LOCAL AGENCIES FROM WHICH COMMENTS HAVE BEEN
REQUESTED OR RECEIVED WITH RESPONDERS INDICATED BY "*"

* Advisory Council on Historic Preservation, Washington, D.C.
Assistant to the Secretary for Policy Planning and Research,

Washington, D.C.
Chairman, Council on Environmental Quality, Washington, D.C.

* Department of Agriculture, Washington, D.C.
* Department of the Army, South Pacific Division,

Corps of Engineers, San Francisco, California
Department of Defense, Washington, D.C.

* Department of Health, Education and Welfare, Washington, D.C.
* Department of Housing and Urban Development,

Los Angeles, California
Department of Transportation, Washington, D.C.
Environmental Protection Agency, Washington, D.C.

* Environmental Protection Agency, San Francisco, California

* Arizona Archeological Center, University of Arizona,
National Park Service, Tucson, Arizona

* Commissioner, Bureau of Indian Affairs, Washington, D.C.
* Director, Bureau of Land Management, Washington, D.C.
* Director, Bureau of Mines, Washington, D.C.
* Director, Bureau of Outdoor Recreation, Washington, D.C.
* Director, Bureau of Sport Fisheries and Wildlife,

Washington, D.C.
* Director, Geological Survey, Washington, D.C.
* Director, National Park Service, Washington, D.C.

Ak-Chin (Maricopa) Community Council, Maricopa, Arizona
Fort McDowell Community Council, Scottsdale, Arizona
Gila River Community Council, Sacaton, Arizona
Hopi Indian Agency, Keams Canyon, Arizona
Hopi Tribal Council, Oraibi, Arizona
Hualapai Tribal Council, Peach Springs, Arizona
Navajo Tribal Council, Window Rock, Arizona
Papago Community Council, Sells, Arizona
Salt River Pima-Maricopa Community Council, Scottsdale, Arizona



Governors of Arizona, California, Colorado, Nevada,
New Mexico, and Utah

State Clearinghouses of Arizona, California, Colorado*
(Colorado Division of Planning), Nevada, New Mexico*
(New Mexico State Planning Office), and Utah

* Advisory Commission on Arizona Environment,
Phoenix, Arizona

* Arizona Game and Fish Department, Phoenix, Arizona
* Arizona Outdoor Recreation Coordinating Commission,

Yuma, Arizona
Arizona State Land Department, Phoenix, Arizona

* Arizona State Parks Board, Phoenix, Arizona
* Arizona State Reclamation Association, Phoenix, Arizona
* Arizona Water Commission, Phoenix, Arizona

Central Arizona Water Conservation District, Mesa Arizona
Department of Economic Planning and Development,

Phoenix, Arizona
Gila County Board of Supervisors, Globe, Arizona
Greenlee County Board of Supervisors, Clifton, Arizona
Maricopa Association of Governments, Phoenix, Arizona

* Maricopa County Board of Supervisors, Phoenix, Arizona
* Maricopa County Flood Control District, Phoenix, Arizona

Military Department of Arizona, Phoenix, Arizona
Mohave County Board of Supervisors, Kingman, Arizona
Pima Association of Governments, Tucson, Arizona
Pima County Board of Supervisors, Tucson, Arizona
Pinal County Board of Supervisors, Florence, Arizona

* Yuma County Board of Supervisors, Yuma, Arizona
* Colorado River Board of California, Los Angeles, California
* Department of Water and Power, The City of Los Angeles,

Los Angeles, California
* The Resources Agency of California, Sacramento, California
* Clark County Comprehensive Health Planning, Las Vegas, Nevada
* Colorado River Commission of Nevada, Las Vegas, Nevada

Nevada Department of Fish and Game, Reno, Nevada
Catron County Board of Supervisors, Reserve, New Mexico
Grant County Board of Supervisors, Silver City, New Mexico
Hidalgo County Board of Supervisors, Lordsburg, New Mexico

* Museum of New Mexico, Santa Fe, New Mexico
* New Mexico Department of Game and Fish, Santa Fe,

New Mexico
* New Mexico Interstate Stream Commission, Santa Fe,

New Mexico
* State of New Mexico Environmental Improvement Agency,

Santa Fe, New Mexico
Department of Natural Resources, Salt Lake City, Utah



Arizona Conservation Council, Phoenix, Arizona
Arizona Environmental Health Association, Scottsdale, Arizona
Arizona Electric Power Cooperative, Inc., Benson, Arizona
Arizona Public Service Company, Phoenix, Arizona
Arizona Republic, Phoenix, Arizona

* Arizona Water Sports Council, Phoenix, Arizona
* Arizona Wildlife Federation, Phoenix, Arizona
* Museum of Northern Arizona (Colorado Plateau Environmental

Advisory Council), Flagstaff, Arizona
Salt River Project Agricultural Improvement and Power

District, Phoenix, Arizona
Sierra Club, Green Valley, Arizona

* Sierra Club, Tucson, Arizona
* State Chairman of Environmental Quality Programs for League

of Women Voters, Sedona, Arizona
Tucson Gas and Electric Company, Tucson, Arizona
Tucson Urban Area Regional Reviewing Committee,

Tucson, Arizona
Yuma Valley Rod and Gun Club, Yuma, Arizona

* Native American Rights Fund, Boulder, Colorado
Rocky Mountain Center on Environment, Denver, Colorado
National Wildlife Federation, Washington, D.C.
Nevada Power Company, Las Vegas, Nevada

* Four Corners Regional Commission, Farmington, New Mexico
* National Resources Defense Council, Inc., Washington, D.C.

* DNA - A Legal Services Program, Chinle, Arizona
* Frank Welsh, P.E., Tempe, Arizona

Best, Best and Krieger, Riverside, California
* Dr. Bruce J. Hayward, Associate Professor of Biological Sciences,

Western New Mexico University, Silver City, New Mexico
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DESCRIPTION OF THE PROPOSAL



1. DESCRIPrION OF THE PROPOSAL

A. Introduction 68,69,70,199

The Central Arizona Project (CAP) was authorized for construction
under Public Law 90-537, 82 Stat. 885, approved September 30, 1968. The
CAP is 8 multipurpose water resource development and management project
which will provide supplemental water to central Arizona and western
New Mexico. Improvement of the water conveyance facilities and construc
tion of new storage facilities within the two states will also allow more
efficient management of the total water resource. Benefits also will
accrue to the two states and the Nation in the functional areas of water
conservation, flood control, recreation, and fish and wildlife resources.
However, there will be environmental costs, largely defined in terms of
loss of wildlife habitat and reduction in numbers and diversity of certain
wildlife species in the project area. The project area is generally
located within the 50,900-square-mile drainage area of the Gila River
and its principal tributaries from above Painted Rock Dam in Arizona, to
the upper reaches of the Gila River in southwestern New Mexico. Major
features of the project are shown on the frontispiece map.

This environmental statement on the overall project is submitted in
compliance with the National Environmental Policy Act of 1969 (83 Stat.
852, 42 U.S.C. 4321, et seq.), the Council on Environmental Quality
Guidelines (36 F.R. 7724, April 23, 1971), Department of the Interior
regulations (36 F.R. 19343, October 2, 1971), and Bureau of Reclamation
directives (37 F.R. 1126, January 25, 1972). This statement describes
the existing conditions which create a need for the project, the objec
tives of the project, the legislative guidelines and requirements,
physical features and operations of the project, the description of the
environment, and the evaluation of environmental impacts.

This statement does not cover the environmental effects of the
Navajo Project, authorized under Section 303 of Public Law 90-537, which
will provide electric energy for pumping requirements of the project.
The Bureau of Reclamation will use 24.3 percent of the Navajo
Generating Station capacity. The remaining capacity of the plant will
be used by other power users. A final environmental statement for the
Navajo Project was filed with the Council on Environmental Quality (CEQ)
on February 4, 1972. Neither does this statement cover Section 306
of Public Law 90-537 which relates to water salvage and ground-water
recovery programs, which in part have been accomplished through other
Federal programs and private clearing of riparian vegetation for agri
cultural and recreational purposes.

Initial construction of the CAP is scheduled to begin in 1972 with
project completion tentatively scheduled in 1982. In view of the time
required to construct the project, individual environmental state-
ments for major features of the project will be prepared during assembly
of field design data prior to initiation of construction on the respective



components. These major features are defined in this statement as:
Orme, Buttes, Charleston, and Hooker Dams and Reservoirs; and the Granite
Reef, Salt-Gila, Tucson, and San ~edro Aqueducts. The Havasu Intake
Channel, Havasu Pumping Plant, and Buckskin Mountains Tunnel are the
initial works of the Granite Reef Aqueduct but are considered a major
feature of the project. Discussion of transmission lines, communication
systems, distribution systems, drainage facilities, and other features
will be incorporated into the discussions of major features. The individ
ual statements will be distributed for review and comment. This will
insure that cumulative environmental aspects will be kept current and any
changes that occur in present conditions at the feature sites will be
fully considered. The first individual draft environmental statement
(DES 72-40) for a major feature - the Havasu Intake Channel, Havasu
Pumping Plant and Buckskin Mountains Tunnel - was filed with CEQ on
March 7, 1972

A list of references used in preparation of this statement is included
in the Appended Material. These references refer to documents coverin~

engineering, economic, contractual, legislative, environmental, and
sociological matters. They were, however, too many in number and too
large in volume to include as part of this statement. These references
are referred to throu~hout this statement by the number which corresponds
to the number assigned each of them on the list in the Appended Material.

B. Problems in Central Arizona and Western New Mexico Related to the
Project-r~~~6J;74,130,145,19a- - -------

In 1971, the Comprehensive Framework Study for the Lower Colorado
Region was completed and published. The main report with its 16 sup
porting appendices was compiled by 16 Federal and five state agencies
involved in economic and social research and resource planning of the
region. The study covered the needs of the region and the subreRions of
which the Gila River subregion in essence encompasses the service area of
the CAP. The report describes the land and water resources and the needs
of the people associated with the growth that can reasonably be anticipated
in the Lower Colorado River Basin. From the study, the needs were found to
be: agricultural production at approximately the present level; continued
production of mineral resources - principally copper; additional recrea
tional and fishing facilities to overcome the present deficit and partially
meet the projected deficit; flood control; electric power; forest products,
wildlife and range livestock forage; soil and erosion control; sediment
reduction; and additional water conservation and control which can be
accomplished by increased storage capacity and reclamation of waste water
effluent. The Framework Study substantiated and updated many earlier
investigations by the Bureau of Reclamation concerning the problems and
needs of the project area.

Most of the problems are centered in the Phoenix and Tucson metro
politan areas; Pima, Pinal, Cochise, and Maricopa Counties, Arizona; and
Grant County, New Mexico. Specific problems in the CAP area are described
in greater detail in the following paragraphs.
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1. Early in the formulation period, the CAP was considered as a
partial solution to the water problems of the a~ricultural economy which
then predominated in the state. Arizona has some 30 million acres of
potentially irrigable land and a favorable crop growing climate. Water
is the resource which has limited Arizona's agricultural productivity.
Irrigators have developed land beyond the safe-yield capability of the
water supplies, and thus an overdraft situation has resulted, i.e., more
water is being consumed each year than is being added to the natural
supply.

Over the years the project area has also become attractive for
other developments. The capacity of modern air conditioning to overcome
the discomfort to man of living in a desert environment contributed to
the influx of new industries and new residents to the state. From 1940
to 1970, the population of the three counties which make up the antici
pated central service area in Arizona increased from 288,000 to 1,389,000.
New water uses and water problems are developin~ with this population growth.

The largest cities, Phoenix and Tucson, have experienced most
of the ~rowth in the area. In the Phoenix area, most of the urban
expansion has been onto irrigated farmland, and a conversion from agri
cultural use of water to municipal and industrial use is accommodatin~

most of these new water needs. In the Tucson area, urban expansion has
been almost entirely on desert lands. New water requirements are being
m~t by additional withdrawals from ground water. As expansion takes place,
there has developed a concern that the central Arizona urban complex
will find itself in a water-short situation in the near future even though
this complex could sustain itself under reoriented economic, esthetic,
and ecological conditions by the purchase of irrigated agricultural lands
and w~ter rights and transfer of the water acquired from the retired
agricultural lands. As the result of the increased importance of the
municipal-industrial complex as a water consumer, the agricultural water
problem in central Arizona has compounded into an urban-agricultural
problem.

Over 60 percent of the water used in the central Arizona area is
being produced from underground sources. An average annual withdrawal
in recent years of about 3.8 million acre-feet has produced an estimated
overdraft of about 2.1 million acre-feet per year.

The water level declines associated with this overdraft are
widespread throughout the project service area. Total decline of over
300 feet has been recorded in some areas of Maricopa and Pinal Counties
from the early 1920's to the mid-1960's (see Figure 2). Declines of over
100 feet have occurred near Marana in the period 1940-1965 and have
reached as much as 75 feet in the metropolitan Tucson area (see Figure 3).
Avera~e yearly declines during the most recent periods for basins within
the service area range from about 2 feet to nearly 14 feet per year as

3



shown in Table 1. Considering that costs of pumping ground water average
3 cents per acre-foot per foot of lift in the service area, declines of
the magnitudes sho,~ in Table 1 cause increases in costs of pumping water
of 5 to 40 cents per acre-foot per year. Total depths to ground water
range from 20 to over 500 feet in the project area (see Figure 4).

Associated with this continued ground-water decline is land
subsidence which has also become a major problem. About 1,000 square
miles in the project area have been affected. The areas Most severely
affected are the agricultural areas dependent on ground water in
Pinal County where the subsidence has exceeded 7 feet during the last
20 years. Earth fissures which accompany land subsidence occur primarily
along the periphery of the subsiding areas and are often miles in length.
Until ground-water overdraft can be alleviated, damages can be expected
to continue and the area affected by subsidence can be expected to increase.
Subsidence is a real concern in evaluating long-range water resource needs
and further exploitation of this underground water resource.

Indicative of the water users' attempts to provide an end to the
ground-water overdraft condition and to provide for longo-range water
requirements are the expressions of interest in contracting for CAP water.
A summary of these expressions which are being used as a guide for project
water allocation and contracting purposes for the project service area is
tabulated in Table 2. The total quantity of water in the expressions of
interest is over 5.3 million acre-feet annually which is more than
tour times the long-·range amount estimated to be available from the CAP.

Some of the requests have been for additional uses along the
Colorado River, and if served may not be directly associated with the
project.

2. Serious flooding occurs in the Phoenix metropolitan area which
disrupts the highway system and the economic and cultural life of the
communities. Interruption of air transporation has also occurred from
flood damage to the Phoenix Sky Harbor International Airport runway.
Necessary extension of the primary runway cannot be accomplished until
provisions are completed to control the floodflows in the Salt River.
Flooding also damages lands and property in the vicinity of Florence
and on the Gila River Indian Reservation.

3. Sediment transported as bedload under low flow conditions and addi
tionally as suspended sediment under floodflow conditions in the rivers
creates costly operation and maintenance problems in the canal systems and
at the diversion dams of the Salt River Project and the San Carlos Indian
Irrigation Project.

4. Water-oriented recreational opportunities are not distributed
throughout the service area in a manner which effectively serves the
present population. In the recently completed Comprehensive Framework
Study, this geographic imbalance of supply and demand was cited as a
major recreation problem. Distances between urban centers and recreational
sites have the effect of denying water-based recreation experience to

4
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TABLE 1
AVERAGE YEARLY DECLINES OF GROUND WATER FOR BASINS IN CENTRAL ARIZONA

Total Average Average Yearly
Decline Within Decline (feet

Modeled Area Period Basin (Feet) per year)

Tucson Basin 62-70 41 5.1

Avra Valley 65-70 61 4.1

Harquahala 58-67 124 13.7

McMullin Valley 59-66 36 5.1

Rainbow Valley 52-66 63 4.5

Central Arizona 57-64 57 8.1

Salt River Valley 64-69 9 1.8
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TABLE 2
SUMKARY OF EXPRESSIONS OF INTEREST IN CONTRACTING FOil

CENTRAL ARIZONA PROJECT WATER

Irrigation M&I Total
No. af/yr No. af/yr No •.!.! af/yr _

Arizona

Direct Service'!:.! 26 2,658,173 24 992,146 50 3,650,319

Indian Reservation 5 1,111,168 3 108,000 5 1,219.168

Exchange Areas 7 208,839 8 170,714 11 379,553

Subtotal Arizona 3,978,180 1,270,860 5,249,040

New Mexico~/ 23 25,442 10 39,697 33 65,13911

TOTAL 4,003,622 l,323,15o§J 10~1 5,326,17z?..I

!I Because of submittal for both irrigation and MOl water, total is not additive of
separate request.

21 Some entity areas overlay other entities and have not been reconciled.

31 Priorities within New Mexico's 304(f)(1) (18,000 af/yr) and 304(£)(2) (additional
- 30,000 af/yr after Colorado River augmentation) have not been designated.

~ Total number of expressions received and acknowledged, and includes duplication by
Bureau of Land Management and New Mexico Interstate Stream Commission.

51 Received through December 31. 197L

~/ Includes requests for 208,400 af/yr of water for recreation and fish and wildlife purposes.



many people. The required expenditures of time and money to visit these
sites are beyond their means. While the Tucson and Phoenix urban areas
suffer most from this problem, other areas such as western New Mexico
and southern Pinal County, Arizona, are affected to a lesser degree.

Future demand for recreation is also an important consideration.
Discounting the geographic imbalance of supply and demand, the total
regionwide resources for water-based recreation are currently statistically
adequate. However, future demand as a function of population ~rowth will
far surpass the statewide supply if steps are not taken to expand recrea
tional opportunities. The Comprehensive Framework Studyl forecasts that
water-based recreation demand will increase more than sixfold in Arizona
from a 1965 level of 40 million user days to a 2020 level of 250 million
user days.

5. The Salt River Pima-Maricopa Indian Community, the Gila River
Indian Community, the Ak-Chin Indian Community, and part of the Papago
Indian Community do not presently receive or have available sufficient
water to meet their needs or their desires for social and economic improve
ment. A water supply from the project for industrial, recreational, and
agricultural purposes would, in part, meet these needs. These Indian
communities which can be served from the aqueducts of the CAP have sub
mitted expressions of interest for 83,000 acre-feet of M&I water and
1,019,168 acre-feet of irrigation water. The Fort McDowell Yavapai-
Apache Indian Community, being above the aqueducts, would receive its
allocated water from Verde River flows or Orme Reservoir storage.

6. Quality of ground water in central Arizona varies by area and
with depth depending primarily upon the mineralogical makeup of the
aquifer from which water is pumped. The production wells in the project
area typically produce water ranging from 300 ppm to 4,500 ppm total
dissolved solids (TDS). Figure 5 shows the distribution by townships of
the yearly pumpage for 1965 and the mineral content of the water. In a
large part of the area, the dissolved solids exceed the U. S. Public
Health Service recommended maximum concentration of 500 ppm in domestic
supplies. Most of the major irrigation supplies would constitute a medium
to high salinity hazard to irrigated crops according to the U. S. Salinity
Laboratory classification system. The average total of the dissolved
solids for 1965, as pumped from ground water in the CAP service area,
was 955 ppm.

In some areas where there is continual pumping of ground-water
reserves, the quality of the ground water has deteriorated. This is
becoming a serious concern particularly as it relates to adverse effects
on agricultural productivity and the suitability of the water for drinking
and other purposes.

Several graphs of mineral content in the ground water versus
time were prepared as a part of a study from which the data in Table 3
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were obtained. These graphs are not reproduced in this statement.
However, a discussion of the shape of the graphs is presented for illus
trative purposes. Most of the graphs show a general decline in total
dissolved solids (from the initial concentrations of the 1920's and
1930's) beginning in the late 1940'S and the early 1950's. In the late
1950's and early 1960's, the concentrations usually began to slowly climb.
The decline in concentrations beginning in the late 1940's corresponds
with a sizable increase in pumpage and a large drop in water table levels
in the area. Thus, the "as pumped quality" suggests that the water in the
upper layers of the water aquifers was inferior to the quality of the
water in aquifers at intermediate depth. The increase in total dissolved,
solids beginning in the late 1950's suggests that as water levels continue
to drop beyond the intermediate aquifers, poor quality water found at the
deeper depths is influencing the water quality of the pumped water.

7. Demands exist in New Mexico for water to support mineral resource
development, agricultural production, water-oriented recreation, and
wildlife management. Expressions of interest from potential users of
project water in New Mexico total 65,139 acre-feet per year. Public
Law 90-537 limits use of project water in New Mexico, through exchange,
to 18,000 acre-feet per year. At such time as the Colorado River is
augmented to take care of the Mexican Water Treaty and additional water
is diverted to central Arizona and is available for exchange, this limit
is increased to 30,000 acre-feet per year.

C. Objectives of the Central Arizona Project 4,193,196

The primary objective of the CAP is to deliver most of Arizona's
remaining entitlement of Colorado River water to cities, industries, and
farms in central Arizona. other project benefits are:

1. To reduce the overdraft of ground water in central Arizona to
the maximum extent possible by substituting most of Arizona's remaining
entitlement in the Colorado River for a portion of the current ground
water overdraft.

2. To provide a supply of water for municipal and industrial uses
in areas that have no surface-water rights available and are presently
using an overdrafted ground-water resource, or a source of lower quality.

3. To provide supplemental water for sustaining the agricultural
resource over a longer period of time than would otherwise be possible.

4. To conserve floodflows of the Gila River system to the maximum
extent practicable by the inclusion of conservation capacity in Orme,
Buttes, Charleston, and Hooker (or alternative) reservoirs.

5. To provide flood protection to various developments located
downstream from the Orme, Buttes, Charleston, and Hooker Dams. Among

6
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TABLE 3
DISSOLVED SALTS CONCENTRATION IN THE

GROUND WATER IN VARIOUS AREAS OF ARIZONA

Quality Quality
Area Date (ppm-TDS) Date (ppm-TDS)

Salt River 1946 1,138 1965 1,120

E10y 1941 304 1960 229

Casa Grande 1941-48 728 1960 572

Maricopa-Stanfield 1941-48 390 1960 526

Gila River 1941-48 1,070 1960 975

Tucson -- -- 1965 459

-



the more significant features to be protected would be the surface and air
transportation systems below Orme Dam in the Phoenix metropolitan area
and the Fred J. Weiler Greenbelt on the Gila River. Storage at Orme Dam
will also minimize the need for the alternative of a wide flood channel
between Granite Reef Dam and Gillespie Dam. The Paradise Valley Detention
Dam to be located above the Granite Reef Aqueduct will help reduce major
flooding from along Indian Bend Wash throu~h Paradise Valley north of
Phoenix, Scottsdale, and north Tempe. CAP facilities will be coordinated
with the two Corps of EnRineers projects that have been authorized for the
Salt and Gila Rivers and tributaries to the Salt and Gila Rivers in Phoenix
and the Phoenix metropolitan area.

6. To more fully control and manage surface and ground waters already
available within the central Arizona area and southwestern New Mexico.

7. To provide the central Arizona Indian communities with new
economic and social stimulation which will accompany project deliveries
of water.

8. To provide sediment control to those water systems diverting from
the Salt and Gila Rivers that are now subject to unusually high operating
expenses at diversion works, canal systems, and water treatment plants.

9. To alleviate the current geo~raphical imbalance and the antici
pated future demand of readily available water-oriented recreational
opportunities, and to promote effective fish and wildlife manap,ement
areas through water exchange.

10. To provide exchange water for water users within Arizona and to
Arizona users for additional Gila River depletions in the State of
New Mexico to be contracted for under provisions of Section 304(d), (f)(l).
and (f)(3). Public Law 90-537. These exchanges will enhance the economic
development potential of service areas outside the central service area.

11. To manage project waste water.

12. To improve distribution system efficiency by providin~ adequate
irrigation distribution systems.

At the request of the Colorado River Basin States (Arizona,
California, Colorado, Nevada, New Mexico, Utah, and Wyoming). Congress
passed an Act on Au~ust 19. 1921. giving consent to the states to
nepotiate and enter into a compact for the equitable apportionment of
the water supply of the Colorado River. This agreement, known as the
Colorado River Compact was signed in Santa Fe, New Mexico, on
November 24. 1922. The Compact divides the entire Colorado River Basin
into two parts, the Upper Basin and the Lower Basin, separated at a

7



point on the river in northern Arizona known as Lee Ferry. Article lIl(a)
of the Compact apportions to the Upper Basin and to the Lower Basin in
perpetuity the exclusive beneficial consumptive use of 7,500,000 acre-feet
each of water per year from the Colorado River system. Article III(b)
apportions an additional 1,000,000 acre-feet annually for beneficial use
to the Lower Basin.

In 1928, Congress passed the Boulder Canyon Project Act author
izing construction of the Boulder Canyon Project. The Act and its subse
quent amendment by the Boulder Canyon Project Adjustment Act directed the
Secretary of the Interior to make investigations and publish reports of
the feasibility of projects for irrigation, generating electric power, and
other purposes in the States of California, Arizona, Nevada, Colorado,
New Mexico, Utah, and Wyoming.

In 1944, the Bureau of Reclamation and the State of Arizona
entered into a contract for the expenditure of $400,000 for a cooperative
investigation of the utilization of Colorado River water in Arizona. This
investigation resulted in the Central Arizona Project Report which was
submitted to the Secretary of the Interior on December 19, 1947. The
Secretary's findings relative to CAP were submitted to Congress in
September 1948. Preliminary hearings on the project were actually
started in 1947 in the Senate and House of Representatives in advance of
submittal of the report. A favorable vote on the project (52-28) was
obtained in the Senate, but in 1951 the House Committee on Interior and
Insular Affairs postponed action until such time as Arizona's right to
the use of Colorado River water was adjudicated or settled by other
means.

In the summer of 1952, the State of Arizona initiated an interstate
suit in the Supreme Court of the United States ap-ainst California and
others to confirm its title to Colorado River water. On June 3, 1963,
the Supreme Court rendered an opinion on Arizona's entitlement to
Colorado River water. Subsequently, on March 9, 1964, the Supreme Court
decree in Arizona v. California confirmed Arizona's entitlement to
2,800,000 acre-feet annually ()f the first 7,500,000 acre-feet of
Colorado River mainstream flow available to the three Lower Basin States
plus 46 percent of flows in excess of 7,500,000 acre-feet.

On June 4, 1963, the day following the Supreme Court opinion,
bills to authorize CAP were introduced in both Houses of Congress.
From this time through 1968, many additional bills and amendments were
introduced proposing different versions of the CAP, and hearings were
held yearly.

The most significant bills considered were:

a. S.1658, introduced June 4, 1963.
b. H.R. 4671, introduced February 9, 1965.
c. H.R. 3300, introduced Januarv 23, 1967.
d. S.1004, introduced February 16, i957.
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Different versions of the CAP were passed by the United States
Senate (S.1004, August 7, 1967) and the House of Representatives
(H.R. 3300, May 16, 1968). S.1004 cleared a conference committee on
Au~ust I, 1968, and was approved by both House and Senate. The compromise
version became Public Law 90-537 with the approval of President Johnson
on September 30, 1968.

During the lon~ legislative history of the CAP, many environmental
issues were examined by various Congressional committees. Persons and
groups demanding that environmental consequences of the project be
considered, presented their views to a responsive Con~ress. Hualapai
(Bridge Canyon) and Marble Canyon Dams on the Colorado River were dropped
from the project as a result of opposition from environmental groups.
A decision was made by the Congress and the Department of the Interior
that a thermal electric generating station was a feasible alternative to
provide pumping energy and financial assistance to the project.

In consideration of environmental concerns over effects of the
dams on the Grand Canyon area, the Secretary of the Interior directed
the Bureau of Reclamation to reevaluate and study all possible power
alternatives for the project. Studies led to a recommendation that
the Federal Government participate with public and private power utilities
in the development of a large coal-fired thermal power unit which later
became known as the Navajo Generating Station. It was this revised
power development program and recognition of the Mexican Treaty obligation
as a National responsibility which provided the final catalyst for quick
Congressional approval and authorization of the project.

Agency and Congressional awareness of and response to environmental
issues also resulted in lan~uage in the authorizinr, legislation which
provides for further study of alternatives for Orme and Hooker Dams.

2. Legislative Requirements

Public Law 90-537, the Colorado River Basin Project Act, authorizes
construction of CAP subject to a number of specific requirements and
restrictions. Generally, these conditions are imposed in order to assure
that existing rights are protected or that operation of the project is
consistent with National policies and preferred water mana~ement practices.
The requirements relevant to this stateMent are listed below:

All contracts for project water will be suhordinate to all
rights to Colorado River water perfected at the time the Boulder Canyon
Project Act became effective (June 25, 1929), all rights decreed by the
Supreme Court in Arizona v. California, and all contracts made pursuant
to the Boulder Cany;,n Project Act between the Secretary of the Interior
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and Arizona, California, and Nevada users existing at t~e time of authori
zation. Indian water rights not adjudicated in Arizona v. California
will also be protected. Additionally, Buttes Dam and Reservoir shall be
operated so that rights of users under the Gila Decree (Globe Equity
Numbered 59) are not prejudiced. The operation of Hooker Dam and asso
ciated diversions from the Gila River will be subject to the availability
of exchange water from the Colorado River and the absence of economic
injury to downstream contractors of the Gila River system in Arizona. In
times of shortage or reduction of project water, users which have yielded
water from other sources for project water will have a first priority to
receive the supply available from the project. A further stipulation is
made that CAP diversions from the Colorado River shall be limited so
that California diversions can be maintained at 4,400,000 acre-feet
annually. Nevada is not required to share shortages in any proportion
greater than would have been imposed in the absence of the 4,400,000 acre
foot priority to California.

b. Protection of Indian Reservations

Section 302 of Public Law 90-537 delineates the conditions
which must be met relative to obtaining Indian lands for project use.
The Secretary of the Interior must offer to pay fair market price for
all lands and improvements required for project purposes. Authoriza
tion to pay relocation expenses is also included. If the Secretary is
unable to purchase the land and improvements, they may be obtained
through eminent domain proceedings. Owners of land acquired under the
provisions of Section 302 retain the right to use or lease the land for
purposes not inconsistent with the project. In addition to monetary
compensation for the Indian lands obtained from the Fort McDowell
Indian Reservation, the Secretary must add to the reservation 2,500 acres
of nearby and suitable land so that a reasonable land base will be main
tained for the reservation. The affected Indian communities shall have
the right, under a plan approved by the Secretary of the Interior, to
develop and operate recreational facilities at Orme Reservoir located
on or adjacent to their communities.

c. Provisions Regarding Irrigation of Lands and Irrigation
Systems

Congress imposed certain operational and contracting require
ments upon the project. Public Law 90-537 requires that (1) project
water not be made available for irrigation of lands that do not have
8 recent history of irrigation, except in the case of Indian lands, and
fish and wildlife refuges and management areas; (2) controls must be in
effect which prohibit the expansion of irrigation from aquifers affected
by the project; (3) canals and distribution systems transporting project
water must be lined to prevent excessive losses; (4) for a period of
10 years from the date of enactment, no water can be delivered for the
production of surplus crops on newly irrigated lands; and (5) no ground
water may be exported from the service area unless a surplus of ground
water exists and drainage is required.
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Public Law 90-537 provides that, to the extent it can be
accomplished without economic injury to the holders of downstream water
riRhts, New Mexico can increase its consumptive use on the Gila River
by an average of 18,000 acre-feet per year above the amount in the
decree in Arizona v. California. This increase requires an exchange
system in ;tlich--Arizonal1se-rsC;f project water who are also users from
the Gila River make their Gila River rights available for use in
New Mexico.

In general, the Gila River Basin with its principal tributaries
from above Painted Rock Dam to the upper reaches of the river in
southwestern New Mexico will be the area of principal benefit from the
project. This area encompasses the metropolitan areas of Phoenix and
Tucson and the large agricultural complex located primarily in Maricopa,
Pinal, and Pima Counties in central Arizona. It is to these areas in
central Arizona that direct delivery of Colorado River water can be
made. Communities and agricultural areas located in and adjacent to the
upper Gila River watershed primarily in Grant County, New Mexico, may
also receive the additional water made available through exchange agree
ments between the project and central area water users in Arizona. Water
will also be delivered to Tucson from the proposed Charleston Dam and
Reservoir in Cochise County, Arizona. Agricultural areas in the San Pedro
River Basin located below the proposed dam will obtain better regulation
and control of riverflows, and may also receive additional water supplies
on a usable schedule. In addition, exchange water has been requested
which, would permit an increase in outdoor recreation and fish and wildlife
enhancement through development and operation of upstream lakes on tri
butaries of the Gila River system.

Approximately 54,000 acres of right-of··way will be required to
constructed the project, which will take about 10 years to complete at
a total authorized 1968 index cost of $832,180,000, plus or minus such
amounts as may be justifed by reason of ordinary fluctuations in construc
tion costs.

Almost all the direct project service area in central Arizona lies
between 900 and 2400 feet above mean sea level. The valley floors in
the upper Gila River Basin range in elevation from 2500 to 5000 feet
and those of the San Pedro from 2500 to 4000 feet. The higher woodland
exchanp,e areas in the Salt, Verde, and Gila River watersheds in Arizona
generally range fro~ 4000 to over 10,000 feet in elevation.

The physical facilities of the project will extend outside the
boundaries of the central service area. Primary facilities to convey

11



Colorado River water into Maricopa, Pinal, and Pima Counties in central
and southcentral Arizona will be the proposed Granite Reef, Salt-Gila,
and Tucson Aqueducts. From the Lake Havasu diversion facilities in
Yuma County, Arizona, this backbone aqueduct system will traverse over
307 miles in a ~eneral southeasterly direction throu~h the sonoran
desert region of Arizona to a point just north of Tucson. Granite Reef
Aqueduct will connect Lake Havasu with Orme Dam and Reservoir northeast
of Phoenix at the confluence of the Salt and Verde Rivers. It will also
connect with the Salt-Gila Aqueduct which will terminate at the
Marana Reservoir near Marana, Arizona, in the south central service area
northwest of Tucson. The Tucson Aqt~duct will then carry water to its
terminal point north of Tucson, where it will connect with the existing
water system. The elevation along this route will vary from 450 feet
above mean sea level at Lake Havasu, to over 2200 feet near the terminal
point of the Tucson Aqueduct.

The four project dams - Orme, Buttes, Charleston, and Hooker 
will all be located adjacent to or outside the direct water service
areas of the project. Secondary canal and pumping systems will be
constructed to link the proposed project reservoirs at the Orme, Buttes,
and Charleston sites to the project service area. The direct connection
of Orme and Buttes Reservoirs to the Colorado River conveyance system
will allow deliveries of local water supplies to be coordinated with
those of imported Colorado River water. The proposed Hooker Dam and
Reservoir will provide a facility to conserve waterflows on the upper
Gila River so that exchange agreements with western New Mexico water
users can be effectuated.

2. .General Project Opera~ion 3,6,9,12,13,115

The Colorado River will be the major source of CAP water.
Releases from Glen Canyon Dam will be governed by coordinated long-range
operation criteria, as required by Public Law 90-537. Glen Canyon
releases and intervening inflow between Glen Canyon Dam and Lake Mead
are regulated by Hoover Dam. which is operated under provisions of the
Boulder Canyon Project Act and the Boulder Canyon Project Adjustment
Act. Releases from Hoover Dam are made to meet contractual commitments
to water users in Arizona, California, and Nevada, including water rights
as stipulated in the Supreme Court decree in Arizona v. California and
the obligations of the Mexican Water Treaty.

The annual Colorado River diversion to central Arizona will
range from an estimated minimum of 0.38 million acre-feet during extreme
drouth to the designed capacity of about 2.2 million acre-feet during
periods of surplus water availability. The project will deliver a lonp,
term average of about 1.2 million acre-feet annually. The Secretary of
the Interior, working with state agencies, conservation and irrigation
districts, and within the state water law structure. will make specific
water allocations and subsequent contracts based on the availability of
Colorado River water and the local water-supply conditions and needs.
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Throu~h hydrolop,ic coordination and water exchange provisions, vital and
essential basin-wide water uses will be possible, including new water
resource development in weste~ New Mexico. Final operational criteria
will be established for the aqueduct system from coordinated operation
studies of the entire Colorado River and Gila River systems during the
preparation of the definite plan report, water service contract nep,otia
tions, and preparation of standard operating procedures.

a. R~vasu Intake Channel, Pu~ing Plant, and Buckskin
Mountains Tunnel. 70,115,116

As required by Public Law 90-537, water for the Central
Arizona Project will be diverted from Lake Havasu on the Colorado River.
This will be accomplished by the construction of an intake channel within
the Bill Williams arm of Lake Havasu, a landform embankment structure
to protect the channel from sediment deposition, a single-lift pumping
plant on the shore-line, two discharge lines from the plant, and a tunnel
through the Buckskin Mountains to the Granite Reef Aqueduct canal section.
Some 200 acres will be involved in construction. The choice of compo
nents was made after a study of alternative methods for water diversion
into Granite Reef Aqueduct. These alternatives are discussed in
Chapter VIII and in the draft environmental statement for this feature.
Alternative locations for the delivery system were concurrently studied
and are also discussed.

(1) The Intake Channel 101

Water will be drawn from Lake Havasu at a point on the
south shoreline of the Bill Williams arm approximately 2-1/2 miles
upstream from Parker Dam and about 20 miles northeast of Parker, Arizona.
The channel and the pumping plant will be located in Sections 14 and
23, T. 11 N., R. 18 W., GSRB&M. The intake channel will be located
within the boundaries of the Havasu National Wildlife Refuge, which was
created by Executive Order 8647 on January 22, 1941, and enlarged by
Public Land Order No. 559 on February 11, 1949, and embraces lands
withdrawn specifically for Bureau of Reclamation purposes on January 31,
1903; September 8, 1903; and June 4, 1930.

The intake channel is necessitated by the heavy sediment
flows from the Bill Williams River which would cause excessive wear on
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the pumping plant machinery. The intake channel will be formed with a
landform embankment structure~ constructed by loading and displacing low
density delta deposits by end--dumped fill obtained from the required
excavations for the pumping plant, discharge lines, and tunnel. The
embankment vnll be nonuniform in cross section and alinement and is
designed to approximate the configurations and colorations of the
natural peninsulas that finger out from the Buckskin Mountains into
Lake Havasu. The plan will preserve the natural and scenic value of
the shoreline area. No excavation will be required across the shoreline
fin~er ridges under this plan. This protection will reduce operation,
maintenance, and replacement costs for the pumps.

The site of the intake channel was selected usin~ sedi
ment studies and several alternative location studies, and is placed so
that the intake channel will not be adversely affected durin~ the first
100 years by the estimated average annual sediment inflow of 170 acre
feet from the Bill Williams River. Sediment deposition studies for the
Bill Williams arm of Lake Havasu were made in 1963, 1964, and 1968.
Following completion of Alamo Darn, the studies were further revised
during August 1970 to provide final design data for use in locating
the Havasu pumping plant intake channel. Estimates indicate that
sediment deposits on the south side of the lake will accumulate only
to the bottom elevation of the channel by about year 2071. Sediment
deposits will not result in the creation of a land bridge to Heron Island.

The intake channel, through which a maximum of
3,000 cfs will be drawn, will have a bottom elevation of about
424 feet. The landform embankment will have a minimum crest elevation
of 456 feet, which is ahout 6 feet above the normal operational water
surface elevation of Lake Havasu. Depending upon the amount of material
available for the landform embankment, the development plan provides
for varying the width and volume of the embankment. The length of the
embankment from State Highway 95 may be frOM about 2,100 feet to about
3,200 feet. The top of the embank~ent will provide a 30-foot-wide
access road, flanked by variable width, freeform expansions and riprap
for wave protection. It ~~ill be available for maintenance and limited
access foot travel for recreational use.

The landfo~ embankment will be constructed by dumpin~

excavated materials from the pumping plant site into the lake and allowing
them to settle, displacing the lo,~-density lake sedinent now coverin~

the bottom of the lake. This method of construction was selected on
the basis of vane shear testing which indicates that the in-~lace shear
strength of the soft silt clay sediment material ranges from about
0.5 psi at a depth of 25 feet below water surface, to 1.0 psi at a depth
of 35 feet below water surface. This method of construction was used
successfully in the construction of a highway across Candlestick Cove
on the west side of San Francisco Bay. The displacement of sediment can
be controlled by the shape of the embankment structure and rate of
placing fill material.
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The circulatory effect of project pumping will result
in varying flow velocities within the intake channel. At the beginning
of the channel, in the vicinity of the inlet, the flow velocity will
approximate 0.5 foot per second. In the main portion of tne intake
channel between the inlet and the highway crossing, the flow velocity
will drop to approximately 0.15 foot per second. Between the highway
crossing and the pumping plant intake, the flow velocity will increase
to approximately 1.3 feet per second. The above flow-velocity estimates
are based on an operating level in Lake Havasu of 447.5 feet with an
average channel depth of 23.5 feet, and an average main channel width
of 1,000 feet. With lower or higher operating water levels, the flow
velocities will increase and decrease respectively, but only to a minor
extent.

(2) The Pumping Plant

The Havasu Pumping Plant will be a low profile structure
selected for visual esthetic reasons. The top of the main structure
will be flush with the surrounding surface area. The only visible parts
of the structure will be a visitors' facility, a service building with
a crane to handle pumping equipment, and transformers (either 2 three
phase or 4 single-phase units). The pumping plant will house six
electric motor-driven 500-cfs pumps with a total capacity of 3,000 cfs.
These pumps will raise Colorado River water 800 feet through the dis
charge lines to the inlet portal of the Buckskin Mountains Tunnel.
Besides the basic low profile design of the pumping plant, the two 13-foot
diameter discharge lines running 3,000 linear feet up the hillside to
the inlet portal will be buried and the backfill will be contoured to
conform as nearly as possible to the original terrain.

Electricity will be furnished via the Parker Switchyard
at Parker Dam to a small switchyard 1/2 mile from the pumping plant. The
cable conducting electricity from the small switchyard to the pumping
plant will he buried. However, the transmission line from the small
switchyard to the Parker Substation will be aboveground. Architectural
and landscape considerations have been included in the design for the
facilities to maintain as nearly as possible the existing visual quality
of the area. In addition, the small electrical switchyard will be
equipped with improved-apPearance pothead supports and takeoff structures.
A portion of the existing Parker-Bagdad 69-kv power line may be removed
after construction of the pumping plant.

Adjacent to the pumping plant structure on the west end
of the service yard, an energy dissipating structure and channel will
be constructed to accommodate and divert floodflows from the drainage
ravines coming into the pumping plant area. The disturbed areas above
the pumping plant will be restored to their original appearance as nearly
as possible. Figure 6 shows the Havasu Intake Channel and Havasu Pumping
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Plant sites. Figure 7 shows an artist's conception of the constructed
features in place.

The proposed pumping plant site is considered the most
suitable site based on a combination of engineering and geological
studies, foundation conditions, location studies for the discharge lines
and tunnel, environmental considerations, and construction and operating
costs. Selection of the present pumping plant site was further influenced
by a geological study in the area completed in 1965 which recommended
that the pumping ~lant be located on a foundation entirely of gneiss.
Location of the plant on a sandstone foundation north of the p,neiss
sandstone contact would be inadvisable due to the suspected low bearing
strength and instability of the sandstone when saturated. The proposed
site also accommodates a discharge pipeline profile having little, if any,
side hill location and provides a shorter discharge line than any of the
other locations studied. Site preparation for the pumping plant and
power substation to the southeast of Arizona State Hi~hway 95 will
require excavation of approximately 750,000 cubic yards of material.
Surface exposure of the excavated area will extend approximately
750 feet into the wash and adjacent ridges behind the highway. The
maximum width of the general cut area will be about 600 feet. Depending
on ~eological conditions, the cuts will be excavated at about 1:1 side
slopes with berms incorporated into the deeper cuts.

Existing Highway 95 will serve as a natural cofferdam
during construction of the pumping plant. The portion of the highway
crossing the proposed intake channel will be excavated upon completion
of the detour to handle traffic flow. This excavated section will be
replaced with a precast, prestressed concrete-beam bridge with three
spans ,and two piers. The desip,n of the bridge will be compatible with
the design of the pumpin~ plant structure. The material from the
excavation will be used as fill around the pumping plant. Additional
fill material as needed will be obtained from the excavation for the
discharge lines or the tunnel. Access to the pumping plant site will
be a paved road east of the bridge and will include a visitor's parkinr;
lot. The construction road will be modified to prov! de this access to
the pumping plant after completion of construction.

The Havasu Pumping Plant and the Buckskin Mountains
Tunnel will be located within lands under Reclamation application for
withdrawal for the CAP, Application Nos. AR 031307, dated February 19,
1962; A 997, dated May 17, 1967; and A 1267, dated August 24, 1967. Both
of these structures are outside the existing boundary of the Havasu
National Wildlife Hefuge.

(3) The Buckskin Mountains Tunnel

The Buckskin Mountains Tunnel will be a 36,00Q-foot
lon~, concrete-lined structure with a 20-foot finished diameter and a
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Site location of Havasu Intake Channel, Havasu Pumping Plant and Buckskin Mountains Tunnel (north
portal) on south shore of Bill Williams Arm' of Lake Havasu. Photograph No. P344-300-985l.
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Artist's conception of Havasu Intake Channel, Havasu Pumping Plant and Buckskin Mountains Tunnel
(north portal). Photograph No. P344-300-l2523.



total slope of 33 feet between the inlet and the outlet portals. The
tunnel ,rill convey project water pumped from Lake Havasu for 6.9 miles
through the Buckskin lfuuntains to an outlet portal near Osborne Wash
for direct dischar~e into the Granite Reef Aqueduct canal section. The
inlet portal, which will receive water pumped up the hillside in the
two dischar~c lines, will be located approximately 20 miles northeast
of Parker, Arizona, in Section 23, T. 11 N., R. 18 W., at approximately
Elevation 1235. The outlet portal located near Osborne Wash will be
in Section 30, T. 10 N., R. 17 W.

The tunnel inlet portal 'viII be located at the foot of
the vertical butte on the hill above the poaping plant. The cut needed
for the structure ,rill be kept to a minimum. The portal will consist
of a concrete structure with a Maximum height of 35 feet. A maintenance
road will be constructed to provide access to the inlet portal. An
effort will be made to utilize the a1inement of existin~ jeep trails.
There will be a small parking space to accommodate maintenance equipment
near the mouth of the portal. The outlet of the tunnel will be a typical
transition structure for a tunnel-to-canal system. Construction stag
ing areas for the tunnel will be located near the tunnel portals.
Temporary po,.er1ines to the tunnel portals will be required to furnish
electricity during tunnel construction. When the tunnel is completed,
these lines will be removed and their paths obliterated. The tunnel
will follow a southeasterly course for approximately 3,590 feet, then
curve gently approximately 15 degrees and continue in a southeasterly
direction to the outlet portal. All features described above will be
located on Federal lands withdrawn by the Bureau of Reclamation.

The transition portion of the tunnel inlet portal and
the first 1,000 feet of the tunnel will be excavated by the conventional
means' of blasting. The area will be dampened to avoid a dust problem.
In addition, blasting will be controlled to minimize any adverse effect
on the great blue heron colony on Heron Island in Lake Havasu. The
spoil will be used as construction material for the intake channel land-
form embankment, backfill for the pumping plant, or will be spread over
the hillside to blend with the natural terrain. The need for stabilization
of the spoil to prevent erosion will be considered. Due to the general
inaccessibility of the tunnel inlet, the principal driving effort for
the remaining 35,000 feet of the tunnel will be from the outlet end via
a boring machine or other suitable methods of excavation available at
the time of construction.

Construction shaft sites which might be used for con
ventional tunneling methods will be more applicable for the southern
portion of the tunnel route. Adits and shafts, if utilized, will
penetrate volcanic rocks that are amenable to conventional excavation
and/or standard drilling techniques.
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The volume of material to be excavated from the tunnel
will approximate 723,000 cubic yards. The spoil material will be
deposited in selected areas and shaped to conform with the natural con
tours of the existing terrain. Stabilization of the spoil from excava
tion might be required to prevent erosion and subsequent transport to
downstream areas. Concrete aggregate for finishing the tunnel will be
obtained from commercial sources or Reclamation withdrawn land 10 miles
west of the outlet in Osborne Wash. This borrow area will be graded to
conform with the surrounding landscape after construction is completed.

b. Granite Reef Aqueduct 7,42,45,56,75,158,166,188,191,193

The Granite Reef Aqueduct canal section will extend from
the outlet portal of the Buckskin Mountains Tunnel to Orme Reservoir
located at the confluence of the Salt and Verde Rivers. The total
length of the aqueduct will be about 190 miles. About 8,900 acres of
right-of-way will be required for aqueduct construction. The aqueduct
will transport Colorado River water from Lake Havasu to the Salt-Gila
Aqueduct and the terminal regulatory facility at Orme Dam at the Salt
and Verde Rivers northwest of Phoenix, Arizona. Water delivery turn- .
outs will also be provided along the aqueduct. Northeast of Phoenix
near the aqueduct's terminus, the aqueduct's flow will bifurcate for
direct delivery to the Salt-Gila Aqueduct or for delivery into Orme
Reservoir by means of the McDowell Mountain Tunnel or channel.

The aqueduct will be an open concrete-lined gravity flow
structure having a 24-foot bottom width, a 16.43-foot depth, and a top
width of about 80 feet with a design capacity of 3,000 cfs. The right
of-way for the aqueduct will vary, depending on topographic relief and
structural requirements, from about 180 feet to between 2,000 and
3,000· feet at one point, but will average about 300 feet in width.
Total land acquisition required for the aqueduct right-of-way will be
about 6,500 acres for the canal and about 2,400 acres additionally for
cross drainage and collection systems and pumping plant sites. Design
of the aqueduct provides for balanced excavation and embankment sec
tions to reduce the need for off-line borrow areas. Excess excavated
material from the construction of the aqueduct and tunnels will be
placed within the right-of-way where possible and will be accomplished
in a manner which best conforms to the surrounding natural landscape.
The spoils will be landformed or revegetated where necessary to stabi
lize the attained slopes. Plants used for revegetation will be native
to the surrounding area.

The architectural design of the pumping plants along the
aqueduct system will be sensitive to the surrounding natural landscape.
The overall esthetic impact of these structures will be controlled by
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the use of line, form, scale, texture, and color to insure compatibility
with the surroundinp,s. In addition, special architectural consideration
will be given to the visual quality of those structures which are acces·
sible by the general public. Where practical, visitor facilities will
be incorporated into the design of the pumpinp, plant structures.

The aqueduct on its route to Orme Reservoir will cross
Interstate Route 10 approximately 2 miles north of the Little
Harguahala Pumping Plant site, and again at the Centennial Wash
siphon. The Granite Reef Aqueduct will also cross 1-17 about
23 miles north of Phoenix. Bridges will provide crossin~s for State
Route 72 about 6 miles northwest of Hope, Arizona; U. S. Highway 60
approximately 3 miles west of Hope; and U. S. Highways 60 and 89, 3 miles
southeast of Wittman~, Arizona. In addition, 36 farm and 15 county road
crossings will be required. The Santa Fe Railroad tracks will be crossed
twice; several gas transmission lines and telephone cable lines will also
be crossed. The water will be lifted through four pumping plants, and
passed through six major siphons and three tunnels. To provide access
for operation and maintenance of the aqueduct and to provide crossings
for highways and roads, 68 concrete bridges will be constructed across
the aqueduct. In connection with the bridge crossings, existing roads
and highways will be relocated where necessary to be alined with the
brid~es.

Figure 8 shows the preliminary plan and profile for a typical
reach of the aqueduct from the Cactus Plain (Mile 12.0) through the
Bouse Hills (Mile 17.0), across the Cunningham Wash (Mile 22.5), and into
the Ranegras Plain (Mile 24.0). This drawing is from a set of 15 pre
liminary maps, the others of which are on file at the Bureau of
Reclamation's Arizona Projects Office in Phoenix, Arizona. Fi~ure 9
shows' a portion of the aqueduct route near the Buckskin Mountains.

(1) Route

Beginning at the outlet portal of the Buckskin Mountains
Tunnel at Elevation 1221, the aqueduct will follow the eastern side of
Osborne Wash south through the Buckskin Mountains for approximately
3 miles, then cross the Cactus Plains in a southeasterly direction
to the north side of Bouse Hills to the Bouse Hills Pumping Plant for
a lift of 100 feet to Elevation 1314. The Bouse Hills Pumping Plant is
located in the SWl/4, unsurveyed Section 10, T. 7 N., R. 16 W., GSRB&M.
The aqueduct will continue from Bouse Hills easterly to Cunninp,ham Wash
through a siphon 3,550 feet in length, then south through the Ranegras
Plain where it will cross State Highway 72 and the Atchison, Topeka &
Santa Fe Railroad, 3 miles northwest of Vicksburg.

Continuing through the Ranegras Plain in a southeasterly
direction, the aqueduct will cross U. S. Highway 60 and Interstate 10,
3 miles west and 8 miles south of Hope, respectively.
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At the southernmost end of the Little Harquahala
Mountains, the water will be lifted 100 feet to Elevation 1400 through
the Little Harquahala Pumping Plant and directed easterly to the Harquahala
Valley south of Interstate Highway 10 and parallel to it for about 4 miles.
Little Harquahala Pumping Plant will be located in the SEt, unsurveyed
Section 18, T. 3 N., R. 13 w.

Crossing of 1-10 and Centennial Wash will be accomplished
through a siphon 5,000 feet in length prior to continuation of the aque
duct through the Harquahala Plain to Burnt Mountain. A tunnel through
Burnt Mountain will provide a northeasterly path across the Tonopah Desert
to the eastern edge of the Belmont Mountains and the Belmont Mountains
Pumping Plant, where a lift of approximately 97 feet to Elevation 1473
will direct the flow northward across the mountains and onto the
Hassayampa Plain. The pumping plant site is located in the SWt, NWt,
Section 13, T. 3 N., R. 6 w., GSRB&M. The Hasssyampa Plain will be
crossed in a northeasterly direction to a crossing at the Hassayampa
River about 20 miles south of Wickenburg and 5 miles northwest of the
White Tank Mountains.

The Hassayampa River Siphon, 6,940 feet in length~
and the Hassayampa Pumping Plant with a lift of 76 feet, will provide
a northeasterly course through a natural saddle between the White Tank
Mountains and the Wickenburg Mountains just north of Luke Air Force
Auxiliary Field No.1. The Hassayampa Pumping Plant site is located in
the NWt, SEt, Section 20, T. 4 N., R. 4 W., GSRB&M.

The aqueduct will cross U.S. Highways 60 and 89 and
the Atchison, Topeka & Santa Fe Railroad approximately 3 miles southeast
of Wittmann and then continue on a northeasterly course to the southern
end of the Hieroglyphic Mountains. The Agua Fria Tunnel, with a length
of about 3,900 feet, will provide continuation of the aqueduct in an
easterly direction toward the Agua Fria River, crossing the Beardsley
Canal on the west bank of the river.

A siphon 9,775 feet in length will cross the Agua Fria
River approximately 5 miles south of Waddell Dam. Waddell Dam is the
storage reservoir for the Maricopa County Municipal Water Conservation
District No.1. The aqueduct will continue southeasterly, then through
a 5,796-foot siphon across New River, turning north of Ludden Mountain
and the Deem Hills to a crossing point at Interstate Highway 17, just
north of Little Deer Valley, approximately 23 miles north of downtown
Phoenix. Just west of 1-17, the aqueduct will cross a tributary of
Skunk Creek just downstream from an alternative axis of the Corps of
Engineers' proposed Adobe Dam. From 1-17, the aqueduct will follow a
southeasterly course to a crossing at Cave Creek approximately 2~ miles
south of Cave Creek Dam and about 1/4 mile downstream from the axis of
the Corps of Engineers' proposed Cave Buttes Dam. The aqueduct will
enter Paradise Va Hey approximate ly 3 miles north of Bell Road and
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continue just south of the abandoned and uncompleted Verde Canal of the
long defunct Verde River Irrigation and Power District and north of most
of the present urban development. Scottsdale Road will be crossed just
south of its intersection with Bell Road. The aqueduct will pass north
of Scottsdale Municipal Airport and continue southeasterly for approximately
3 miles to the McDowell Mountain range, and cross the Salt River Indian
Reservation boundary at the northwest corner of Section 36, T. 3 N.,
R. 5 E., running easterly to a terminal point north of the Beeline Highway
(Arizona Highway 87), Section 34, T. 3 N., R. 6 E.

Aqueduct flow into Orme Reservoir will be through the
McDowell Mountains via a tunnel or open cut section.

Numerous alternatives to the present a1inement have
been considered. They are discussed, along with alternative route
concepts in general in Chapter VIII of this statement and will be dis
cussed in the individual statement covering this feature.

(2) Design Features 123

The aqueduct after leaving the Buckskin Mountains Tunnel
will include two and possibly three concrete-lined tunnels totalin~

about 11,400 feet to transport project water through Burnt Mountain, the
Hieroglyphic Mountains near the Agua Fria River, and through the
McDowell Mountains into Orme Reservoir, unless this last passage utilizes
a channel section instead. Six concrete siphons totaling about 31,500
feet will be used to convey water across Cunningham Wash, Centennial Wash,
Jackrabbit Wash, the Hassayampa River, the Agua Fria River, and New River.
These siphons will be placed under the streambed at a depth of as much
as 20 feet to the top of the siphon.

The aqueduct will contain four in-line relift pumping
plants. All four pumping plants will be provided with automatic controls
to minimize pump cycling and to maintain a constant aqueduct flow. In
the event of power outage, the surge wave from the pumping plants will
be contained within the canal prism or will be automatically released
over weirs near the pumping plant sites. Relift pumping stations will
be located at the Bouse Hills, Little Harquahala Mountains, Belmont
Mountains, and near the Hassayampa River as described above. Site prepara
tion and plant design will be in accordance with Reclamation Instructions
on Environmental Quality - Preservation and Enhancement, Series 350,
Part 376, and discussed in the statement for the Havasu Pumping Plant.

In-line check structures will be provided at 7 to 10-mile
intervals along the aqueduct to control water surface elevations and to
maintain regulating control in the aqueduct system during operations.
Automatic gates will be used on the check structures to insure proper
delivery of water to the turnout structures during minimum flow conditions,
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and also to provide adequate forebay draft for the in-line pumping
plants. Electrical control cables as well as the interconnectin~

lines from the main power source will be placed under~round along the
aqueduct banks, or within the right-of-way section, to the maximum
extent possible.

In the event of an aqueduct breach due to storm flooding
or bank failure, pumping plants will shut down and check gates will clos~
to minimize project water loss and flood damage below the aqueduct. In
such an event, aqueduct water loss will in most cases be held to the
water volume between in-line control structures. For a typical lO-mile
reach, the maximum voluMe of water that may be lost will be about
970 acre-feet at design capacity.

Aqueduct turnouts will be provided at the required
locations to furnish water to agricultural and urban areas, primarily
in the Phoenix area, and to planned recreation areas and wildlife
facilities.

To protect the aqueduct from floodflows, present designs
call for nine pipe culverts, four box culverts, nine pipe overchutes,
and 168 flume overchutes. In connection with these structures, about
160 miles of low earth dikes will be constructed above the aqueduct to
train floodflows to the cross-drainage structures. These training
dikes will be shaped and ~lined to conform with the terrain wherever
possible and will require a trench section about 2 feet deep and 4 feet
wide.

The aqueduct will also route controlled floodwaters
from behind detention dams into Orme Reservoir. The detention dams will
be constructed primarily to protect the aqueduct but they will also
protect urban and some agricultural service areas. In the Paradise
Valley area northeast of Phoenix, a detention dam will be constructed to
control and train floodflows into the aqueduct for conveyance into Orme
Reservoir. This detention dam will parallel the aqueduct, within the
right-of-way, and will be about 11 miles in length. The total width of
the right-of-way for both the canal and detention dam will be between 2,000
and 3,000 feet. The maximum height of the dam will be about 36 feet with
a top width of 14 feet.

The features authorized by the Flood Control Act of
1965 include the Indian Bend Wash project between the Arizona Canal
and the Salt River in Scottsdale and Tempe, Cave Buttes Dam on Cave Creek,
Adobe Dam on a tributary of Skunk Creek and Skunk Creek diversion and
channelization, New River Dam and channelization, Union Hills diversion
channel, Dreamy Draw nam123 and the Arizona Canal diversion channel, and
Agua Fria River channelization. Except for the Dreamy Draw Dam and the
Arizona Canal diversion channel, all of the above facilities would or
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could have their structural requirements affected or modified by pro
visions of the Granite Reef Aqueduct cross-drainage facilities. Some
effects would be greater than others. The greatest impact could be on
Adobe Dam and appurtenant structures, Union Hills diversion channel,
and Indian Bend Wash project.

(3) Operation

The basic operational plan of the aqueduct will be to
provide a fairly uniform base flow for delivery and coordination with
local surface and ground-water systems. Water will be lifted about
1,000 feet from Lake Havasu to Orme Reservoir. This will require" a
total dynamic head (TDH) of about 1,200 feet and a total installed
pumping plant capacity as shown on Table 4.

Seasonal variations of water demand will continue to
be met by ground-water pumping and/or local storage reservoir draft.
In a normal water year, when project apportionments are less than the
maximum capability of the system, the aqueduct will probably operate
for about an II-month period. A I-month shutdown period for routine
inspection and maintenance will be conducted yearly, or as needed.

In years of maximum project apportionments, when surplus
waters are available, diversions to the Granite Reef Aqueduct will pro
bably be at a maximum design capacity for 12 months a year. Project
water in excess of seasonal demands will be diverted into Orme Reservoir.
In this situation, annual inspection and maintenance of the aqueduct system
may be deferred in that water year in favor of the additional water
supply. During periods following heavy localized storms in the service
area, flows in excess of demands will also be diverted into regulatory
storage or delivered to farmlands outside the storm area to allow further
reduction of ground-water pumping. Summer storms generally cover rela
tively small areas, systemwide, and the net water demand will still be
greater than the project aqueduct system capacity. Heavy winter storms
may result in saturating the service area sufficiently to require a
reduction in aqueduct discharge. This will be accomplished by turning
off pump units, or diversion into Orme Reservoir for seasonal holdover
storage.

c. Orme Dam and Reservoir 7,41,75,95,123,156,162,163,188,190

(1) Location

Orme Dam and Reservoir will be located in Maricopa County
about 25 miles northeast of Phoenix, Arizona, at the confluence of the
Salt and Verde Rivers in Sections 5 and 6, T. 2 N., R. 7 E., GSRB&M.
Alternative locations for and alternatives to this feature have been
studied and are discussed in Chapter VIII of this statement. They will
also be discussed in the individual statement covering this feature.
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During normal operating conditions, the reservoir will
extend a maximum of 10 miles upstream on the Verde River and 10 miles on
the Salt River to Stewart Mountain Dam, inundatin~ portions of the
Salt River Indian Reservation, Fort McDowell Indian Reservation, and
Tonto National Forest. Approximately 24,000 acres would be inundated
if the reservoir were to reach maximum water surface elevation.

Approximately 5.4 miles of existing Arizona Highway 87
(Beeline Highway) will be relocated with a bridge 2,050 feet in len~th

spanning the Verde River arm of Orme Reservoir at Elevation 1484, in
accordance with Section 207(c) of Public Law 87-874. The Bush Highway
will be relocated across the crest of Orme Dam from approximately 1.6 miles
south of Orme Dam to 0.4 mile north of Orme Dam where the relocated
Highway 87 and the relocated Bush Highway will intersect.

Figures 10 and 11 show the Orme Dam site and an
artist's conception of Orme Dam and Reservoir, respectively.

(2) Design Features

The dam is planned as an earthfill embankment. Borrow
material will be excavated from the reservoir area. The structure will
rise 195 feet above the streambed to an elevation of 1,520 feet with a
crest length of about 5,700 feet. The dam, with a base width of about
1,300 feet, will taper to a 40-foot roadway at top, providing a freeboard
of 6.5 feet above the maximum water-surface elevation of 1,513.5 feet.

The foundation is adequate for either a concrete or
earthfill structure. Economics of design indicate that an earthfill
dam is preferable to a concrete structure. A structure consisting of
earthfill embankment and a center section of concrete with a spillway
was considered in 1947.

An estimated sediment deposition of 50,000 acre-feet
in a 100-year period originating from the uncontrolled Verde River
watershed below Bartlett Dam and the Salt River watershed below Stewart
Mountain Dam was used in determining the reservoir capacity.

A saddle dam with a 2,600-foot crest, rising to a maximum
height above the cutoff trench of about 60 feet, will be required at
the saddle southeast of the dam's left abutment. The elevation of this
saddle is 1,450 feet.

Releases from the dam will be made directly into the
natural Salt River channel for diversion at the existing Granite Reef
Diversion Dam (Salt River Project) or for pumping into the Salt-Gila
Aqueduct using the Orme-Granite Reef Pumping Plant. This pumping plant
will be a low profile structure, similar to the Havasu Pumping Plant.
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TABLE 4
LOCATION, PUMP LIFr, FLOW, AND ENERGY REQUIREMENTS

FOR HAVASU AND FOUR IN-LINE PUMPING PLANTS

Estimated Installed
Mile TDH Q Capacity
Post (ft. ) (cfs) (mw)

Havasu 0 820 3,000 285

Bouse Hills 17 105 3,000 35

Little Harquahala 50 105 3,000 35

Belmont Mt. 100 97 3,000 33

Hassayampa River 113 81 3,000 26
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The reservoir space will be allocated as shown in
Table 5. The land areas to be inundated by the various reservoir levels
are listed in Table 6.

(3) Op,eration

Orme Dam and Reservoir will be operated in coordination
with the Salt River Project storage system and diversions from the Colorado
River through the Granite Reef Aqueduct. In addition to providing terminal
regulatory storage for the Granite Reef Aqueduct, the reservoir will provide
flood control for the Phoenix metropolitan area.

Orme Dam and Reservoir will provide operational flexi
bility to the Granite Reef Aqueduct and will allow the stora~e of
Colorado River diversions during low water demand periods or during
aqueduct shutdowns. The reservoir will also facilitate diversions to I

the Salt-Gila Aqueduct when maintenance is scheduled for the Granite
Reef Aqueduct or when emergencies occur. In addition, the reservoir
will provide storage capacity for the conservation of flood spills occur
ring from the Salt River Project storage system. The reservoir will
maintain a minimum pool of about 43,000 acre-feet to provide capacity for
sediment control and open water for development of recreation and fish
and wildlife resources.

Metropolitan flood control plans allied to flood
stora~e in Orme Reservoir call for a flood channel with a capacity of
50,000 cfs to be constructed from Granite Reef Diversion Dam to Indian
Bend Wash and 80,000 cfs downstream from Indian Bend Wash through
Phoenix. With this anticipated flood protection, th~ City of Phoenix
is planning an ai rport runway extension which has not been possible due
to flooding problems. In addition, the City is endeavorin~ to optimize
safe use of flood-plain lands by supporting the "Rio Salado Project,"
a proposal for a greenbelt park-utility strip throu~h a metropolitan
area now unusable because of periodic flooding.

The channelization of the Salt and Gila River, between
Granite Reef Diversion Dam on the Salt River and Gillespie Darn on the
Gila River below Buckeye, was authorized by the Flood Control Act of
1960. The levees included in this authorization would have their channel
ma~nitude reduced through Tempe, Phoenix, and the Fred J. Weiler Greenbelt
by coordination and control effected by Orme Dam.

A Corps of Engineers' project authorized by the Flood
Control Act of July 14, 1960, which included levees along the Salt River
in the Phoenix and Tempe areas would be assisted by the control that
would be effected by Orme Dam. The Dreamy Draw Dam and other
features related to it, authorized by the Flood Control Act of 1965, will
not be affected by the construction of Orme Darn.
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(1) Route

The Salt-Gila Aqueduct will be~in at the bifurcation
structure near the terminus of the Granite Reef Aqueduct in the NEl/4,
Section 3, T. 2 N., R. 6 E., GSRB&M, near the Salt River and will con
tinue south across the Gila River to a bifurcation turnout near
Picacho Reservoir south of Florence, Arizona. There the aqueduct will
turn east through the Picacho Mountains before turning south again to
terminate in the SEl/4, Section 8, T. 11 S., R. 11 E., near Marana,
Arizona. The total length of the aqueduct will be about 97 miles.
About 5,800 acres will be required for right-of-way. Alternative routes
have been studied and are discussed in Chapter VIII of this statement.
They will also be discussed in the individual statement covering this
feature.

The Salt-Gila Aqueduct will transport Colorado River
water to designated water contractors within the project service area.
Operational characteristics and environmental considerations will be
similar to those discussed earlier for the Granite Reef Aqueduct. lolater
will be available for diversion to the Salt-Gila Aqueduct from either
the Granite Reef Aqueduct or Orme Reservoir, and from Buttes Reservoir
at times. Project diversion of regulated water released from Orme Reservoir
to the Salt-Gila Aqueduct will be made through the Orme-Granite Reef
Pumping Plant connected to the aqueduct as mentioned earlier. This
pumping plant will have a total pump list of approximately 180 feet
and a design capacity of 1,800 cfs.

(2) Design Features

The aqueduct will be an open, concrete-lined canal.
The first 63 miles of the aqueduct will have a design capacity of
1.800 cfs, pending possible adjustments for water allocations to users.
The remaining 34 miles will have a capacity of 750 cfs. The 1,800-cfs
section will be about 15 feet deep and have a top width of approximately
64 feet. The 750-cfs portion will be nearly 10 feet in depth and have
a top width of over 40 feet.

The open aqueduct was selected on the basis of com
parative cost studies of pipe versus canal made for the Granite Reef
Aqueduct which indicated an increase approximately 3 times greater for
pipe than for open aqueduct.

Three re1ift pumping plants similar in design and
environmental considerations to the Granite Reef aqueduct in-line
pumping plants will be required at various locations along the Salt--Gila
Aqueduct. The Salt-Gila Pumping Plant will be located in the NWl/4,

26



TABLE 5
ALLOCATION OF RESERVOIR SPACE IN OlUtE RESERVOIR

Cumulative Water Surface
Capacity Capacity Elevation

Function (Acre-Feet) (Acre-Feet) (Feet)

Dead (sediment) 2,000 2,000 1340

Inactive 41,000 43,000 1374

Conservation 367,000 410,000 1437

Flood Control 950,000 1,360,000 1500

Surcharge 290,000 1,650,000 1513.5

TABLE 6
LAND AREAS INUNDATED BY OlUtE RESERVOIR AT

VARIOUS WATER LEVELS

Lands Inundated (acres)

Elevation
Ft. McDowell Salt River Tonto Nat1.
Reservation Reservation Forest Total

1374

1437

1513.5

800

5,400

14,800

600

900

1,300

900

3,400

7,900

2,300

9,700

24,000



Section 19, T. 2 N., R. 7 E., approximately 4 miles south of the bifur
cation structure of the Granite Reef Aqueduct. This pumpin~ plant will
be designed to pump 1,800 cfs at a total design head of 84 feet.
The Picacho Nountains No. 1 Pumping Plant will be located approximately
65 miles southeast from the beginning of the aqueduct in the NHl/4,
Section 27, T. 6 S., R. 9 E., and will have a desip,n head of 146 feet.
The Picacho Mountains No. 2 Pumpin~ Plant will be located approximately
66 miles southeast from the beginning of the aqueduct in the SEl/4,
Section 26, T. 6 S., R 9 E., and will have a design head of 310 feet.
Both plants will be designed for a capacity of 750 cfs. Each plant and
appurtenances will occupy approximately 5 acres of foothill and desert
land. The Salt-Gila Pumping Plant will be located on Federal land and
the Picacho Mountains plant on land that is presently state land.
Material excavated for preparation of the pumping plant sites will be used
where necessary for backfill and embankment in the plant areas or will
be disposed of in approved areas.

Siphons sized to carry the same capacity as the aque
duct will be required at the Salt and Gila Rivers and at 17 major washes.
These siphons will be buried at a depth of about 20 feet below the top
of the siphon. The average length of the siphons will be about 300 feet
with the lon~est being the Salt and Gila River siphons which will be
approximately 9,180 feet and 2,012 feet, respectively. Other siphons
will range from about 630 feet at Queen Creek to 175 feet at Mile 91.5.
Fifteen of the siphons will be located in Reach 6 of the aqueduct between
the Picacho Mountains pumping plants and the Marana Pumping Plant. In
addition, 57 flume overchutes, 12 pipe overchutes, 4 box culverts and
4 pipe culverts will be required to prevent floodf1ows from dama~ing

the aqueduct. Approximately 60 miles of low dikes, 7 miles of channel,
and the relocation of approximately 1 mile of the existing Florence
Retarding structure (Soil Conservation Service) will be required to divert
the floodflows into these cross drainage structures.

Additional flood protection for the Salt-Gila Aqueduct
will be provided by the existing Powerline, Vineyard Road, Rittenhouse,
Magma, and Florence Flood Retarding structures constructed by the Soil
Conservation Service. The Salt-Gila Aqueduct will closely parallel
these retarding dams for about 18 miles. The planning and final loca
tion of these SCS structures were coordinated with the Bureau of
Reclamation's layout of the Salt-Gila Aqueduct to minimize ri<:!ht-of'-way
requirements and maximize joint flood control protection and benefits
for both agencies. The proposed SCS Spookhill Retardin~ structure would
also directly parallel the Salt-Gila Aqueduct and would provide an addi-
tional 5 miles of flood protection.

To provide access for operation and maintenance of the
aqueduct and to provide crossings for existing roads, highways, and
railroads, 61 bridges will be constructed across the aoueduct. There
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will be 5 state highway bridges, 34 county road bridges, 21 farm road
bridges, and 1 railroad bridge. Existing roads and highways will be
relocated where necessary to realine them with the bridges. Present
design plans indicate that the bridges will be constructed of precast
concrete girders and flat slab decks.

The right-of-way for the 1,800-cfs portion of the
aqued~ct will be 250 feet wide and 200 feet wide for the 750-cfs section.
Approximately 2,700 acres of land will be required for the aqueduct and
about 3,100 additional acres for dikes, diversion channels, and pumping
plants. Of the total acreage, approximately 2,400 acres are private
land, 3,000 acres are state land, 300 acres are Federal land, and
100 acres are Indian land. The aqueduct has been located and designed
to use balanced cut-and-fill sections which will minimize the need for
borrow. Construction haul roads will be on the aqueduct alinement. The
vegetation on the right-of-way is sonoran desert type as discussed in
Chapter II of this statement.

(3) Operation

Owing to a wide variation in seasonal water supply and
demand and a combined municipal, industrial, and agricultural water
requirement, it will be necessary to have a wide range of operational
capacity for the Salt-Gila Aqueduct. Utilization of the aqueduct's
maximum design capacity will be during peak demand periods in the
summer months and in years when surplus project water will be available
from the Colorado River or from Orme Reservoir storage.

Heavy winter storms may at times require immediate
reduction of project diversion to the Salt-Gila Aqueduct. In this
event, reduction in aqueduct discharge will be accomplished by turning
off the pumping units and diverting excess flows from the Granite
Reef Aqueduct into Orme Reservoir. A similar situation may occur as
a result of intense local summer thunderstorms. In most of these
summer storm instances, the extent of the area affected will be small.

Operation of the reach of Salt-Gila Aqueduct south of
the Gila River will be coordinated with project releases from Buttes Dam
and Reservoir for delivery of water to the service areas in Pinal and
Pima Counties. It will also be necessary to coordinate operations of
both Buttes and Orme Reservoirs with those of an integrated Salt-Gila
Aqueduct and San Carlos Project distribution system. Therefore, the
Salt-Gila Aqueduct will be designed to tie, by gravity, directly into the
existing main conveyance system for the San Carlos Project at the
Gila River siphon. At this point, replacement water under an exchange
a~reement with water users in the upper Gila River basin in New Mexico
can be delivered to the San Carlos Project. in addition to its alloca
tion from CAP.
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e. Buttes Dam and Reservoir 11,41,48,54,75,77,80-82,150,
-------- 151,155,170,172,175

(1) Location

Buttes Dam and Reservoir will be located on the Gila
River about 14 miles east of Florence, Arizona, in a narrow ~orge about
4 miles upstream from the existing Ashurst-Hayden Diversion Darn.
Figures 12 and 13 show Buttes Dam site and an artist's conception of
Buttes Dam and Reservoir, respectively. Alternative locations have been
studied and are discllssed in Chapter VIII of this statement. They will
also be discussed in the individual statement covering this feature.

(2) Design Fe~~~~

The dam will be an earthfill structure rising about
210 feet above the streambed and about 290 feet above the foundation
to an elevation of 1,796 feet, with a crest length of about 950 feet.
A concrete-lined chute spillway with a maximum capacity of 251,000 cfs
will be located in the south abutment. Flood releases will be con
trolled by six 44x33-foot radial gates. The diverging concrete-lined
spillway channel will terminate in a river level stilling basin. Two
valve houses and stilling basins will be required. One of these,
located at the downstream end or outlet portal of the diversion tunnel,
will be used to discharge water directly into the river. The other will
be located at the e~d of a 102-inch pipe. It will be used to regulate
irrigation releases to a supply canal which will be constructed along
the north side of the river. The concrete-lined supply canal will
have a capacity of 1,200 cfs. It will terminate 3-1/2 miles do,~stream

at the existing Ashurst-Hayden Diversion Dam where it will be connected
to the San Carlos Project main canal and the proposed Salt-Gila Aqueduct.
The Ashurst-Hayden Diversion Darn will be preserved for use during main
tenance or emergency periods.

Geologically, the area in the vicinity of the damsite
was investigated by the Geological Survey in 1899, the Soil Conservation
Service in 1936, the Bureau of Indian Affairs in 1940, the Corps of
Engineers, in 1943, and the Bureau of Reclamation in the early part of
1958. On the basis of these investigations, the site was recommended
as being geologically suitable for the construction of either a concrete
or earth dam.

Sufficient quantities of embankment material are
available within the reservoir area. Therefore, it will not be neces'
sary to obtain additional land for borrow areas or construction haul
roads. Temporary construction offices will also be located within the
reservoir area.
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Studies which resulted in establishment of the total
capacity of Buttes Reservoir at 366,000 acre-feet considered both the
physical characteristics of the site and the storage requirements. The
physical characteristics of the site offered no opportunities for signi
ficantly improving benefit-cost relationships by raising or lowering the
dam within the limitations imposed by sediment and conservation storage
requirements.

It has been estimated on the basis of San Carlos
Reservoir experience that at the end of a 50-year period, sediment
deposition in Buttes Reservoir would be approximately 133,000 acre-feet
from a contributing area of 5,300 square miles. On this basis, the
estimated useful life of the conservation storage pool is considered
to be 100 years. Additional studies now being made, and utilizing
streamflow-sediment transport data, indicate that the above value for
estimated sedimentation may be too large.

The storage capacity in Buttes Reservoir is presently
allocated as shown in Table 7.

The reservoir area will be 6,200 acres at maximum water
surface elevation and 5,500 acres at the top of the conservation level.
A minimum pool of 2,000 acre-feet with 200 surface acres will be main
tained in Buttes Reservoir to provide a minimum water resource for fish
and wildlife preservation and recreation.

(3) Operation

The operation of Buttes Dam and Reservoir will provide
conservation of water, flood control, sediment control, and enhance
ment '~~portunities for recreation and fish and wildlife resources.
Floodflows of the San Pedro River uncontrolled by Charleston Darn and
Reservoir and other side channel inflows to the Gila River below
Coolidge Dam, located on the Gila River 62 miles upstream, will be
stored in Buttes Reservoir. This added control will reduce flooding
and facilitate project releases. Sediment detention in Buttes Reservoir
will reduce the operational and maintenance problems presently existing
on the San Carlos Project, including the Ashurst-Hayden Diversion Darn,
the canal system, and at Picacho Reservoir.

The reservoir will be operated in coordination with
San Carlos Reservoir to prOVide optimum development of the surface
water resources. Operations of Buttes Reservoir will be in accordance
with provisions of the Gila Decree and any modification or amendments
thereto.
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Site location of Buttes Dam and Reservoir looking east. Photograph No. P344-300-8668.
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TABLE 7
ALLOCATION OF STORAGE SPACE IN BUTTES RESERVOIR

Cumulative
Capacity Capacity Elevation

Function j,Acre-Feet) (Acre-Fe_eO (Feet)

Inactive and
Sediment Control 133,000 133[,000 1625

Conservation 100,000 233,000 1750

Flood Control 133,000 366,000 1778

Surcharge 54,000 420,000 1787.5
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f. Tucsop A9u~duct 49,75

(1) Route

The Tucson Aqueduct will originate at the Marana Pumping
Plant in Section 9, T. 11 S.t R. 11 E., GSRBMf, 2 miles northwest of
Marana, Arizona t in Pima County. The aqueduct will proceed in a south
easterly direction from the Marana Pumping Plant for approximately 4 miles
to the Marana Regulating Tank. From this point, the aqueduct will con
tinue its southeasterly direction for approximately 16 miles to its
terminus in the NEl/4, Section 8, T. 13 S., R. 13 E., GSRB&M, north of
Tucson, Arizona. The terminus of the aqueduct will tie to the existing
Tucson distribution system through future extensions. The aqueduct
alinement was selected as the most economic to deliver water, using the
minimum hydrostatic head on the greater portion of the pipeline length.
Alternative routes have been considered, as discussed in Chapter VIII,
and will be discussed in the individual statement covering this feature.

(2) Design Features

The aqueduct is planned as an underground concrete pipe
about 6 feet in diameter with a capacity of 150 cfs. The Marana Pumping
Plant, similar in design and environmental considerations to the plants
already discussed t will be the only pumping plant in this reach of the
aqueduct. The total design head of the pumping plant will be 460 feet
with a capacity of 150 cfs. A l,OOO-acre-foot regulating reservoir is
also planned at the Marana Pumping Plant site. A regulating tank will
be constructed on the aqueduct approximately 4 miles northeast of the
Marana Pumping Plant.

A right-of-way width of about 99 feet will be required
for construction and operation of the Tucson Aqueduct. The total length
of the aqueduct right-of-way is 20 miles and will contain 290 acres of land.
Of the total acreage in the right-of-way, 140 acres is private land and the
remaining 150 acres is state land. Fifty acres of the right-of-way will
be required for construction of the Marana Re~ulating Reservior.

Clearing of native vegetation in the construction area
will be minor, with very little restoration required. No replacement of
public or private utilities or other improvements will be required in
the construction area.

Existing roads will be used for access to the general
working area for construction. A service road will be constructed along
the aqueduct alinement for maintenance purposes. Since the aqueduct is
a closed conduit, borrow areas will not be necessary. Earth materials
investigations show that materials excavated for the pipe trench will
be suitable for use as compacted embankment and for backfill about the
pipe.
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(3) Operation

The Tucson Aqueduct will transport Colorado River water
to Tucson from the terminus of the Salt-Gila Aqueduct. The aqueduct is
currently planned to supply the Tucson area with about 100,000 acre-feet
of water annually. Flows in the aqueduct will be regulated in respect
to consumptive use requirements in the Tucson area.

g. San Pedro Aqueduc~ 49,75

The San Pedro Aqueduct, an all-pipeline system, will ori~inate

at Charleston Reservoir on the San Pedro River. Water will be released
from a controlled outlet through the dam into the pipeline system. The
head from the reservoir will provide for the flow to a pumping plant
approximately 4 miles downstream on the west bank of the San Pedro River.
The pumping plant will raise the water about 320 feet through a 5-l/2-mile-
long pipeline westerly to Elevation 4250 in Section 15, T. 20 S., R. 20 E.
From this point a gravity pipeline will carry the flow northwesterly and
through Mescal Pass and then to the vicinity of Tucson where it will tie
into the Tucson muncipal water distribution system.

The aqueduct will be designed to carry a flow of 18 cfs for
an annual average of 12,000 acre-feet of water that will be delivered to
Tucson to partially supply its needs. Its total length will be approxi
mately 64 miles and will consist of concrete pipe ranging from 21 to
33 inches in diameter. About 750 acres of mostly unimproved land will
be required in construction of this feature. The pipeline will be buried
to a minimum depth of 3 feet. A 99-foot right-of-way will be required
for construction and later for operation and maintenance purposes.
The land will be cleared to the extent required for construction and
restored as nearly as possible to its original condition. This aline
ment was selected because of the location of the terminus, and because
of the general topographic contour which the pipeline will follow. Alter
native routes are discussed in Chapter VIII and will be discussed in
the individual statement covering this feature.

h. Charleston Dam and Reservoir 7,14,44,49,54,75,172

(1) Location

The proposed damsite is located on the San Pedro River
in Cochise County, Arizona, about midway between Tombstone and Sierra Vista,
and about 24 miles upstream from Benson. The dam will be in Section 2,
T. 21 S., R. 21 E., GSRB&M. Approximately 6,750 acres will be required
in development of this feature. Alternative sites for the dam and
reservoir, discussed in Chapter VIII, will be discussed in the individual
statement covering this feature. Figures 14 and 15 show the damsite and
an artist's conception of the dam and reservoir, respectively.
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Artist's conception of Charleston Dam and Reservoir. Photograph No. P344-300-l2524.



The reservoir when full will extend about 9 miles upstream
on the San Pedro River and will inundate about 5,600 acres of land. Owner
ship of land in the reservoir area is primarily patented land including
Spanish Land Grant properties. Some of the land is under Government with
drawal. The reservoir will require some right-of-way from the military
reservation at Fort Huachuca.

The reservoir area is crossed by State Highway 90 in
the upper reaches and a county road linking Tombstone and Sierra Vista
near midreservoir. The Southern Pacific Railroad trackage extends the
length of the reservoir on the east side of the river, with a spur
extending to Fort Huachuca on the west. The Tombstone water supply
line from Miller Canyon crosses about 2 miles of the reservoir area south
of Bronco Hill.

(2) Design Features

The dam, as presently designed, will be a double
curvature, thin arch concrete structure rising about 160 feet above
streambed to a dam crest elevation of 4090. The dam will have two
thrust blocks to spread the load stresses to the foun~ation. The arch
portion of the dam will have a curvature length of 860 feet and a total
thrust block length of 570 feet.

In addition to the dam, an earthfill dike will be built
in the topographic saddle which extends from about 4,500 to about 8,000 feet
west of the river.

The Bureau of Outdoor Recreation has studied the need
for land around the reservoir for public recreation use. Based on the
Bureau of Outdoor Recreation's recommendation, an additional 1,150 acres
of land will be acqui·red in connection with the acquisition of reservoir
land for this purpose.

Major relocations will include portions of the Southern
Pacific Railroad, the county road connecting Tombstone and Sierra Vista,
and State Highway 90. The Southern Pacific Railroad will be relocated
to a higher elevation on the east side of the reservoir, the county road
will be relocated downstream of the damsite, and the state highway will
be. relocated about 1,800 feet upstream from the present bridge. The final
determination has not been made concerning the extent of relocation of
the Tombstone water supply line.

Construction materials can, for the most part, be
obtained from the damsite and the reservoir pool area. Floodplain
deposits within the reservoir will be the primary source for both imper
vious and semipervious earthfil1. Channel deposits of the San Pedro
River and major tributaries are the readily available sources of sand
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and gravel. Riprap can be obtained from required foundation excavation
and from sources in the immediate area of the damsite.

About 238,000 acre-feet of capacity is anticipated for
the multiple functions of the reservoir. This figure does not include
flood surcharge. Initial reservoir allocations are listed in Table 8.
The inactive level will be periodically reallocated as sediment buildup
occurs. The initial allocation at a low level allows a smaller pool
surface which reduces evaporation losses.

(3) Operation

The dam and reservoir will provide conservation of water
and control of stormflows of the San Pedro River. Regulation of normal
flows, together with retention of stormflows, will benefit downstream
users. Downstream water rights will be maintained. The reservoir will
provide a minimum pool of 700 acres to facilitate operational control.
The minimum pool will also be beneficial in the development of fish and
wildlife and recreational resources. The water-holding capability of
the reservoir bottom materials indicates that there will be no problems
of seepage loss or leakage.

Diversion from the dam will be made under contracts with
the Secretary of the Interior for municipal, industrial, and irrigation
service.

i. Hooker Dam and Reservoir 7,9,50,51,60,75,159,164,169,172

(1) Location

Hooker Dam site is located on the Gila River entirely
within the Gila National Forest in Grant County, New Mexico, about
10 river miles upstream from the communities of Cliff and Gila. The
specific site location is at the exit of the Gila River from its gorge
incised through the Mogollon Mountains, in the NE1!4, unsurveyed
Section 30, T. 14 S., R. 16 W., NMPB&M. The reservoir will inundate
about 10 miles of the upper Gila River in southwest New Mexico. About
1,340 acres would be inundated if the reservoir reached maximum water
level. Figures 16 and 17 show the damsite and an artist's conception
of the dam and reservoir, respectively. Alternative reservoir locations
are discussed in Chapter VIII and will be discussed in the individual
statement covering this feature.

(2) Design Features

Hooker Dam will be formed by an earthfill embankment.
Geologic and topographic evaluation indicates that an earthfill struc
ture is preferable to a concrete structure. Adequate quantities of
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TABLE 8
INITIAL ALLOCATION OF RESERVOIR SPACE IN CHARLESTON RESERVOIR

e

, ,

Area Cumulative
Inundated Capacity Capacity Elevation

Function (Acres) (Acre-Feet) jAcre-Feet) (Feet).-

Dead (sediment) 700 14,000 14,000 4000

Inactive 1,000 8,000 22,000 4010

Conservation 4,000 103,000 125,000 4055

Flood Control 5,600 116,000 238,000 4070
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Site location of Hooker Dam and Reservoir looking northeast. Photograph No. P344-300-8636.
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construction materials are readily available in the area. Foundation
and water-holding capability of the dam and reservoir appear to be
excellent. Present plans call for the structure to rise about 235 feet
above the streambed to an elevation of 4,895 feet with a crest lenp,th
of about 1,500 feet. The structure will taper from a base width of about
1,300 feet to a 40-foot-wide crest.

The dam and reservoir site is in a remote area. Addi-
tional road construction will be required to provide accessibility to
the site from the existing state, county, and Forest Service roads in
the immediate vicinity.

Hooker Dam will provide storage capacity for flood
control, sediment control, water conservation, and recreation and fish
and wildlife opportunities. The reservoir will have a conservation
capacity sufficient to implement the provisions of Subsection (f) of
Section 304 of Public Law 90-537. The space is tentatively allocated
as shown in Table 9. The land areas to be inundated by the various
reservoir levels are shown in Table 10.

The dam will be a permanent structure. The reservoir
created will prOVide for sediment deposition for a minimum period of at
least 100 years.

(3) O~ration

Hooker Dam and Reservoir will allow water users in
New Mexico to increase their consumptive use from the Gila River and
its tributaries by project water exchange a~reeMents with downstream
water users in Arizona. The downstream water users who are affected
will obtain replacement water from the CAP aqueduct system. This is
in accordance with the provisions of Subsections 304(d) and (f) (1) of
Public Law 90-537. It is anticipated that the water developed by
Hooker Dam will be used primarily for municipal purposes and for minin~

oriented industry. Diversions for M&I uses will be made available at
the dam for delivery by the contractor's system. Potential conveyance
systems from the reservoir are not a part of CAP plans or cost estimates.

Hooker Reservoir will be operated to insure that there
will be no economic injury to do,~stream contractors within the Gila River
system in Arizona. Diversions and depletions in New Mexico will be such
that the annual consumptive use will not exceed an average of 18,000 acre-
feet per year in any period of 10 consecutive years, over and above those
consumptive uses allowed New Mexico under the Arizona v. ~aliforni~ Decree.
Additional diversions will be permitted in the future when the Colorado
River is augmented and works for further exchanges are constructed.
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j. Pow~~d Transmission Requirements 68,69,103,167,199

For the purpose of supplying the power requirements of the
CAP and au~enting the Lower Colorado River Basin Development Fund, the
Secretary of the Interior was authorized and directed by Section 303 of
the project Act to determine and recommend a plan to Congress within
1 year of the effective date of the project Act. The Secretary filed
his report with Congress on September 30, 1969, concluding that takin~

into account manufacturers' warranties, motor efficiencies) power trans
formers, station auxiliary losses, and transmission losses, the electric
capacity required at the powerplant to serve the CAP operating at full
hydraulic capacity of 3,000 cfs would be 561 megawatts. The Secretary's
report recommended that the Federal Government participate in a thermal
generating powerplant as the most suitable alternative for supplying the
power requirement of the CAP. On December 12, 1969, the Secretary signed
contracts providing for participation by the United States in the
Navajo Project which consists of a thermal powerplant near Pa~e, Arizona,
and associated transmission facilities.

The power requirement was determined prior to final water
allocations to the potential water contractors, resolution of alterna
tive conveyance methods to be employed in the Phoenix metropolitan area,
more specific determination of the design value of energy, and the
concomitant hydraulic design gradient of the aqueduct system.

The following items were included to cover contingencies
to the CAP power requirement:

Item

1. An additional 14-1/2 miles of cut-and
cover section

2. An additional 100,000 acre-feet of
water to the City of Tucson

3. An increase in the canal slope

Increase

10 mw

9 mw

7 mw

With these items, the total power requirement was
560 megawatts for the 3,OOO-cfs Granite Reef Aqueduct. This rounded
figure was subsequently refined to 561 megawatts.
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TABLE 9
TENTATIVE SPACE ALLOCATION FOR HOOKER RESERVOIR

Cumulative
Capacity Capacity Elevation

Function (Acre-feet) (Acre-feet) Feet

Sediment
100 yrs. 10,000 10,000

Inactive 20,000 30,000 4780

Conservation 70,000 100,000 4863

Flood Control (under reevaluation)

Surcharge (under reevaluation) 4890

TABLE 10
LANDS INUNDATED AT VARIOUS WATER LEVELS

IN THE PROPOSED HOOKER RESERVOIR

Lands Inundated (Acres)
Gila National Forest

Elevation
Feet Forest Primitive Wilderness Total

4780 580 580

4863 9oa.!! 80 140 1,120

4890 1,Ola..V 90 180 1,340

1/ The 900 and 1,070 acres include some patented lands within the
Gila National Forest.



Prior to a heightened awareness of the multifaceted capabilities
of the Paradise Valley Reach of the Granite Reef Aqueduct to provide a green
belt area and flood protection for the Indian Bend Wash area of Phoenix,
Paradise Valley, Scottsdale, and north Tempe by means of the Paradise
Valley Detention Dam, consideration was included for an additional 7-mw
pumping plant at Cave Creek to overcome the additional friction loss for
10-1/2 miles of closed concrete conduit through this area. By using a
canal section through Paradise Valley and eliminating the Cave Creek Pumping
Plant, the effect of increased friction slope has been offset.

The 10-m~ allowance for additional cut-and-cover section does
not presently appear to be required. The final water allocation to the
Tucson metropolitan area and the upper Santa Cruz River basin with its
overdraft for agriculture, mining, and municipal purposes will remain in
the contingency stage until after water service contract negotiations are
completed.

Table 11 lists presently anticipated power requirements in horse
power and megawatts at the high voltage side of the bus at each CAP pumping
plant. Data are included for the project with Granite Reef Aqueduct capac
ity of 3,000 cfs.

The total megawatt demand at the high volta~e side of the bus
was multiplied by 1.09 to allow for transmission system losses. For the
3,000-cfs aqueduct the 483-megawatt demand at the high volta~e side of the
bus at the pumping plant requires a 527-megawatt output at the power
source.

Another pumping plant, not listed in Table 11, called the Orme
Granite Reef Pumping Plant, will be required. This plant is designed to
pump releases from Orme Reservoir to the Salt-Gila Aqueduct when the aque
duct is not carrying Colorado River water to full capacity. It would,
therefore, not be used when the aqueduct system was operating at maximum
capacity and would not add to the maximum power demand.

To cover the estimated CAP load, the Secretary of the Interior
contracted for an entitlement of 24.3 percent of the then 2,310-megawatt
capacity of the Navajo Generating, or 561 megawatts. Subsequent to this
contract, however, the generating plant station service load requirements
have increased to operate wetscrubbers and other items of equipment for
environmental protection. The present plant rating is 2,250 megawatts and
the 24.3 percent entitlement of this capacity is 546.75 megawatts.

Accordingly, the contract capacity now available from the
Navajo plant is still adequate to meet the pumping requirement during years
when less than 2.2 maf are diverted. When the full hydraulic capacity of
the aqueduct system is utilized throughout the entire year. it may be
necessary to acquire additional capacity and energy from sources other than
the 24.3 percent of the Navajo plant.
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(1) Design/Operation Criteria

The Navajo Project points of power delivery to the CAP
are at the McCullough Switching Station and the Westwing Substation
sites. McCUllough Switching Station site is located near Boulder City,
Nevada. The Westwing Substati~ site is situated near Phoenix, Arizona.

In order to determine the transmission system require
ments between these two substations and the CAP pumping plants using
Navajo Project power, various power-flow studies have been made. Three
basic transmission plans were investigated: (1) Liberty to Buckskin
230-kv line with intermediate substations at Harcuvar and Hassayampa and
Mead-Buckskin 230-kv line with possible interconnections at Davis and
Parker Dams; (2) Liberty-Buckskin 230-kv line with intermediate substa
tions at Harcuvar and Hassayampa and Burro Creek-Buckskin 345-kv line
tapping the existing Mead-Liberty 345-kv line near Burro Creek; and
(3) Liberty-Buckskin 230-kv line with intermediate substations at
Harcuvar and Hassayampa and Burro Creek-Buckskin 230-kv line tapping
existing Mead-Liberty 345-kv line near Burro Creek.

The alternatives to the base plans studied included
six alternate base power-flow cases with a variety of different line
outage cases. The variations to the base cases were made by changing
the.voltage of the lines, by different schemes of interconnecting to
existing facilities and by altering line routes.

In selecting a suitable transmission plan, many factors
were considered, the most significant being: (1) environment, (2) an
integrated lower Colorado region system to serve all Federal needs, and
(3) proper accounting of costs among the projects. An integrated trans
mission system approach was used to develop the basic transmission plan
which would serve all project loads in the area in the most economical
and reliable manner, and provide flexibility of operation and mainte
nance. Figure l7E illustrates by a schematic sketch the proposed CAP
transmission system and is not intended to show the exact line, sub
station, and pumping plant locations.

A 230-kv backbone transmission system was selected
from the various plans studied to interconnect the CAP pumps with the
Navajo Project delivery points. The backbone transmission system con
sists of the Davis-Mead 230-kv Transmission Line No.2, the Davis-Parker
230-kv Transmission Line No.2, the Liberty-Parker 230-kv transmission
line with intermediate substations at Harcuvar and Hassayampa, the
Westwing interconnection with Liberty-Pinnacle Peak 230-kv circuit,
and the McCullough-Mead interconnections.

An interconnection of the existing Liberty-Pinnacle
Peak 230-kv transmission line into the Navajo Project Westwing
Substation will provide a path for power flow between the Navajo
Project and the CAP transmission system. This interconnection
will consist of about 1-1/2 miles of double circuit line. It
is anticipated that a similar arrangement for interconnecting



TABLE 11
POWER REQUIREMENTS FOR THE CENTRAL ARIZONA PROJECT

Estimated MW Demand
Design at High
.Pumping Total Voltage

Efficiency Location Head Q Horse- Side
Pumping Plant (Percent) (Miles) (Feet) (cfs) power of Bus **

Granite Reef Aqueduct

Havasu 85.6 * 820 3,000 326,400 285
Bouse Hills 87.7 18.4 105 3,000 40,800 35
Little Harquahala 87.7 51.5 105 3,000 40,800 35
Belmont Mountains 88.2 101.9 97 ~,OOO 37,500 33
Hassayampa 92.0 114.3 81 3,000 30,000 26

Salt-Gila Aqueduct

Salt-Gila 84.6 4.4 84 1,800 20,300 18
Picacho Mtns. 11 81.3 64.6 146 750 15,300 13
Picacho Mtns. 12 83.1 66.4 310 750 31,800 28

Tucson Aqueduct (Colorado Source)

Marana 74.7 0.3 460 150 10,500 9

Tucson Aqueduct (San Pedro Source)

San Pedro 75.u 4.0 330 18 900 1

Total 554,300 483

* Havasu Pumping Plant is located on the Bill Williams arm of Lake Havasu.
Stationing on the Granite Reef Aqueduct starts at Buckskin Mountains
Tunnel outlet portal.

** The demand at the high voltage side of the bus was obtained by con
verting horsepower to megawatts - then dividing by 0.90 to allow
for pump manufacturer's overbuilding to meet warranties, extra capac
ity to cover wear, etc. This answer is again divided by 0.95 to
allow for motor efficiency and power transformer and station auxiliary
losses.
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Mead Substation to McCullough Switching Station will be accomplished by
a short tieline , or by contractual arrangements over existing facilities.

The backbone transmission system will deliver power and
energy for the Havasu Pumping Plant. Power and energy will also be
delivered through these facilities to the Bouse Hills, Little Harquahala,
Belmont Mountains, and Hassayampa Pumping Plants and regulatin~ struc
tures on the Granite Reef Aqueduct.

To serve CAP pumping loads on the Salt-Gila, Tucson, and
San Pedro Aqueducts, additional transmission syste~ capacity will be
required. Planning studies have sho\~ that the ll5-kv system south and
east of Phoenix could have problems delivering power sometime after 1972.
To provide the additional system capacity, construction of a new trans
mission line into the area will be required. The studies indicate the
best solution to this problem would be the joint construction by CAP
and Parker-Davis Project of Liberty-~~ricopa and ~mricopa-Coolidge 230-kv
transmission lines with direct allocations of costs and usage to these
projects. Construction of these 230-kv lines would provide a system to
deliver power to CAP pumps, allow removal of the existing, Phoenix
Substation and the l15-kv and l6l-kv lines emanating from it. The capa
bilityof the Bureau of Reclamation's ll5-kv system south of Phoenix
would also be increased by construction of additional 230-kv transmission
lines into the area. Power for pumping plants on the Salt-Gila, Tucson,
and San Pedro Aqueducts will be supplied from existing substations as
far as practical. Some modifications will be made at the existing sub
station yards.

The high voltage transmission line design will probably
utilize steel, single circuit, free-standing towers with each tower
supporting the conductors in a horizontal plane and two overhead ground
wires. Design and IQcation of the transmission lines will conform with
the "Environmental Criteria for Electric Transmission Systems," as
published by the U. S. Departments of the Interior and A~riculture.

Other appropriate environmental design criteria, such as the Western
Systems Coordinating Council's "Environmental Guidelines," will also
be used. The high voltage transmission line between the Phoenix and
Parker areas will not be restricted to the location on or adjacent to
the aqueduct since the line's location will not be limited to the grade
of the aqueduct. The lines will generally parallel existing transmission
lines or be constructed on existing right-of-way. In areas where exist
ing right-of-way is not of sufficient width or the environmental protec
tion criteria dictate that the line should be located elsewhere, additional
right-of-way will be required. Since the new lines will parallel
existing facilities as nearly as possible, additional access roads for
construction and maintenance will be minimal.

Two new intermediate substations, Harcuvar and
Hassayampa, will be constructed alon~ the hi~h voltage transmission
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line between Parker and Liberty Substations. These substations will
provide power for the four in-line pumping plants located on the
Granite Reef Aqueduct. The substation design will include modern, low
profile structures to minimize visual impact on the area.

The original transmission system plan indicated that
it would be desirable from a reliability standpoint to interconnect
the Havasu Pumping Plant with the Parker Switchyard. Three transmission
lines would then terminate in the Havasu Pumping Plant area, one each
to the north, east, and the Parker Switchyard. To avoid a large sub
station at the pumping plant site, the substation would be located at
a remote site and the pumping plant supplied by means of a single line
thereby reducing the environmental impact by minimizing the facilities
needed at the pumping plant site. Three possible sites for the substa
tion were considered. The Aubrey site was located approximately 2 miles
north of the pumping plant across the Bill Williams River. The Monkeys
Head site was situated approximately 1.5 miles southwest of the pumping
plant. The third site, Buckskin, was located about 4 miles east of the
pumping plant. Buckskin Substation was determined to be the best alter
nate from an environmental standpoint. This plan would eliminate con
struction of a substation on the north side of the Bill Williams River
or adjacent to U. S. Highway 95 and the Colorado River. Other impacts
in the substation area, such as esthetics and construction activities.
would be the same at all of the sites.

Further review of the environmental and economic factors
of constructing a separate Buckskin Substation has indicated that use
of existing facilities at Parker Switchyard is a more acceptable alterna
tive. Four 230-kv breaker bays are available in the Parker Switchyard
for use by CAP. To handle the additional load. it will be necessary
to uprate the capacity of the 230-kv bus and the interrupting rating of
the existing 230-kv breakers. A tie to Havasu Pumping Plant would then
require about 1-1/2 miles of transmission line which would terminate in
a 230-kv terminal structure and continue underground approximately 1/2 mile
to the pumping plant. Also at the pumping plant, the existing 69-kv
Parker-Bagdad line will be placed in cable and fed from the pumping
plant transformers through an underground cable. This may permit
eventual removal of the existing 69-kv wood pole line from the Havasu
Pumping Plant area to the Parker Switchyard and removal of a small sub
station serving it.

Radial transmission lines will be required from the high
voltage transmission lines to provide the necessary power and energy
to all of the CAP pumping plants. The distribution lines will have
voltage capabilities ranging from 69-kv to 115-kv depending on the load
requirements of each individual pumping plant. Radial transmission lines
for the Bouse Hills, Little Harquahala, Belmont Mountains, and Hassayampa
Pumping Plants will originate from two substations - Harcuvar and
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Hassayampa - on the proposed high voltage transmission line between
Parker Dam and Phoenix, Arizona. The Granite Reef, Salt-Gila, Picacho
Mountains Nos. 1 and 2, Marana, and San Pedro Pumping Plants radial
transmission lines will originate from existing Parker-Davis trans
mission facilities or will utilize these facilities as much as possible.
All of the new radial transmission lines will require acquisition of
right-of-way for construction and maintenance. Single circuit wood
pole construction is expected to be used for the radial transmission
lines. Choice of size, shape, color, and location for the structures
will be analyzed to minimize contrast with the environment. Feeder
lines which will provide electrical service to the check structures
along the aqueducts will be located underground to the extent
practicable.

The undergrounding of transmission lines has been
considered. In areas of high population where a right-of-way is not
available, high voltage lines are being placed in underground conduit.
This, of course, is possible only where cost considerations become
secondary. The Westinghouse Electric Corporation, for instance, has
estimated that to underground a 345,000-volt transmission line for some
300 or 400 miles, it would require an expenditure of at least 26 times
the cost of placing the transmission line overhead on conventional towers
and using a conventional type of construction. For this reason the under
grounding of transmission lines is generally not considered feasible.
The major economic factor in undergrounding high voltage transmission
lines lies in the cost of the continuously insulated electrical cable
and in the facilities needed to maintain this insulation. Also required
are a considerable number of expensive reactor stations which are neces
sary to offset the inherent capacitive effect of the cable.

In situations where the voltage level is considerably
less, such as for radial transmission lines in city urban construction
where voltages are, perhaps, on the order of 15,000 volts, underground
ing costs are only about twice those of normal construction.

In urban areas where distribution voltages are used,
the numerous local loads located periodically along the cable hold this
voltage to acceptable levels. This is not true in transmission cables.

Although there are many modern innovations in high
voltage transmission in cable-type conductors, such as superconducting
cable and various other exotic methods, all are presently too expensive
to consider for long distances.

Additional information on the transmission lines and
related facilities will be provided in the individual statements on the
major features.
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Reconnaissance surveys were conducted in May 1972 to
determine the best possible routes for the backbone transmission system
between Mead Substation located near Boulder City, Nevada, and Liberty
Substation located near Phoenix, Arizona. The transmission system routes
will be described in three parts, the Mead-Davis 230-kv Transmission
Line No.2, the Davis-Parker Transmission Line No.2, and the Liberty
Parker 230-kv Transmission Line.

The Mead-Davis 230-kv Transmission Line No.2 will
originate at the Bureau of Reclamation's Mead Substation located in
Section 28, T. 23 S., R. 64 E., MDB&M, and will be approximately
70 miles long. The line parallels at 150 feet the existing No. 1 Mead
Davis 230-kv line which travels from Mead Substation in a southerly
direction across the Eldorado Valley, in an area that is presently
traversed by several transmission lines and numerous dirt roads. The
transmission line will be located between the Eldorado Mountains and
u. S. Highway 95, to a point west of Copper Mountain where it will
traverse Cottonwood Valley between the Eldorado Mountains and the
Newberry Mountains. The transmission line will enter the Lake Mead
National Recreation Area (LMNRA) near Bill Gay's Butte and will continue
in a southeasterly direction traversing the Newberry Mountains near
Lake Mohave. The line will cross the Colorado River approximately
1,500 feet downstream from Davis Dam and will enter the Davis Dam
Switchyard. Approximately 20 miles of transmission line will be
located within the LMNRA. However, the visual impact of the line
in the recreation erea will be minimal since it will follow an
established line corridor and will not be the first such encroach-
ment on the area.

The Davis Switchyard has enough area to accommodate
the new equipment required for the Mead-Davis No.2 line. No additional
grading will be necessary in this area. It will be necessary to extend
the present fences. All other associated work will then be performed
within the fenced switchyard area.

After leaving the Davis Switchyard, the 70-mile Davis
Parker 230-kv No. 2 transmission line will continue to parallel the existing
No. 1 transmission line to a point north of Lake Havasu City, Arizona,
where the line will diverge and follow a route which is behind a range
of high rocky rid~es. This section of the alinement is very rou~h,

with high rocky ridges and boulder strewn canyons which restrict travel
in the area. This portion of the transmission line and access road
will be hidden from Lake Havasu City and Lake Havasu. After leavinp
this area, the terrain changes to large 'nde washes and steep narrow
ridges with rocky outcrops, which will permit the access roads to be
hidden from view by utilizing washes. A small portion of the line may
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be visible in this area from Lake Havasu. After leavin~ the Lake Havasu
City area, the line ap,ain parallels the existinQ line and will utilize
the present access roads. Approximately 4 miles north of Parker Dam,
the alinement crosses an area that is presently bein~ developed for sub
division purposes. This portion of the alinement will also be visible
froTI: U. S. Highway 95. It will be necessary for the transmission line
to traverse a small portion of the Havasu National hTildlife Refuge to
the shores of Lake Havasu. From this point, the line will cross the lake
into California and continue on to the Parker Dam 230-kv switchyard. The
crossin~ span will be approximately 2,730 feet long. This span will be
adjacent to the Parker--Davis 230-kv Trans;nission Line No.1 and the
Citizen's Utility Company's Lake Havasu City transmission line in an
established transmission line river crossin~ corridor. As previously
stated in this statement, existing bays in the Parker Switchyard will be
used for terminating the transmission line. The length of this section
of the line is approximately 69 miles and crosses typical desert terrain
with sparse vegetation.

The 120-mile Liberty-Parker 230-kv transmission line will
utilize the right-of-way now being occupied by the Parker-Phoenix l6l-kv
No.1 line. The existing transmission line will be removed and a new 230-kv
transmission line constructed in its place. The line will be duplex
conductor to have sufficient capacity to serve the CAP loads and the
maximum capacity of the existing 161-kv line. The uprating of the exist
ing line will keep the environmental impact to a minimum by: (1) utilizing
an established right-of-way, (2) using one line in lieu of two, (3) replac
ing a line that has been in service for many years and requires a great
amount of maintenance, and (4) utilizing existing access roads for con
struction and maintenance.

Liberty Substation is located in Section 19, T. IN.,
R. 2 W., GSRB&M. From this point, the line proceeds in a northwesterly
direction across the Hassayampa Plain and McMullen Valley. The line
traverses the Harcuvar Mountains through Cunnin~ham Pass and continues
across Butler Valley and Cactus Plain to Osborne Wash where it traverses
the Buckskin Mountains throu~h Giers Wash. After leavinp, the Buckskin
Mountains, the line runs approximately parallel to Highway 95 and the
Colorado River to a point opposite the Parker Dam powerplant where it
will cross the river into California and enter the Parker Switchyard.

A communication system will be necessary to provide status
monitoring of the various pumping plants and aqueduct checks associated
wi th the CATJ. Hicrowave channels to provide cOi"UTIlmication circuits and
telemetering circuits from the Nava.io Generatinp Station are beim' pro',
vided and developed hy the ?roject Manager (Arizona Vublic Service
Company) for the Navajo Southern TranSf'lission System. As a result, it
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will only be necessary to add additional channels to the equipment pre
sently being installed. In general, the communication and microwave
systems required by the CAP will utilize already existing and developed
sites on the Parker-Davis system. It will probably not be necessary
to make new entries in remote areas. The only additions required will
be microwave antennas to provide microwave channels from the pumping
plants to the base stations for existing microwave sites as necessary.
Data acquisition and control from the various canal check structures will
be provided by buried cable from the pumping plant sites in either
direction. The minimum excavation required for burying the cable will
be accomplished in conjunction with aqueduct and pumping plant construction.

1. Irrigat:}onJlistributi~~~m 7,75,173,174

Within the Central Arizona Water Conservation District there
are 26 organized irrigation entities that have submitted expressions of
interest in contracting for CAP water. Eleven of these entities have
surface nistribution systems of varying conveyance and operating effi
ciency. capable of operating on a unified and coordinated district basis.
Of these 11 entities, 8 entities receive varying portions of their
supplY as surface water by direct river diversion, by transfer from
another district, or near a district boundary line. The remaining 15
entities have no semblance of a coordinated system. Only two of the
26 districts have internal conveyance and distribution laterals that
are lined to the individual farm turnout.

Concurrent efforts are being made in the area of contract
negotiation for project repayment, subsidiary water service contracts,
and to formulate plans for distribution and administration of the imported
water supply. Water-using agencies in the area have expressed a willing
ness and desire to contract for water service and are negotiatinp, con
tract terms. The water will be distributed to the contractors at aqueduct
side measuring turnouts along the main aqueducts. These aqueducts will
either be underground pipe systems or lined canals. Contractin~ a~encies

will be responsible for distributing water supplies from the main aqueduct
to the point of use. The conservation of water by the increased efficiency
of operation and curbing of the nonbeneficial consumptive uses has been
considered in the analysis of water supply under future project conditions.

In all areas, an improvement in conveyance and distribution
system efficiencies is essential to obtain optimum water develop~ent and
use. Widely varying capabilities and conditions exist among and between
the various organized districts and unorganized areas. Lining of presently
unlined and future conveyance and distribution systems \-10uld be provided
by, and would be the responsibility of, existing or to-be-formen districts,
that contract for project water. This is a legislative requireMent found
in Section 304 of the authorizing act and is particularly applicable in
Maricopa. Pima, and Pinal counties and in the Upper Gila River areas.
Several water user organizations have lining programs in prop,ress and
others are planning such work in the near future.
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All new distribution systems constructed to deliver water to
areas now dependent solely upon private pumps will be built with modern
impervious linings or pipe systems. Existing unlined systens will be
rehabilitated by the water users to provide lined or pipe systems throur,h
out the project area.

Present planning conteMplates that distribution systems
authorized under Sections 301 and 309 of the project act to deliver
project water to lands served would be constructed and financed by local
water-using entities, or by the Bureau of Reclamation under separate
repayment contracts.

The existing facilities of the Salt River and San Carlos
Projects, the Maricopa County Municipal Water Conservation District. and
several other districts, are based on integrated surface- and ground
water supplies. Rehabilitation and lining of conveyance and distribution
works in progress by these districts to improve their system efficiencies
would be completed under project conditions.

Costs of distribution systems for concrete-lined or under-
ground pipe systems have been esti~ted on the basis of cost values per
acre of area under system service. An adjustment may be needed after water
allocations to subcontractors are established. A total area of about
500,000 acres has been considered to require distribution facilities.

These quantites are used for establishing facility desi~n

requirements and for alternative design analyses. Subsequent modifica
tions may be expected after later determinations are made on distribution
to various areas of need and negotiated contracts.

m. Drainage and Reuse Facilities 75,173,174

The control, use, and disposal of the return and effluent flows
in the Droject area will require phvsic~l f~cilities and contractual
provisions governing the control and recyclin~ of return flows. The
re~imen change from agricultural to urban uses will alter the hynrolopic
cycle. Flows which formerly reached the erollnd-wat Ar ~eservoir by deeD
percolation of applied water will, in the future. become in~reasingly

available at treatment plant outfalls. The magnitudp -f these import
and local supply return flows may approach 650,000 acre-feet annually
under full proiect conditions. In the Phoenix metrnpolitan area the
uncontrolled or unmanaged release of return flows of this magnitude
could exceed the capability of downstream Gila River diverters to utilize
those flows without the creation of a drainage problem. Flows from this
source would be of a quality generally adequate for irrigation of crops
that are not directly ingested. These flows would probably be of suffi
cient magnitude to supply certain industrial demands and agricultural
lands within economical transport distance. This water, utilized as a
surface supply, would leach throu~h the soil and carry excessive dissolved
solids through and below the root zone. Drainage of the lands upstream
from the barrier at Gillespie Dam may require as part of the project works
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a system of open drains and drainage wells. The magnitude of future
drainage water discharge over Gillespie Dam will, to a large measure,
be determined by the recycling of metropolitan waste water effluent by
water contracting entities upstream, and the extent of contractor effi
ciency exercised in controlling the return flows at the boundary of the
contracting district. In the event the contractor does not put the
return flow to beneficial use, the Secretary reserves the right to
recapture the water for project use.
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II. DESCRIPTION OF THE ENVIRONMENT

This chapter describes the present and proiected future environment
of the project area within the Gila River watershed and areas conti~uous

to the aqueducts. Section A deals with the general environment of the
CAP project area. Section B makes projections about the future environ-
ment of the area without the project. and Section C deals with the specific
environments of various project facilities. The discussion in Section C
will be expanded in the individual environmental statements which will be
prepared coverin~ the major features of the project. Certain drawings
from the Framework Study are included in this chapter primarily for
illustrative purposes. It should be pointed out that these drawings are
only as accurete as the mapping standards set up for the study. Therefore,
some differences between these drawings and the more refined data presented
in this statement, or subsequent individual environmental statements, will
occur. Two of the differences will be noted later in this chapter.

A. !..~~_~~~~_~~t: __~~~~~<l.I!.m~I!.t:._<l.f__~h_~ _P_r.oJ~c_t ~r.~a_

1. !..opo~ap~131,134,135

The project area lies within the Gila River watershed upstream of
Gila Bend in the Basin and Range physiographic province of the Southwest.
Elevations range from around 500 feet above mean sea level near the
Painted Rock Reservoir to Mt. Graham's 10,713 feet near Safford, Arizona.

The Basin and Range province is characterized by mountain chains
and alluviated valleys. (See Figure 17A) That part of this province
which borders the Colorado Plateau is mountainous with some small valleys,
but in the southwestern part containing the prime service area of the CAP,
the buttes and ranges are of generally small area, protruding above wide
alluvial plains and valleys. The valleys consist of a series of inter
connected basins partly filled with alluvium. The basin rims are formed
by mountain ran~es consisting of many types of rock, which usually have
been subjected to faulting, and are strongly deformed. Differential
erosion has given the ranges an irregular appearance. (See Fir-ure 17B,
and Tab Ie llA)

The aqueduct system and the direct service area of the CAP lie
within the sonoran desert and Mexican highland sections of the Basin
and Range physiographic province. The area is composed primarily of
the historic flood plains of the Gila and Salt Rivers and their tribu
taries, intersected by alluvial fans of many ephemeral side drainages.
Numerous isolated mountain ranges separate the broad, gently sloping
alluvial floored basins. These alternating mountains and basins were
produced by large-scale fau1tin~ in which mountain blocks were uplifted
and basin areas were depressed. Subsequent to and during faulting, the
valleys were filled with alluvial material eroded from the mountain
masses which are composed chiefly of Rranite, gneiss, schist, and
various volcanic and sedimentary rocks.
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Most of the project service area in central Arizona lies
between elevations of 900 and 2,400 feet above mean sea level. Mountain
blocks range up to 10,713 feet in elevation but usually have heights of
between 500 and 2,000 feet above surrounding valley floors. The valley
floors in the upper Gila River basin range in elevation from 2,500 to
5,000 feet.

Drainage in the mountain ranges consists of numerous short
canyons or simple systems of branching canyons and gullies. Trunk
canyons enter the basin areas at the apexes of alluvial fans. The
larger channels commonly retain their identity down the fans and across
the basin floors, but other canyons distribute their intermittent flows
into a separate system of branching transient gullies. The basin
floors are drained by a myriad of shallow subparallel washes runnin~

directly downslope. The washes and gullies eventually flow into a
central wash or braided channel along the axis of the basin. Larger
desert washes and intermittent rivers collect the drainage from a
number of separate basins. None of the basins in the project area
contains a closed drainage system.

The perennial and intermittent rivers of the sonoran desert
section originate in the mountains areas to the north, east, and south
which receive relatively larger amounts of precipitation than the
desert. The project area contains the Hassayampa, Agua Fria, Verde,
Salt, Gila, San Pedro, and Santa Cruz Rivers, and several smaller streams.
These streams flow along the interconnected basin areas between ranges,
except locally where they cut through low ranges. The river channels
and flood plains are entrenched below the general level of the basin
floors and some are flanked by river terraces.

2. Soils_and Ge~}0~13l,135,136

The project area contains numerous small isolated fault-block
mountain ranges separated or surrounded by alluvium filled basins. The
mountains are composed of granite, metamorphic rocks, volcanic rocks,
and minor amounts of older basin deposits. The basins, which are
commonly thousands of feet deep are largely filled with uncemented and
cemented mixtures of gravel, sand, and clay washed down from the
adjacent ranges. In some areas the deposits include volcanic rocks,
and some basins contain subsurface beds of salt or other evaporites
precipitated from ancient saline lakes. The basins generally contain
ground water below depths of a few hundred feet.

The soils of the CAP area are inherent to the parent materials
of the Basin and Ranve physiographic province. Most of the soils have
developed on alluvial materials derived from the i~neous and sedimentary
rocks that comprise the mountain ranges typical of the province. (See
Figure 17B and Table IIA)

The Basin and Range province is characterized by steep, sparsely
vegetated, northwest-southeast trending mountains and broad alluvium
filled valleys. Most of the soils in the basins and valleys of this
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a.

province are deep, level to nearly level and have textures favorable
both to water entrance and soil workability. The soils on the mountains
of the province are very shallow to moderately deep, are on steep to
very steep slopes, and generally have loamy to clayey textures. In
places these soils are stony or rocky. Sources of sediment in this
province include the valley of the San Pedro River and along the
Gila River between San Carlos Lake and the Arizona-New Mexico boundary.
This province is considered as three sections because of physiographic
and climatic differences.

The Mexican highland section occupies the southeast corner of
the province and reflects the transition zone between the desert valleys
of southwestern Arizona and the semidesert grassland areas extending
to the Continental Divide in New Mexico. This section is somewhat
higher in elevation than the western valleys and has slightly more
rainfall. The soils in this section are usually deep and are medium
or moderately fine in texture.

The sonoran desert section of this province is representative
of the physiographic characteristics of the southwestern desert portions
of Arizona. It contains most of the presently irrigated land of the
CAP. Yearlong growing seasons are common and all crops are grown under
irrigation. The mountainous areas of this section are steep and have
little vegetal cover. The soils in the gently sloping alluvium filled
valleys are deep, quite heterogenous in texture and have smooth to gently
undulating topography. The soils are quite low in organic material and
have not been leached of soil nutrients.

The third section of this province is the Mohave section. This
section consists largely of the lower canyon of the Colorado River and
minor- tributaries south to the Bill Williams River and is not included
in the CAP area.

The soils in the project area are commonly affected by the pre
cipitation of salts produced by weathering of rock-forming minerals and
brought in by surface runoff. Since the seepage from rainfall is
usually not sufficient to carry the salts down to the water table,
they accumulate in the soil as the water evaporates. The effects are
most noticeable near mountains of calcium-bearing rocks, where alluvial
deposits are commonly cemented by calcium carbonate to a concrete-like
material called caliche. Further down the basin slopes, calcium
carbonate content decreases, but soluble alkali salts detrimental to
agriculture are still present.

S b id 15.16,17.18,19u s ence

Land subsidence is a topographic phenomenon which is usually
caused by the rapid extraction of fluid substances, oil or water, from



beneath the earth's surface. The spaces left by this extraction are
filled by compaction of subsurface materials, causin~ a settling of the
surface. The maximum amount of subsidence will occur in the heavily
pumped areas of a basin, creatin~ differential in subsidence between
these areas and the peripheral basin areas. This creates the cracks, or
earth fissures, which are commonly associated with subsidence, that occur
primarily in the peripheral areas.

Land subsidence and earth fissures in central Arizona are
related to water level declines caused by lar~e-scale ground-water pump age
for irri~ation and municipal uses. Pumpage in excess of recharge has
caused steady declines in ground-water levels throughout the project area.
For the period 1923 to 1964, maximum ground-water level declines of over
300 feet were recorded near Stanfield and Mesa. Near Eloy, a decline
of 200 feet was noted. The point of maximum documented subsidence in the
project area occurs to the northwest of Eloy, where the land subsided
7.5 feet during the period 1948 to 1967. (See Figures l7C and l7D) Data
from the cooperative U. S. Geological Survey - Bureau of Reclamation subsi
dence program recorded subsidence amounts of 1.0 feet. 0.4 feet, and
2.2. feet from the ~ring of 1965 to December 1971 in the Eloy, Chandler
Heights, and Luke Air Force Base areas, respectively.

Earth fissures and associated differential subsidence have
damaged irrigation systems, interstate highways, and railroads. Earth
fissures have damaged Picacho Reservoir, while differential settlement
across Interstat~ Highway 10, near Picacho, necessitates continued
maiptenance. Figure~ 18 and 19 show typical earth fissures caused
by subsidence.

The potential earthquake hazard to project facilities is not
considered to be serious. Severe earthquakes in California and Mexico
have been widely felt throughout southern Arizona, but few earthquakes
have centered within the southern part of Arizona during the 122 years
of recorded earthquake history. During that period, earthquake
damage in southern Arizona has been minor. Various authorities disa~ree

on what the earthquake hazard potential is in Arizona. But based
on feasibility level geologie studies, the probable maximum earth-
quake intensity expected along the aqueduct system, including the
San Pedro Aqueduct, is V to VI on the Modified Mercalli Scale which
ranges from I (weak) to XII (very strong). The probable maximum earth
quake intensity expected in the Orme and Buttes Dam sites is VI to VII,
and in the Hooker and Charleston Dam sites is VIII to IX on the Modified
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Typical earth fissure near Chandler Heights, Arizona. Photograph No. P344-300-8675.

Figure 19
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Mercalli Scale. Because of the potentially greater hazard involved,
seismic risk for the dams was evaluated from a more conservative view
point than for the aqueduct system facilities. Also, Hooker and Charleston
Dams are closer to centers of greater earthquake activity than are other
project facilities. There are no known active faults within the project
area.

More detailed investigations to be conducted for final design
may result in minor revision to the expected earthquake intensities out
lined above.

3. Climate13l ,135

The CAP area is primarily located in the arid sonoran desert
portion of the southwestern United States. The climate of this area is
characterized by long, hot summers and short, mild winters; low annual
rainfall; low relative humidity; high evaporation, and a high percentage
of days of possible sunshine.

There are two distinct moisture sources. Winter precipitation
is associated with moisture moving into the area from the Pacific Ocean
while the Gulf of Mexico supplies moist air for most of the region's
summer rains. Winter rains, sometimes lasting for several days, usually
occur as gentle showers over a large area. Local summer thunderstorms
which usually cover only small areas are usually of high intensity and
of short duration and produce many of the destructive flash floods well
known in the Southwest.

The mean annual precipitation varies from less than 6 inches
along the western boundary to 11 inches at Tucson, 12 inches in the
upper Gila River Basin, and to more than 30 inches in the higher
mountain ranges. Over the project service area, the annual precipita
tion averages about 8 inches. (See Figure 19A)

The type of precipitation occurring in the project area depends
on elevation and time of year. In the desert portions of the project
area, snow is a rarity. When it does fall, it melts rapidly. In the
higher elevations, generally above 7,000 feet, precipitation occurs as
rain between spring and fall and as snow in the winter. Rainstorms
may occur throughout the year in the desert and foothill sections,
but are more frequent during July through September and again during
December through March.

Temperatures show some variability over the area, depending
mostly on elevation, with the summer season beginning about mid-May
and ending in October. Maximum readings in excess of 100°F. are the
rule during much of this period. Winter temperatures in the low desert
typically reach daily maximums in the mid-sixties to low seventies.
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Sunshine and clear skies are dominant with possible sunshine occurring
about 85 percent of the daylight hours. The predominantly clear skies
and characteristically dry atmosphere permit intense surface heating
during the day and active radiational cooling at night, producing large
diurnal temperature variations averaging 30°F., and sometimes exceeding
40°F. Mean annual temperatures typical of the area are 72oF. at Gila
Bend, 69°F. at Phoenix, and 68°F. at Tucson. Frost-free periods vary
from about 240 to in excess of 300 days.

The combination of high temperature and low humidity causes
high rates of evaporation and transpiration. The gross annual evapora
tion rate averages about 70 inches in central Arizona.

4. Vegetation and Wildlife

a. Vegetation 1,20-25,37,47,51,52,75,113,131,135

The CAP watershed area has a wide variation in vegetative
cover types. (See Figure 19B.) These classifications were taken from
the Comprehensive Framework study for the lower Colorado River Region
and are described in more detail in the study volumes. The forest types
include the coniferous forest zones of spruce-fir, Ponderosa pine and
the pinyon-juniper woodlands, and the chaparral types, all of which
occur above 4,000 feet elevation. The rangeland type extends from the
forest type through the northern desert shrub, perennial and ephemeral
southern desert shrub types, and the northern and southern grasslands.
Scattered throughout the area are patches of cultivated land including
irrigated pasture and urban areas. It should be noted that Figure 19B
does not reflect much of the riparian vegetation shown after page 56
(Table 12, which was provided by the Arizona Game and Fish Department).
This is one example where the Framework Study mapping standards did not
require this type of refinement.

(1) Coniferous Forest

The coniferous forest extends from about 4,700 feet
elevation to about 10,000 feet. The spruce-fir timber type extends
from about 8,500 feet to the timberline. The dominant tree species
in this type include Englemann spruce, white fir, and cork bark fir.
Interspersed throughout this spruce-fir type are numerous subalpine
and wet mountain meadows and grasslands.

The Ponderosa pine timber type provides most of the
commercial forest lands within the area. This type extends from an
elevation of about 5,500 feet to 9,500 feet, with Douglas fir provid
ing an important component of the timber type between the elevations
of 8,000 and 9,500 feet. Other woody plants include mountain maple,
alder, alligator and prostrate juniper, Gambel oak, and Arizona locust.

(2) Woodland

Forest types classified as woodlands include the
pinyon-juniper type which usually occurs at elevations over 4,500 feet
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and generally occupies an area immediately below the Ponderosa pine.
The principal species in this community include one-seeded juniper,
Utah juniper, alligator juniper, and pinyon pine, with an understory
of Emory and Gambel oak, ceanothus, bitterbrush, and cliff rose.
There is some big sagebrush in the northern half of the region.

The oak woodland type occupies the foothills and
mountains in the southeastern part of the area between the elevations
of 4,500 and 6.000 feet. The principal species include the Emory oak,
Mexican blue oak. and Arizona whi te oak.

(3) Chaparral or Mountain Brush

The most extensive areas of the chaparral vegetative
type in the region lie south of the main Ponderosa pine forest in
central Arizona between the elevations of 4,000 and 5,500 feet. The
dominant plants are generally tough-leaved evergreen shrubs. Scrub
liveoak, mountain mahogany, manzanita, desert ceanothus, laurel, and
hollyleaf buckthorn are the dominant plants of this association, with
individual junipers, pinyon pines, and scrub yellow pine sometimes
forming a scattered overs tory •

Other conspicuous and common shrubs in the Arizona
chaparral include sugar sumac, scarlet sumac, poison oak, squawbush,
buck-brush. deer-brush, silk tassel, Apache plume, brickell bush, red
mohonia, wait-a-minute bush, mountain balm, cliff rose, and haplopappus.

(4) Streamside - Including Riparian and Marsh

The riparian type is scattered along the drainages
throughout the watershed area in narrow strips and in large blocks
along the Hassayampa, Verde, Salt, Gila, and San Pedro Rivers. The
dominant plants in this type are deciduous, including sycamore, cotton
wood, baccharis. and willow in the lower elevations, with alder, maple,
ash. walnut, and locust occurring along the streams in the elevations
above 5,000 feet. Mesquite and saltcedar occur at lower elevations along
with arrowweed, bermuda, and saltgrass. Saltcedar has also invaded
in areas to 6.000 feet. In the higher mountains, shrubby willows and
alder are the principal understory occurring along the streams and
wet spots.

The true riparian community lies beyond the edge of
streams and usually occurs on slightly raised terraces. The vegetation
may be quite stable and represented by woody plants or, following an
extIemely destructive flood, it may also be in a successional state.
Moisture stress in this community is greater than along the river,
especially when the river is temporarily dry or running extremely low.
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The climax plants of the riparian community can withstand certain
amounts of inundation but generally they require well aerated soil
that is not continually saturated, thus the development on slightly
raised terraces.

If the topography around the river is relatively flat,
additional terraces above the one adjacent to the river may occur.
These terraces may be 20 feet above the river but this does not limit
the plants growing on them from developing deep root systems through
the soil down to the water table. Typically in the Southwest this
community is characterized by healthy and old mesquite trees.

Beyond and above th e lower terraces and streamside
communities the topography generally becomes more rugged and quite
variable. If mountains occur at some distance from the river, the
broad terraces give way to outwash bajadas from the mountains. These
vary in soil texture from coarse soil near the mountains to finer
soils near the river. The change in soil influences the moisture
availability and the vegetational composition. If the river has
cut through the mountains, the terrain usually becomes quite steep
immediately beyond the riparian communities. On these steeper slopes
exposure plays an important role. The more southerly exposures have
extreme moisture stress and either support very xerophytic plants or
less dense vegetation. As the aspect changes from south to north, the
vegetation usually becomes more dense, contains more mesophytic plants
and fewer xerophytes, or both. Thus, within anyone valley there may
be a great variety of vegetational communities.

One other community that is often associated with
rivers that have broad flood plains is marsh vegetation. These com
munities develop only when there is standing water for most of the
growing season. Plants such as sedges, reeds, and cattails which do
well with roots and lower stems in standing water are characteristic
of this vegetation.

The history of the valleys and streams of the Southwest
has been one of change with time. Without disturbances, the rivers
would flow periodically, -establishin~ new channels and new sand
bars and alluvial terraces that caused chan~es in the ve~etational

patterns but did little to alter the basic composition of vegetation
in the valleys. Some valleys had broad areas flooded due to beaver
actiVity or new erosion patterns and supported wet marshlands; others
were continually being swept clean and rechanneled never permitting
marshland establishment. With the development of mamnade dams and decline
in beaver populations, the river patterns changed. The dams controlled
the flow of the river cutting deeper channels with essentially no
broad flooding and new channelization. The rivers began to entrench
deeper and terraces became more stable. The reduction of beaver dams
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eliminated local flooding and marshland establishment. Thus the
wetland vegetational types were lost except for a few local depressions
in the broader river valleys.

There are three major vegetative riparian types in
central Arizona. The first is the riparian forest or woodland, which
is made up of large trees such as sycamore and cottonwood. It is associ
ated with streams having a perennial surface flow. The second is the
mesquite-shrub land. Mesquite is often found in areas which have occasional
surface flow. It is a native to this area, and with other associated
species, provides excellent forage and habitat for wildlife. The third
is the saltcedar (Tamarix sp.). It is found in areas similar to those
which were dominated by the mesquite but saltcedar has a much higher
tolerance for high soil salinity and has replaced the mesquite in many
locations.

The rapid drop in ground-water tables in the past
50 years has had serious effects on some of the riparian communities.
Some large mesquite bosques have deteriorated and been lost. A recent
article (liThe Lethal Decline of Mesquite on the Casa Grande National
Monument")113 points out that in the early years of this century there
were large, healthy stands of mesquite at the monument. Between 1902
and 1923, the water table dropped 34 feet in this area, and between
1931 and 1949, the water table dropped another 60 feet. Virtually all
of the mesquite found on the monument died during the second period.
The article suggests that most of the trees could not keep their root
growth in pace with the water table's decline, and became weakened.
This allowed various parasites and insects to attack the trees and
finally kill them.

Estimates of riparian vegetation sufficient to be
classified as good dove habitat have been made by the Arizona Game and
Fish Department for most major riparian areas in the project area in
Arizona. These data were gathered from studies performed on dove nesting
habitat by the Arizona Game and Fish Department under a Federal grant
(FW78R). Acreages were counted in minimum areas of approximately 5 acres,
with 25 to 100 percent crown cover. The Arizona Game and Fish Department
estimated that an additional 10 to 15 percent should be added to these
acreages to include smaller stands and those which have less than
25 percent crown coverage. This would bring the total amount to around
46.700 acres, of which 20,800 would be saltcedar, 24,700 mesquite, and
1,200 mixed stands. It should be recognized that the definition of
"riparian" is not a uniform term.

~xcludlng the phreatop~yte areas along the Gila Klver
below Painted Rock Dam and the Colorado River main steM, a total of 41,200

55



acres of riparian vegetation in stands of 5 or more acres was mapped. Of
this amount, 18,150 acres were predominantly saltcedar (Tamarix pentandra),
21,950 acres were predominantly mesquite (Prosopis juliflora) and the
remaining 1,100 were a mixture of the two along with other common
riparian species. The riparian stands contain some baccharis, catclaw,
ironwood, cottonwood and willow, but the amounts of these other species
have not been determined. Table 12 shows these acreages.

(5) Southern Desert Shrub.. .
The perennial southern shrub type occurs between

3,000 and 4,500 feet in elevation. The type is characterized by
cacti, including the saguaro, cholla, and pricklypear. Creosote bush,
paloverde, catclaw, rabbit bush, mesquite, coffeeberry, star bush,
ocotillo, and bur-sage are the important woody plants in this type.

(6) Ephemeral Desert Shrub

The sonoran or ephemeral southern desert shrub type
occurs along the western part of th e area, traversed by the Granite Reef
Aqueduct, usually at elevations of less than 3,000 feet and in places
with less than 8 inches of annual rainfall. Vegetation in this type
is relatively sparse. This type is dominated by creosote bush with some
bur-sage growing in open stands with little to no perennial ground cover.
Numerous annual forbs and grasses may occur during favorable periods of
moisture. On the bajadas and mountain slopes adjoining the ephemeral
desert shrub community at this altitude and range are saguaro, paloverde,
cholla, barrel cactus, ironwood, mesquite, and ocotillo.

(7) Southern Grassland

The southern grassland type occurs generally below
4,000 feet in elevation. Black and blue grama, sideoats, tobosa,
sand dropseed, and Arizona cottontop are the dominant grass species.
Scattered individual oak trees may occur forming a thin overstory in
some areas. Four-wing salt bush, mesquite, and cacti occur in limited
quantities throughout these areas.

(8) Cultivated and Irrigated Areas

Nearly all of the cultivated and irrigated pasture
is located along the mainstems of the Colorado, Gila, Salt, Verde,
San Pedro, and Santa Cruz Rivers. The western and central valleys are
suitable for most cultivated crops. The cool climate crops are grown
during the fall, winter, and spring seasons, while crops adapted to
the warmer temperatures are grown during the summer. Winter vegetables
and citrus are limited to this lower, warmer section of the project
area.
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TABLE 12
ACRES OF RIPARIAN VEGETATION

CLASSIFIED AS GOOD DOVE HABITAT

'" , .... . "'Streamflow Habitat Acreages
Area Characteristi.cs Saltcedar Mesguite Mixed1 ,

Bill Williams River Delta
Planet Ranch to Mouth Intermittent 1,100

Gila River
Safford to Bylas Intermittent 1,600 130
Marij i Ida and Stockton

Washes Interm! t ten t 550
Goodwin Wash Intermittent 340
Winkleman to Kearney Perennial 1,035 510
Maricopa Road to Sa1t-

Gila River Meridian Intermittent 5,030 2,080
Salt-Gila River Meridian

to Miller Road Perennial
Intermittent 1,110 110

Miller Road to
Gillespie Dam Intermittent 5,380

Gillespie Dam to
Painted Rock Dam Intermittent 3,170 470

San Pedro River

Fairbank to Winkleman Intermittent 6,820

Picacho Lake 820 70

Santa Cruz River

San Xavier and Komatke
Thickets Intermittent 6,860

Salt 'River

Stewart Mountain Dam to
Granite Reef Dam Perennial 1,010

Verde River

Camp Verde to Salt
River Perennial 3,000

TOTALS 18,150 21,950 1,100



b.

Small ~rains, domesticated and native grasses, and
alfalfa make up the typical improved pasture in the higher elevations.

Fish and Wildlife 1,26-39,47,52,53,55,56,66,71,71-81,
- --------- - ---- 108,122,142,116,119,180,184

There are many species which are numerous, prolific, and
capable of competing with other species in order to establish and
occupy a niche. These include those species manal!,ed as a renewable
resource for game purposes. Other species which are lim! ted in num-
bers and which are believed to be declining in population have been
classified and designated as rare, endangered, peripheral, or status
undetermined by the Bureau of Sport Fisheries and Wildlife in the publica7
tion, Rare an<!- En«!.an~.!'.e_~.!-ish and ~!.!..dl:L~~._~f_~he_~nited2~~tes (1968).66
These four designations are defined as follows:

Endan~ered~ An endangered species or subspecies is one
whose prospects of survival and reproduction are in immediate jeopardy.
Its peril may result from one or many causes, loss of habitat, or
change in habitat, over-exploitation, predation, competition, disease.
An endangered species must have help or extinction will probably follow.

Rare: A rare species or subspecies is one that, although
not presently threatened with extinction, is in such small numbers throu~h-·

out its range that it may be endangered if its environment worsens.
Close watch of its status is necessary.

Peripheral: A species or subspecies whose occurrence in this
country is at the margin of its natural range. Special attention may be
needed to retain them in the United States.

Status Undetermined: A species or subspecies which has been
sug~ested for rare or endangered classification, but about which further
information is needed to clarify its status.

Species which are ~anaged for p,ame purposes and snecies which
are· included in the rare and endan~ered species list are discussed in the
sections on fish, amphibians anc reptiles, birds. mammals, and in the
specific reservoir site fish and wildlife discussions. Only snecip.s which
are endangered are listed ~ the Bureau of Sport Fisheries and Wildlife
in Appendix D, 50 CFR 17. 170 This official list is periodically revised
with the current list being dated October 13, 1910.

(1) Invertebrates 33

Lists of the known or probably present species of
invertebrates found at the reservoir sites were prepared by Cazier.
Sin~le copies of these lists May be cbtained upon request frOM the Bureau
of Reclamation Office in Boulder City. Nevada. The insects especially
have successfully invaded, exploited, and established themselves in
environmental "niches" at all four reservoir si tes.

"There are aquatic and terrestrial p,roups; subterranean
and arboreal species; aquatic forms living as climbers on ve~etation,
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sprawlers on the bottom, burrowers in the bottom, free-ranging, close
clinging and vegetation inhabitating forms; there are plant and animal
parasites; parasites on parasites; scaven~ers; carnivores; predators;
copriphags; saprophags; phytophags on all the species of plants, and
on all the parts of the plants, roots, trunks, stems, leaves. flowers
and seeds: there are ~round and plant nesting species; symbiotic
relationships between plant and insect, animal and insect; oligolectic
and po1ylectic pollinators; poisonous and non-poisonous forms and a few
whose relationship to the whole is nebulous. No other ~roup of animals
so completely dominates the environment! Nor do the invertebrates find
an equal whe~3it becomes necessary to adapt and survive under changing
conditions."

(2) Fish

About 56 species of fish are found in waters .in the
project area. Seventeen species are indigenous to the Gila River
basin. The endangered Gila trout is endemic to the headwaters of
the Gila River. Gila National Forest, New Mexico. The endangered
Apache trout is found in Ord Creek and East Fork of White River,
Fort Apache Indian Reservation. Arizona. Introduced cold water game
species of fish include several species of trout, walleye. and northern
pike. Introduced warm-water species include striped bass, white bass,
channel catfish. flathead catfish. yellow perch, and tilapia. The
threadfin shad has been introduced into reservoirs below 4,500 feet as
fora~e for game fish.

(a) Native Fishes

Durin~ the decade of 1950-1960. striking changes
took place in the aquatic habitats and in the fishes of Arizona. and
this change of natural conditions is continuing. Reduced surface
flows of some streams and the stocking of exotic fish species are two
factors restricting distribution of native fish. In the New Mexico
portion of the watershed area. the native fish fauna has been
influenced greatly by the introduction of exotic species.

Seventeen species of fishes (18 kinds if one
named subspecies is included) were indigenous to the Gila River basin,
and of these two are monotypic genera known from no other river system 
T~~rog~ c~bitis and Me~~ i_~~~~~~ (see Table 1 in Appended Material) •
At the specific level, five species are endemic to the,Gila (moving
from there into the extreme lower Colorado River), includin~ the two
species just mentioned, and 10 of the species doubtless arose in the
Gila River system, to disperse into the Little Colorado, Bill Williams,
and Yaqui River systems. The remaining seven species ranp'e (or ranged)
widely throughout the Colorado River draina~e net. Of the 17 species,
only one, the speckled dace, ran~es outside the Colorado River basin
(the Gila topminnow has a closely related subspecies in the Yaqui system),
further stressing the uniqueness of the fauna.
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Fishes of the Gila system may be broken into
three, broadly-overlapping categories on the bases of their collective
ecologies: 1) big-river fishes capable of living not only in the
lower Colorado and Gila Rivers, but also of penetrating into the canyons
of the larger streams to relatively high elevations - these are
generally the seven species that are (or were) distributed widely
in the Colorado system; 2) a group generally living in smaller, lower
elevation waters, such as desert creeks and cienegas; and 3) a montane
element that ranged from the native trouts at the highest available
waters, to certain minnows and suckers that moved to relatively low
elevations so long as suitably turbulent, solid-bottomed habitats were
available. The ecological relations of this (or these) fauna and the
ecological features of the Orme, Buttes, Charleston, and Hooker
Reservoir sites are summarized in Tables 2 and 3 of the Appended
Material. These tables reflect contrasting estimated conditions prior
to 1850 with those of the present.

(b) Non-Native Fishes

Known and hypothetically present non-native
fish species for each of the four reservoir sites are listed in
Table 4 of the Appended Material.

Rainbow and brown trout are found commonly in
the streams and impoundments from 5,500 to 10,000 feet. Cutthroat
and brook trout are found above 8,500 feet.

Largemouth bass is one of the major game fishes
found in most reservoirs of the drainages of the Colorado, Gila, Salt,
and Verde Rivers. Smallmouth and yellow bass are found in the Salt and
Verde Rivers. Warmouth and striped bass occur in Lake Havasu. Bluegill
and green sunfish are widespread throughout the streams of the area.
The warmouth and redear sunfish are found in the Salt River reservoirs
in Arizona. White and black crappie are most common in the larger
reservoirs. Some crappies are in smaller lakes up to 7,000 feet in
elevation. Rockbass are caught occasionally in lower Oak Creek in the
Verde River drainage. Yellow perch are established in a few of
Arizona's lakes at relatively high elevations and help to support ice
fishing. Walleye or pike perch are found in the waters of the lower
Salt River and could be an important fish in colder, deeper lakes in
the future. White bass are found in Lake Carl Pleasant, a reservoir
on the Agua Fria River. Yellow bass are found in the Salt River
reservoirs below Roosevelt Lake.

Catfishes are found throughout the watershed area.
Channel catfish are the most prized catfish and are found in most of
the large reservoirs. Irrigation canals and many stock ponds throughout
the region, notably those on Indian reservations, have been stocked
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with channel catfish. Flathead catfish are found in the San Carlos
Reservoir on the Gila River. Black bullhead are found in small,
muddy streams, lakes, and canals at lower elevations. Yellow bullhead
are found in some of the small, relatively clear mountain streams.
Tilapia are found in the warmer irri~ation canals near Gila Bend and
Buckeye, Arizona.

Populations of forage fishes such as carp, buffalo
fishes, quillback, and various suckers are found in the larger
reservoirs. Mosquitofish are common in still water. Important species
of bait fish such as the redshiner, fathead minnow, golden shiner,
speckled dace, redside shiner, and threadfin shad are found in most
streams and lakes of central Arizona.

Of the native fishes listed in Table I of the
Appended Material, five species are extinct in the Gila River basin:
bonytail chub, Colorado River squawfish, woundfin, humpback sucker,
and the desert pupfish. The trouts are endangered in their natural
environs, but are (or are soon to be in the case of S. gilae) placed
under semi-domestication and stocked to maintain their populations.
Three species are depleted, and appear to be approaching the
"endangered" level. These are the Gila chub, Gila spikedace, and loach
minnow. The loach minnow and the Gila spikedace, both essentially
extirpated from Arizona waters (substantial populations exist only in
the Aravaipa Canyon, Graham and Pinal Counties), are locally abundant
in the upper Gila River in New Mexico. The humpback sucker and
Colorado River squawfish once were abundant at such localities as the
San ,Pedro River at Charleston and the Salt River at the Tempe Bridge, but
are now extinct at these sites. They are now found mostly in the upper
Colorado River basin. The Colorado River squawfish is currently listed
as endangered in the 1968 edition of the Bureau of Sport Fisheries and
Wildlife's Rare and Endangered Fish and Wildlife of the United States66
The Gila topminnow, once aoundant in marshes of the southern part ot-
the Gila River Basin, is now found in only a few scattered localities
near Safford, Arizona. It is also listed as encangered in the

6
l968 edition

referenced above.' Both of these are on the endangered list. 17 The desert
pupfish once was common in the lower Gila River basin, including the
San Pedro River. It is now extinct in the Gila River basin. It is found
in Arizona in two isolated springs of the southern part of the state.
The woundfin, which before 1900 lived in the lower Gila River, is now
found only outside the area in the Virpin River above Lake Mead. The
loach minnow, Gila spikedace, and Gila chub are now found only in the
remote and isolated perennial flow sections of Aravaipa Creek and the
upper Gila River in Ne,~ Mexico. The speckled dace usually occurs in
streams located at elevations of at least 3,500 feet.
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In the Gila River basin the endan~ered Gila trout
occurs only in Diamond, McKenna, and Spruce Creeks in the Gila National
Forest. The endangered Apache trout is managed under semi-domestication
and stocked to maintain its population. It is almost entirely restricted
to streams of the Fort Apache Indian Reservation.

(3) Terrestrial Vertebrates

More than 750 species and subspecies of terrestrial
vertebrates occur in the lower Colorado region. Over 40 of these species
of ldldlife provide hunting ranging from highly prized big-game to
nongame species. Many other species, mostly small mammals and birds,
provide enjoyment for the nonhunting outdoorsman for nature study and
photography.

The herpetofauna has not chan~ed radically in the
watershed qrea due to man's activities. According to Lowe and
Zimmerman, there are 116 species of reptiles and amphibians (22 amphi···
bians and 94 reptiles) in the project area. Species of amphibians
include one salamander and 21 frogs and toads. Reptilians include 5 tur
tles, 41 lizards, and 48 snakes. Three species have been introduced, the
bullfrog and two turtles. Minckley states that there are 102 species
of reptiles and amphibians at the four reservoir sites, with one sala-
mander, 15 frogs and toads, 6 turtles and tortoises, 35 lizards and
45 snakes. Minckley cites evidence of two introduced turtles in the
area, the soft-shelled turtle and the co~on snapping turtle. Roughly
10 to 15 percent of the species at each reservoir site are not found
at any other of the reservoir sites with the exception of the Buttes
Reservoir site where all of the species are common to other proposed project
facility locations.

None of the species of reptiles or amphibians is
considered rare or endangered by the Bureau of Sport Fisheries and
Wildlife. The reticulate Gila monster (Heloderma suspectum suspectum)
and the desert tortoise (Gopherus agassizi) are listed as status unde ter
mined species in the 1968 edition of the Rare and Endangered Fish
and Wildlife of the United States. 66 DetailedTists-of- all aT-the species
in:the project~ea, and !;pecifically at the reservoir sites may be
found in the material of Lowe, Zimmerman, and Minckley.

(b) Birds

In general, the species of birds found in an area
depends on the type of vegetation. As is true in other forms of life
found in the project area, the bird fauna is very diverse. This is due
to the great diversity of habitats. By referrinp, to the description of
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the vegetation which was presented earlier, it may be seen that even
within a small area there are many different habitats. Of greatest con
cern in the project area is the riparian community, which provides habi
tats for the most abundant and diverse bird fauna of the project area.
By listing a few of the many varied habitats within the riparian commun
ity, the diversity becomes apparent. There are open water marsh areas,
shore areas, weedy marsh areas, thickets, tall trees, shrubs, and tall
grass areas.

Table 7 in the Appended Material lists the birds
at the four reservoir sites and critical life history data.

Mourning doves are found throughout most of the
watershed area. The white-winged dove is more restricted in distribu
tion, occurring in the lower desert regions of western Arizona. The
band-tail pigeon occupies high mountain ranges. Even more limited in
distribution are the blue grouse and chukar. Three species of quail,
Gambel's, Mearn's and scaled, are present in the area. The Gambel's
quail occupies the desert and lower mountain elevations, while Mearn's
and scaled quail normally occur in the grasslands at higher elevations.
The Afghan white-winged pheasant recently has been stocked in agricul
tural areas in the desert.

There are five rare or endangered species found
within the project area. The Mexican duck (E) is found during the sum
mer in the San Simon Creek basin in the southeast portion of the Gila
River basin. It has occasionally been sighted in the Upper Gila River
Valley below the Hooker Dam site. The Special Area No. 15 map hexagon
symbol (Figure 19E and Table 13, after page 68) shows the area considered
to be the primary habitat breeding area for the Mexican duck in the
United States. This area is specifically managed by the Bureau of Land
Ma~agement for this purpose. The Yuma clapper rail (E) is a summer
resident in some alkaline cattail marshes along the lower Colorado
River north to the Bill Williams River delta which is at the southeast
end of Lake Havasu and in the Topock swamp near Needles. None of the
habitat of the Yuma clapper rail will be affected by the CAP. The
peregrine falcon (E) and the prairie falcon (R) are rare seasonal or
transient inhabitants of the project area and are included on several
reservoir site avian lists. Two and possibly three pairs of bald
eagles (E) nest in the general area of the proposed Orme Reservoir.

(c) Mammals

Big-game mammals in the region are distributed
widely. Deer are the most abundant and widespread of the big-game
species, with the desert mule deer occupying a greater part of the
desert shrub and most of the forested habitat of the Gila River basin.
White-tailed deer occupy habitat ranging from southern desert shrub



to the Ponderosa pine forests. Elk occupy hi~her mountain forest and
meadow areas during the summer, moving down into the woodland and open
grass country in the more severe winter months. The pronghorn antelope
are more numerous than the elk, and are found in the rolling grassland
both north and south of the Mogollon Rim in Arizona. Desert bi~horn

sheep occur in several of the lower desert mountain ranges.

The black bear, also considered as big ~ame, are
found throughout much of the coniferous forests, pinyon-.i uniper, and oak·
woodland country alonB the Mogollon Rim. The javelina or collared
peccary is found at lower elevations.

Several species of predatory mammals and nongame
mammals are well distributed throughout the area and include ~oyote, bob
cat, mountain lions, badger, skunk, jackrabbits. prairie dogs, and various
~round squirrels.

The Sonoran prong-horned antelope is endangered, and
was formerly distributed widely in grassland areas throughout the region
but recent reports indicate that it is not now present in the project
area. The spotted bat, a naturally occurring rare mammal, has a reported
range of Oregon, California, Idaho, Montana, Wyoming, Colorado, New Mexico,
Arizona, and Nevada. The spotted bat has been reported only four times
prior to 1967 in Yuma and Maricop~ Counties in Arizona. In light of the
range and infrequency of observation, it is not anticipated that the project
will have adverse impact on this species.

The coatimundi, jaguar, and ocelot are designated
as peripheral species. These three species are occasionally seen on
some of the reservoir sites and adjoining range lands and mountains.

Species of bats may be seen in the early evening
around the rivers. Shrews use the thick grass and thickets along the
water's edge. Muskrat and beaver live along the rivers and in marshy
areas. Small native rats, mice, squirrels. and rabbits are found in
the cottonwood-sycamore woodlands.

Table 8 in the Appended Material lists the mammals
found in and adjacent to the four reservoir sites. These reservoir sites
are not the exclusive habitat areas of these species.

5. Ec~~ogical.Inte.:.:ela~~ns~..!-pl!. 47

Desert ecological communities in general are considered relatively
tolerant to extreme natural stresses. In order for the desert biota to
survive in the extreme temperature and low-moisture conditions, they have
modified their life-form and adapted successfully into the hardy forms
found in the desert environment. Erosion rates of desert soils are
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variable from low to high depending on soil structure, particle size,
cohesiveness, plant cover, and other factors. Erosion results from
strong winds or intense rainfall an d stann runoff. Soils are sometimes
low in quality. The sparse desert vegetation, resulting from the
climatic and geologic regimen, has limited the diversity and forms of
animal life. Species known to exist historically are now extinct. Long
periods of isolation in the severe desert environment have caused
evolutionary changes in some species. Species that could not evolve
became extinct.

Grassland, chaparral, and woodland communities are progressively
more stable ecological systems. Each provides more cover, forage,
and water storage, and thus is able to support larger populations of
animals. To some extent, large stands of vegetation modify climatic
conditions within them due to increased humidity from plant transpiration.

Natural successional changes have occurred in many ecological
communities, especially the riparian community. In addition, changes
due to change in climate, man's activities, and other factors have made
visible differences in several of the ecological communities in the
project area.

Natural changes are discussed at length by Minckley. His
theory is that around 1870, cli~atic changes caused the incision of
river and stream channels. This dried up extensive wetlands which were
associated with these channels and created the now familiar mesquite
and cottonwood-sycamore-baccharis riparian communities. In the second
third of this century, the introduced saltcedar made heavy inroads on
the mesquite bosques, and formed a third type of riparian habitat.

Man and his activities have resulted in a significant impact
on some desert areas. Relatively small areas of the desert have been
modified by introducing water and transforming desert land to agricul
tural and urban land uses. Dropping of the water table due to
ground-water overdraft has also resulted in replacement of marsh and
riparian areas with desert shrub. Man has affected, to some degree, the
desert's ecology by constructing highways, canals, and other improvements,
and conducting military training operations. Roads across desert lands
often change the drainage patterns in the area, and it can be many
years- before vegetation is reestablished in the disturbed areas.

Woodland and grassland communities have been affected due to
changes in the hydrology of the watershed area. Many of these areas have
also been o...ergrazed, and due to the desert environment are slow in
recovering their normal vigor.
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6. C~ltural Factors and Land Use 1,63,75,131,135-137,139,182

a. Laad Use Patte~

The project area is generally located within the SO,900-square
mile drainage area of the Gila River and its principal tributaries from
above Painted Rock Dam in Arizona, to the upper reaches of the Gila River
in southwestern New Mexico. Approximately 54,000 acres of land will be
directly involved by the construction of the project. For the most part,
the watershed area is undeveloped. For example, the irrigated agricultural
and urban and industrial area complexes within the Gila River Basin cover
an area of 1,260,000 acres, or 3.4 percent of the total land resource of
36,790,000 acres. The CAP facilities will occupy in part some of these
existing complexes. The remaining facilities will occupy land that is
presently used for grazing, rangeland, forests, military, transportation,
and recreation.

The pattern of development and land use varies widely from
place to place within the project area, depending on topography, soil
types, water supply, mineral deposits, and transportation routes. The
three basic categories of land use are: 1) relatively undeveloped land,
2) irrigated farmland, and 3) urban areas.

For much of its length, the Granite Reef Aqueduct passes
through alluvial desert plains surrounded by rugged and desolate moun
tains. The area prOVides only meager forage for livestock grazing and
consequently ranch development has not been intensive. The terrain and
climate in the area of the Tucson and San Pedro Aqueducts are not quite
so severe as they are adjacent to the Granite Reef Aqueduct, and grazing
is somewhat more intensive in these areas. There is some scattered
mining activity in the immediate area of project facilities, but this
activity is generally limited to small sites with no large areas being
devoted to mineral production. The human inhabitants live largely in
small communities and towns along the major roads or on isolated ranches.

The Indians began agricultural development in the area in
prehistoric time by diverting water from larger streams onto flood plains
and adjacent basin floors. Beginning in the Territorial period, white
settler~ ~~oPted and expanded surface-water irrigation along the Hassayampa,
Agua Fria, Verde, Salt, Gila, San Pedro, and Santa Cruz Rivers. Ground
water pumping on a large scale was started in the early 1900's in shallow
water-table areas along the major streams to supplement the surface-
water supply, or because of drainage problems. Improved pumping tech
nology, wartime fiber requirements, and high farm prices in the late
1940's and 1950's resulted in a rapid expansion of ground-water irrigation
into basin areas far from the major streams. At the present time, irriga
tion is highly developed in the vicinities of the Salt, Gila, and Santa
Cruz Rivers, and significant areas are farmed in several other neighboring
basins. The total irrigated area was about 700,000 acres in 1970.
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Project aqueducts and reservoi rs lie immediately adj acent to much 0

the agricultural area. (See Figure 19C)

The major urban areas directly under project influence are
the Phoenix and Tucson metropolitan areas located in the Salt River and
Santa Cruz River Valleys, respectively. These areas involve about
300 square miles of land. Both undeveloped and agricultural lands are
being urbanized daily and both classifications will be involved in future
shifts in land use.

The smaller cities of Florence, Casa Grande, and Coolidge
are in the area irrigated in part from the Gila River. Other small
cities and towns including Eloy, Picacho, and ~~ricopa, are in areas
irrigated entirely with ground water.

b. Land Ownership63,135

The required right-of-way for the CAP facilities falls within
a variety of ownerships, including Federal, Indian, state, and private.
A larger portion of the aqueduct system will be on public domain land
under Reclamation withdrawal, especially between the Colorado and
Hassayampa Rivers. A small area of National Forest land will be crossed
near the Salt River. The State of Arizona owns a large portion of the
land along the route south of the Salt River. These state and Federal
lands are largely undeveloped, and are leased for grazing. Several miles
of the Granite Reef Aqueduct cross undeveloped land of the Salt River
Indian Reservation near Phoenix. Some privately owned land will be
crossed in the vicinity of the urban and agricultural development between
the Hassayampa River and the west boundary of the Salt River Indian
Reservation.

The following tabulation shows the approximate percentage
of aqueduct right-of-way ownership in each category:

Federal 40%

State 27%

Indian 3%

Private 30%

The Orme Dam and Reservoir site is on land of Tonto National
Forest, Salt River Indian Reservation, and Fort McDowell Indian
Reservation. Approximately 9,700 acres will be needed for the con
servation storage area. Of the 24,000 acres below maximum water
surface elevation at flood stage, the right-of-way requirements are:
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Forest Service

Indian lands

7,900 acres

16,100 acres

Buttes Dam and Reservoir site is located on the Gila River,
on public domain and private lands. Approximately 4,000 acres are
involved for conservation storage. The area below the maximum flood
control storage elevation will be about 5,500 acres.

Charleston Dam and Reservoir site, on the San Pedro River,
is mostly on private land. There is also a small amount of land owned
by the state as well as part of the Fort Huachuca Military Reservation.
Approximately 5,600 acres may be involved at the maximum flood storage
elevation, of which 4,000 acres will be inundated by the conservation
storage.

Approximately 1,120 acres and 1,340 acres of National Forest
land are required for the conservation level and flood stage level,
respectively, for the Hooker Dam and Reservoir site, on the Gila River
in New Mexico. These figures include portions of the Gila Primitive
and Gila Wilderness Areas, and patented private land.

Figure 190 is a landownership map for the Lower Colorado
Region.

c. Archeological and Historical Sites 41-46,60,73,141,177,178,
182,184

Four major cultural subareas may be distinguished in the
Southwest: the Hohokam of the desert of central and southern Arizona,
the Mogollon of the mountainous areas of eastern Arizona and western
New'Mexico, the Anasazi of the high plateau region known as the Four
Corners, and the Patayan, which centered in the Colorado River Valley
in a desert environment. There was considerable cultural interchange
among the major subareas in prehistoric times. The prehistoric cultures
of the Southwest are ancestral to historic and modern Indian cultures
of the area. For example, the Hopi of northern Arizona and the Zuni
of west-central New Mexico still live on or near the townsites of their
prehistoric ancestors.

Another continuity between prehistoric and historic people
is seen in the desert region of southern Arizona where the relationships
of the present day Pima and Papago farmers to the prehistoric Hohokam
are well established. Present evidence suggests that some of the
Mogollon people may have joined the Anasazi to the north, while others
may have joined the Hohokam.

In the central Arizona area, historic landmarks are
generally connected with three major influences in the area's history:
the Indian supremacy, the Spanish settlement, and the American period.
The first European to visit the basin was Fray Marcos de Niza, a
Franciscan who, in 1539, traveled from Mexico in search of the rumored
Seven Cities of Cibola. It was not until the 19th Century that American
hunters and trappers began drifting into the region.
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The National Park Service, Southwest Archeological Center,
has conducted surveys of aqueduct routes and reservoir sites to appraise
the archeological and historical sites and structures. These initial
surveys identify about 15 sites along the aqueduct routes. There are
12 known archeological sites that have been located on the Verde River
above its confluence with the Salt River in the area of the proposed
Orme Dam and Reservoir. Six sites have been located in the Buttes
Reservoir. In the Charleston Reservoir area and vicinity, 113 new sites
were located bringing the total to 133 known archeological sites. A
contract is being negotiated with the National Park Service for archeolo
gical surveys on the proposed Hooker Dam site and reservoir area and
for additional surveys on all of the project features. Two such studies
covering the Havasu feature and the Granite Reef Aqueduct have been com
pleted. A known major archeological site, Woodrow Ruin, is located on
the west bank of the Gila River, approximately 2~ miles downstream
from the Hooker Dam site. Woodrow Ruin is an extensive Mogollon site
covering approximately 10 acres and is recorded on the National Register
of Historic Sites and the New Mexico State Register of Cultural Properties.
In addition to the Woodrow Ruin there are nine unlisted sites or areas of
historical interest in close proximity to the Hooker Dam and Reservoir
site that may be affected by the project development.

Current listings of the National Register for Historic Places
and Designated National Historic Landmarks in the Federal Register
reveal three sites that will be in the same counties as project features 
see Figure 19E and Table 13. (Archeological Sites 3 through 6 are mis
plotted, none of which will be influenced by the project.) The Casa Grande
National Monument will be 7 miles northwest of the Salt-Gila Aqueduct,
the Lehner Mammoth-Kill National Historic Landmark is 8 miles south of
the proposed Charleston Reservoir and the Hohokam-Pima Irrigation Sites,
and other potential nominations including the Park of the Four waters in
Phoenix are all located at distances varying from 4 to 20 miles down
stream from the aqueducts and siphons crossing the Salt and Gila Rivers.

Prehistoric and historical habitation was closely tied
to the surface waters of the area. Numerous sites occur along the
terraces of the larger streams. In general, the prehistoric sites con
sist of sherd areas, trash mounds, playing fields, and small masonry or
adobe ruins. The historic sites are quite varied.

Specific archeological and historical sites which may be
affected by project facilities are discussed later in this chapter and
in Chapter III. The information obtained in future surveys will be
reflected in the individual environmental statements covering the major
feature of the project.
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TABLE 13

SPECIAL AREAS - LOWER COLORADO REGION

Symbols and numbers refer to Figure 19E

Archeological Sites
,6of Maior Significance

1 Tule Springs 6 Roosevelt
2 Gypsum Cave 7 Tularosa Cave
3 Snaketown 8 Cordova Cave
4 Grelole Site 9 Mogollon Village Site
5 Casa Grande

Significant Historic Sites A
1 Pipe Springs N. Mon. 16 Park of the 4 Waters
2 Old Oraib! 17 Gatlin Site

3 A....atovi 18 Yuma Territorial Prison

4 Zuni 19 Yuma Crossing
5 !'Ierriam (C. Hart) Base Camp 20 Sierra Boni ta Ranch

6 Winona Site 21 Tucson
7 Lowell Observatory 22 San Xavier del Bac

8 Jerome 23 Presidio at Tubac

9 Camp Verde 24 Tumacacori N. Non.

10 Caea Ma!pais 25 Fort Buchanan
11 Fort Apache 26 Tombstone

12 Klnishba Ruins 27 Lehner-Ma~oth-Kl11 Site

13 Point of Pines 28 Double Adobe

14 Roosevelt DaI:l 29 San Bernardino Ranch
15 Pueblo Grande Ruin 30 Fort Bowie N. Hon.

UTAH
1 Ripple Arch
2 Cottom-lOod Canyon
3 Joshua Tree
4 Sand tlountain
5 Red Mountain
6 Coral Pink Sand Dunes
ARIZONA
7 Sullivan and Virgin River
8 Grar.d Hash Cliffs
9 Kanab Creek Canyons
10 C. Ha:-t Mcrrian

Sc~nic Area
11 Lower Colorado River
12 Kofa Game Range
13 Gila River Greenbelt
14 Phelps Botanical Area
15 Mexican Duck Habitat
16 Vermillion Cliffs

o

BUt lands designated as prilJ.itivc areas b}' Secretary of
National Forest
National Fore!;i: which have been proposed
Included in the Wilderness System by 9lst Congress

Acres
205,346

20,850
124,140
433,916

52,717
18,000

50,260
5,500
8,000
9,800

12,440
665,000
17,000

202,000
125,000
12,000

624,000
4,685

Acres
169,984

132,788
211,470

5,667
7,400

16,399
49,590

the In terior

Subregion
Cila
Gila
Gila
Gila
Gila
Gila

Subregion
Gila

Arizor..a

Arizona
Arizona
Arizona
Arizona

Arizona
Arizona

Arizona

Arizona
Arizor:.a
Arizona

Arizona
New Mexico
New Hexico
New Mexico
Arizona
Arizona
Arizona
New Nexico

Gila
Gila
Gila

Little Colorado
Gila
Gila

o

Kaibab Squirrel Habitat
Barringer Meteor Crater
Hualapai Valley Joshua

Trees
Willcox Playa
Raesey Canyon

6 Sonoita Creek
7 Guadalupe Canyon
8 Animas Canyon
9 San Simon Cieniga
10 Camelback Nountain
11 Granite Dells
12 Fossil Creek
13 Zuni Salt Lake

16
17
18
19

Natural Landmarks (Existing) II

Designated \olilderness 0
Name
I-lazatzal Hilderness
Sierra Ancha Hilderness
Superstition Wilderness
Gila Wilderness
Galiuro Hilderness
Chira::.ahua

Ecological Areas (Potential Additions)

Geological Areas (Potential Additions) f2J

15
16
17
18
19
20
21
22
23
24
25

9
10
11
12
13
14

14 Grand Falls.
Little Colorado River

15 Doney Cra ters to Black
Monocline

S P Crater
Governtlent Cave
Red Hountain
Lower Gorge.

Little Colorado River

~ ~
Nan:e ~
ii'a'Ck Range**
Gila (both) (designated

and priClitive)**
BI!.!,'!; Range***
Aravaipa Canyon*
Mt. Baldy****
Pine Mountain***
Sycamore Canyon**'"
Petrified Forest National Park

(portions) Little Colorado
Virgin River Area Lower ~1ain SteD
Canaan Area Lot-ler Hain Stem
Cotton-"ood Canyon Area Lm·,er Hain Stem
Red Hountain Area Lower Main Stem
Desert Hildlife Range Lower Haio Stem
Lake Havasu Nat tonal Wildlife Refuge Lot-ler Nain Stem
Kofa Game Range Lower Main SteD
Castle Dome Lower Hain Stem
Imperial National Wildlife Refuge Lower Main Stem
Caheza Prieta Came Ranse Lower Main Stem
Chiracahu<l National Mon. Gila

*
**

Bureau of Land ~!anagei.lent

Bureau of Land Manage~ent

Bureau of Land Nanagc:lIe:l.t

Administering AgencY

Fares: Service
Bureau of Land Managet!!ent
Bureau of Sport Fisheries & tUldlife
Bureau of Land Hanagement
Forest Service
Bureau of Land Hanagement
Bureau of Land Hanagement

Bureau of Land Nanasement
Bureau of Land Hanagement

Bureau of Land Hanagement
National Park Service
National Park Service
Bureau of Land Nanagement
Bureau of Land Hanager.lent

Bureau of Land Hanagement
Bureau of Land Nanagecent
Bureau of Land Nanaget!:cnt
Burea'J of Land Nnnagernent
Bureau of Land Hanagemant
State of Utah

Bureau of Land Hanagement:
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
National Park Service
Forest Service
Forest Service
National Park Service
Forest Service
Bureau of Land }1anagenent
Bureau of Land Hanage~e·l\t

Bureau of Land Nanagement
Bureau of Sport Fisheries & ~lildlife

Bureau of Sport Fisherles & Hildlife
Forest Sen'ice
Forest Service
National Park Service
National Par!t Service
National Park Service
Forest Service
National Park Sen'ice
National Park Service

154
1,154

960
1,120
5,120

15
480

1,024
154
260
91.O
160
840
160

57
5,120
1,000

100
90
50
25

320
45
40

2,880
240

762
80

1,000
1,600
6,320
1,200

50,000
35,000
70,000

400
75

15,360
1,200
1,000

275
350,000
660,000

62,735
100

1,000
50,136

oSpecial ~1anaget!lent Areas

Research Natural Areas
UTAH
1 Blackbrush
2 Kalab Mesas
3 West Rim PhantoD Valley
4 Desert San Dunes
5 Desert
NEVADA
6 t%od Canyon
7 Pine Creek Canyon
ARIZONA
8 Black Rock Mountain
10 Ht. Emma
11 Great Thumb
12 Swamp Point
13 Powell Plateau
14 Neal Springs
15 loI'ayslde
16 San Francisco Peaks
17 G. A. Pearsons
18 ""alnut Canyon
19 Oak Creek Canyon
20 Joshua Tree
21 Palm Can;,"on
22 Fishtail Canyon
23 Antelope Flat
24 Sierra Pinta
25 Butterfly Peak
26 Phelps Botanical Area
27 Far West Picket Pa:-k
28 East Picket Park
29 South ~hake Sprinss
30 Pole Bridge Canyon
31 Jes~e James
32 \.test Picket Park

The present Research llatural Areas include examples of:

1. Typical or unus!.!al faunistic and/or floristic typas.
associations 0"-: other biotic phenomena.

2. Characteri.stic or outstanding geologic feature~ and
processes.



a.

d. Recreation 1,141,142,184

The recreation resources of the project and adjacent areas
are used on a year-round basis. There are seasonal peaks for certain
types of recreation, with variations in preference of activity by resi
dents and visitors alike. Winter visitors are numerous in the project
area, but urban resident population represents over three-quarters of the
regional total use. Water-oriented recreation is utilized primarily
during warm-weather periods.

It is estimated in the Comprehensive Framework Study that
the amount of land available in the lower Colorado region for recreation
will be adequate until the year 2000. There are, however, deficiencies
in certain types of activities and surpluses for others. In addition,
there is considerable geographic imbalance in the locations of these
activities with respect to population centers. By 2000, the Comprehensive
Framework Study estimates that the Gila subregion will need 29,300 acres
of water available for recreation, and by t~e year 2020, 86,000 acres.

Due to the large populations and rapid growth which has taken
place in the CAP service area, recreation demand has grown very quickly
and will continue to place heavy demands on the natural environment,
especially in the Phoenix-Tucson corridor and the surrounding water and
mountain areas. The lower Colorado River main stem, the reservoirs on the
Salt. Verde. Gila, San Pedro, and other rivers, and the river areas them
selves. will all receive heavy use by residents of Phoenix, Tucson, and
the many suburban and rural towns in the project area.

7. Environmental Quality in Central Arizona

Air72-
The increase in air pollution problems in major metropolitan

areas is the result of the rapid oxidation of hydrocarbon compounds that
contain other elements as impurities. Typical problems result from
burning fuels in power production, residence and office heating, large
industries and transportation systems, and from incineration and agri
cultural burning.

Uncontrolled agricultural burning is not a major problem
in the project area. Air pollution controls and improved agricultural
practices have actually improved conditions over those of a few years
back. Under the State of Arizona air pollution laws, primary jurisdic
tion over pollution matters is vested in the Arizona State Air
Pollution Control Division of the Department of Health. An installa
tion and operating permit is required for equipment which may cause
pollution or which is installed to control pollution.
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The boundaries of Metropolitan Phoenix-Tucson Intrastate
Air Quality Control Region were designated and the region established
on April 24, 1970, by the Secretary of Health, Education, and Welfare
pursuant to the Clean Air Act of 1963 as amended. The re~ion embraces
Gila, Maricopa, Pima, Pinal, and Santa Cruz Counties. The following
high values are indicative of conditions in the region based on the
sampling sites located through the region.

Annual Average Values

Air Quality
Measurements

Suspended Particulate
(Hi-Vol)

Suspended Particulate
(Tape Sampler)

No. of
Value Stations

exceeded
100 ug/m 3 17

not exceeding
0.46 COHS/IOOO' 10

Value-

exceeded
140 ug/m3

No. of
Stations

9

Settleable Particulate
(Dust fall)

greater than
10 tons / mtZ /mo 4

greater than
20 tons/mi2/mo 2

Sulfur Oxide
(Continuous)

Sulfation Rate
(Candle)

Sulfation Rate
(Disc)

b. Water144

not exceeding
annual average 10
of 0.04 ppm

less than 0.1 mg
S03/l00cm2/day 6

less than 0.1 mg
S03/l0<km2/day -71

greater
than 1.0 mg
S03/l00cm2/day 2

High levels of total dissolved solids in surface and ground
waters exist in the project area and influence domestic, industrial,
and agricultural uses. In the headwaters of the Gila River, dissolved
solids concentrations are generally less than 500 ppm. In the middle
reaches, below the point of major diversions, the dissolved solids range
from about 500 to 1,000 ppm. There are some salt springs discharging
into the Gila River, although most of the increase in dissolved solids
results from the concentrating effects of consumptive use and return flow.
Total dissolved solids in the Salt River at Stewart Mountain Dam are ahout
700 ppm. Concentrations in the Verde River range to as low as 280 ppm.

Quality of ground water in central Arizona ranges widely
both areally and with depth. The production wells in the project area
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produce water ranging between 300 ppm and 4,500 ppm of TDS. The average
of all ground water, as pumped, was 955 ppm in 1965.

Fluoride content ranges from a trace to about 4 or 5 ppm.
The average is normally about I ppm or less in most water of the
area. This relatively high level of natural fluoride concentration
persists even during flooding on some upstream portions of the
Gila River. A few isolated sample points show fluoride contents of
more than 10 ppm.

Sediment concentrations in surface water of the region
range from very high to moderate. In the Basin and Range lowlands,
the yields are moderate with concentrations in the adjacent streams
averaging about 20,000 ppm.

Total hardness of the ground water ranges from soft to very
hard, from less than 60 PPD to more than 600 PPD. The concentrations
of minor constituents such as iron, magnesium, and silica vary consid
erably throughout the area; but, except for fluoride and nitrates, the
concentrations are not objectionable for most uses.

Existing conditions affecting water quality and public
health in the CAP area are as follows:

(1) Presence of potent ially water-borne disease.

(2) Open surface-wate r irrigation systems.

(3) Bacteriological quality of water supplies at some
recreation areas does not meet USPHS standards.

(4) Chemical, bacteriological, and other pollution resulting
from irrigation return flows and municipal and industrial
wastes •

(5) Contamination of streams by runoff from natural
mineral deposits, livestock feeding operations, and other
solid was tes •

(6) Lack of sufficient water to maintain minimum
streamflows and outflows from the basin.

(7) The presence of mosquitos and other vectors that may
increase health hazards.

c. Noise

Sound levels vary within the CAP service area. In open
desert and grassland areas, natural sound is generated by animals, winds,
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thunder, and rain. The most common noises resulting from man's activ
ities in these areas would be occasional airplanes traversin~ the area
and/or off-road vehicles (such as a jeep or motorcycle). In agricul
tural areas, intermittent noise of a high- to low-level type is
generated by farm machinery, cars, water pumps, and airplanes. Urban
and industrial areas have higher noise levels, with cars, machinery,
and other transportation forms (railroads and airplanes) in operation.
Noise levels are generally at acceptable levels.

8. Colorado River 5,115-
The Colorado River Basin is divided into the Upper and Lower

Basins by the Colorado River Compact. The legally-designated dividing
point between the two is Lee Ferry, located in the main stream of the
Colorado River 1 mile below the mouth of the Paria River. This is about
17 miles downstream from Glen Canyon Dam. (See Figure 1) From Lee Ferry
the Colorado River flows through th e Grand Canyon into Lake Mead which
is formed by Hoover Dam 370 miles downstream from Glen Canyon Dam.
Lake Mead (active storage capacity 26,159,000 acre-feet) provides most
of the storage and regulation of the lower Colorado River. Proceeding
downstream, Davis Dam and Lake Mohave, Parker Dam and Lake Havasu,
Headgate Rock Dam, Palo Verde Diversion Dam, Senator Wash Dam and Reservoir,
and Imperial Dam and Reservoir provide for re-regulation of stream flows,
and storage and diversion of the river's waters for various uses.
Imperial Dam, located 28 miles above the northerly international boundary,
is the last major diversion point on the Colorado River for users in the
United States.

a. ~ 3-9,12,13,134,144,183

The Colorado River is subject to a number of legal documents
generally referred to as the "Law of the River," and these documents
concern the interests of the United States, seven western states, and
Mexico. These documents are referred to here and referenced throughout
this statement with regard to water rights pertaining to the Colorado
River, and especially the Lower Basin.

Historically the Colorado River runoff or undepleted flow at
Lee Ferry has varied from 5 to 24 million acre-feet annually. Many
authorities investigating the runoff of the Colorado River have estimated
the average annual long-term runoff as between 13 and 15 million acre-feet.
At the present time the Upper Basin is using less than half of its appor
tionment provided by the Colorado River Compact. In the lower basin,
annual releases from Hoover Dam to meet the current water requirements of
Mexico, Arizona, and California are about 7.9 maf. Most of the small
present requirements by Nevada are met directly from Lake Mead. The
Mexican Water Treaty of 1944 allocates to Mexico 1.5 maf of Colorado River
system waters annually, to be increased in years of surplus to 1.7 maf
and reduced proportionately during extraordinary drouth. The U. S. Supreme
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Court Decree in Arizona v. California (1964) established Indian water
rights for the irrigation of l36,636-acres below Hoover Dam in Arizona,
California, and Nevada. These priority rights are for a total annual
diversion of 905,496 acre-feet from the Colorado River or the quantity
of mainstream water necessary to supply the consumptive use require
ments of the irrigated land. Among other things, the decree reaffirmed
the Boulder Canyon Project Act apportionment of water provided by
Article 111(a) of the Colorado River Compact, so that if sufficient
water is available for release to satisfy 7,500,000 acre-feet of annual
consumptive use in the three lower Colorado River Basin States, the
apportionment is as follows:

State Consum~~ve Use--- (acre-fee t)

California 4,400,000

Arizona 2,800,000

Nevada 300,000

Total 7,500,000

The long-term diversion is expected to be about 1.2 maf, which
assumes full development levels of all prior water rights in Arizona along
the mainstream at that time, including Court decreed rights of Indian
Reservations adjacent to the river in Arizona. It is estimated that
annual diversions to CAP will vary between a minimum of 0.38 maf during
extreme drouth and a design maximum of 2.2 maf during periods of surplus
water availability. The amount of diversion in anyone year will depend
on water supply conditions and the extent of Upper Basin development,
neither of which are expected to restrict CAP diversions durin~ the early
years of the project.

All water requirements below Hoover Dam are satisfied from
releases from Lake Mead and tributary inflow downstream. In the past
10 years, no water has been released from Hoover Dam in excess of down
stream consumptive use requirements. Diversions to the CAP plus changes
in other uses along the mainstream will result in a net increase in
release requirements from Lake Mead. The major part of future increases
in use along the mainstream in Arizona will be from planned development
on Indian reservations and wildlife refuges.

The amount of water released into the lower basin from the
upper Colorado River basin will decrease as additional development is
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realized in the upper basin. As a result of these increased demands on
the river, the average availability of Colorado River water for diversion
by the project will decrease from a projected level of 1.64 million acre
feet in 1982 to 0.90 million acre-feet in 2032.

The normal CAP diversion will come from a reduction of over
650,000 acre-feet per year in diversions from Lake Havasu to California
which presently exceeds its entitlement, and from additional releases
from Lake Mead.

Flows into Lake Havasu behind Parker Dam will be less than
releases from Lake Mead by the amount of river losses occurring in this
reach. The additional water releases for CAP will be diverted from
Lake Havasu. They will not affect the magnitude of releases below Parker
Dam. However, additional downstream uses, primarily on Indian lands and
wildlife refuges, will increase the release requirement from Lake H~'asu

bv 200,000 - 300,000 acre-feet per year by the earlv 19RO's.

b. Salinityl,114,119-121,144,160,161

High levels of dissolved mineral salts in surface and grounn
waters are a major water quality problem in the entire lower Colorado
River basin. With few exceptions, most surface and ground water sllpplies
have mineral concentrations exceeding 500 ppm, and many exceed 1,000 ppm.
This salinity limits some municipal, industrial, and agricultural uses.

The Colorado River ente rs the lower basin at Lee Ferry
alreadv containing an average of some 600 ppm of dissolved mineral salts.
Nearlv 8.7 million tons of these dissolved solids are transported into
the lower basin from the upper basin annuallv. From Lee Ferry the river
increases in salinity on its course to the Gulf of California (see
Figure 1), reaching about 734 ppm below Hoover Dam, 726 ppm at Parker
Dam, and 845 ppm at Imperial Dam above Yuma. This increased salinity is
due principally to inputs from saline springs and the concentrating
effects of consumptive use and reservoir evaporation.

At least seven salt springs contribute some 685,000 tons of
salt annually to the lower Colorado River directly or to its perennial
tributaries, the Vir~in and Little Colorado Rivers. Blue Spring alone
discharges some 547,000 tons annually at a point on the Little Colorado
River only 13 miles from its confluence with the Colorado River. The
Little Colorado River contributes salts of the sodium chloride type to the
Colorado River while the Virgin River contributes sulfates as well as
sodium and other chlorides. Salts of the calcium-sodium-sulfate type
predominate in the Colorado River from Lee Ferry to Imperial Dam. Little
change in the proportions of chemical constituents is noted in this reach
of the river and irrigation return flows do not have a material impact on
that composition. However, below Imperial Dam irrigation return flows
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cause a shift to predominately sodium chloride type salts in the river
on the remainder of its course to the international border.

Collectively, these salinity problems adversely affect the
quality of the water reaching l'torelos Dam for diversion for irrigation
in the Mexicali Valley in Mexico. This is a serious problem, recoRnized
as one of national concern by Congress in P.L. 90-537, and acknowled~ed

by the President as recently as June of this year. The salinity of the
entire 710 miles of the lower Colorado River from Lee Ferry to the
International Boundary is likewise an increasingly serious problem.
Without a comprehensive control program, salinity is projected to
increase from 40 to 60 percent by the year 2020. This increase will
be primarily due to increased developments and their return flows using
presently unused rights to water along the entire course of the river.
These new uses will include municipal and industrial diversions, irriga
tion, and thermal power productions. Evaporation from new reservoirs
and return flows from newly irrigated land will contribute to increased
salinity.

As a result of several years of study by various interested
and responsible agencies, the Department of the Interior instituted
investigations in 1971 which produced plans for the 10-year Colorado
River Water Quality Improvement Program. The responsibility to plan
and to implement the program rests with the Bureau of Reclamation, with
other Interior agencies such as the Office of Saline Water, the Office
of Water Resources Research, the Geological Survey, the Bureau of Land
Management, the Bureau of Sport Fisheries and Wildlife, the Bureau of
Outdoor Recreation, and the Bureau nf Mines assuming cooperative roles.
The objective of the program is to maintain salinity concentrations at
or be~ow levels presently found in the lower main stem of the Colorado
River. Both long and short range solutions will be considered. It is
estimated that a reduction in future salinity levels by 160 ppm at
Imperial Dam by the year 1990 can be accomplished at a total capi tal
cost in the order of $400 million to $500 million. This estimate includes
the effects of controlling salt input at Blue Spring on the Little Colorado
River but not the costs of this program element. Investigations are
scheduled too for control of salinity at point sources, diffuse sources,
and irrigation sources. These investigations are to be integrated with
allied programs involving desalting, weather modification, geothermal
resources, and basin-wide water resource management.

B. The Projected Future Environment of the Project Area Without the
Central Arizona Prolect 1,15,16

The projected future environment of the project area without the
project would continue to include the problems and deteriorating condi
tions outlined in Chapter I. Trends outlined in Chapter I Clnd Section A
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of this chapter would continue to cause environmental change.
other hand, the impacts discussed in Chapters III and IV which
been associated with the project would not occur.

On the
would have

If current trends continued unaltered, there would be a general deteri
oration of the water supply situation in the project area. There would
be increased use of water for municipal and industrial purposes coupled
with a reduction in overall water availability and an increase in costs
of production. Both availability and cost problems would be related to
continued overdrafting of ground water in the central service area. This
situation would probably force the gradual phasing out of those water
uses which yield low income in relation to the cost and amount of water
used. This impact would be felt most directly by irrigated agriculture
where the land and water use is directly competitive with urban expansion.
It is unlikely, however, that municipal or industrial uses would be
curtailed seriously for several years, since the safe-yield amount of
water available in the project area exceeds the municipal and industrial
demand that can be expected in the near and medium-term future. Thus,
it cannot be expected that failure to build the project would have a
pronounced effect on population growth.

A gradual change in land-use and ownership would continue. A~ricul

tural lands which are close to urban fringe would continue to be sub
divided. The rate at which this would occur would be dependent on
agricultural greenbelt zoning laws being adopted and used. Without the
project, additional agricultural lands would be forced out of production
by water problems, but would not be used for other purposes. These lands
would in the long term return to natural desert conditions through pro
gressive successional stages. Temporarily there may be some incremental
problems with wind and water erosion and sedimentation.

The project is economically attractive to water users who propose to
use CAP water for agricultural purposes. Some of the Indian tribes of
central Arizona are numbered among these potential users. Denial of
project water would slow the economic progress and development of the
Indian groups that would otherwise receive the water.

Ground-water quality could deteriorate due to the necessity of using
poorer quality and/or deeper aquifers to meet the rising demand for
water. Overall, this decline would probably be small, but more pronounced
in some areas than in others. Surface supplies would remain approximately
the same in quality, although the reduction of poor quality agricultural
return waters could have some beneficial results.

Existing recreational resources (especially water-oriented) would be
subjected to much heavier use than they would if the project and its
recreational facilities were constructed. This is especially true for
facilities in close proximity to urban areas. The Salt, Gila, and Verde
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Rivers and their present reservoirs would all be heaVily used for fishing,
boating, and swimming while the shoreline areas would be used for pic
nicking, hiking, camping, and sports activities. Demand for recreation
would not be influenced by the lack of the project, and present geo
graphical imbalances would not be corrected. An expected deficit of
29,300 surface acres of water for recreation by 2000 and 86,000 acres
by 2020 is projected by the Comprehensive Framework Study.

Those archeological resources which would have been affected by CAP
features would remain intact, although other construction activities and
the usual weathering and pilferage would endanger or destroy many of
these sites. Concurrently, much of the impetus to investi~ate these
resources will be lost without the project.

The general physical environment would change little. Geology,
topography, and climate would be little affected by the changes occasioned
by the CAP or the changes which would occur without it. However, one
significant condition would continue to be found, that is the expansion
of land subsidence in some parts of central Arizona. While it is not
possible with existing technology to accurately determine the extent or
severity of subsidence in the future due to continued pumping of under
ground water, earth subsidence and cracking would undoubtedly continue.

Future land subsidence can be projected roughly from estimates of
average annual decline of water level. Preliminary figures for the
period 1970 to 2030 indicate that, with the CAP, the average water
decline will be about 175 feet, and that without the project, the average
decline would be 300 feet. Probable subsidence on the average for the
period 1970-2030 would be 7 and 12 feet with and without the project~

respectively, based on an average of 4 percent of the water decline.

Present patterns of surface water flooding and sedimentation would
continue without the CAP unless other control structures were constructed.
These continued patterns would: 1) cause serious periodic destruction
similar to that which has occurred as recently as June of 1972 in Phoenix
and suburban areas; 2) prevent the lengthening of the runway at Sky Harbor
International Airport; 3) preclude development of the Rio Salado Project
in Phoenix; and 4) continue the serious clogging of irrigation canals
with sediment. Additionally, the area would continu~ to realize the loss
of much valuable runoff water due to the lack of adequate conservation
facilities.

Vegetation, fish, and wildlife would be affected in varying degrees
by the absence of CAP. In some areas, vegetation may be Jost due to
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overdraft of ground waters lowering the water table below the root zone.
The loss of these valuable vegetative communities would reduce available
wildlife habitat in the region. Wildlife may also be affected by the
areal reduction of grainfields which provide food and shelter for many
small mammals and birds. Without the project, some fish species would
not have the large reservoir areas in which to expand in numbers, but
those species which would have been adversely affected by the pumping,
transporting, or storage of project waters would remain in the streams
which they inhabit at present. It is likely that recreational pressure
on existing stream fisheries would increase, further stressing present
fish populations, especially of native fishes.

The lack of a CAP should not have any adverse effects on rare or
endangereu fish and wildlife nor cause any species to become rare or
endangered within the project area. Some ponds and marshes may dry up
due to increased water control practices, thus reducing the amount of
this relatively rare habitat type.

The projected future environment of the project feature areas would
remain similar to present conditions. In the absence of potential
separate feature authorization to meet specific needs, none of the
construction, esthetic, or operational impacts would occur. No land
would be inundated, and no temporary or permanent disturbance resulting
from the project to fish, wildlife, or vegetation would take place. Water
problems, subsidence, and other existing conditions would continue.

At the Havasu site, virtually no changes in the present environment
would occur without the CAP. For the most part, the existing rocky,
barren shoreline, artificial reservoir, and increasing mobile home
subdivisions, would remain much the same as they are today.

Along the route of the Granite Reef, Salt-Gila, Tucson, and San Pedro
Aqueducts, the interruption in the desert environment would be eliminated
as would the recreation and fish and wildlife benefits which would be
derived from off-canal watering facilities and proposed fishing lakes,
and flood control afforded by the aqueduct cross-drainage protection
systems.

In the Orme Reservoir area, recreational uses would increase and
threaten present wildlife values. Disturbance of vegetation and wildlife
in the area and upstream by recreationists may be expected. The Verde
well field of the city of Phoenix, which provides emplo~ent for some
members of the Fort McDowell Yavapai-Apache Indian Community and sup
~lies water to metropolitan Phoenix, would continue to function. The
economic and social effects which would occur with the reservoir would
be substantially less since none of the reservation lands would be
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inundated, present Indian communities and agricultural areas could be
maintained, and the ancestral cemetery would remain accessible.

At the Buttes site, little change would be expected. Mineral
deposits would remain readily available for future mining, provided
it is economically feasible to do so.

The Charleston site would also remain in much the same condition as
at present. The lack of a reservoir in this area would permit the open
excavation of small quantities of minerals if these should prove profitable
at some future date.

Because of its remoteness and protection by Federal ownership, the
riparian vegetational and faunal communities as well as the surrounding
mountain woodlands in the Gila National Forest, in which the Hooker Dam
site is located, would remain much as they are today. Recreational
use would become heavier as population pressures increase, and more
people are willing to journey further for a "wilderness" experience. This
heavier use may degrade vegetation and wildlife values.

Some of the changes, such as economic development, would be moderately
affected by the failure to import water. The agricultural segment and
agricultural supporting and processing segments of the economy would be
adversely affected as agricultural production decreased due to a reduced
water supply. Other factors of the overall environment would only feel
minimal effects. For the most part, the degree to which all of the
progressive environmental and social changes would be felt in the absence
of the project would depend on the individual and governmental responses
which would be made by the people of central Arizona and western New Mexico.

C. Present Environment at Specific Sites of Project Features

In this section. the environment at each of the major project feature
sites is discussed separately. Further discussion will also be provided
in the individual environmental statements covering the major features.

1. Environment of the Havasu Intake Channel, Havasu Pumpi~g Plant,
and Buckskin Mountains Tunnel 70

A detailed description of the environment at the proposed site
for the Havasu Intake Channel, Havasu Pumping Plant, and Buckskin
Mountains Tunnel is contained in the Draft Environmental Statement
(DES 72-40), filed with the Council on Environmental Quality on March 7,
1972 •

a. Climate

The Havasu feature will be constructed in the sonoran desert
region of the Southwest. The climate is hot and dry with an average annual
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precipitation of about 5 inches. The mean annual temperature is 70°F.,
with a January average of 50°F. and an average of 90°F. for July. Summer
temperatures are commonly in excess of 100°F., and have reached a maximum
of l20°F. The minimum recorded winter temperature is 20°F. The average
frost-free period in the area is in excess of 300 days.

b. T0120graphy 158

The natural environment in the work area underwent major
changes upon completion of Parker Dam and impoundment of Lake Havasu
in 1938 and subsequent construction of State Highway 95 and a trailer
court. Lake Havasu inundated 25,000 acres of the Colorado River and
Bill Williams River flood plains and their contiguous rock ridge area.
Sediment, originating primarily from the Bill Williams River, has
further covered much of the original topography in this portion of the
lake and has formed a delta of 1,890 acres.

Several small rock islands and peninsulas are conspicuous
land features along the south shore of Lake Havasu in the area of the
intake channel. Heron Island, approximately 2 acres in size and rising
about 170 feet above the normal lake level, is the largest of the islands
and lies about one-quarter mile to the west of the landform embankment
site.

The islands and peninsulas are extensions of a series of
rock ridges which extend upward from the lake to The Mesa, a high plateau
within the Buckskin Mountains that lies directly south of the intake
channel and pumping plant site and is the most conspicuous land feature
in the area. The Mesa is characterised by a series of rugged cliffs
and ,steep slopes in volcanic rocks along its periphery with washes that
have deeply incised the plateau. Maximum elevation of The Mesa is over
1,300 feet above lake level.

c. Vegetation 20,21,135

Vegetation in the feature area is extremely sparse and
characteristic of the sonoran desert environment. The rock ridges,
canyons, and talus slopes leading upward from the lakeshore to the top
of The Mesa are dotted sparsely with catclaw, cholla, and hedgehog
cacti, creosote bush. and paloverde. Small stands of saltcedar and
mesquite trees are also found along the sh ore lines and bot tom of wash
areas •

d. Fish and Wild life 146,165,176-
Lake Havasu provides essentially a warm water game fishery,

supporting variable populations of largemouth and striped bass, crappie,
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sunfish, and catfish. Important nongame species of fish include lar~e

numbers of carp and threadfin shad, and numerous populations of other
introduced species such as fathead minnows and shiners.

Rare and endangered fish, included in the Bureau of Sport
Fisheries and Wildlife's 1968 edition of endangered species66 are not known
to exist in Lake Havasu. The Havasu National Wildlife Refuge encompasses
the Bill Williams arm of Lake Havasu and adjacent lands along the lake
and the Bill Williams River.

Lake Havasu is on a major flyway and the delta areas
annually attract lar~e numbers of migratory waterfowl. The delta area
of the Bill Williams arm is an important stop. Heron Island is used
from March throu~h July each year by about 15 pairs of great blue heron,
Ardea herodi~~, as a nesting and rearing area.

Deer and desert bighorn sheep are the only bi~ game wildlife
species within the area. A sizeable population of feral burros are also
found in the area. Construction of State Highway 95 and private recrea
tional development in the area have already modified the migratory routes
of the desert bighorn. Even with these barriers, sheep still come to
the lakeshore for watering and browsing. The deer have a less restric
tive range and are usually observed on lands further upstream on the
Bill Williams arm.

Other wildlife species include Gambel's quail, mourning
dove, white-wing dove, cottontail rabbit, bobcat, coyote, gray fox,
kit fox, bad~er. skunk. and a variety of small rodents and soop, birds.

e. Cultural Factors and Land Use 42,73,148,156,177,178

The main stem of the Colorado River is used heaVily for
recreation of all types. Lake Havasu's shores are dotted with camping
and picnicking areas, resorts, mobile homes, and second horne develop
ments. The intake channel and pumping facilities will be 2-1/2 miles
east of Parker Dam. The l7-rnile stretch from Parker, Arizona,.north
to the dam, received 1,124,000 visitor days in 1968. (See Figure 19F)

To some, the natural geologic formations and topography of
the area have high esthetic values because of the proximity to a hip-h
use recreation area and a state highway. Buckskin Mountains, with
numerous ridges, canyons, and plateaus, offer a ru~ged setting for
viewing and picture takin~ from either the lake or the hi~hway.

A reconnaissance archeolo~ical survey of the area contracted
under the supervision of the National Park Service, indicated that
no historical or archeological sites are known to exist in the area. A
subsequent detailed survey identified one lithic tool quarrying site
on the top of the Mesa near the tunnel a1inement.
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2. Aqu..e_<!.uct_ .:~Ls_~~rn..s_ 20~~~:~~o42 ,43 ,45 ,61,63,71,108,158,166,177,

Each of the four main aqueducts will cross open desert country,
some urban lands and some agricultural lands. The species of vegetation
and wildlife which will be found are those of the sonoran desert environ·
ments discussed in Section A of this chapter. The edge areas between
desert shrub ecolo~ical communities and agricultural lands are often
extremely good wildlife habitat. Much of the area in open desert land
was used for practice war maneuvers during World War II when the Army
conducted desert training in southeastern California and most of
Yuma County in southwestern Arizona. Scars are still evident in some
areas used for training purposes or artillery impact areas. Climate,
topography, geology, vegetation, and wildlife are covered in Section A
of this chapter and will be covered in greater depth in the separate
environmental statements covering these major features.

a. Granite Reef ,_Aqu~_<!uc~

The Granite Reef Aqueduct route as described in Chapter I
traverses open mountain desert rangeland from Lake Havasu to Orme
Reservoir. The last several miles of the route from the Agua Fria
River around the north side of the Phoenix metropolitan area, skirt
agricultural and suburban developments. It is expected that the urban
development will become more dense along this portion of the route
before construction is completed. The area is mainly desert shrub with
the principal species of plants being creosote bush, paloverde, and
cacti, especially saguaro. The scarcity of water in this area restricts
vegetation and this severely limits wildlife habitat. Most of the area
is only fair-to-poor in habitat quality. New archeological surveys along
the aqueduct route have discloseJ additional sites; some date back far
into Desert Culture. The age of these sites indicates that even though
barren and dry now, the open desert area may have at one time consisted
of an entirely different environment. Discovery of these sites and the
additional research to be directed toward this subject should contribute
much information to the knowledge of the historical inhabitants. Between
the Agua Fria River and the Salt-Gila Aqueduct, studies by Arizona State
University in 1969 identified three sites that contained both habitation
remains and terracing and agricultural works. One site has been destroyed
by commercial gravel operations.

The Salt-Gila Aqueduct route traverses the varied landscapes
between the end of the Granite Reef Aqueduct near McDowell Mountain and
the beginning of the Tucson aqueduct near Marana, Arizona. The aqueduct
will deliver water from the Granite Reef Aqueduct and Orme and Buttes
Reservoirs to agricultural, municipal, and industrial users along its
route. The aqueduct crosses typical basin and range country, with cactus,'
creosote bush, mesquite, haplopappus, bur-sa~e, paloverde, and ironwood.
In the northern portion, much of the aqueduct route crosses rocky soil
slopes. The upper slopes are bajadas. Washes drain the area in general
to the southwest. In some portions of the route, agricultural activities
are practiced.
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Pr dom!n nt crop lfalf , cotton, and b rley with om ar a of
v « table. Numerous small n1mal nd birds u the des rt shrub nd
cultivated areas for for8~ and helter.

Between the bep,inning of the aqueduct and the Gila River,
ten archeological sites were found along the proposed rip,ht-of-way. Two
of the sites were off the canal alinement and two others were also
not recommended for excavation. Two sites were recommended for testing,
two for minor scale excavation, and two sites were considered to be of
high value. The archeological reconnaissance report suggested full
scale excavation of these latter two sites, Ariz. U:15:27 (ASU) and
Ariz. U:l4:30 (ASU). These sites represent an example of Classic Period
Hohokam of the Civano Phase, about which little is known. Site 15:27 is
a large villa~e area with about 40 visible structures.

The Tucson Aqueduct crosses open desert lands between the
end of the Salt-Gila Aqueduct and the outskirts of Tucson. Most of
the aqueduct parallels Interstate Highway 10. Three archeological sites
were located in this area. One of these was a large Hohokam village
with some pithouses, which was recommended for excavation. One site was
not recommended for excavation. It was suggested that the third site
be tested further to determine its value.

d. San ~e~~o Aqueduc~

The San Pedro Aqueduct will be a buried pipeline carrying
water from Charleston Reservoir to the Tucson area. It will cross
typical higher sonoran desert areas on its route from Charleston Dam.
Fifteen archeological sites were located, of which eight require no
excavation. Five were recommended for testing, and the two others for
excavation. The route surveyed was not that of .the entire pipeline route
described in this statement. Resurvey and reevaluation of the report will
be necessary.

3. Rese rvoi rs

Four major reservoirs are associated with the CAP. Many environ
mental similarities exist among the reservoir sites, especially histori
cally, but there are also significant differences. The environmental
conditions during the 1800's, the subsequent changes, and the present
environment at each reservoir site are discussed in the following
paragraphs.

a. Historical C~n~~tions an~~hange~ 23,47,201

Environmental conditions along the streams to be impounded
by Orme, Buttes, Charleston, and Hooker Reservoirs have changed radi
cally since the 1800's. t~ater tables were hiRher, extensive marshlands
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(cienegas) were present in many reaches, and there was widespread and
abtmdant native biota which included many aquatic and mesic plants and
animals.

Major changes over the past 100 years along these streams
have included: 1) incision of stream channels; 2) replacement of
native marshland biotas with differently adapted riparian vegetation
and attendant animals; 3) introduction, spread, and dominance of exotic
plants and animals which were either introduced or invaded from nearby
areas; and 4) specific alteration of the environment by man's more
recent activities such as urban development, road building, and changes
in land use pat terns.

The natural incision of stream channels, perhaps prompted
by a cyclic change in climatic conditions and overgrazing, drained the
extensive marshlands resulting in narrow corridors suitable for riparian
types of vegetation which allowed desert vegetation to invade the areas
previously occupied by marshland vegetation. The present environmental
conditions are a result of the long period of change in the riparian and
marshland environments along the streams of Arizona and southwestern
New Mexico.

(1) Orme Reservoir Site 201

During the 1800's, the lower portion of the Verde River
was essentially dammed by the sediments of the Salt River deposited
across its mouth for substantial periods of time. The stream was
bordered by marshes. in some places boggy enough to imperil men and
livestock. There were also extensive backwaters, and ponding created
by beaver activities and accumulations of organic debris. These areas
extended 10 or 15 miles upstream from the Salt River. Marshes along
the river were said to abound with waterfowl and fur-bearing animals.
Willow, ash. and "tules" were also noted as being present in these areas.

The Salt River was subject to extensive flooding and
was swift and turbulent from its emergence from the mountain canyons to
its confluence with the Gila River to the west. Some mesquite "bosques"
were found along its banks in the area of present-day metropolitan
Phoenix. Since 1906, six large storage reservoirs have been built on
the Salt and Verde Rivers which have completely changed the former
riverflow regimen. Impoundments on the Salt River include Roosevelt,
Apache, Canyon, and Saguaro Lakes, and impoundments on the Verde River
include Horseshoe and Bartlett Lakes.

(2) Buttes Reservoir Site

Little information concerning the area of this site
can be found in historical records. Available historical comments on
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the area imply the existence of extensive sand and gravel bars and
the lack of larger phreatophytic vegetation. Most available accounts
mention waterfowl, quail, and "wild pigs" as being abundant in the
area. Since 1928, Coolidge Dam and San Carlos Reservoir have controlled
and regulated most of the flows that pass through the Buttes Reservoir
site. "The controlled flow and resultant buUdup of broad alluvial
sand bars along the river has resulted in a drastic increase in salt
cedar at the expense of the native cottonwood and seep-willow communi
ties. ,,23

(3) Charleston Reservoir Site

During the 1800's, the San Pedro River in the area of
the proposed reservoir was a flat meandering stream, impounded by
numerous beaver dams, which created fish-filled ponds. Heavy marshland
vegetation was common along the river. Only in very local areas is
there any evidence of the existence of gallery forests of cottonwood
and associated woody herbage. Mesquite was not dominant on the terraces
near the river. Small trees such as willow, and heavy stands of sedge,
grass, and forbs were characteristic of these very wet "malarial" marshes.
Since the turn of the century, increasing channelization has permitted
the growth of riparian vegetation. Dense mesquite stands formed on the
terraces. The grassy hills above the terraces were invaded by shrub
species more characteristic of the Chihuahuan Desert, probably due to
more summer dominated rainfall and/or overgrazing.

(4) Hooker Reservoir Site 39,51,52

Hooker Reservoir will be located in a more mountainous
region than any of the other reservoirs. Riparian vegetation was and still
is transitory and subject to the vagaries of floods. The riparian vegeta
tion mentioned in the historical records includes walnut, alder, sycamore,
and some mesquite. Records indicate that Hooker Reservoir area has
changed less than any of the others. The velocity of the river, the
parent rock, channel nature, and intermittent flooding would have tended
to prevent nature induced changes in the river such as stabilization of
flow and sedimentation related to increased beaver populations.

(5) Summary and Discussion of Changes

As a result of the warming and drying trend in the
climate of the Southwest, many rivers became incised around 1890.
This change rapidly drained the existing marsh areas and lowered local
water tables. Many aquatic and semiaquatic organisms perished,
adapted, or moved into the riverbeds. Aquatic invertebrates including
rotifers, crustaceans, and molluscs which require quiet, detritus-lined
pools, and a substantial number of insect groups were decimated. Fish
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populations must have been radically altered, although there is little
evidence of species extinction before the 1900's. Both the humpback
sucker and the Colorado River squawfish which were historically found
in central Arizona streams have not been found during recent years. The
Arizona Game and Fish Department conducted surveys during the summer of
1972 to determine the present status of these species. Waterfowl, shore
bird, kingfisher, frog, turtle, bat, beaver, and muskrat populations
experienced rapid declines and/or complete decimation.

Following the incision of the river channels, the
flood plains were able to support those plants that require not only
a substantial amount of water, but also a zone of aerated soil. These
plants include cottonwood, mesquite, acacia, bunch grass, and
other species. Rivers became lined with gallery forests dominated
by an overstory of cottonwood and an understory of baccharis. On
terraces above the water level, mesquite became dominant. Another impor
tant change which began in the 1800's but now is exceedingly evident is
the spread and influence of introduced plant and animal species. Saltcedar,
bermuda grass, and several reeds have all become successful competitors
for space in the riparian habitat, in many cases replacing native vegeta
tion. Several mollusc species have been introduced and exotlc fish
now outnumber natives by 2 to 1. Species associated with human use such
as sparrows, starlings, and domesticated mammals have had an additional
impact on the riparian environment, as human populations increase.

All of the areas designated as reservoir sites for the
CAP have changed in proportion to regional changes, or have been altered,
since the 1800's. The degree of change varies considerably from site
to site and in time. It is evident that the activities of man have
contributed to these changes.

23,33,34,38,39,47,
b. Present Environment of Orme Dam and Reservoir 54,108,131,135,183

Figure 10 in Chapter I is an aerial view primarily of the
Verde River arm of Orme Reservoir site. Figures 20 and 21 show typical
areas within the proposed reservoir. Reference to these figures should
be made while reading the following discussion in order to better under
stand the local environment.

(1) TQPographY 135,156

The site of the proposed facility lies within the
Basin and Range physiographic province of the southwestern United States,
at the transition between the sonoran desert section and the Mexican
highlands section. The province is characteristically composed of north
west trending mountain ranges and intervening alluvial basins.

The Orme Dam and Reservoir area is in the lower end of
the lower Verde River basin, a broad alluvium-filled trough surrounded
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Within the proposed Orme Reservoir looking northeast across the Salt River which is just below the
canyon wall. Photograph No. P344-300-l2304.
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Within the proposed Orme Reservoir shoving typical vegetation type. Photograph No. P344-300-12305.



by hills and mountains. The damsite occurs at the confluence of the Verde
River with the Salt River where the Salt River cuts through a mountainous
area into the adjoininR basin. The damsite is formed by Arizona Dam But e,

a portion of Mt. McDowell. on the west and by an unnamed low hill on the east.

The reservoir is along the broad flood plains of the
Salt and Verde Rivers, eroded about 100 to 200 feet below a rolling
terrain representing a previous, higher level basin floor. Several
small hills and peaks also occur along the Salt River. The surface
is laced by a myriad of dry desert washes which drain the rolling
basin surface and the moderate to steep hills and mountains rimming
the basin.

(2) Geology 131,13?,1~6,156,163

The alternating basins and mountain ranges of the province
are the result of large scale faulting. The mountains are composed of
various crystalline, volcanic, and sedimentary rocks, some of which were
the result of volcanic activity and sediment deposition during the period
of faulting. The basins are filled with hundreds to thousands of feet of
sediments eroded from the ranges.

The Orme Dam site occurs where the Salt River cuts
through a mountainous area of erosion-resistant granite, sandstone,
and volcanic rocks. The Salt River arm of the reservoir is largely
underlain by relatively thin alluvial-fan, river-terrace, and basin
fill deposits consisting of silty sand, clayey sand, gravel, and other
soil mixtures. Several small peaks or rolling hills of granite and
volcanic rocks occur in the area. The Verde River arm is enclosed
almost entirely by dissected basin-fill and lake bed deposits.

(3) Mineralization163

The only known mineralization exploited in the area is
barite. Although 300,000 tons of ore were mined in the area during World
War II, no commercial mining is now taking place. Reserves of unknown
grade and quantity may still remain in or near the old workings located
southeast and outside of the dam and conservation reservoir area. No
mineralization was encountered during foundation drilling programs. The
abandoned open shaft of the mine has been filled with soil for public
safety purposes.

(4) Vegetation 2~.1~5

The present vegetation of the Orme Reservoir site
follows the pattern described earlier in Section A of this chapter.
Figures 20 and 21 show typical types of vegetation within the reservoir
area. The alluvial silt bars in th e middle or along the edge of the
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Salt and Verde Rivers are dominated by baccharis and giant reed. Where
the bars are high enough and relatively stable, saltcedar is mixed with
seep-willow (baccharis). In the reservoir area, saltcedar occurs only
on the stable silt bars or as tree-like stands immediately adjacent to
the rivers on silty or sandy soil. Reeds (phragmites) grow in a few
locations along the rivers, especially where the shoreline is rocky.

Beyond the immediate area of the rivers, there are a
variety of low terraces formed by sand or gravel which have flooded
periodically in the past (Figures 20 and 21). Where the soil is mostly
sand these low terraces are characterized by scattered mesquite, arrow
weed, haplopappus, and paloverde. Nearly pure stands of arrowweed also
occur in some of these areas. Scattered desert-broom is common on
gravel bars, while other areas have a dense ground cover of goldenweed.
Annual grasses often develop in these areas during wet winters. Where
the soil of the low terraces is quite gravelly, desert-broom dominates
with mesquite and other shrubs playing a subordinate role. Cactus, such
as pricklypear, occur on some of these low terraces. Their occurrence
may be due, in part, to heavy grazing pressure.

On the edge of the broad channeled flood plains, where
the low terraces rise to a higher terrace of finer soils, galleries of
old cottonwoods occur (cottonwoods are the lighter colored trees in
Figures 20 and 21). These trees cannot stand periods of inundation
and thus grow on the edges of the old channeling area of the rivers.
Cottonwoods also occur on ridges between old stream channels. At some
locations where the cottonwoods grow near the river the riparian forest
becomes extremely dense as cottonwood, willow, mesquite, saltcedar,
and seep-willow mix together. This occurs only in a few areas near the
confluence of the Salt and Verde Rivers.

Above the cottonwoods or on raised terraces, dense
mesquite bosques occur along both the Salt and Verde Rivers. Most of
these mesquite areas once had a good grass understory but haplopappus
and pricklypear cactus have invaded these areas due to grazing by
cattle. Depressions in some of the lower areas dominated by mesquite
may have cattail with willow along the margins.

As the topography rises the mesquite bosques gradually
give way to desert vegetation. This may be seen in Figure 20 on the
distant slopes. Saguaro and bur-sage appear along with chainfruit cholla.
Where the soil remains fine textured, mesquite gives way to nearly pure
stands of creosote bush which then grades into the typical paloverde
opuntia-bur-sage desert found on coarse bajada soils. The upland desert
in the Orme Dam area is characterized by the shrubs: bur-sage, brittle
bush, and creosote bush; the cacti: saguaro, barrel, pricklypear, and
cholla; and the trees: paloverde and ironwood, both of which increase
in density in the washes.
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(5) Invertebrates 33

At least 29 orders encompassing some 180 families
of invertebrates are found at the Orme Reservoir site. A list of
these species may be obtained from the Bureau of Reclamation office
in Boulder City, Nevada.

(6) Fish 34,66,142,162,176

Only three native species of fish are presently found
at the Orme Reservoir site (listed in Table 1 in the Appended Material).
These species of native fish are the Gila mountain sucker, the Gila
coarse-scale sucker, and the longfin dace. Table 4 in the Appended
Material lists the 34 species of non-native fishes within or upstream
of the Orme Reservoir site and estimates the probability of their
establishment in a reservoir at that site. Estimates of past environ
mental features of the reservoir site as compared to present conditions
are included in Table 3 and a compilation of the ecological relation
ships of native fishes of the Gila River Basin is included in Table 2.
Some species on the endangered species list were historically found
at this site, but are no longer present.

(7) Amphibians and Reptiles 38,66,176

A total of 59 species of amphibians and reptiles are
found at the Orme Reservoir site. Table 5 in the Appended Material
lists these species and Table 6 describes their ecological relation
ships. Two species of the herpetofauna in the Orme Reservoir site,
the desert tortoise and the reticulate Gila monster, are designated
as "status undetermined" in the rare and endangered species publication.

(8) Birds 39,66,176

Table 9 in the Appended Material lists 205 species of
birds that are found in the Orme Reservoir area. About 72 of these use
the area for nesting. Table 7 in the Appended Material shows the
critical life history data for each species. The Orme Reservoir area
is somewhat unique in that its diverse vegetation supports a great
variety of birds. Two examples are the 18 species of flycatchers and
17 species of warblers found in the riparian habitat. The bald eagle,
known as an uncommon winter resident at the reservoir site, is included
on the endangered list. Two or perhaps three pairs of bald eagles nest
in the area adjacent to the Orme Reservoir site.

(9) Mammals 39,66,176

Table 10 in the Appended Material lists 54 species
of mammals found in the Orme Reservoir area. Table 8 in the Appended



Material shows the level of riparian dependency for each species.
The coatimundi, jaguar, and ocelot are listed as having accidental
or questionable occurrence in the site. These three ~eripheral species
are not on the endangered list.

(10) Archeological 41,177,182

In 1963 and 1964, reconnaissance archeological surveys
of the damsite and reservoir area located 12 ancient Indian sites on the
Verde River. The locations represent three types: (1) Sacaton phase
Hohokam village sites, (2) Brown ware sites, and (3) Historic sites.
Additional sites are known to exist on the Salt River arm of the
reservoir above elevation 1,470. Phase I of a three phase survey
salvage program has just been initiated for the total reservoir site.

(11) Land Use Patterns 63,67,125,178,201

The lands in the proposed reservoir area consist
primarily of flood plain lands used mostly for recreational purposes
and higher lands used for limited, irrigated agriculture, some livestock
grazing, and residential sites by residents of the Fort McDowell Indian
Community (Figure 21).

On the Fort McDowell Indian Reservation the lands
are mostly undeveloped. Of the 1,300 irrigable acres with a water
right, only about 300 acres are irrigated in anyone season, and then
inconsistently. APproximately 53 families live in the Fort McDowell
Indian community. Some of these families are employed by the City of
Phoenix in the operation of the Verde well field which produces water
for the City, and in limited agriculture, mainly grazing of livestock. The
well 'fields drawing water for the City of Phoenix are located just above
the Verde River flood plain in the southern half of the Fort McDowell
Indian Reservation. The reservation will be partially inundated by the
Orme Reservoir and about 70 percent flooded at times of maximum levels.

The river-bottom lands adjacent to and extending the
length of the Verde River through the reservation are available on a fee
basis for recreation-oriented activities such as picnicking, camping,
hiking, and access to the river. The lands also sustain small limited
individual woodcutting.

The area is scenic, offering many points of panoramic
river valley viewing, an advantage the Fort McDowell and Salt River
Indian communities are endeavoring to use in their economic land use
planning studies. The Tonto National Forest lands of the Salt River
arm offer a different scenic quality. Topographically the area is gently
sloping on the south side of the river and more precipitous on the north.
The length of the Salt River arm is dotted with recreation areas which
are heavily used by the nearby metropolitan population.

90



The river-bottom area below the orme Darn site is for

the most part covered with riparian growth. For 4 miles the river

meanders through an area abundant with small wildlife, terminating as a

controlled live stream at the Granite Reef Diversion Dam, where the

Salt River Project diverts all of the normal flows into the Salt River

Valley. Just below Orme Dam site the City of Phoenix maintains and

operates the Verde Water Treatment Plant.

Below the Granite Reef Diversion Darn, the Salt River

channel is dry except for periods when floodwaters are spilled. The

usually dry Salt River channel goes southeasterly into and through the

Phoenix metropolitan area where it crosses the extension of the primary

runway of the Sky Harbor International Airport. A number of commercial

gravel operations operate in the riverbed. There are additional com

mercial facilities In or adjacent to the area subject to periodic

inundation depending on the flood magnitude. The following tabulation

shows the recent flood spills at the Granite Reef Dam that have caused

or contributed to damage 1n the Phoenix metropolitan area.

Maximum Discharge

~
Rate (cfs)

Dec. 31, 1965 70,000

Jan. 1-5, 1966 24,910 Mean Daily

Feb. l5-Mar. 4, 1966 2,454 Mean Daily

Feb. 27-Mar. I, 1968 1,579 Max. Mean Daily

Mar. 13-14, 1968 3,369 Max. Mean Daily

April 10-23, 1968 1,523 Max. Mean Daily

Sept. 5, 1970 10,000 (approx.)

June 22, 1972 4,700

c. Present Environment of Buttes Dam and Reservoir

Figure 12 in Chapter I shows an aerial view of Buttes

Reservoir site. Figures 22 and 23 are views of typical areas within

the reservoir.

(1) T0.e.0g,raphy 155

The Buttes Darn and Reservoir site is on the border of

the sonoran desert section and th e Mexican highlands section of the Basin
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and Range physiographic province. The area is characteristically com
posed of northwest trending mountain ranges separated by alluvial basins.
The damsite is near the western edge of a mountainous area. Downstream
the terrain is rolling, with relief decreasing sharply a few miles below
the damsite where the river enters the central service area of the pro
ject. Upstream the Gila River flows through a canyon eroded into steeply
rolling, to rugged mountains. The river flood plain ranges in width from
several hundred feet to one-half mile. The damsite is between North Butte
and South Butte, two prominent mountains rising nearly a thousand feet
above the rolling terrain to the west. The area is drained by numerous
intermittently flowing tributary canyons, including Mineral Creek,
Donnelly Wash, Ripsey Wash, and Walnut Canyon.

(2) Geology 48,155,175

In the reservoir area the Gila River flows westward
across a mountainous area comprising north to northwest trending blocks
of granite and volcanic rocks (See Figures 22 and 23). The rock types
are in fault contact. An intervening alluvium-filled basin about
2 miles wide occurs about one-half mile upstream from the damsite, and
large alluvial fans locally cover the slopes on the south side of the
river.

The damsite is in a narrow gorge (see Figure 12) where
the river cuts through an erosion resistant mass of volcanic rock.
North Butte and South Butte, for which the site is named, are the most
prominent peaks of this volcanic rock mass. The abutments of the dam
are agglomerate, rhyolite, and volcanic glass.

(3) Mineralization 48,175

Some copper deposits have been identified in and adjacent
to the Buttes Reservoir area. At present the known grade of the ore in
the general vicinity is subcommercial. Copper deposits of varying sizes
and grades are known to occur near the limits of the reservoir site.
They vary in position from under the present channel of the Gila River
to the Copper Buttes property on a hilltop 2-1/2 miles north and
800 feet above the top of the flood-control pool of the proposed reser
voir. In size, they include small shows of mineralization, very large
marginal or sub~rade ore deposits, and the producing Ray Mine, one of
the Nation's largest.

(4) Vegetation 23,135

The vegetation at Buttes Reservoir site is similar
to that at the Orme Reservoir site. Typically, on the sand bars and
gravel terraces adjacent to the river, baccharis dominates often in only
a small strip. Immediately beyond the baccharis stands, away from the
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Within the proposed Buttes Reservoir looking east. The Gila River is at the bottom of the valley
with railroad tracks on the south side. Dense stands of mesquite and saltcedar are found along
the river. Saguaro cactus are present on the upland desert slopes. Photograph No. P344-300-l2306
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Within the proposed Buttes Reservoir showing typical vegetation type.
ground and cholla in the center. Shrub vegetation primarily consists
and bur-sage. Photograph No. P344-300-12307.

Pricklypear is in the fore
of mesquite, creosote bush,



river. are communities of saltcedar. Near the damsite where the valley
is narrow. the saltcedar stands are limited; however, upstream from the
damsite the valley is wider and thus the areas of saltcedar are more
extensive. From a vegetational viewpoint the saltcedar stands are quite
sterile. Their deciduous leaves form a barren "forest" floor only
occasionally interrupted by herbaceous plants.

In limited areas, where flooding has caused standing
water and a buildup of salt deposits due to evaporation of water,
arrowweed forms dense stands. These areas are not common within the
potential impoundment area.

Low flat terraces above periodic high water levels
of the river are dominated by mesquite (Figure 22). Some of these
extensive mesquite bosques have a dense ground cover of grasses following
wet seasons. The appearance of haplopappus and pricklypear or cholla
cactus indicates that these mesquite bosques have been heavily grazed
(Figure 23). Open areas within the bosques have shrubs, desert-broom
nearer the river, and bur-sage and gray thorn nearer to the upland desert
areas •

In some
or on the upper edges of
woods and willows occur.
the area of the proposed
stands farther upstream.

of the areas where there are steep riverbanks
the low flood plain terraces, a few cotton
These, however, are not very common within

impoundment; although, they do form more dense

As shown in Figure 22 on the slope to the left in the
photo the mesquite bosque grades ~radually into the upland desert, and
creosote bush dominates the transition area between the mesquite and
the mixed paloverde-saguaro-shrub desert. If the topography becomes
steep and rocky beyond the mesquite. a complex mixed desert association
occurs. The upland desert is characterized by most of the same species
found in the Orme Reservoir area including paloverde, brittle bush,
bur-sage. creosote bush, cactus (saguaro, pricklypear, cholla, barrel,
hedgehog), ocotillo, and desert mallow. One shrub, jojoba, is found
indicating a higher desert than that at the Orme Reservoir site, This
area also has much more club moss which probably indicates more rainfall
in this area.

(5) Invertebrates 33

The Buttes Reservoir site is similar in species compo
sition to the Orme Reservoir site. Cazier listed 28 orders and
173 families of invertebrates found in the Buttes Reservoir area. \ copy
of this list may be obtained upon request from the Rureau of Reclamation.
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(6) Fish 34,66,78,80,142,176

The species of fish found in the Buttes Reservoir
area are listed in Tables 1 and 4 in the Appended Material. Only two
native species are found in this area, the longfin dace and the Gila
mountain sucker. Some of the species listed in the rare and endangered
species volume were historically found at the site, but are no longer
part of the ichthyofauna of this site. Table 2 in the Appended Material
contains a compilation of the ecological relationships of the native
fishes. Estimates of past environmental features of the Buttes Reservoir
site as compared to the present conditions are included in Table 3.
Table 4 lists the 22 non-native fishes within or upstream from the
Buttes Reservoir site and estimates of the probability of their estab
lishment in a reservoir at this site.

(7) Amphibians and Reptiles 38,66,176

Table 5 in the Appended Material lists 54 species of
amphibians and reptiles which are found in the Buttes Reservoir area.
These species are essentially the same as those found in the other
three reservoir areas. The range of the desert tortoise and the retic
ulate Gila monster, which are both classified as "status undetermined"
in the rare and endangered species volume, includes the Buttes Reservoir
site. The ecological relationships among the various species are
described in Table 6.

(8) Birds 39,66,176

Table 11 in the Appended Material lists 100 species
of birds found in the Buttes Reservoir area. Fifty-two of these
species utilize the area for nesting activities. The habitats avail
able at the Buttes Reservoir site are not as diverse as those at the
Orme or Hooker sites and consequently the Buttes site does not have
the faunal diversity of the othi76two sites. The bald eagle, listed
on the endangered species list, is classified as "uncommon" at the
Buttes site by Ohmart. Table 7 in the Appended Material shows the
critical life history data for each species.

(9) Mammals 39,66,176

Table 12 in the Appended Material lists 51 species
of mammals historically found in the Buttes Reservoir area. Table 8
in the Appended Material shows the level of riparian dependency for
each species. The jaguar and ocelot are listed as being peripheral
species, and having accidental occurrence at the Buttes site. Neither
of these species is classified on the endangered species list. 176

(10) Archeological 41,177,182

A total of six sites were surveyed in the Buttes
Reservoir area between the vicinity of Cochran and the damsite. All



of these sites are on the first or second terrace above the river;
five were prehistoric and one was historic. Pottery and other items
were indicative of Hohokam from the Santa Cruz to the Sacaton phases.
The historic site was late 19th century. Excavation of one site was
accomplished in 1965, and no further testing or excavation was considered
necessary. Additional survey is planned including the area from Cochran
upstream to the head of the reservoir.

(11) Land Use Patterns 63,125,178

The lands surrounding the reservoir site are in
Federal or private ownership. Man's activities prevalent in the area
include cattle ranching, railroad transportation, and mining explora
tion (Figure 22).

d. Present Environment of Charleston Dam and Reservoir

Figure 14 in Chapter I is an aerial view of the proposed
Charleston Reservoir site. Figures 24 and 25 are typical views of the
area that will be inundated by Charleston Reservoir.

(1) To~ography 157

The reservoir area is in the upper San Pedro River
basin of the Mexican highland section of the Basin and Range phys1og
raphi.e province. The basin, which extends from the damsite to the
southern watershed boundary in Mexico, is over 50 miles long, varies
from 15 to 30 miles in width, and is bounded on the east, west, and
south by mountain ranges (Figure 20). The San Pedro River flows north
ward through a valley which lies about 150 to 200 feet below the general
level of the adjacent basin floor. In general, the slopes adjacent to
the river flood plain rise relati vely steeply to the basin floor level,
which is a gently sloping surface incised by numerous subparallel washes
becoming narrow canyons on the steep slopes flanking the river.

In the lower reservoir area the river flows through a
group of small mountain peaks and hills called the Charleston Hills
(Figure 14). The river valley is restricted where it crosses the
resistant rock of thick hills; the damsite is at the most prominent
constriction which occurs between the higher hills.

(2) Geology 49,157

The San Pedro River is largely incised within the
deep alluvial basin-fill deposits of the area. The materials are
unconsolidated to weakly cemented, clayey sand and gravel. In the
lower few miles of the reservoir area the river valley impinges on
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a low range of hills composed of sedimentary, volcanic, and intrusive
igneous rocks. The damsite is in a gorge cut into an extensive mass
of latite porphyry. The river flood plain is formed of gravel, sand,
silt, and clay mixtures.

(3) Mineralization49

The Charleston Mining District is partly within the
lower reservoir area. The district is a potential source of silver,
lead, zinc, and vanadium ore. Historically, the area was highly
active in silver and lead mining. Numerous claims still dot the area,
but there is little activity at this time. Federal oil and gas leases
have been issued for lands in the area.

(4) Vegetation 23,135

The channel of the San Pedro River above the proposed
Charleston Dam is relatively narrow (ca. 100 yds.) and is bordered by
abrupt 5- to 8-foot alluvial streambanks. Within these banks the
river periodically floods because of no control upstream. Baccharis
dominate the gravel beds when the stream is low. This shrub also
characterizes the large gravelly washes that feed the San Pedro channel.
Periodic flooding destroys much baccharis, keeping the density down
and preventing establishment of less hardy shrubs and trees.

Along the terraced streambank, galleries of cotton
wood and willow dominate. Where the terrace has eroded into the
streambed, sacaton forms an understory.

On the level raised alluvial terraces, extensive
stands of mesquite have become established with a dense understory of
sacaton and scattered palmilla.

The hilly terrain adjacent to and at a distance from
the river is dominated by Chihuahuan desert type vegetation with relics
from the past grassland still occurring in places. Acacia, tarbush,
and creosote bush dominate. Tarbush and creosote bush are most dense
on the flatter area while acacia is most dense in the draws. Other
common shrubs are mariola, Mexican tea, and haplopappus. Palmil1a
and cane cholla also are common. There are scattered areas with grasses
such as sideoats grama, black grama, tobosa, and three-awn indicating
some vestiges of the grass slopes common 80 years ago.

(5) Invertebrates 33

Cazier lists 29 orders and 174 families of inverte
brates found in the Charleston Reservoir area. A copy of this listing
may be obtained from the Bureau of Reclamation.
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Within the proposed Charleston Reservoir looking southeast with the San Pedro River in the center
of the photograph. The large light colored trees are cottonwood. Shrubs are mostly mesquite.
Photograph No. P344-300-12308.
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Within the proposed Charleston Reservoir looking northwest with the San Pedro River flowing away
froa the photographer. The large trees are cottonwoods. Photograph No. P344-300-12309.



(6) Fish 34,66,142,176--
The species of fish found in the Charleston Reservoir

area are listed in Tables I and 4 in the Appended Material. Two native
fishes are found in the Charleston Reservoir site - the longfin dace and
the Gila mountain sucker. Some of the species listed in the rare and
endangered species volume were historically found at this site but are
not presently included in the ichthyofauna of the site. Table 2 contains
a compilation of the ecological relationships of the native fishes.
Estimates of the past environmental features of the site, as compared
to present conditions are included in Table 3. A list of the 8 or possibly
9 non-native fishes within or upstream from the Charleston Reservoir site
and estimates of the probability of their establishment in the proposed
reservoir are included in Table 4.

(7) ~hibians and Reptiles 38,66,176

Table 5 in the Appended Material lists 66 species
of amphibians and reptiles in the Charleston Reservoir area. The
herpetofauna of the Charleston Reservoir site is complex because of
recent vegetative changes and the influence of herpetofauna from the
adjacent highlands of Mexico and the Great Plains. The desert tortoise
occurrence is hypothetical, while the reticulate Gila monster has
occurred at the site. Both species are listed under "status undeter
mined" in the rare and endangered species volume.66 The ecological
relationships among the various species are described in Table 6.

(8) Birds 39,66,176

Table 13 in the Appended Material lists 143 species
of birds found in the Charleston Reservoir area. Sixty species utilize
the area for nesting activities. The diversity of habitats at the
Charleston Reservoir site is greater than at the Buttes site, but less
than at either the Orme or Hooker sites. The bald eagle, an uncommon
winter species ranging through the Charleston site, is found on the
endangered species lilt. 176 The prairie falcon, also an uncommon
winter species in the area, is classified as rare.

(9) Mammals 39,66,108,142,176

Table 14 in the Appended Material lists 65 species of
mammals historically found in the Charleston Reservoir area. Table 8 in
the Appended Material shows the level of riparian dependency for each
species. As with the avian fauna, the mammalian fauna of this site is
relatively rich, but is exceeded by the mammalian faunal composition of
nearby areas. The coatimundi, jaguar, and ocelot are listed as having
accidental occurrence in the Charleston Reservoir site. These three
species are classified as peripheral.
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(10) Archeological 44,46,177

Of the 133 known archeological and historical sites in
and around the reservoir site, 113 have been recently located. These
sites indicate both a long and culturally diverse occupation by man in
the valley. Anglo-American, Mexican, historic Pima, prehistoric Hohokam,
Cochise, and Clovis sites are represented.

The survey of the Charleston Reservoir area and surrounding
territory by the Arizona State Museum covered all of the area up to the
4,200-foot contour elevation, and thus included an expanse greatly in
excess of the actual reservoir area. To place the identified archeolo
gical sites in perspective in relation to the Charleston Dam and Reservoir
site, an analysis of the sites in relation to elevation and location must
be considered. The Charleston Reservoir space is situated between stream
bed elevation of about 3,930 feet and the maximum water surface elevation
of 4,070 feet. Of the 133 sites enumerated, 9 sites are downstream from
the damsite and outside the reservoir area. Of the remainin~ sites,
4 sites are above elevation 4200, 80 sites are between elevations 4200 and
4100, 33 sites are between elevations 4100 and 4000, and 7 sites are below
elevation 4000. The 3 extinct fauna, and the 4 Clovis sites and associated
mammoth remains are in the 4200-4100 elevation band.

Land Use Patterns 63,135,178.
The reservoir area has been disturbed by range cattle

operations, the Southern Pacific Railroad, highways, mine workings,
ruins of early small communities, and early range settlements now mostly
abandoned. The reservoir area is almost all in private ownership. Por
tions of the Fort Huachuca Military Reservation bound the western portion
of the lower reservoir area. Portions of this area have been used as
an artillery impact area.

e. Present Environment of the Hooker Dam and Reservoir Site
.~.-:_..;;,;;~~.

Figure 16 in Chapter I is an aerial view of the proposed
Hooker Reservoir site. Figures 26 and 27 are typical views of the type
of environment that will be inundated.

(1) Topography 135,159

The Hooker Dam and Reservoir site is in the Colorado
Plateau Province near the eastern edge of the Basin and Range physio
graphic province in southwestern New Mexico. The damsite is at the
mouth of the Gila River canyon on the western edge of the Mogollon
Mountains.
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Within the proposed Hooker
River looking downstream.
No. P344-300-123l0.

Reservoir just below the confluence of Turkey Creek with the Gila
Vegetation on the slopes is mostly pinyon-juniper. Photograph
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Within the proposed Hooker Reservoir just below the confluence of Turkey Creek with the Gila
River. Large trees are syc8IIIore. Photograph No. P344-300-123ll.



(2) Geology 159

In the Hooker Reservoir area, the Mogollon Mountain
range is the result of large scale vertical movement in a wide and
complex fault zone along the volcanic-rock mountain front. Downstream
from the damsite the river flows across a down-faulted basin filled
with deep semiconsolidated alluvium, the Gila conglomerate - and has
eroded a broad river valley flanked by a series of river terraces. The
bedrock at the damsite is Tertiary volcanic rocks of the Datil formation,
consisting of latite porphyry, and "Agglomeratic latite porphyry," and
andesite. The rock types are all fine-grained, dense, and hard.

(3) Mineralization 50

Only small deposits of fluorite of little economic
value have been exploited in the past in the upper reaches of the
Gila River which would be influenced by Hooker Reservoir. The reser
voir site is located in a region which is the major source of copper,
lead, and zinc production in New Mexico. Approximately six inoperative
fluorite mines would be inundated, none of which appear to contain
economically recoverable resources. The fluorite mineralization contri
butes to the fluorite water quality problem.

(4) Vegetation 23,31,51,52

The tmpoundment behind Hooker Dam will cover a very
diverse canyon ecosystem. This area is in an environmental tension
zone in that any slight change in moisture availability or aspect changes
the local vegetative community. The sand and gravel bars' appear. to be
quite stable. Although they are flooded periodically, as may be seen
in Figure 21, they are dominated by a shrub community of baccharis and
scattered haplopappus. In places the baccharis becomes extremely dense
and impenetrable. On the very stable sand bars, pricklypear appears to
be an adventive species.

Beyond the sand and gravel bars the riparian woodland
begins (see Figures 26 and 27). Sycamore, cottonwood, and willow
characterize this zone. However, farther back from the stream, the
woodland becomes a complex vegetational unit including hackberry,
Arizona walnut, and velvet ash.

The transition from the riparian woodland to the more
xerophytic hillsides shows an increase in xerophytic trees, some of
which are mixed with the riparian woodland nearly to the sand bars.
This includes one-seeded juniper, alligator bark juniper, Emory oak,
gray oak, pinyon pine, and mesquite.

The canyon slopes vary in vegetational cover depending
on exposure. The south facing slopes are very rocky and are dominated
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by haplopappus, catclaw-acacia, sotol, one-seeded juniper, beargrass,
scattered mesquites, and cacti (both cholla and pricklypear types).
Where the slopes are less exposed, such as on east and west facing
slopes, the vegetation becomes a shrub-type almost chaparral in
appearance. Here pinyon pine and juniper increase in number, the
hap lop appus be comes more dominan t, and dense stands of scrub oak,
buckthorn, and other chaparral species occur. Sotol and beargrass
also continue to characterize this zone.

The more mesic locations on the slopes become more
dense forests. On the north facing slopes and in the deeper drainages,
the pinyon-juniper forest becomes quite dense including pinyon pine,
alligator bark juniper, Emory oak, and wavy-leaf oak. In the higher
or cool, moist habitats ponderosa pine and chihuahuan pine may occur.

(5) Invertebrates 33

Cazier lists 28 orders and 171 families of invertebrates
found in the Hooker Reservoir area. A copy of the listin~ may be obtained
from the Bureau of Reclamation.

(6) .!:.!!.h. 34,66,77,142,164,176,184

Tables I and 4 in the Appended Material list the species
of fish that occur in and adjacent to the Hooker Reservoir area. There
are six native species of fish: the spinedace, the longfin dace, the
speckled dace, the loach minnow, Gila sucker, and Gila mountain sucker.
The fish fauna at this site remains less changed from what it was 100 years
ago than at the other three reservoir sites in the CAP. The Gila trout,
found in the headwaters of the Gila River in the Gila National Forest,
is included og the Bureau of Sport Fisheries and Wildlife's endan-
gered list. 17b Gila trout are not found in the mainstream of the
Gila River. Table 2 contains a compilation of the ecological relation
ships of the native fishes. Estimates of past environmental features of
the Hooker Reservoir site as compared to the present conditions are
included in Table 8. A list of the 18 to 20 non-native fishes within or
upstream from the Hooker Reservoir site and estimates of the probability
of their establishment in the proposed reservoir are included in Table 4.

(7) Amphibians and Reptiles 38

Table 5 in the Appended Material lists 62 species of
amphibians and reptiles found in and adjacent to the Hooker Reservoir
area. Table 6 describes the ecological relationships of these species.
The herpetological complement of the Hooker site is complex due to the
invasion of mountain species from nearby higher elevations, as well as
the desert and southern or eastern Great Plains species No herpeto
logical species listed in the rare and endangered species volume are
found at this site.
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(8) Birds 39,52,53,66,77,142,164,176,180,184

Table 15 in the Appended Material lists 226 species of
birds that are found in the vicinity of the Hooker Reservoir area. Of
these species, III utilize the area for nesting activities. The large
number of species reflects the heterogeneous assemblage of habitats at
the Hooker site. The Hooker site represents a unique area in New Mexico
in that it is more typical of sonoran riparian in Arizona than it is
chihuahuan riparian in New Mexico. This makes it more highly valued to
conservationists in New Mexico because such forms as black hawks, gray
hawks, elf owls, and Wied's crested flycatchers have their primary center
of abundance for New Mexico in this particular area.

In the upper Gila River Valley and the vicinity of the
Hooker Dam site, the ''Mexican duck'~" bald eagle, and peregrine falcon,
all classified as infrequent summer avian species, and the prairie falcon,
an infrequent transient, are all listed in the 1968 edition of the
rare and endangered species. Tae New Mexico Department of Game and
Fish in its letter of comments on the draft of this statement lists
15 additional species which are found in the Hooker Reservoir area and
are considered by the Department to be rare in New Mexico.

(9) Mammals 39,66,77,108,142,164,176,180,184

Table 16 in the Appended Materials lists 68 species of
mammals historically found in and adjacent to the Hooker Reservoir area.
Table 8 in the Appended Material shows the level of riparian dependency
for each species. The mammalian fauna, as with the avian fauna, is more
typical of Arizona than of New Mexico. The wide diversity of habitats
is reflected in the number and diversity of mammalian species for this
site. The coatimundi, listed as a peripheral species, is found at this
site.

(10) Archeological 51,60,177,182,184

A recent report prepared by the Museum of New Mexico
indicates that there are several sites in the area of the proposed dam
and reservoir. The most significant of these is the Woodrow Ruin,
also known as the Mimbres State Monument, listed in the National Register
of Historic Sites and the State Register of Cultural Properties. The
site is 2-1/2 miles downstream from the damsite, about 10 acres in
extent, and contains over 35 pit houses, 100 surface dwellings, and two
very large community ceremonial lodges. Pottery dating from A.D. 500
to A.D. 1150 and of a rare type which is highly valued by antiquarians
and collectors, and many other sites along the Gila River have been
systematically looted or mined of their relics and now have little value.
A more complete survey of the area will be undertaken to determine if
there are any sites with remaining value in the areas to be inundated,
and the need for salvage work.
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(11) Land Use Patterns 51,52,63,137,141,178,184- ..

The major land use in the proposed Hooker Reservoir area
is cattle grazing on U. S. Forest Service grazing allotments. Recreation
is another land use. Current annual recreation use in and around the
Hooker area is estimated at about 1,300 visits. The Forest Service
equates this at 500 visitor-use days. This includes camping in primitive
condition, picnicking, fishing, backpacking, and use as a r'jumping off"
place to the Gila Wilderness. Local ranchers guide huntin~ parties through
the proposed reservoir area on excursions into the wilderness area. Three
areas within the reservoir site have been patented.
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CHAPTER III

ENVIRONMENTAL IMPACT OF THE
CENTRAL ARIZONA PROJECT



III. ENVIRONMENTAL IMPACT OF THE CENTRAL ARIZONA PROJECT----_._._-

This chapter discusses the impacts which will be associated with the
CAP. Measures which will minimize adverse effects, mitigate losses, or
enhance resource values are discussed later in Chapter IV.

The evaluation of environmental impacts is dependent on definitions
and criteria or standards. Impacts may be beneficial, adverse, or
problematical. The definitions used in this statement are:

1. Beneficial environmental impacts are those that directly or
indirectly impr-ove the environment.

2. Adverse environmental impacts are those that directly or
indirectIY--(f~~rade the environment.

3. Problematical environmental impacts are those whose effects are
unknown or have not been tested.

The environment includes the interaction of climate, soil, and
biotic factors that act upon any living organism. Environment also
includes the aggregate of social and cultural conditions that influence
the life of an individual or community.

B. General Statement of Impactl ,l45

The CAP will have varied impacts upon a number of different aspects
of the environment. Some of these impacts will be beneficial and others
adverse. Still other impacts are as yet unquantified or are unquantifi
able. Certain impacts will be beneficial in some respects and adverse in
others. For purposes of this section on the overview of the impacts of
the project, the impacts have been divided into two categories: impacts
on natural resources; and impacts on people. The impacts on natural
resources will have secondary impacts on the human environment as well.
Impacts more directly affecting people will in most instances indirectly
affect the natural resources in the project area.

1. Natural Resource I~acts 23,39,47,51,67,75,125,175,201

The first noticeable impact will be from construction activities
along the route of the project. These activities will disrupt and have
some adverse impact on the natural environments of the project route,
although such impact will be of relatively short duration. Miti~ating

factors discussed hereafter and in Chapter IV will confine the impact
from these activities principally to the immediate areas around the
various project features.

Vegetation will be disturbed and removed both during con
struction of the various features of the project and because of
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inundation caused by the closing of the dams involved in the project.
Vegetational disturbance and removal will be small along the aqueduct
routes compared to the overall area traversed. Vegetative clearing will
be primarily centered in the reservoir areas.

The reservoirs will provide an adverse impact on native fish
in the project area. Formation of the-reservoirs and stabilization
of downstream flows will provide a habitat favorable to non-native ~pecies,

but at the expense of native species of fish. Thus, both beneficial and
adverse impacts will result. The aqueducts will have an insignificant
adverse impact on fish, due in the most part to the fact that the aque
ducts are not associated with any perennial streams in the project area.
There is a possibility that an exotic or non-native fish could be intro
duced into new areas through migration along the aqueducts. With respect
to wildlife, the most significant impact of the aqueducts will be a change
of some mi~ration patterns of certain kinds of animals. Steps outlined
in this chapter and Chapter IV will be t&kento .1n~ize this impact, as
well as reduce drownings in the aqueducts. The major impact of the
reservoirs on wildlife will be the loss of natural habitat in the reservoir
pool, combined with some alteration of the habitat downstream from the
dams. Increased recreational uses associated with the reservoirs will
also have an adverse impact on wildlife resources.

Land-related impacts include the right-of-way required for project
purposes, involving private, state, Federal and Indian lands. Some land
will come from Indian reservations and National forests, and a small
amount will be needed in wilderness and primitive areas. The project
will have a beneficial impact in the central service area in arresting
land subsidence associated with lowering of the water table. This is a
problem which grows more serious every day and threatens both municipal
and farming areas.

There are many water-related impacts associated with the project.
The project dams and reservoirs, and to some extent the aqueducts, will
provide facilities for conservation of floodflows and rainfall. Water
is a scarce resource in the project area and this conservation will be of
benefit to all water users and to wildlife, especially in periods of
prolonged drouth. The application of project water will be the major
water-related impact of the project. Besides human uses, this water will
be used to combat the present ground-water overdraft and its related
problems of vegetative deterioration and land subsidence. It will also
increase the potential area available for migratory or nesting waterfowl.

There will be some impacts on the natural resources of the project
area which are not predictable at the present time. These are enumerated
later in this chapter as unquantified amenities. No significant mineral
resources will be lost due to construction of the project. Mineral
resources in the Buttes Reservoir site, if not removed prior to inundation,
will require more difficult or expensive methods than commonly employed
in open pit methods of excavation. The project's impact on air and noise
quality in general is expected to be minimal. Noise levels during con
struction will temporarily disrupt wildlife patterns.
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2.

Diversion of project water from Lake Havasu at the magnitude
of Arizona's remaining entitlement will require increased water releases
from Lake Mead. These releases will have a beneficial effect on the
flow and salinity of the river between Hoover Dam and Lake Havasu.
Neither the flow nor the salinity level of the river below Parker Dam
will be adversely affected by diversions of water for the project. The
quality of the water diverted to the central service area will be better
than much of the present underground water being pumped, but generally
of less quality than the surface waters now being controlled and used
in the central service area. Thus, mixing of these waters will have
both beneficial and adverse impacts on water quality in various parts
of the central service area. Salinity-control programs presently under
study for implementation on the Colorado River when completed will improve
the quality of Colorado River water whether diverted from Lake Havasu for
the project or released for downstream uses.

Human Dnpacts 14,54,61,67,122,125,126,129,133-136,139,140,
141,143,144,184

Project construction activities will have generally beneficial
human impacts. There will be considerable direct and indirect employ
ment related to construction and operation of the project. Adverse
impacts due to noise and dust will be small, since the construction of
the project will occur largely away from population centers.

Fish and wildlife aspects related to human impact will be both
beneficial and adverse. Reservoir fishing will increase appreciably,
whereas there will be some loss of stream fishing. Some aspects of
hunting may deteriorate in localized areas of the project. Expected
reductions in number and diversity of wildlife in the immediate project
areas will adversely affect that part of the population which enjoys
wildlife observation in those areas.

Land-related impacts on the human environment are problematical,
as are those related to population growth and location. Demographic
projections for the central service area indicate an increase in popula
tion and concomitant land use. These projections are not dependent upon
construction of the project nor upon importation of project water.
Indications are that the population grows in water-short areas in spite
of existing water shortages. Importation of CAP water will aid in
stabilizing the agricultural industry in the central service area and
will prolong such land use and the agricultural industry segments of the
economy. This stabilizing influence will not materially affect the
conversion of agricultural lands for housing and other related uses as
population expands in the central service area.

The major human impacts of the project will be related to water.
Importation of Colorado River water, combined with conservation of flood
flows and rainfall, will augment existing water resources. This addi
tional water will be used for municipal, industrial, agricultural, and
other purposes. It will reduce the dangers of land subsidence by
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reducing the ground-water overdraft and will aid in controlling the ever
rising cost of water in the central service area. Varied impacts on water
quality will be felt in different parts of tQe central service area, as
mentioned above. In addition, reservoirs constructed by the project will
provide a major source of water-related recreation, adding to those already
present in the state and spreading these resources geographically within
the Gila River basin. Recreational activities related to segments of
free-flowing perennial streams will be lost in portions of the project
area.

Flood control will be another beneficial impact of the project.
The dams and reservoirs of the project will conserve and contain flood
flows and the aqueducts will be able to train them away from metropolitan
areas and divert them in periods of high runoff and streamflow. Flooding
is a matter of major concern in the project area. Significant rainfall
is notably seasonal and rains are often quite intense over short periods,
especially in the summer. In the last decade, there have been a number
of serious and very destructive floods which existing dams and reservoirs
were not able to control. This problem was highlighted by the fact that
Maricopa, Pinal, and Pima Counties were declared major disaster areas
entitled to Federal assistance due to destruction caused by the flooding
and high winds that occurred in June 1972.

Irrigated farming and enterprises related thereto will receive a
number of benefits from the project. The project will increase the supply
of water available to existing agricultural lands, help minimize the cost of
agricultural water, and decrease sedimentation which has been a consider
able problem in irrigation works. Less ground~ater pumping will be
needed and the project will have a generally stabilizing effect on the
agricultural segment of the Arizona economy. Stabilizing of irrigated
agriculture will have a peripheral wildlife benefit in that a number of
bird species are benefited by the proximity of grain crops to their
habitat areas.

There will be impacts on the archeological resources of the
project area. The most significant of these resources are found in the
areas of the Charleston, Hooker, and Orme Dam sites. To the extent that
these resources are not explored and excavated prior to inundation of
these reservoir sites, the predictable impact is adverse. But an
intensive program to survey and assess these resources is underway,
spurred by the comprehensive planning of the project. Intensive
efforts will be made to excavate and salvage the most significant of
these archeological resources. In the absence of the project, these
resources may not receive the expert attention that is necessitated by
water resource development projects.

There will be adverse impacts where project construction involves
areas now relatively untouched by man's activities and some esthetic
impacts even in those areas already heavily used or impacted by such
activities. The reservoirs formed by the project will have beneficial
esthetic impacts for some and adverse impacts for others, depending on
individual orientation.
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The project will have impacts on several Indian communities in
the central service area. Indian communities will receive water from
the project for irrigation and other purposes on their reservation lands.
In the central service area, Indian irrigated agriculture, as well as non
Indian, has been hampered by adverse water supply conditions. A part of
two Indian reservations will be required for Orme Dam and Reservoir. The
authorizing legislation provides the terms and conditions for use of
those lands, and the compensation and other benefits to be furnished to
the individuals and communities involved.

Tribes on the Colorado River will not be adversely affected by
the project. The authorizing legislation provides for protection of
Indian rights as well as non-Indian rights on the river.

The above overviews regarding the impacts of the CAP are discussed
in greater detail in the following sections of this chapter. A complete
understanding of the impacts of the project is possible only after
reading this chapter together with Chapter IV (mitigation and enhance
ment features) and involves a comprehensive knowledge of the many facets
of ecological and environmental components.

C. Direct Impact of the Project

The first part of this section presents overall impacts associated
with the project construction. This is followed by more detailed
descriptions of the impacts of key features of the project.

1. Impacts Related to Construction Activities

The intention of general and specific sections of construction
specifications and Bureau of Reclamation policy, is to exercise care
in the preservation or protection of natural landscape during construc
tion operations.

a. Borrow Areas

Project construction within areas containing inadequate or
unsuitable earth materials will require excavation of adequate materials
from borrow areas. The utilization of areas for borrow will be restricted
and controlled.

Borrow areas required for construction will destroy existing
vegetation and temporarily displace associated wildlife at the borrow
site. The extent of the impact on esthetic values, natural vegetation,
and wildlife habitat will be considered in choosing the location, size,
and configuration of the borrow areas. Normally, no seeding or replanting
of the borrow areas is required under the general construction specifica
tions. Where construction will have a high impact, the area will be
restored to its original condition as nearly as practical. In areas
where stripping, grubbing, or removal of topsoil will be required to
provide access to the desired material, the replaced topsoil should con
tain adequate seed for revegetation.
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Restoration of borrow areas will be accomplished by reshaping
the pit to blend with surrounding terrain. The areas will be left with
gradual slopes and drainage features to prevent erosion and undesirable
ponding of water. In some situations, the entire borrow area may be
covered with topsoil if feasible. The area will be scarified or ripped
on the contour to create a rough surface capable of entrapping moisture,
thereby enhancing natural and supplemental revegetation. The moisture
entrapment will in most instances provide water for wildlife and vegeta
tion, and supplement the ground-water recharge. Stagnation of the water
and possible mosquito breeding may also occur at times.

Precipitation will generally control the recove.ry time neces
sary for vegetation and earth materials to reach a level of esthetic
acceptance for each segment of the project. Limited restoration of
native vegetation in borrow areas will be attempted when it is feasible.

b. Construction Access Roads and Camps

Construction access roads will be necessary to facilitate the
work and allow safe travel of construction personnel. Existing roads
in the project area will be used to the maximum extent possible for
access to the construction area. New road construction is not anticipated
between the existing Arizona State Highway system and the right-of-way
of the project features. A minor amount of road improvement would be
required for access to the site of any alternate site selected in
New Mexico for the Hooker Dam and Reservoir. Existing roads will
generally have to be improved to handle the necessary increase in con
struction traffic. Existing roads in good condition and capable of
handling the anticipated increase in traffic will have to be maintained
in their present or improved condition. Indiscriminate creation of new
trails will be controlled on Federal lands under provisions of Executive
Order No. 11644.

Construction roads and on-site equipment storage areas
necessary for orderly construction will be iocated within the project
right-of-way whenever possible. Construction access roads will be
closed to the general public. The closed roads should limit the con
tractor's liability, promote public safety, and prevent unnecessary
disturbance of surrounding unspoiled desert areas. Upon completion of
construction, all used or useless equipment, supplies, buildings, and
personal property will be dismantled and/or removed from the construction
area and disposed of in an acceptable manner and in conformance with
current policy. Temporarily disturbed areas will be restored or returned
as nearly as practicable to the original condition or to compliment the
natural surroundings.

With the exception of small temporary trailer camps, there will
be no new construction camps for personnel. The only trailer camps that
are anticipated are those associated with the construction field offices.
This would include possible offices, maintenance facilities, and live-in
security guard quarters. Existing water and sewage facilities in these
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areas of concern are nonexistent. Temporary water and sewage facilities
meeting the requirements of Federal and Arizona or New Mexico state
health laws will be established. Temporary trailer camps will be provided
with portable chemical facilities when other appropriate methods of
sewage disposal are not available. Existing small towns in the general
area of construction will provide temporary housing, material storage,
and construction field office sites. The sanitation facilities in the
small towns may have to be supplemented to meet the increase in temporary
population and construction office location. These problems will have to
be met by the local community in compliance with the applicable regulations
of the Arizona or New Mexico State Health Department and the Environmental
Protection Agency. One area of concern may be the· occasional construction
worker who would utilize a camp trailer or pickup-type camper for a short
duration of time within the construction vicinity. Control of this
aspect will be difficult and is the primary responsibility of the land
owner. Contractor's employees may be discouraged from this practice by
the contractor's work schedule, contractual relationships, and the
establishment of adequate facilities within the right-of-way boundaries
or nearby communities or on private lands.

Environmental impact of these construction facilities will
be temporary in nature. The removal of buildings and facilities will eventu
ally return the area to the basic original condition. The temporary distur
bance of vegetation, wildlife, and esthetic values' will" be eliminated
soon after construction is completed.

c. Waste Material DisEosal

Normally, all excavated material will be used for embankment
construction within the project. Areas required for disposal of excess
material will be evaluated along with the potential borrow areas to
lessen any negative aspects. The disposal of excavated waste material
will cause a temporary loss of existing vegetation and esthetic values
in and around the deposit area. Wildlife in the immediate vicinity may
be disrupted by the construction activity. Waste material will be
placed in low profile areas and shaped to conform to natural lines and
existing terrain.

Some topsoil containing vegetation, seeds, and material
unsuitable for construction purposes will necessarily be moved. The
material will be deposited in such a manner that the upper layer will
support native vegetation. Planting of native vegetation will be
accomplished whenever feasible.

Inherent with thunderstorms, windstorms, construction,
travel, and other activity in desert regions is the ever-present dust
problem. General construction specifications will require that the
contractor provide efficient measures to reduce the dust nuisance which
has originated from his operation. Watering devices and other acceptable
methods of abatement will be used.
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Temporary discomfort to people and wildlife may occur in
rare instances. However, this discomfort will not exceed that experi
enced during periods of high winds or duststorms in the area.

e. Storage?f Materials

Delivery schedules for necessary materials, lead time, and
remoteness of the construction area dictate the use of temporary storage
for materials. Storage areas in close proximity to the construction
area are desirable for economic handling and onsite distribution or
utilization of the materials. Security and vandalism protection are needed
for these areas. The storage areas will generally be located either on
or adjacent to the right-of-way. The areas will generally be incorporated
with construction field offices and temporary camps. The project will
also have material storage areas in the existing towns in the project
area.

Temporary disturbance of vegetation and wildlife is antici
pated. Material storage areas will be fenced, and will consist of wood
or metal buildings and open storage space. These areas will serve only
as temporary receiving and distribution centers to assure a smooth flow
of materials for the construction program. Upon completion of construc
tion in the area, the facilities will be removed, and the area restored
as nearly as possible to its original condition.

f. Equi~ment Storage and Service Areas

Construction equipment will require a certain amount of
periodic maintenance and repair. The contractor's investment in equip
ment is very substantial; therefore, it is imperative to keep down-time
on each unit to a minimum. The contractor will generally establish
equipment service areas near the right-of-way or service the equipment
within the right-of-way. Service areas will generally disrupt the
environment because of the continual activity, noise, and problems
associated with repair and maintenance of heavy-duty equipment. Vegeta
tion in these relatively small areas will be destroyed and any wildlife
present will be displaced. Temporary buildings will generally be used
for service facilities. The duration of the facilities at each location
will probably be one to two years.

The equipment service areas will probably be centrally
located within each contract reach of the canals or pool areas of the
reservoirs. The location will be controlled by access from existing
roads, field conditions, and proximity to the construction work.

The activities at these areas will be of such nature that
oil, diesel fuel, grease, and solvents may be spilled on the ground.
These and other waste products of the servicing operation will be disposed
of in a manner to avoid water pollution in case of flash flood or runoff.
Waste products will generally be collected and disposed of in an accept
able manner and in accordance with current policy.

110



Equipment service areas will require extra effort to return
them to conditions that will support vegetation and will be compatible
with the original conditions.

g. Lighting

Adequate equipment and supplemental lighting will be required
to support nighttime construction activities in a safe manner. The
length of the workday, economic utilization of equipment, and the
number of shifts necessary to meet the required contract deadlines are
prerogatives of the contractor. In addition, extreme desert heat may
force the contractor to adjust working hours to provide for tolerable
working conditions. Adequate lighting will also be required in areas of
materials storage, equipment service, office. and any camps to provide
necessary security. Lighting will be associated with any nighttime or
security activities. Due to the remote nature of most of the construc
tion areas, lighting should not affect populated areas. Wildlife will
only be temporarily disturbed.

h. Noise

Large earthmoving equipment produces a high level of noise.
The noise associated with heavy construction operation is highly
objectionable in confined areas or near developed areas. Blasting will
also be utilized in many areas. Utilization of equipment on a round
the-clock basis is not uncommon in the construction industry. The greatest
relative increase in noise level will occur during the nighttime. The
construction areas are generally remote and there should be no great
disturbance of the populace. Wildlife will be displaced by the noise
and will return to the area after construction is completed.

i. Increase in Traffic Patterns

Vehicular and pedestrian accidents may be greater than
normal during the construction period due to the increased traffic.
Desert heat, off-highway travel, and substandard roads used for traveling
to and from the construction area during all hours of the day present
a potentially hazardous traffic situation. Safety provisions will be
included in construction specifications to minimize safety hazards
caused by heavy construction equipment traffic.

Local residents will not be allowed on the closed access
roads, thereby eliminating a major safety concern. Construction personnel
traveling through the local area will be controlled by the state and local
traffic regulations.

Wildlife in the area of traffic patterns will be disturbed.
Completion of construction will allow wildlife to return to the area
with minimal detrimental effects.
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j. Temporary Disturbance of Vegetation and Wildlife

As previously mentioned, disturbance of vegetation during
construction will be kept to a minimum. Restoration of disturbed vegeta
tion will be accomplished by such revegetation techniques as trans
planting, seeding where appropriate, and/or preparation of the disturbed
areas to accelerate maximum natural regrowth. The technique best suited
to each individual area and plant species will be employed following care
ful evaluation. Native vegetation will be salvaged where practicable,
especially vegetation protected by law.

Behavior patterns of most wildlife types in the area indicate
that most of the species that move out of an area during construction
will probably return after construction and restoration of vegetative
cover. Some wildlife will be lost due to increased mortality rates
associated with construction activity. Upon completion and operation
of the project, an additional source of water will be available for the
wildlife in certain areas. Some forms of wildlife such as deer, dove,
and quail will eventually increase in these areas.

k. Turbidity of Streams and Lakes During Construction

Construction of facilities in or across existing flowing
streams or rivers will cause some initial increase in turbidity down
stream from the construction area. The temporary turbidity will have no
significant effect on sedimentation in downstream lakes or impoundments.
Fish and wildlife will be little affected by this intermittent or temporary
turbidity. Quality of water could be reduced in the immediate area
during periods of turbidity, and associated recreational activities,
where allowed, may be impaired. Areas that could be affected will be
limited to (1) a section of Lake Havasu in the vicinity of the landform
dike associated with the Havasu Pumping Plant, (2) a 4-mile section of
the Salt River between Orme Dam site and the Granite Reef Dam, (3) a
4-mile section of the Gila River between Buttes Dam and Ashurst-Hayden
Diversion Dam, (4) a portion of the San Pedro River immediately down
stream from the Charleston Dam site, and (5) a portion of the Gila River
below the Hooker Dam site. Turbidity in the Bill Williams arm and lower
section of Lake Havasu will be minimal and will probably be less than the
turbidity of incoming floodflows from the Bill Williams River. The
Salt River will even be less affected because of the type of diversion
during construction. The Gila River has high turbidity below the Buttes
Dam site including pollution from adjacent mines. Turbidity will be
minor on the San Pedro River below the Charleston Dam site because of the
small flow in the river and protective construction practices. Construc
tion activities at the Hooker site will have proportionally more potential
for causing turbidity in the Gila River due to the lack of any upstream
regulation or control. Construction specifications will reduce this
impact to a minimum. There will be no turbidity associated with aqueduct
construction due to the total absence of sustained streamflows along the
aqueduct route.
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a.

1. Erosion of Disturbed Areas

Erosion control will be required in borrow areas, on cut
slopes, and in other disturbed areas. Where possible, the topsoil will
be removed, stored. and replaced to provide a good soil base for restora
tion of the desert vegetation. On long, steep side slopes of canals
and other structures. the surface will be covered with a spray or mulch
or hemp-type mats to help control the erosion until new growth is reestab
lished. Where steep cut slopes require blasting or where riprap is
required for stability, the latest techniques will be used to minimize
esthetic impairment.

m. Water Supply for Construction

The water for construction will be the contractor's responsi
bility. Where available, the contractor will use the existing supplies.
In some areas. new wells may need to be drilled or surface pipelines
temporarily installed. In either case. the natural conditions will
remain in their undisturbed state as nearly as possible.

2. I~act Upon the Colorado River

Project impact on the Colorado River will be limited to the reach
between Hoover and Parker Dams. Some additional releases will be made
from Lake Mead to accommodate project diversions, but a large portion of
the CAP requirement will come from a transfer of diversions now going
to California. The long-term diversion is expected to be about 1.2 million
acre-feet (maf) annually, which assumes full development levels of all
prior water rights in Arizona along the mainstream at that time, including
court decreed rights of Indian reservations adjacent to the river in
Arizona. Annual diversions for the project will range from an estimated
minimum of 0.38 maf during periods of extreme drouth, to the designed
capacity of the aqueduct of 2.2 maf, during periods of surplus water
availability. The amount of diversion in anyone year will depend upon
water supply conditions and the extent of Upper Basin development,
neither of which are expected to restrict CAP diversions during the early
years of the project. Analysis of the impacts of the project on the
river resolves itself into two categories - flow and salinity.

Flow 1,3,5,6,8,9,12,13,134 ,144,173,174,183,198

Diversion of Colorado River water to the project will not
result in significant change in water level fluctuations at Lakes Mead,
Mohav~and Havasu. Average long-term water levels at Lake Mead may be
lower than those experienced historically because of the combined effect
of future increased diversions both in the Upper and Lower Basins. Water
levels at Lake Mead are currently regulated to allow for higher water
surface elevations during the spring to enhance the survival of young
of-the-year bass which utilize terrestrial vegetation for protective
cover.
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The present streamflow regimen between Hoover Dam and Parker
Dam will be altered slightly by increased releases from Hoover Dam for
the project. However, daily and monthly patterns of flow in river stages
will remain essentially the same, based in part on power release require
ments. Lake Mohave has sustained algae blooms during the summer months.
The increased volume of water moving through Lake Mohave will serve to
dilute nutrients causing the bloom and should promote a slightly fresher
state.

The remainder of the normal CAP diversion will come from a
reduction of over 650,000 acre-feet per year in diversions from Lake
Havasu to California, which presently exceeds its adjudicated entitlement.
Water for CAP will be diverted from Lake Havasu and project pumping will
create a minor current or circulation effect in the lower portion of the
lake and up the Bill Williams arm. The circulation and mixing should
reduce natural turbidity and eutrophication, resulting in a quality
improvement. This minor current effect created by pumping will be
relatively unnoticeable in Lake Havasu and will not adversely affect
the suspended sediment content of the lake.

The CAP diversions will not affect the magnitude of releases
below Parker Dam during normal years. However, additional downstream
uses, primarily on Indian lands and wildlife refuges, will increase the
release requirement from Lake Havasu by 200,000 to 300,000 acre-feet
per year by the early 1980 's. Also, in years of above-normal releases
or spills from Hoover Dam, a portion of the spills could be pumped into
the Granite Reef Aqueduct as specified by the authorizing act. Project
diversions will be in compliance with the "Law of the River," as dis
cussed in Chapters I and II.

b. Salinity 1,114,119,120,121,134,144,160,161

Present and projected salinity levels in the Colorado River
are a serious problem. This problem was discussed in Chapter II. The
present salinity levels in the lower Colorado River basin are caused by
the relatively high salinity of the river as it enters the basin, con
tributions from salt springs on the river and its tributaries, return
flows from irrigation, and water losses from evaporation and transpiration.

The diversion of water to CAP will have neglible long-term
effect on the salinity of the river from Lee Ferry to the Mexican Border.
CAP diversions are based on the availability of water in Lake Mead. The
factors which determine that availability are wholly independent of the
project as are the resulting salinity levels between Lee Ferry and
Hoover Dam. To the extent that water releases from Lake Mead for the
project will exceed those now being made. the river may experience
improved water quality from Hoover Dam to Lake Havasu. This mayor may
not be offset by full development of present water rights or contracts
in that reach of the river. The project will have little effect on water
quality in Lake Havasu itself. The circulation and mixing caused by
project pumping will not affect the salinity of the water in the lake.
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Since water releases from Parker Dam normally will not be affected by
the diversion of water for CAP, there will be no net effect on salinity
in the reach of the river below Parker Dam due to the project. Water
releases at Parker Dam will be affected only in those infrequent and
short periods when Lake Mead would have spilled without the additional
demand of CAP.

Nevertheless, the salinity of the Colorado is projected to
increase substantially over the next 50 years unless a comprehensive
salinity control program is instituted. Increased development of pre
sently unused water rights in the upper basin will result in diversions
from the river, evaporation from new reservoirs, and return flows from
newly irrigated land. All of these factors will contribute to an
increase in salinity of the river as it reaches the lower basin at
Lee Ferry. Decreased releases from the upper basin will also increase
the concentration effect of the salt input from such high salinity
sources as Blue Spring and the Virgin and Muddy Rivers. Increased
development along the river in the lower basin will also contribute
to increased salinity levels. This development will be primarily on
Indian lands and wildlife refuges, both above and below Parker Dam and
Lake Havasu.

3. Impacts of CAP Water on the yroject Area

a. Water Quality 1,2,114,119,120,121,139,140,144,145,160,161

The quality of Colorado River water delivered to users in
central Arizona will be lower than local surface supplies that are
presently being used. However, the CAP Colorado River water will be of
better quality than the current, as pumped, average water quality in the
service area and better than or nearly equal to that of the treated
waste water available in the Phoenix and Tucson areas. This is based
on the 1965-1968 level of total dissolved solids of 726 ppm at
Lake Havasu, and the assumption that long-range plans will be implemented,
as referred to earlier, to control future salinity increases in the
Colorado River.

Production wells in the project area typically produce water
ranging from 300 ppm to 4,500 ppm total dissolved solids. The average
as pumped in 1965 was 955 ppm. Currently treated waste waters in the
Phoenix area have about 900 ppm and the quality of such waters in the
Tucson area is about 650 ppm. The present ground-water supply provides
approximately 60 percent of the current usage from all sources.

Typical local surface-water quality ranges from about
280 ppm of total dissolved solids in the Verde River, to about 700 ppm
in the Salt River at Stewart Mountain Dam, and to about 630 ppm in the
Gila River at Buttes Dam site.

For irrigation use, Colorado River water is classified as
C3-SI, indicating that it is suitable for growing salt-sensitive crops
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on soils having good leaching capability or moderately tolerant crops
on soils with poor leaching capability. Based on the U. S. Salinity
Laboratory Classification System, the sodium absorption ratio (SAR) is
about 2.4 which is in the very low range. This is important because
waters with a high SAR may not be suitable for an irrigation supply.
There is significantly more calcium and magnesium in Colorado River
waters than local waters, which will tend to keep soils permeable by
exchanging with sodium on the clay particles.

U. S. Public Health Service (USPHS) standards recommend that
domestic water supplies should not exceed 500 ppm total dissolved solids.
This limit, based primarily on taste considerations, is often exceeded
in the Colorado River basin and those southern California areas to which
Colorado River water is diverted, and in local Arizona waters. In some
areas the total dissolved solid content ranges as high as 4,000 ppm.
Most of the domestic water currently used in Maricopa, Pinal, and Pima
Counties has a total dissolved solids content between 400 and 1,000 ppm.

The hardness of CAP Colorado River water will typically be
about 360 ppm. This hardness is appreciably higher than all local
surface-water supplies but is less than most local ground-water supplies.
The hardness of ground-water supplies in the Salt River Valley ranges
up to 600 ppm.

The fluoride content of Colorado River water is typically
at about 0.4 ppm. Local water supplies in the service area also fre
quently exceed USPHS recommended limits of 0.8 ppm for fluoride content.

Colorado River water will transport a salt load into the
central Arizona area. The water will be used as a replacement for ground
water, which on the average, is of poorer quality than the imported
water. Thus, while the project will bring in new salt load to the basin,
such importation will work to reduce the total application of salts to
the land. Considering that the ground-water quality does vary throughout
the area, this effect will be modified by the specific relationships of
the quality of the ground water and applied surface water at each point
in the service area.

The effects and disposition of the salt load contained in the
downward percolating recharge waters is a complex subject. Individual
ionic constituents of the water can be exchanged or precipitated as the
water moves through the aquifer in a series of complex chemical reactions
between the water and the alluvium. The salt concentrations in excess
of the solubility potential of the ground water may be left behind in the
subsurface in the depth interval between the plant root zone and the
water table. In most parts of the project area, this depth interval is
measurable in hundreds of feet. Although it cannot be said that the
additional salt load from the project water will not have some effect
on the quality of the ground-water resource, the history of the water
use and mineral content of the ground water in the area indicates such
effects will be minor in the project area as a whole and probably
undetectable.
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In estimating the effect of the imported salt load on the
ground-water resources, it is necessary to study an area with minimal
declines. Such an area is the Salt River Valley, where the average
yearly decline (Table 1) has been about 1.8 feet per year in recent
years. As shown earlier in Table 3, the average quality did not change
significantly in the period 1946-1965. During this same period about
15 million tons of salts were brought into the basin by existing surface
water distribution systems. Thus, in this valley, the importation of salts
has had only a minor effect. The effect of this additional salt load on
the quality of the ground water may be masked by the small changes in
water level or may be insignificant when added to the existing ground
water. It is also possible that the chemical composition of the percola
ting water is altered or that the water does not reach the water table.

The mineral content of the ground water in all of central
Arizona has generally stayed the same since the 1940's and yet during
this period large declines in water level and theoretically large amounts
of recycling of ground water have taken place. Thus recycling of the
salt load in the declining basins and importation into the area have not
affected the quality of the ground water produced, if in fact it is truly
recycled.

The evaporation of Colorado River water during transit will
have a minor effect on concentration of total dissolved salts in the im
ported water. The actual effect of evaporation losses on water quality
will vary with the amount of water diverted, the point of delivery, and
the season. Maximum water quality degradation will occur at the most
distant delivery point when the diversion at Lake Havasu is at a mini
mum during the hot summer. Normal annual evaporation will be relatively
uniform from year to year. Over 60 percent of these losses will occur
during the May-September period. A minimum diversion of 500 cfs during
this period would produce a water quality degradation of about 6 percent
between the beginning of the Granite Reef Aqueduct system at Lake Havasu
and the end of the Salt-Gila Aqueduct. Similarly, a 500-cfs diversion
during the winter would produce a degradation factor of less than
2 percent.

b. Water Quantity 1,15,57,88,134,139,144,168,173,174

Completion of the CAP will result in additional water for
the central service area. The annual Colorado River diversion to CAP
will vary from the estimated minimum of 0.38 maf during periods of
drouth to the design maximum of 2.2 maf during periods of surplus water
availability. The water will be used to support municipal and indus
trial development, irrigated agriculture, fish and wildlife management,
and outdoor recreation programs.

In providing water for municipal and industrial uses, the
project will relieve to some extent the dependency of urban areas on
ground-water supplies which are already being overdrafted.
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Irrigation in the project service area presently depends on
ground-water supply and surface runoff. Those sources will be augmented
by CAP water. Only developments in the project area which have a recent
history of irrigation may receive CAP water for irrigation. The authorizing
legislation, however, exempts Indian reservations and permits use of CAP
water to develop new agricultural land on these reservations.

Ground-water pumping is presently creating an average annual
overdraft of about 2.1 maf in the CAP service area. With CAP completed,
the average annual overdraft between 1980 and 2000 is projected to be less
than 900,000 acre-feet. Depths to ground-water presently range from 20
to over 500 feet in the project area, with portions of the primary aquifer
in the ground-water reservoirs being completely dewatered and some areas
approaching basement rock. By the time CAP begins delivery, more than
20 percent of the agricultural area to be served by CAP is projected to
have pump lifts exceeding 500 feet.

With one of the objectives of CAP being to stabilize ground
water declines, computer model projections by the Arizona Water Commission
of ground-water conditions between 1980 and 2000 indicate a general decline
of 25 to 100 feet over this period. In general, areas having ground-
water lifts of over 500 feet will have the least decline, because further
economic agricultural water use will require the use of CAP water in
most areas and because the ground-water resource in some of these areas
will be nearly exhausted. Areas with ground-water lifts of less than
250 feet in the initial years of CAP will experience the greatest declines
between 1980 and 2000, because ground water can still be withdrawn at
a comparatively low cost.

During the initial years of CAP delivery, almost all agricul
tural areas using CAP water will experience water level increases, with
some areas meeting their entire water requirement with CAP water. But
as the CAP supply decreases in these areas the deficit will have to be
met with ground water and this trend will reverse. By the year 2000,
probably all areas using CAP water will be reexperiencing ground-water
declines. However, all areas served by CAP water must have lined distri
bution systems. As these areas return to greater ground-water dependence,
less ground water will need to be pumped than with previous unlined systems,
with a resultant water savings and reduction in costs of operation. Thus,
the overall application of Colorado River water in the service area will
not totally eliminate long-term ground-water overdraft or water level
declines. It will, however, significantly retard the rate of withdrawal
and decline, especially during the earlier years following completion of
the project. Long-range needs for ground and surface waters will depend on
population growth and economic trends in the project area.

With the application of CAP water, certain very localized
areas may experience some problems with lands or plant growth as a result
of a rise in ground-water levels. Provisions for future project drainage
facilities were authorized as a part of the project to alleviate high
ground-water conditions if and when they occur.
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Congressional committee reports on the authorizing legisla
tion state that return flows from project irrigation and municipal and
industrial effluent must be fully managed. Utilization of water from
these sources will be coordinated with other supplies so that optimum
water use is achieved.

4. Impacts of Key Features of the Project

a. Havasu Intake Channel, Havasu Pumping Plant
l

and Buckskin
Mountains Tunnel 42,70,73,101,146,149,158,1 5,177

Construction of the Havasu Intake Channel, Havasu Pumping
Plant, and Buckskin Mountains Tunnel will have minimal adverse impact
on life forms in the feature area. The major point of environmental
concern will be to minimize the impact of the intake channel on the biota
of Lake Havasu. An initial study directed at this problem was completed
on July 1, 1972.

(1) Vegetation

Vegetation in the feature area is mostly typical
sonoran type and generally is sparse. Along the lake shoreline and
desert washes, vegetation increases. (See Figure 27A.)

Construction of the Havasu features will have a minimum
adverse impact on vegetation. While some 200 acres will be involved in
construction, this figure primarily reflects the horizontal plane of the
tunnel and also includes the water surface area of the intake channel.
The only permanent disturbance of existing surface areas capable of
supporting vegetation will be the pumping plant site, its adjacent
facilities, the tunnel outlet area, and spoil deposition areas nearby.
No significant vegetational communities will be destroyed.

(2) Havasu National Wildlife Refuge 63

The pumping plant and the tunnel will be located outside
the existing boundaries of the Havasu National Wildlife Refuge. (See
Figure 27A.) Application was made by the Bureau of Sport Fisheries and
Wildlife in 1957 and 1958 for expansion of the refuge (as shown on
Figure 19F), but approval has not been obtained. The Havasu works will
trace a path southeast from the south shore of the Bill Williams arm.
They will not cross or pass near the Bill Williams River, the focal area
of the refuge. The tunnel and most of the Havasu Pumping Plant will be
underground. Once construction is completed, there will be little evidence
of disturbance to the area except at the intake channel and pumping plant
site and at the outlet portal of the tunnel. None of the delta area of
the Bill Williams River, nor its attendant upstream vegetation will be
affected. Migration patterns along the Buckskin Mountains into the
refuge will not be blocked.

(3) Fish and Wildlife 40,56,66,146,165,176

Adverse wildlife impacts caused by the Havasu feature
will be small. The route of the feature will be away from the better
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wildlife habitat areas and very little of the constructed feature will
remain aboveground. During and after construction, the Buckskin
Mountains will continue to be open for migration of the approximately
50 desert bighorn sheep that are presently ranging in the area. Some
interference with migration patterns may occur during construction of
the discharge lines and tunnel. Dewatering of rock formations during
construction will not be significant, since no springs are found in
these mountains. The sparse vegetation is supported by precipitation
exclusively.

Possible adverse impact on birds is confined to one
species, the great blue heron. Approximately 15 pairs of these birds
nest during the spring on an island (Heron Island) some 4,500 feet north
west of the pumping plant site. Heron Island will not be physically
touched during construction and the sediment barrier forming the intake
channel will not reach the island, nor come within 1,000 feet of it. Nor
will sediment deposition form a land bridge to the island. Construction
activities with noise, dust, and increased human presence may disturb
the colony during the period it uses the nesting ground. The most severe
impact will be blasting noise. The construction specifications will
contain certain requirements, discussed in Chapters I and IV, designed
to protect these birds from such impacts. No other significant bird
related impacts will result in the area, due to the fact that the path
of the Havasu feature will avoid the Bill Williams River and its associ
ated habitat, which is noted as a stopover point for migratory waterfowl.
None of the h!~~tat of the Yuma clapper rail, included in the endangered
species list, will be affected. The only such habitat in close proxi-
mity to the Havasu feature is above the bridge where State Route 95
crosses the Bill Williams River, and in the Topock Marsh near Needles,
and thus away from the path of the feature. (See Figure 27A.) From
recent bird counts, only about 15 percent of the Yuma clapper rail
inhabitating the area upstream of Parker Dam are found in the
Bill Williams arm of the Havasu National Wildlife Refuge.

Potential adverse impacts on fish have been of special
concern in analyzing the environmental impacts of the Havasu feature.
The only significant possible impact is the effect of pumping on fish
populations in the immediate intake channel area. The intake channel
should provide a new brood area for largemouth bass in the lake.

The report of July 1, 1972, by the Arizona Game and Fish
Department differs somewhat from preliminary assessments. That study
concludes that accurate predictions of fish losses are not now possible,
but that some type of screening device will probably be necessary in
the future. The study bases this conclusion on several points. The
Bill Williams arm differs from the rest of Lake Havasu in that the
arm area experiences moderate to heavy turbidity and siltation due to
seasonally variant flows from the Bill Williams River. This fact,
coupled with recent sampling and fisherman interviews, led to the con
clusion that the major immediate impact of intake channel construction
will be on channel catfish. Once the area stabilizes, it will become
increasingly suitable for other fish as well, including striped and large
mouth bass, green sunfish, and bluegill. The report recommends that a
monitoring program be set up for the first year of operation to determine
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fish losses. Implementation of this program is discussed in Chapter IV.
If at that time, protective devices do not seem warranted, the report
recommends a five-year followup program. Experience to date at the
Intake Pumping Plant of the Metropolitan water District of Southern
California which pumps directly from the main body of Lake Havasu 4 miles
to the northwest does not demonstrate that fish are being pumped to an
extent adverse to the popUlation.

Mechanical or chemical methods may be required in spot
applications to control operational problems in the intake channel and
pumping plant forebay area caused by aquatic weeds, mosses, algae,
ditchbank weeds, and fresh water (Asiatic) clams. No precise assess-
ment of such uses can be made until the effects of pumping plant operation
on the channel can be observed. Thus, the impact of such methods cannot
as yet be quantified. In any event, use of any of these methods will be
carefully controlled by policy and re~ulations of the Bureau of Reclamation,
the Department of the Interior. and the Environmental Protection Agency.

(4) Water Flow_and Quality149

The lower end of Lake Havasu and the Bill Williams arm
will be only slightly affected by the minor current or circulation effect
resulting from project pumping and the flow through the intake channel.
Velocities of flow into the intake channel will be low and ~enerally

unnoticeable in the arm and not at all noticeable in the rest of the
lake. This flow may have a slight scouring effect on the lake bottom
in the area outside the intake channel.

The circulatory effect of the project pumpinp, through
the intake channel will provide a mixing effect in the lower portion of
the lake by bringing mainstream flows into the lentic portion of the
Bill Williams arm. The mixing should reduce natural turbidity and
eutrophication. A minor quality improvement is foreseen in the arm as
a result of this action.

There will be periods during construction when deposition
of materials to create the landform embankment for the intake channel
will displace lake sediment causing localized turbidity. Existing
turbidity is characterized as moderate to heavy. That fact, plus other
factors, including water depth, quantity of materials deposited, and
time for displaced sediment to settle, indicates that the effect of this
turbidity will be small and only temporary. Bottom organisms and fish
that feed on them in the construction area may experience minor adverse
effects.

(5) Other Impac~~ 42,46,63,73,177,178

There will be short-term economic benefits due to the
construction of the Havasu feature for the local populace, including the
residents of Parker and Lake Havasu City and the members of the Colo ado
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River Indian Tribes community. There will also be short-term adverse
impacts in limited areas on recreation associated with construction
activity. While the long-term adverse impact on recreation will be
slight - a small reduction in lake surface - this will be offset by
benefits in fishing and boating opportunity due to the landform embank
ment. There will also be a minimal long-term adverse impact on esthetics
due to the presence of the pumping plant on the shoreline. The area
already supports a trailer park east of the feature and a marina to the
west along the south shore of the Bill Williams arm. State Highway 95
connects these developments as it passes along the south shore of the
arm to the bridge across the Bill Williams River. Advanced techniques
to be used in construction, described in Chapters I and IV, will minimize
the esthetic impact of the feature. Interim and final assessments have
determined that there will be no archeological impact due to the construc
tion of the Havasu feature.

b. Inline Relift Pumping Plants

In addition to the Havasu Pumping Plant discussed above,
there are nine inline pumping plants associated with the project aque
duct system. On the Granite Reef Aqueduct, there are the Bouse Hills
Pumping Plant, Little Harquahala Pumping Plant, Belmont Mountains Pumping
Plant, and the Hassayampa Pumping Plant. Associated with the Salt-Gila
Aqueduct will be the Salt-Gila Pumping Plant, Picacho Mountains Pumping
Plant No. I, and Picacho Mountains Pumping Plant No.2. The Marana
Pumping Plant will be located at the beginning of the Tucson Aqueduct
and the San Pedro Pumping Plant will be on the San Pedro Aqueduct. In
addition to these inline units, the Orme-Granite Reef Pumping Plant will
pump flows released from Orme Reservoir to the Salt-Gila Aqueduct near
the salt River crossing.

The criteria set forth in Reclamation Instructions will be
used as guidelines in the planning and design of these relift pumping
plants. Design of these pumping plants will .include soft lighting,
abatement of harmful or bothersome noise levels, and an external appear
ance environmentally compatible with the surroundings.

There will be minor loss of vegetation due to installation of
the pumping plants. Loss of vegetation will be confined to the actual sites
and necessary access roads. Changes in natural esthetic values will
involve the physical features of the pumping plants, including the
access roads, and associated power supply.

Further evaluation of the impact of the inline relift pumping
plants will be included in the individual environmental statements on
the aqueducts.

c. Aq,ueducts

The four aqueducts to be constructed to transport project
water to the service area will traverse a total of 371 miles and require
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a total right-of-way of approximately 15,740 acres. Adverse impacts
from the 84 miles of buried pipeline comprising the Tucson and San Pedro
Aqueducts will be small, consisting primarily of temporary wildlife
disturbance during construction and impacts associated with continuing
maintenance and inspection of the pipeline along the right-of-way. The
287 miles of mostly open aqueduct (Granite Reef and Salt-Gila) will hinder
present migration patterns of large mammals and present a drowning hazard
to wildlife, and to people in urban areas. These adverse impacts will
be mitigated by fencing, wildlife watering facilities, and other measures
as described in Chapters I and IV. Vegetative losses due to the aqueduct
system will be relatively small. For the most part, the aqueducts will
cross sparsely vegetated desert. Riparian areas .associated with major
washes will be crossed with underground siphons, minimizing disturbance
of these areas and permitting natural revegetation. Increases in vegeta
tion suitable for wildlife habitat are projected for areas behind the
flood-control dikes along aqueduct routes, based on past experience with
similar structures. Associated increases in wildlife populations are
expected. Flood-control benefits from the dikes will accrue primarily
in urban and agricultural areas below the aqueduct. Impacts on fish from
the aqueduct system will be negligible. No perennial streams will be
crossed and the siphon crossing under the Gila River will be located in
an area frequently dry. A few fish species may enter the open aqueducts
and migrate to new locations as invading and unwanted species. But water
velocities, periodic aqueduct evacuation, and other operational character
istics will prevent establishment of significant populations within the
aqueducts. No endangered birds or mammals will be adversely affected by
the aqueducts. No unmitigated adverse impacts on archeological resources
will result from construction of the project aqueducts. There are no
known mineral resources that will be adversely affected by the aqueducts.
Recreational possibilities on the open aqueducts are being considered as
discussed in Chapter IV.

(1) Granite Reef Aqueduct

(a) Fish and Wildlife ~6,66,7l,l08,l66,l76

The major impacts of the Granite Reef Aqueduct
will be the interruption of normal range and migration of desert mule·
deer and desert bighorn sheep and the creation of a drowning hazard for
these animals. This projection is based on experience along the unfenced
Wellton-Mohawk Canal as constructed and without escape and mitigation
features as planned for the CAP aqueducts. The Arizona Game and Fish
Department has identified desert bighorn sheep populations along the
aqueduct route in only three mountain ranges: the Buckskin Mountains
(about 50 animals); the Harquahala Mountains (only a remnant population);
and the Eagletail Mountains (about 30 animals). Other adjacent ranges
historically supported sheep populations but now have only occasional
transient individuals. Remote ranges support active herds. The
Department considers about 120 miles of the 190-mile aqueduct route to
be occupied desert mule deer habitat. It estimates that between 300 and
600 deer populate a lO-mile-wide strip (the impact area) along this
120 miles of the route, while the mule deer population of the state
is estimated at about 128,500 animals.
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Drowning history along the Wellton-Mohawk Canal
of the Gila Project indicates that only occasional stray sheep, usually
young rams, will wander out of their normal mountain habitat and drown
while trying to drink from the canal. Desert mule deer drownings have
been much more frequent, and the Department estimates that the deer herd
in the Gila Project canal area has been reduced 90 percent due to deer
drowning. The Department projects a similar experience for an unfenced
aqueduct section without escape devices and without waterin~ oases located
near the aqueduct as planned for the Granite Reef Aqueduct. This estimate
is based on a 10-mile-wide area surveyed along the route chosen for the
Granite Reef Aqueduct.

With the measures discussed in Chapter IV, actual
losses from the feature as planned will be much less. Construction
activities will most likely keep deer away from the aqueduct until such
activities are completed and man's presence becomes less constant. Upon
returnin~ to the area, deer and sheep will encounter specially designed
fences, escape features, aqueduct crossings, and watering facilities
all designed to minimize hazards to wildlife. These special facilities
plus gradually increasing familiarity with them are expected to signifi
cantly decrease'local wildlife losses due to the aqueduct. These facilities
are also expected to keep losses of other animals at insignificant levels.

There will be a net increase in hunting of upland
game species due to the availability of water in remote areas and increased
vegetation behind flood-control dikes. Only time will allow determina
tion to be made of the net loss, if any, in big game and the effectiveness
of the proposed mitigation measures along the aqueduct. If unexpected bi~

game losses occur under project conditions, a reassessment of the measures
provided could be made to keep losses to a minimum.

(b) Vegetation56 ,63

The 190-m1le route of the aqueduct will traverse
typical open desert plain and desert mountain rangelands from Lake Havasu
to Orme Reservoir. Construction of the aqueduct will involve 8,900 acres.
The vegetative cover of this area is typically open and sparse. The
principal species of plants include creosote bush, paloverde, sa~uaro,

and haplopappus on the open desert and mesquite, ironwood, paloverde, and
other species of riparian vegetation in the many washes that will be
crossed. A low level of annual precipitation in this area noticeably
restricts vegetation and most of the area is considered as only fair-to'
poor in habitat quality. This sparseness in vegetation accounts in part
for the minimal wildlife impact from the aqueduct described earlier.
Small amounts of riparian vegetation, mostly paloverde, ironwood, and
haplopappus, will be disturbed where the aqueduct crosses desert washes.
These stands will reestablish at major washes crossed by underground
siphons.

About 160 miles of low earth dikes will be con
structed above the aqueduct to train floodflows to cross-drainage struc
tures to protect the aqueduct and related features. Habitat for doves,
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quail, and cottontail rabbits will be improved behind these cross-draina~e

control structures, since the temporary backup of storm runoff will pro
vide water necessary for establishment of ve~etation. This will also
offset losses in habitat that may occur below these dikes.

The right-of-way of the aqueduct will traverse about
40 miles of terrain that presently support sparse stands of vegetation pr~

tected by state law. The most significant plant is the saguaro cactus.
Where it is necessary to remove plants of these protected species, they
will be replanted where factors of species behavior, age, and new locations
will be favorable. Coordination with the Arizona Agricultural and
Horticultural Commission will be accomplished with regard to clearing
of native vegetation and permits that will be required for transportation
and transplanting of salvaged plants.

(c) O~er Impacts 42,45,46,61,73,177,178,188,191,193,200

The present esthetic values alon~ the aqueduct
route will be further modified by the presence of additional manmade
structures and associated facilities. These impacts will not be signi
ficant along much of the route of the aqueduct because of the generally
uninhabited character of the route. However, the impact may become
more significant to some people over the last several miles of the route
from the Agua Fria River around the north side of the Phoenix metro
politan area. The aqueduct's impact on archeolo~ical resources will
be mitigated. Recreational possiblities for the aqueduct have been
studied and are receiving further analyses by state and local agencies
for bicycle and horse trails. Any recreational benefits from the aqueduct
would probably be small in comparison to recreational benefits from
the reservoirs. The aqueduct will also have some direct flood control
benefits, especially in the Phoenix metropolitan area, by providing
control of floodflows in the Indian Bend Wash area and an outlet for
them. The major flood control benefit from the aqueduct will be achieved
through its general operation and in conjunction with Orme Reservoir.

The major resource impact of the aqueduct will be
the cormnitment of 8,900 acres for right-of··way. Cormnitment of this
acrea~e will have no adverse impact on mineral resources and such
development should have a minimum impact on land-use patterns and
population distribution. Some water loss will occur due to evaporation
from the exposed water surface area of the aqueduct. This is estimated
at 8,600 acre-feet annually.

(2) Salt-Gila A_~e~~ct

(a) Fish and Wildlife 55,71,172

The Salt-Gila Aqueduct will have a minor impact on
wildlife. The 97-mile route of the aqueduct will involve about 5,800 acres.
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The typical sonoran desert vegetation along the route varies with soil
types which also vary from rocky soil slopes, alluvial washes, silty
clayey soil, to bajadas. Numerous small animals and birds use the
desert shrub and cultivated areas for forage and shelter.

Impacts on big-game animals, primarily mule deer
and javelina, will be from drowning and alteration of migration routes.
The loss of deer and javelina from drowning should diminish as they
become familiar with the aqueduct as an obstacle and new migration routes
to aqueduct crossings are established. As discussed in Chapter IV,
measures similar to those to be provided for Granite Reef Aqueduct will
minimize the losses. Zero impact on big-game hunting has been proiected.

Upland game and waterfowl will benefit from the
increased supply of water and maintenance of food grain production in
the project service area. No significant increase in hunting is expected.
Other small animals and birds will experience similar impacts.

There is no perennial fishery resource along the
route of the aqueduct. The Salt and Gila Rivers occasionally contain
sediment laden floodflows at the points where the aqueduct will cr08S.
The presence of fish under this condition is inconsequential. Opera
tion of the aqueduct is not conducive to the establishment of a permanent
fishery resource, due to periodic evacuation of the aqueduct, swiftness
of water movement, and other factors.

(b) Vegetation55 ,63

The loss of vegetation associated with construction
of the aqueduct will not be significant. Vegetation along the route of
the aqueduct is sparse except in the Vicinity of drainage courses where
storm runoff concentrates and provides more moisture for plant growth.
Most of the open areas have been cleared of native vegetation. Under
ground siphons will be used to cross these drainage areas and the Salt
and Gila Rivers. The native vegetation will regrow at these crossing
points.

(c) Archeological 43,45,46,177

Reconnaissance archeological surveys of the Salt
Gila Aqueduct route were conducted by the Department of Anthropology
at Arizona State University, and by the Arizona State Museum at the
University of Arizona under contracts with the National Park Service. A
detailed survey was started in July 1972 by the Arizona State Museum
under contract with the National Park Service. From the reconnaissance
surveys, eight sites of archeological significance were recommended for
further investigation. Further evaluation after completion of the ongoing
survey will determine the final archeological findings that should be
excavated and/or salvaged. This archeological work will be accomplished
prior to or during construction.
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The present esthetic values along the route of
the Salt-Gila Aqueduct will be further modified by the presence of the
aqueduct and associated facilities. Aqueduct desi~n and landcape treat
ment after construction will reduce adverse effects wherever possible.
Recreational potential for the aqueduct has been studied. Recreational
impacts from the aqueduct will be small in comparison with those of the
reservoirs. Approximately 60 miles of low dikes will be constructed for
cross draina~e flood protection along the route of the aqueduct. These
dike areas will serve to increase wildlife habitat in the vicinity of
the dikes by temporarily retaining water, while decreasing habitat below
them. Primary flood control benefits associated with this feature will
be derived from its operation in conjunction with potential and existin~

Soil Conservation Service flood retarding structures.

The 5,800 acres of right-of-way necessary for
construction of the aqueduct will be the major commitment of natural
resources to this feature. Construction of the aqueduct itself will
have a minor impact on land-use patterns. No mineral resources will be
lost due to construction of the aqueduct. Some water loss will be
associated with the aqueduct due to evaporation from its exposed water
surface area. This is estimated to be about 3,200 acre-feet annually.

(3) Tucson Aqueduct

(a) Fish and Wildlife 71,176

The Tucson Aqueduct will have no significant effect
on wildlife. The aqueduct will be an underground pipeline some 20 miles
in length and have a 50-acre regulating reservoir. Since the aqueduct
will be underground and run parallel to Interstate Highway 10 along most
of its route, it will not be a barrier or hazard to wildlife in the area.
No loss of wildlife will be associated with maintenance and operation of
the aqueduct. There is no fishery resource along the aqueduct route.

(b) ve~etation63

The aqueduct will cross typical open sonoran desert.
The vegetation is sparse except where the aqueduct crosses washes. Loss
of vegetation will be temporary except to the extent necessary to provide
a maintenance road alon~ the route of the aqueduct. As with other project
features, the disturbed area will be revegetated if found necessary
following construction, in accordance with the guidelines set forth in
Section 376.4 of the Bureau of Reclamation Instructions. Natural revegeta
tion will occur in successional stages, especially along the washes crossed
by the aq ueduct .

An archeological survey of the Tucson Aqueduct
route was conducted by the Arizona State Museum. University of Arizona,
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in 1969 under contract with the National Park Service. Upon completion
of the survey, one possible Hohokam village site was recommended for
further investigation and/or excavation. It is estimated that this
site (AA:12:74) will require about 120 man-days for further investigation
plus 3 days for heavy equipment salvage excavation. Further review of
the 1969 survey is being made.

(d) Ot~er Impacts 63,178

The esthetic impact from this feature will be small,
since the aqueduct will be buried and much of the area is already man
disturbed. Revegetation of the right-of-way will reduce the impact.
There will be no loss of mineral resources along the aqueduct route due
to construction of this feature. In all, 340 acres will be committed to
aqueduct right-of-way.

(4) San Pedro Aqueduct

(a) Fish and Wildlife 71,176

Aside from temporary disturbance during construc
tion, the San Pedro Aqueduct will have no significant impact on wildlife
along its approximately 64-mile route. The 750 acres involved in construc
tion will be largely revegetated after the pipeline is buried. Fish and
wildlife will not be affected.

(b) vegetation63

The aqueduct will cross typical upper sonoran
desert grassland areas between Charleston Dam and its terminus near
Tucson. As with the Tucson Aqueduct, temporary loss of vegetation will
occur during construction. Natural revegetation will occur through
successional stages.

(c) 43,177Archeological

A reconnaissance archeological survey was con
ducted by the Arizona State Museum, University of Arizona. Fifteen
archeological sites were located, of which eight need no excavation,
five were recommended for further investiRation. and two were recommende~

for excavation. A review of the reconnaissance survey will be accomplished
usinR more detailed route information.

(d) Other Impacts 63,178

Since the aqueduct will be buried and its right-of
way revegetated, the esthetic impacts of the feature will not be signifi
cant. No mineral resources will be lost due to construction of this
feature. The land commitment will be approximately 750 acres.
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d. Reservoirs 7,75

The four project reservoirs will influence approximately
37,140 acres. Of this, some 18,820 acres will be inundated below the
conservation level. Vegetation associated with this acreage will be
lost. Riparian vegetation of various ecological niches will be included
in this loss, totaling about 5,943 acres. Inundation will also cause
the loss of any unmitigated archeological resources identified within
the reservoir pool. The loss is more likely to occur at the Orme and
Charleston Reservoirs because of the large number of sites at each. The
mineral resources undeveloped at the Buttes Reservoir will be more diffi
cult to recover.

In addition to water supply benefits from the project as a
whole, the reservoirs will provide flood control benefits and water
conservation benefits, both of which are badly needed. Floodflows and
runoff will be captured and sediment levels will be reduced. The reser
voirs will provide new sources of water-based recreation, expand the
existing fishery resource, and help to geographically distribute these
resources more evenly throughout the project area.

(1) Reservoir Inundation and Subsequent Successional
Changes 23,33,3~,38,39

Certain general impacts occur in an area following
closure of a dam and inundation of the reservoir area. Regardless of
whether the area had a permanent or intermittent streamflow prior to
dam construction, there is a distinct alteration of the environment.
stream characteristics are generally modified hydrologically, chemically,
biologically, and physically.

The introduction of exotic aquatic biota into a reser
voir may disrupt preexisting ecological balances both above and below the
impoundment. Changes in the streamflow regimen below a dam will probably
cause a reduction in overall area of the riparian vegetation and a loss
of flood channel backwaters and potholes to successive stages of terres
trial vegetative growth. However, due to the reduction of floodflows and
scouring action, the density of riparian vegetation remaining should
increase along the new and more permanent stream channel. These changes
in channel conditions will probably lead to changes in related faunal com
munities. These changes have already been experienced on the Verde River
from Bartlett Dam to its confluence with the Salt River, the Salt River
between Stewart Mountain Dam and Granite Reef Diversion Dam, and the Gila
River between Coolidge Dam and the Ashurst-Hayden Diversion Dam. They are
expected at the four reservoir sites in the CAP, as discussed below.

Following construction of a reservoir, the aquatic
environment undergoes successional changes until an equilibrium is
attained. This equilibrium may not be reached for a number of years,
depending on the type and quantity of introduced biota. There is an
initial surge in biological production in reservoirs due to the release
of nutrients by decomposing submerged vegetation. The increase in
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nutrient levels is reflected in an increase in growth rates and abun
dance of species of micro- and macro-flora and fauna. The reaction to
a higher nutrient level ultimately results in an increase in basic
production of the biota in a body of water. After a period of time,
production stabilizes or declines, depending upon management practices.
Production levels of game and nongame fish will increase after impound
ment, but without proper management rough fish may predominate. Good
management of a reservoir environment can result in a many-fold increase
of desirable fish species over those produced in a stream environment.
Benefits derived from such increase in the number and volume of reser
voir fish are weighed against the detriment arising from alteration of
the original stream. As a reservoir ages, further changes normally
occur in the bottom fauna as a result of sedimentation. All these
changes will be evident in the project reservoirs.

The impact of impoundment will result in changes in
the fish fauna, displacing natives, except wanderers, in the reservoir
areas and will influence their populations both upstream and downstream
from the site in a detrimental manner. This will be due to introduc
tion of competitors through stocking and use of bait fishes in reser
voirs or movement of non-native fishes enhanced by the artificial
conditions. Downstream, the decrease in heterogeneity of environment
may be anticipated to produce monotony of fauna (fish or otherwise) to
the detriment of native and perhaps resident non-native fishes. Speci
fics of vegetation and other losses and replacement of native species
by increased populations of non-natives are described below under dis
cussion of each reservoir. No endangered species of fish will be
affected by reservoir" construction.

The impact of impoundment on the terrestrial biota
will be either to eliminate it (in the case of vegetation), cause it
to increase or decrease, or cause it to move upstream or upslope. Here
the animals will encounter habitats already occupied by others of their
species, and there will be a brief period of adjustment involving the
elimination of some animals. Riparian, terrace, and cliffside habi
tats which are flooded will be gone, and the fauna adjacent to the
reservoir will depend upon the kinds of habitat present above the
flood-pool margin. The impact on most forms of amphibians and reptiles
will be to cause them to move upstream or upslope. A general numerical
reduction is expected.

The building of the four dams and resulting reduction
in invertebrate numbers will not threaten any of the biotypes of inver
tebrates that now exist at the reservoir sites. By replacing an area
of riparian vegetation with a lake and shoreline environment, areas
for additional forms of invertebrate life will be made available.

In general, the impact on bird species will be reduc
tion in numbers of individuals and in divergence of species. Intro
duced species such as English sparrows and starlings will increase and
proliferate in mants presence. Native species such as grebes, coots, and
diving ducks that feed primarily on small fish or aquatic vegetation will
also increase. Emergent vegetation which would support rails, bitterns,
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or marsh wrens will be less prevalent. The forms most affected will be
large raptors which require large trees for nesting and which rely on
high density of fish, lizards, and small mammals for their food supply.
Unless access to nesting areas is restricted, such as the ea~le nestin~

area in the Tonto National Forest on the Verde River near the head of
the Orme Reservoir site, molestation by people will drive away any
raptors whose nest sites are not inundated. Other groups that will show
marked decrease or elimination are solely dependent on the riparian habitat
for their existence. These include: bitterns, VirRinia rails, herons,
flycatchers, thrashers, and towhees. Nesting habitat areas of mesquite
and saltcedar for white-winged and mourning doves, will be eliminated.

It is more difficult to predict the effects of the
reservoirs on mammals. Many are nocturnal and numbers and life history
data are scanty or not available. An example is the spotted bat that
has only been observed 4 times through 1967 in Maricopa and Yuma Counties
in Arizona. Due to its natural rarity it will not likely be affected by
the project. Those burrowing forms that do not exist out of the river
bottom will be eliminated from the reservoir area, e.g., the southwestern
pocket gopher, and populations of beaver and muskrat, which are less
abundant now than they were in earlier years, except at the Hooker site,
will be reduced even further and possibly eliminated from the reservoir
areas because they do not do well in large lakes. The desert forms will
decrease slightly because some of their habitat will be inundated.

Some rare or endangered species of birds, includinp, the
bald eagle, will be affected by reservoir construction and subsequent
human use, more than direct habitat inundation. Several peripheral
mammals will be likewise affected.

Contracts to obtain preliminary information on the biota
of the reservoir sites were completed in February 1972. The six reports
furnished to the Bureau of Reclamation under the contracts included lists
of the invertebrates, vertebrates, and plants known or expected to be
found in each of the reservoir sites. The reports also estimated the
impact of dam construction on the biota in the area. Tables 1 throu~h

16 in the Appended Material have been extracted from these studies. The
Bureau of Reclamation will describe in greater detail the biota and the
probable impacts on the biota at the four reservoir sites in the individual
environmental statements for the reservoir features.

An explanation of how to use the tables follows:

(a) Fish, Amphibian~, and Reptil~

For fish use Tables 1-4. Table 1 lists the native
fish fauna at each reservoir site. By referring to this table, the
range of each species of fish can be determined. Table 2 shows the
ecological relationship of each native species. By comparing data from
Tables 1 and 2 the probable impact on a particular species may be
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observed. For example, if the impact on loach minnow, Tiaroga cobitis,
in the Gila River at Hooker is desired, first refer to Table 1 which
indicates that loach minnow are known to be present at that location.
Then refer to Table 2 and it shows that this species prefers a sandI
gravel bottom of moderate stability with a moderate to swift streamflow
through riffles. From these data it is assumed that the loach minnow
will not live in a reservoir environmenti therefore, in the area to be
inundated the loach minnow will be eliminated. Table 4 presents an
estimate of the effect on non-native species of the presence of a reser
voir. For example, the threadfin shad, Dorosoma petenense, can be
expected to become established in Orme and Buttes Reservoirs, but not
in the Hooker or Charleston Reservoirs. Table 5 lists the amphibians
and reptiles in the four reservoir areas and Table 6 shows their ecological
relationships. Amphibians and reptiles, because they are terrestrial,
will be displaced from the area that is inundated. Depending on the
amount of use by humans, most of these species will benefit by the presence
of ponded water.

(b) Birds

Table 7 lists all the species of birds known to
occur and those expected to occur at the four reservoir sites, and
ecological and predicted impact data on each species. This is a com
posite list. Table 9 is a list of birds at Orme Reservoir, Table 11
of birds at Buttes Reservoir, Table 13 of birds at Charleston Reservoir,
and Table 15 of birds at Hooker Reservoir. Tables 9, 11, 13, and 15
give the common and species names of the birds, indicate whether or not
they nest at each site, and tell the status of their occurrence (e.g. com
mon winter, irregular summer, etc.). By using these tables, the impact
on any particular species may be estimated. For example, if the impact
on the killdeer, Charadrius vociferus, is desired, first using Table 7
(second page) it indicates whether the killdeer is found in the reservoir
areas. It is shown that this species is known to nest in the CAP project
area on the ground. Its primary habitat is dense vegetation near water
and its primary food is aquatic invertebrates. The expected impact of
the CAP will be a marked decrease of this species in the areas to be
inundated. The killdeer population found in the irrigated agricultural
areas will not be affected as long as irrigated agriculture continues.
Tables 9, 11, 13, and 15 indicate that killdeer are common residents to
all four of the reservoir sites. From all these data, it may be concluded
that this species will lose some of its habitat and will therefore be
eliminated from the areas that lnll be inundated. This does not mean
that the species cannot and will not be found in equal abundance after
construction as it is at the present time in areas above and below the
reservoirs that remain suitable habitat for the species. The same pro
cedure as just described can be used for all bird species. These tables
may be used in other ways too. If the number of species that will be
expected to increase in abundance and the number to be eliminated from
the reservoir areas following construction is desired, refer to Table 7.
This table indicates that an expected impact of the project will be an
increase in abundance of 34 species of birds, while 42 species will be
eliminated from the reservoir areas.
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(c) Hammals

Table 8 lists all the species of mammals known to
occur and those expected to occur at each of the reservoir sites. This
is a composite list and is set up like Table 7. Tables la, 12, 14, and
16 are lists of the known and expected species of mammals from Orme,
Buttes, Charleston, and Hooker Reservoirs, respectively. These tables
indicate if a species is rare or endangered. By using these tables
as described for the tables on birds, the impact on any species desired
or the impact on numbers can also be determined. The impacts shown on
Table 8, no l!latter what classification, are impacts for the reservoir
area only. For example, the table sug~ests that the brush mou~e will be
eliminated from the area of impact. This means that in the area where
there is a loss of riparian vegetation this species will be eliminated.
Where riparian ve~etation still occurs,- such as upstream from the reser
voir, the species will still exist.

(2) Orme Dam and Reservoir

(a) Inundation of Lands 201

Orme Reservoir will influence about 10 miles of
the Salt River and about 10 miles of the Verde River under normal opera
ting conditions. At the active storage level, the reservoir will inundate
about 9,700 acres of portions of the Salt River Indian Reservation,
Fort McDowell Indian Reservation, and lands of the Tonto National Forest.
In extreme flood surchar.ge conditions, a total land area of 24,000 acres
could be inundated. (See Figure 27B.) The various land areas inundated
by the various reservoir functional levels are as follows:

Lands Inundated (acres)
Function Ft. McDowell Salt River Tonto Nat'l.
Elevation Indian Res. Indian Res. Forest Total

1374 800 600 900 2,300

1437 * 5,400 900 3,400 9,700

1513.5 ** 14,800 1,300 7,900 24,000

* Active stora~e level.
** Flood control and surcharge level.

The stretches of the Salt and Verde Rivers subject
to inundation are intensively used for cattle grazin~, off-road vehicle
riding, and family-type recreation such as innertubinp" picnicking, fishing,
and camping. Some small game and varMint hunting exists as well. The
flows of both rivers are primarily controlled and sustained by upstream
storage reservoirs operated by the Salt River Project.

(b) Mineralizationl63

The abandoned Granite Reef (Arizona barite) mine,
located on the proposed left abutment of the dam, is the only mineral
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resource known to exist in the vicinity. At least 300,000 tons of the
known ore body have been mined. Some reserves of unknown grade and
quantity may still remain near the old workings. According to the
Bureau of Mines» present ownership of the mine cannot be found in court
house records.

(c) Vegetation23

Approximately 3,500 acres of riparian ve~etation

and nearly all of the desert shrub will be removed up to elevation 1437.
This will reduce debris in the reservoir» improve water quality» and
facilitate safe boating. Between elevations 1437 and 1513.5 (the
flood control and surcharge area), the effects of short-term inundation»
generally less than 10 days, will have varyin~ effects on vegetation,
depending on the plant variety, depth of inundation, and frequency of
occurrence. The area subject to short-term flooding is 14,300 acres.

The steep shorelines that are subjected to lake
level fluctuations will be barren. Vegetation will begin above the
waterline where inundation will be less frequent. The gradual slopes,
as on the south-side of the Salt River and west side of the Verde River,
will become plains with some silt mantling. Saltcedar will attempt to
invade these areas when the lake level is low and will be inundated at
high water. This will provide good potential spawning areas for large-

mouth bass and good habitat for young-of-the-year. A few mesquite bosques
~~ll establish orexpand on these broad slopes. The broad silt slopes will
nave a brief ephemeral establishment of herbs. The riparian vegetation
will never reestablish in any area adjacent to the lake.

(d) Fish and Wildlife 33 ,34,38,39,66,71,176

Wildlife range and habitat will be influenced by
the facility and its hydrologic operation. Characteristic wildlife
occurring in the reservoir area include desert mule deer» javelina,
Gambel's quail, white-winged and mourning dove» cottontail rabbit»
jackrabbit, bobcat, coyote, grey fox, skunk, badger» and various water
fowl. Reservoir operations will require removal of approximately 3,500
acres of riparian vegetation now serving as habitat for wildlife. Most
wildlife species now in the conservation pool area of the reservoir will
experience immediate displacement and will move to areas where riparian
habitat remains or onto higher ground. Competition between species for
available space will occur and some animals may be lost. There are no
known endangered species in the reservoir area. However» there are
two and possibly three pairs of bald eagles which nest in the area
adjacent to the reservoir. An active bald eagle nest located near Malpais
Canyon near the northern boundary of the Fort McDowell Indian Reservation
and about three miles from the highest normal reservoir operational level
may be disturbed by reservoir use. Control of access to the nesting
area by Tonto National Forest restrictions will minimize any adverse
effects.
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Some 205 species of birds (of which about 72 use
the area to nest) and 54 species of mammals range in the reservoir area.
Tables 7 and 8 of the Appended Material catalog the species of birds and
mammals and the projected impact of the reservoir on each. Some 88
species of birds commonly are found in the reservoir area, either during
the summer or winter or year-round. Forty-five of these species use the
area to nest.

While 15 native species of fish were known to
inhabit the Orme Dam site area in the past, only 3 and possibly a 4th
species presently are found in the area. These native species will be
displaced from the reservoir area. No endangered species of fish will
be affected by the reservoir. Some 34 species of non-native fishes now
occupy the area within or upstream from the Orme Reservoir site. Of
these, 25 will probably become established in the reservoir with an
additional 4 species also likely to become established in the reservoir.
Only 5 species are likely to be eliminated.

There are 59 known species of amphibians and rep
tiles in the reservoir area, 7 of which, while not uncommon, are not
found at any of the other reservoir sites. All of these species will
experience a nonsignificant decrease in number due to the inundation of
the reservoir site with the exception of two species of turtle. No
rare or endan~ered species of amphibians and reptiles will be affected.

At least 29 orders encompassing some 180 families
of invertebrates are found in the Orme Reservoir area. Inundation of
the site is not expected to have any material detrimental effect on any
of these invertebrates.

The reservoir will introduce a fishery that will be
heavily utilized, provided some areas are not subjected to heavy recrea
tional use by high-speed powerboats. The reservoir surface area will
range between 2,300 acres and 9,700 acres, except during flood control
operations. An estimated average of 352,000 fisherman-use days of fishing
annually will occur. With additional management improvements, an
additional 115,000 fisherman-use day's can be expected. There will be
a loss of stream fishing in the 20 miles which will be inundated.
However, reservoir releases could improve the quality of fishing in the
4-mile reach of the Salt River between Orme Dam and the existing Granite
Reef Diversion Dam.

The area now provides an estimated 4,900 man-days
IDlnually of hunting. With construction of Orme Reservoir, hunting will
decrease to about 600 man-days annually or less, depending on the amount
of other recreation uses,and will generally be confined to waterfowl and
small game hunting. The expected increase in human activity in and around
the reservoir may ultimately reduce the nunbers of the wildlife species
now corrnnonly utilizing the reservoir area and nearby foothills. Safety
restructions on hunting and Indian corrnnunity regulations and permit prac
tices will also be a consideration in future use of the area for hunting.
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(e) Recreation54

Orme Reservoir, to be located about 25 miles north
east of Phoenix, will attract water-oriented recreational activity
including fishing, swimming, water skiing, pleasure boating, camping,
and picnicking. Lands surrounding the reservoir are either Federal, pri
vate or Indian lands. Recreational development will conform to master
planning criteria to be developed for the area as directed in authorizing
legislation and approved by the Secretary of the Interior. Zoning of the
reservoir area will be necessary to insure compatibility of the various
uses, including wildlife needs. About 100,000 visitor-use days are
expected in the initial years with increases to 1,500,000 visitor-use
days by the 10th year.

Portions of the Verde and Salt Rivers are currently
used for innertubing, picnicking, and other uses. These uses will be
largely replaced by recreational uses common to reservoirs. About 15
miles of the Verde River from Bartlett Dam to the level of the conserva
tion pool water surface of Orme Reservoir will ordinarily be available for
river recreation, but the river reaches which are now most heavily used
will be lost to'this type of recreation.

(f) Archeologica14l ,46,177

The normal operation of Orme Reservoir will inundate
10 of the 12 identified sites on the Verde River arm. Future studies
will further evaluate these sites to determine specific needs for
salvage work and will also resurvey both the Salt and Verde River arms
in more detail. The initial phase of these studies was initiated in
July 1972.

(g) Indian Lands63 ,67

The reservoir will adversely affect the Fort
MCDowell Indian community. About 53 families, composed of about 335
individuals, will require relocation. The relocation or memorializing
of the tribal burial grounds and old Fort McDowell will be resolved
during right-of-way negotiations. Approximately 14,800 acres of Fort
McDowell lands will be required for the dam and reservoir. Of these,
9,400 acres of land needed above the conservation level will be available
to the Indians for uses compatible with reservoir operations. As discussed
in Chapter IV, 2,500 acres of Federal land will be added to the Indian
reservation as partial compensation.

How the developed culture of this community will
be affected is not fully known. The project influences will add to the
cultural impact already being experienced by both the Fort McDowell and
Salt River Indian communities as non-Indian development continues to
move toward their lands. Loss of employment by the Indians due to inunda
tion of the Verde River well field of the City of Phoenix is expected to
he more than offset by employment opportunities at the dam and reservoir
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with their expected operational and maintenance requirements, plus the
employment generated by the recreation concession.

A portion of the dam and reservoir will lie on
lands belonging to the Salt River Indian Reservation. Approximately
1,300 acres of Salt River Indian Reservation land will be required.

• Operations will not adversely affect any reservation residents. Orme
Dam and Reservoir will be an economic benefit to this Indian community.
The reservoir will not only provide a recreation attraction to higher
elevation reservation lands but should, through flood protection, enhance
the value of lower flood-plain lands located downstream from the dam.

The construction and operation of Orme Dam and
Reservoir should economically bolster the general welfare of both Indian
communities. Intangible cultural disruptions may never be mitigated.

(h) water Rights 132

Rights to the use of water from the Salt and
Verde Rivers were adjudicated by the Kent Decree of 1910. The opera
tion of Orme Reservoir will not interfere with existing water rights.

(i) Hydrologic Regimen 134,183

inundated as
be provided.
recur in the
flood spi115

Portions of the Verde and Salt Rivers will be
mentioned earlier. More flood and sediment control will

The periodic low flow years and the floodflow years will
future as they have in the past. The magnitude of future
will be reduced primarily in rate and some in volume.

(j) water Quality

The operation of Orme Reservoir will not affect
the water quality of the Salt and Verde Rivers except when used to
store Colorado River water. When Colorado River water is stored in
Orme Reservoir, the resulting mix with water from the Salt and Verde
Rivers will be of lesser quality. Orme Reservoir will reduce turbidity
by removing suspended sediments in storm runoff originating from the
more than 400 square miles of uncontrolled drainage area below Bartlett
and Stewart Mountain Dams on the Verde and Salt Rivers, respectively.

(k) Flood Control 190

Flood control provided by Orme Reservoir will
permit more effective and safe commercial and industrial use of lands
along the downstream river areas. The control of floods will permit
lengthening of the main runway at Phoenix's Sky Harbor International
Airport. The ground transportation network for the metropolitan area
will also be more fully protected. Metropolitan flood control plans are
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coordinated with, and to a certain extent dependent on, Orme Reservoir.
The proposed Rio Salado Project must also have this flood protection in
order to be developed.

(1) Other
)

In addition to its role as a terminus and temporary
storage facility for Colorado River water, Orme Reservoir will permit
more effective conservation of floodflows occurring on the Salt and Verde
Rivers. This will add to the supply of water available in the service
area for beneficial use.

(3) Buttes Dam and Reservoir 82,172

(a) Inundation of Lands 63

Buttes Reservoir will extend approximately 12 miles
upstream on the Gila River and will inundate about 4,000 acres at maxi
mum conservation level and about 5,500 acres at the maximum flood control
storage level (Figure 27C). The areas inundated by the various reservoir
functional leveis are as follows:

Inundated
Function Elevation (acres)

Sediment Control 1625 200

Conservation Storage 1750 4,000

Flood Control Storage 1778 5,500

Surcharge Control 1787.5 6,200

(b) Mineralization 48,175

The Bureau of Mines in its 1964 report suggested
that construction of Buttes Dam should not be initiated until the mineral
potential of the reservoir basin is explored adequately, the national
significance of the submarginal rock is appraised, and the commercial
grade ore, if any, is mined. While most of the area discussed in the
report lies a considerable distance from the reservoir, some areas of
indicated mineralization would be inundated.

Recent discussions with Bureau of Mines personnel
and their 1972 report indicate that several mining companies are initia
ting exploration programs in several key areas. The programs should
establish the occurrence or nonoccurrence of commercial-grade ore.
These discussions also established the possiblity that in the event
commercial-gr~de ore was discovered, mining activity could be compatible
with the construction and operation of the reservoir.
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There will be a period of at least 7 years before
construction of Buttes Dam and Reservoir is completed. This period should
be ample time to establish the existence of commercial-grade ore within
the reservoir area and to evaluate the measures to be taken to extract the
deposits or determine that they are not feasible for production.

(c) Vegetation23

The reservoir area to be impounded by Buttes Dam is
under the influence of a controlled streamflow from the San Carlos
Reservoir and uncontrolled flows from the San Pedro River and other
tributaries. Controlled flow and resultant buildup of broad alluvial
sandbars along the river have resulted in a replacement of native cotton
wood. mesquite. and baccharis communities with saltcedar. Construction
and maintenance of the railroad track through the area have permitted
invasion of species such as stick-leaf and wild tobacco on the disturbed
areas along the track. Baccharis often dominates in only a small strip
on the sandbars and gravel terraces adjacent to the river. Saltcedar
lines the riverbanks in narrow bands in some sections between the water's
edge and the mesquite bosques. Immediately beyond the baccharis stands,
away from the river. are communities of saltcedar and/or mesquite.
Near the damsite where the valley is narrow, and along the riverbank
fringes, the saltcedar stands are limited; however, upstream from the
damsite the valley broadens and in conjunction with this, the areas of
mesquite are more extensive. From a vegetational viewpoint, the salt
cedar stands are quite homogeneous, the deciduous leaves forming a
barren "forest" floor only interrupted here and there by herbaceous
plants. A few dense stands of arrowweed are found where flooding has
caused standing water and the consequent buildup of salt deposits after
evaporation. Mesquite is found on the low flat terraces above periodic
high water levels of the river. These stands are often associated with
a dense cover of grasses.

Approximately 1,500 acres of riparian and allied
vegetation up to elevation 1.750 will be removed in clearing operations
to minimize reservoir debris, improve water quality, and provide safe
boating conditions. Operating plans call for rapid evacuation of water
in the reservoir down to the minimum recreation pool. The resultant
impact will be one of loss of the present saltcedar stands and mesquite
bosques and development of a barren area between the lake level and the
high water mark. This shoreline area will be maintained in accordance
with Reclamation policy and for recreational opportunities.

Cd) Fish and Wildlife 33.34,38.39,66,71,78,80,81,108,176
t "t l II » " t '" 1 I ,

The establishment ot Buttes Reservoir on the Gila
River should enhance overall fishery and wildfowl habitat. While a
l2-mile reach of the Gila River will be inundated, controlled reservoir
management will improve residual habitat conditions. The. fishery is
presently limited to warm-water species, mainly suckers, catfish, and
minnow types. Terrestrial wildlife species occurring in the area include
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rabbit, javelina, bobcat, deer, mountain lion, duck, dove, quail, and
various other small mammals and birds. One endangered species, the
bald eagle, is listed in Table 11 of the Appended Material as uncom
mon, but is not known to nest in the area. Bald eagles will likely
avoid the area after inundation of the reservoir and the attendant
increase in use of the area for recreation.

The area presently supports 100 bird species,
of which 61 are common to the area (52 of which use the area for nest
ing). In all, 51 species of mammals are found in the area. The pro
jected impact on each bird and mammal species is found in Tables 7 and
8 in the Appended Material.

Thirteen species of fish are thought to have
occurred in the Gila River system at the Buttes Reservoir site. Of
these 13 native species, only 2 are presently found in the area. Inun
dation of the area would eliminate these 2 species from the reservoir
site. Of the 22 non-native species of fish found in the vicinity of
Buttes Reservoir site, i5 and possibly one additional species probably
will establish themselves in the reservoir, with 6 species not being
able to do so. ·No rare or endangered species of fish occur in the area.

Fifty-four species of amphibians and reptiles
occur in the Buttes Reservoir site area. None of these species are
unique to the area and, with one exception, all will be eliminated
from the area of the reservoir as a result of impoundment of water.

At least 28 orders and some 173 families of inver
tebrates have been identified in the reservoir area to date. Any imme
diate loss of habitat of one species due to impoundment will be replaced
by another type of habitat allowing other species to become established.

The reservoir will provide considerable fishing,
estimated at about 30,000 net fisherman-use days annually following full
development. There will be an annual loss of about 200 man-days of big
game hunting, and 100 man-days of quail hunting. Presently, fishing
and hunting activity along the Gila River in the reservoir site area
is very small.

(e) Recreation 54,63

Operation of the reservoir will provide water
oriented recreation activities including fishing, swimming, boating,
camping, and picnicking. Some Federal lands adjacent to the reservoir
should facilitate development. Some private lands may be needed to
optimize potential benefits.

It is estimated that about 85,000 net recreation
use days annually will ultimately be developed as a result of the reser
voir. This includes the 30,000 fisherman-use days. These projected
uses take into account present conditions without the project.
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(f) Indian Lands 170

For years the Gila River Indian community down
stream from the Buttes Dam site and non-Indian irrigators of the San
Carlos Indian Irrigation Project have sought development of Buttes
Dam and Reservoir to control floods and attendant heavy siltation and
to further conserve the flows of the San Pedro River and tributaries
which enter the Gila River downstream from Coolidge Dam. The reservoir
development will aid in reducing water shortages which prevent full
utilization of Indian lands.

(g) Archeological and Historical Sites 41,46,177

No prehistoric ruins of major significance have
been identified to date within the Buttes Reservoir area. Excavation
and studies of several prehistoric trash mounds have already been
conducted by the Arizona State Museum under contract with the National
Park Service. Five historic kilns used historically for the production
of mesquite charcoal are located within the reservoir area. Their
historic value in terms of possible salvage has not been determined.
Further archeological examination is programed to determine the need for
any mitigation measures for the reservoir area.

(h) Existing Facilities 178

Buttes Reservoir will inundate about 15 miles of
the Southern Pacific Railroad, which will be relocated. The impact is
not expected to be significant and will be discussed- in the individual
environmental statement for Buttes Reservoir.

All relocation and/or removal of existing facili
ties within the area of the conservation pool will be completed prior to
or during construction.

(i) Water Rights ll ,150,15l

All Arizona rights and rights of Virden Valley in
New Mexico to the surface flows of the upper Gila River were adjudicated
by the Gila Decree of 1935 (Globe Equity No. 59). To maximize water
conservation, operation of Buttes Dam will require mutual agreement
between water users of the San Carlos Project and water users of the
Gila Valley located upstream from Coolidge Dam. Additionally, water
contractors receiving CAP water will have to agree to water exchanges
as a qualification for receiving water.

(j) Streamflow Regimen 183

The storage provided by the reservoir will eliminate
much of the flooding experienced downstream from the damsite in the past.
This will allow more effective use of Gila River bottom lands. The
reservoir will also eliminate heavy siltation now occuring in the San
Carlos Project diversion headworks and distribution complex. The releases
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of stored water from the dam into the connectin~ canal will alter the
overbank river habitat between Buttes and the Ashurst-Hayden Diversion
D~.

(k) Wat~r guality

The quality of water released to the project
service area below Buttes Reservoir will improve. This will result
from the effectiveness of the reservoir in trapping upstream sediment
inflow. Some mine pollution occurring upstream is expected to be
eliminated under new pollution control laws.

(4) Charleston Dam and Reservoir 75,172

(a) Inundation of Lands

Charleston Reservoir on the San Pedro River will
extend about 9 miles upstre~ during flood conditions. At maximum
conservation storage, the reservoir will inundate-about 4,000 acres
and during maximum flood control storage up to about 5,600 acres
(Figure 27D). The various land areas inundated by the various reservoir
levels are as follows:

Inundated
Functiop Elevation (acres)

Sediment Control 4000 700

Inactive Storage 4010 1,000

Conservation Storage 4055 4,000

Flood Control Storage 4070 5,600

~) Mineralization 49

The now inactive mines of the Charleston district
are within one mile of the Charleston Dam site. Parts of the district
will be below the water level of the reservoir as now planned. Veins
are present in extensively altered and weakly mineralized outcrops of
the Bronco volcanic rocks. Commercial deposits of lead, zinc, or
vanadium may exist in the volcanic rocks or more likely may occur in
underlying sediments.

Oil or gas may be present
in the sediments underlying the reservoir site.
could be developed by directional drilling from
is established,

(c) Veg~tation23

in commercial quantities
Such deposits probably

the shore if a reservoir

The construction of the reservoir will require
clearing of approximately 4,000 acres of the riparian and desert shrub
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vegetation up to elevation 4055. Of the 4,000 acres, 670 acres are
riparian growth, consisting of saltcedar, mesquite, baccharis, haplopappus,
cottonwood, willow, and some sycamore.

The future impoundment will inundate the present
riparian communities and low-lying desert shrub communities. Because
there is no flow control upstream, the lake level will fluctuate, causing a
relatively barren area to develop between the high waterline and the actual
lake level. Mesquite and sacaton communities may establish in flatter
areas just above the high waterline. Riparian vegetation is not expected
to reestablish along the lake margin and development of marsh areas is
highly unlikely. Other than loss of the present ve~etation, the greatest
impact will be on the vegetation downstream. Two small diversion dams
below the Charleston Dam site exercise very minor control but do divert
almost all of the low flows. Saltcedar is becoming increasingly established
along the banks of the entrenched river channel. Construction of Charleston
Dam will even more greatly control the flow of the San Pedro River and
thus permit more extensive stands of saltcedar to establish. Species
such as baccharis, mesquite, and willow, may decrease in abundance.

(d) Fish and Wildlife 33 ,34,38,39,66,7l,108,176

The Charleston Reservoir site has a relatively
rich mammalian and avian fauna, but its animal composition is over
shadowed by more diverse faunal areas which are nearby. Typical wildlife
inhabiting the area includes javelina, deer, rabbit, quail, dove, and
many varieties of small mammals and birds. One endangered species of
bird, the bald eagle, is listed in Table 13 of the Appended Material as
uncommon in the area. Recreational activity in the area of the reser
voir will most likely keep any bald eagle away from the reservoir area
in the future. One rare species of bird, the prairie falcon, is listed
as an uncommon winter visitor to the reservoir area. Establishment of
the reservoir will not affect it. Other wildlife now in the reservoir
area will relocate upstream or on higher ground, but some numerical
reductions can be expected and a few species will be eliminated from the
area. The reservoir itself will prOVide new habitat for both fish and
some species of wildlife.

There are 143 species of birds (60 of which use the
area for nesting) and 65 species of mammals found in the area that will
be displaced due to inundation of their habitat. Tables 7 and 8 in the
Appended Material show the predicted impact on each species. Of the
143 species of birds found in the area, 85 are commonly found either in
summer or winter or as year-round residents. Forty-five of these nest in
the area. There are 58 species of birds not commonly or rarely or
accidently found in the reservoir area. Fifteen of these species nest
in the area.

At one time, the San Pedro River at and above the
Charleston Reservoir site supported 10 and possibly 13 species of native
fish. At present, two and possibly three native species exist in the
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river. These native species will be displaced from the reservoir area.
Eight and possibly nine non-native fishes are found within or upstream
from the Charleston Reservoir site on the San Pedro River. These non
native fishes are expected to establish populations in the reservoir
upon impoundment. No endangered species o~ fish is found in the area.

Sixty-six species of reptiles and amphibians are
found in the reservoir site area. Eight of these species are unique to
the Charleston site in comparison to the other reservoir sites. Impound
ment of the reservoir will eliminate these species from the area of the
reservoir. One species will be enhanced by the impoundment of the
reservoir. There are no rare or endangered species of reptile or amphi
bian in the area.

Some 29 orders and 174 families of invertebrates
have been identified in the reservoir area to date. Inundation of the
Charleston site will not deplete the population of any species to any
material extent.

Virtually no fishing now takes place on the San
Pedro River. The development of the Charleston Reservoir is ultimately
expected to provide approximately 180,000 fisherman-use days annually.
The facility may also improve fishery conditions below the dam on the
river.

(e) Recreation14 ,54

The Bureau of Outdoor Recreation has studied the
need for lands around Charleston Reservoir for public use. An additional
1,150 acres of land will be acquired in connection with acquisition of
reservoir land for such purpose.

It is estimated that the reservoir will provide
from 270,000 recreation-use days annually in the early project years
to about 435,000 recreation-use days in year 2000. These numbers include
fishing activity. These estimates consider the recreation and fishing
losses under nonproject conditions.

(f) Archeo10gica144 ,46,177

A survey of the Charleston Reservoir area and
surrounding area up to elevation 4200 was conducted by the Arizona State
Museum, University of Arizona, under contract with the National Park
Service in 1968. The total known number of sites within the survey area
is 133. The survey area extended to elevations above the maximum water
surface elevation and above the direct influence of the reservoir. These
sites indicate both a long and a culturally diverse occupation by man
in the river valley. Anglo-American, Mexican, historic Pima, prehistoric
Hohokam, Cochise, and Clovis sites were represented. Of the 133 sites
21 have been recommended for further study and possible excavation.
Thirteen of these sites are above the maximum water surface elevation of
the proposed reservoir. It has also been suggested that an interpretive
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center be included as part of the visitor center for the recreation
complex.

(g) Water Rights

The dam and reservoir will be operated so as not
to impair existing downstream water rights. The reservoir should aid
in exercising existing water rights due to better control of the river.

(h) Streamflow Regimen 183

The storing of floodflows will change the regimen
of the river downstream and may affect some riparian growth. All flows
required to meet downstream rights will be released through the dam.
Flood control at the reservoir will decrease the incidence of damaging
floods on the downstream reaches of the San Pedro River Valley.

(i) Water Quality

The operation of Charleston Reservoir will improve
the overall quality of the water. Sediment retention in the reservoir,
especially during floods, will minimize turbidity below the dam.

(j) Land-Use Patterns 63,135,178

Land use of the reservoir area includes range
cattle operations, the Southern Pacific Railroad, highways, mine workings,
ghost towns of early small communities, and earlier ranch settlements
now mostly abandoned. The reservoir area is almost all in private
ownership. Portions of the Fort Huachuca Military Reservation join
the western portion of the lower reservoir area. Portions of this have
historically been used as an artillery impact area~

(5) Hooker Dam and Res elVoir 169,172,189

(a) Inundation of Lands 51,63

The land areas to be inundated by the various
reservoir functional levels (see Figure 27E) are as follows:

. I
Lands Inundated (acres)

I
Gila National Forest

Function Elevation Forest Primitive Wilderness Total
t d' , ,

Sediment Control
and Inactive 4780 580 580

Conservation 4863 900* 80 140 1,120

Flood Control
and Surcharge 4890 1,070* 90 180 1,340

*Includes patented lands within the Forest
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(d)

(b) Mineralization 50,159

An investigation of mineral resources in the Hooker
Reservoir site was made by the Bureau of Mines in 1964. The report reveals
that only small deposits of fluorite of little economic value have been
found and exploited in the past along the reach of the Gila River which
will be influenced by Hooker Reservoir.

(c) Vegetation 2~,37,52

The reservoir will result in inundation of about
1,064 acres of vegetation. This consists of 112 acres of riparian shrub,
161 acres of riparian woodland, 289 acres of pinyon-osk-juniper, and
502 acres of xeric shrub.

Assuming the reservoir will not be stabilized at
any level, the riparian communities will not reestablish on the lake
margin. The vegetational communities found on slopes are all intolerant
of wet conditions, even for a short period of time. These areas will
have sparse growth of annuals that will reseed downslope with the reser
voir drawdown •. Large trees will be cleared from the reservoir area to
eliminate debris and reduce potential operational problems. Barren areas
will develop on the slopes between the actual water level and high water
mark.

Marsh habitat is very limited in the upper Gila
River Valley. Extensive marshes formerly existed near Mangas Springs
on Mangas Creek, a tributary downstream from Hooker Dam site, where
American bitterns were common. Existing marsh areas near Cliff will
not be affected by Hooker Dam. No marshes will develop at the upper
end of a reservoir at the Hooker Dam site.

Fish and Wildlife 33,34,37-39,52,53,66,108,164,
176,184

The upper Gila River in the vicinity of the Hooker
Dam site has changed little in character and faunal composition in the
last few hundred years. This is due in part to the fact that the area
has not been grazed as heaVily as other areas, the area is less accessible
to people, and the river channel is primarily parent material and less
subject to change. The velocity of the moving waters combined with inter
mittent flooding tends to discourage or frequently sweep away any
increasing beaver populations that tend to stabilize waterflow and allow
soil deposition to support emergent vegetation. The Hooker site is more
typically sonoran than chihuahuan in character and thereby supports a
number of faunal elements more similar to Arizona than New Mexico. Certain
species of birds have their primary center of abundance in New Mexico
in this one particular area. In addition, mammals more typical of
Arizona, such as the coati and javelina, are found there as well. The
immediate impact of inundation of the reservoir site will be a loss of
riparian wildlife hab.itat. The short-term effect of this reduced carrying'
capacity will be reflected in a displacement and loss of some wildlife.
The long-term impact below the Hooker site will be partially alleviated
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by the net increase in riparian vegetation which should result from a
stable, regulated flow of water from the dam into the river channel
downstream, and the maintenance of ground-water level in the downstream
valley. This long-term benefit is predicated on the assumption that
recreational visitor use will not increase appreciably in the flood
plain downstream from the dam and no extensive development will occur
in this area.

There are 226 species of birds (111 of which use
the area for nesting) and 68 species of mammals which will be displaced
by inundation. The predicted impacts on each species of birds and mam
mals are summarized in Tables 7 and 8 in the Appended Material. Of the
226 species of birds, 66 connnonly use the area in summer or winter or
are year-round residents. Forty-five of these nest in the area.

There are 3 endangered species of birds - the
bald eagle, Mexican duck, and peregrine falcon - which are classified
as rare summer species in the Hooker Dam site area. The peregrine
falcon will not be affected by the reservoir. Any infrequent use of
the reservoir site by the Mexican duck and bald eagle will be termi
nated by inundation of reservoir lands. The prairie falcon, a rare
transient in the area, will not be affected.

As with vegetation, the fish fauna of the upper
Gila River has changed little. Whereas, the river in the vicinity of
the Hooker site once supported seven and possibly two other species
of native fish, it now supports six species. All six of these native
species will not be able to survive in the reservoir environment. They
may also be eliminated from the river below and above the reservoir
unless artificially maintained. No rare or endangered species of fish
is involved. The endangered Gila trout is found upstream from the Hooker
Dam site in the headwaters of the Gila River in Diamond, McKenna, and
Spruce Creeks, in the Gila National Forest and in McKnight Creek which
is in the Rio Grande drainage. The upper Gila River in the vicinity of
the proposed Hooker Reservoir also supports 18 and possibly 20 non-native
fish species. Of these, 14 would probably establish themselves in the
reservoir.

There are 62 species of amphibians and reptiles
in the Hooker Reservoir area. One species of turtle will be enhanced
by the reservoir. The remaining forms will be displaced from the reser
voir area. No species of amphibians or reptiles in this area is on the
endangered species list.

have been
Reservoir
live in.
habitats.

Some 28 orders and 171 families of invertebrates
identified so far in the reservoir area. Construction of Hooker
will cause a loss of a variety of habitats that invertebrates
However, the reservoir will provide a different variety of

The New Mexico Department of Game and Fish responded
to requests for comments on the draft statement by stating that alternate



site locations to the Hooker site could be destructive of habitat used
by wildlife species rarely found in New Mexico. Location of the dam at
either of two proposed alternative sites could inundate a portion of
already scarce habitat now occupied partially or totally by these species
in New Mexico. One important big-game species, the reintroduced Rocky
Mountain bighorn sheep, could also be adversely affected by damsite selec
tion. In addition, the Department felt that careful location of the upper
Gila damsite would establish a valuable fishery and recreational facility.
It is estimated that the Hooker Reservoir will provide 70,000 fisherman
use days annually. Stream fishing below the dam will increase to about
24,000 fisherman-use days annually.

(e) Recreation 54,63,184

The Bureau of Outdoor Recreation estimates that
Hooker Reservoir will provide about 11,000 recreation-use days annually
in the early years of development, increasing to about 36,500 recreation
use days by the 50th year. Federal lands around the reservoir area
should facilitate development of the needed facilities.

About 500 visitor-use days annually now occur in
the Hooker area. For the most part, the same activity will continue
under project conditions.

(f) Archeological 46,51,60,177,182,184

In addition to Woodrow Ruin, mentioned in Chapter II,
there are nine other archeological sites in close proximity to the con
struction site. Some of these sites may need to be salvaged prior to
construction of the dam and reservoir. Additional studies are necessary
to fully evaluate these, as well as other sites that may exist in the
area. The results of future studies will be reflected in the individual
environmental statement on Hooker Dam and Reservoir or alternative site.
A program has been initiated to determine the archeological impact of
the several alternative structures.

(g) Wilderness and Primitive Areas 51,141,184

Hooker Dam and Reservoir will result in the inunda
tion of a small portion of the Gila Wilderness Area and the Gila Primitive
Area. During normal reservoir operations, up to 140 acres of wilderness
area and 80 acres of primitive area will be affected. Up to 180 acres of
wilderness area and 90 acres of primitive area will be inundated during
extreme flood conditions. The narrow penetrations of the impounded waters
at maximum water level will extend across the narrow north-south leg of
the primitive area (about ~ mile wide) and into the wilderness area for an
additional 4 miles on the Gila River. On Turkey Creek, the penetration
will extend across the primitive area, which is about 0.6 mile wide at this
point, and into the wilderness area for only about t mile (see Figure 27E).

(h) Water Rights 8,9,11,150,151

Several different procedures have been applied in
determining rights to water use in different sections of the Gila River
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in New Mexico. Water rights to flows of the Gila River in New Mexico
have been adjudicated by the State of New Mexico, confirmed by the
Arizona v. California Decree and in part by the Gila Decree. Public
Law 90-537 allocates to the State of New Mexico an average annual sup
plemental consumptive use of 18,000 acre-feet from the Gila River,
including evaporation losses. The average figure is based on any
10-consecutive-year period. This supplemental consumptive use must be
exercised without imposing economic injury to downstream water contractors.

(i) Streamflow Regimen 135,183

Hooker Reservoir will store and regulate large and
infrequent floodflows. As required to meet the Gila Decree, lesser flows
will be bypassed as natural flows so as not to interfere with downstream
direct flow rights. Storage in the reservoir will occur only when such
flows would otherwise accrue, unused, to the storage right in San Carlos
Reservoir. These stored waters are to be used exclusively for the addi
tional consumptive use in New Mexico and no direct benefits will accrue
to Arizona water users. There will be no reregulation of most natural
flow occurring upstream from the Hooker site. This may have an effect
on downstream riparian growth, possibly more on the cottonwood which
requires a certain amount of flooding to assist in establishing its
growth. otherwise, flows will continue to downstream users, less the
depletions incurred as a result of authorized supplemental uses •

(j) Water Quality 144

The water quality of the Gila River below the dam
will be improved slightly due to diminished sediment flow during high
floods. It should be noted that the waters of the Gila River at this
point of the system have higher fluoride concentrations than are present
ly acceptable for domestic and municipal use by U.S. Bureau of Public
Health Standards. These concentrations range upward to nearly 4 ppm
during periods of minimal flow. The fluoride concentrations result
from natural leaching of local fluorites and not from commercial opera
tions in the area.

(6) Fish Hatcheries 76

One warm-water and two cold-water fish hatcheries will
be provided as discussed in Chapter IV. These hatcheries will have a
beneficial impact on the fishery and recreational resources of the
project area, facilitating optimum management and development of these
resources in and near the four proposed reservoirs.

e. Irrigation Distribution System 75

As described in Chapter I, Public Law 90-537 requires irri
gation conservation practices, such as lining of irrigation canals, or



pipeline distribution system. These practices will have a beneficial
impact on the water resource in the central service area by reducing
evapotranspiration and seepage losses and promoting more efficient
application of project water. At the same time, the reduction of seepage
losses will reduce the ground-water recharge in some areas. The placing
of existing unlined canals in underground pipe systems will reduce mainte
nance costs, safety hazards, and the amount of land used for open ditches.

f. Drainage and Reuse Facilities 75,173,174

Drainage and reuse facilities will also have a beneficial
impact. Recapture of drainage flows with or without effluent treatment
will conserve water and supplement downstream supplies as well as direct
user supplies. waste water treatment and recycling by metropolitan users
will increase this benefit. Depending on methods Ultimately employed
for use of reclaimed flows, streamside and swampy habitat conditions on
the Salt and Gila Rivers could be affected.

g. Transmission System 69,118,167

The CAP transmission system will consist of high-voltage
transmission lines, distribution lines, feeder lines, and two new inter
mediate substations, as described in Chapter I. The transmission lines
will generally parallel existing transmission lines or be constructed
on existing right-of-way. In areas where existing right-of-way is not
sufficient or the environmental considerations indicate that the lines
should be located elsewhere, additional right-of-way will be required.
Since the new lines will parallel existing facilities as nearly as
possible, additional access roads for construction and maintenance will
be held to a minimum. Design and location of the transmission lines
and substations will conform with the "Environmental Criteria for
Electric Transmission Systems," as published by the Departments of the
Interior and Agriculture. These criteria have been developed to mini
mize the effects of transmission line construction on the environment.
Other appropriate environmental design criteria, such as the western
Systems Coordinating Council's "Environmental Guidelines," will also
be used. In order to further minimize impacts, existing transmission
lines will be rebuilt for CAP use wherever possible. Distribution
lines will be required from the high-voltage transmission lines to pro
vide the necessary power to all of the CAP pumping plants. All of the
new distribution lines will require acquisition of right-of-way for
construction and maintenance. In addition, feeder lines will be required
to provide electrical service to the check structures along the aqueducts.
These feeder lines within the aqueduct system right-of-way will be
located underground to the extent practicable.

The impacts of the CAP transmission system will be similar
to those described in the Navajo Project environmental statement. Some
right-of-way will be acquired and some vegetation thereon will be lost
during construction. Vegetation losses will be minimized by choice of

150



e.

route alinement and clearing of only selected areas where necessary.
Areas requiring clearing will generally be restricted to the tower
footings, substations, switching station sites, and operation and main
tenance roads. In view of the terrain involved, the area under the
conductors will generally not require clearing. Wildlife will undoubt
edly be disturbed during construction of the system. The presence of the
system will also have an esthetic impact, which should be relatively small
in light of the use of existing right-of-way and the presence of existing
facilities.

h. Communication System

A communication system will be necessary to provide monitor
ing of the various pumping plants and aqueduct checks associated with
the CAP. In general, the communication and microwave systems required on
the CAP will utilize already existing and developed sites on the Parker
Davis system. It will probably not be necessary to make new entries in
remote areas. Data acquisition and control from the various check
structures will be provided by buried cable from the pumping plant sites.
The minimum excavation required for burying the cable will be accomplished
in conjunction with aqueduct and pumping plant construction. The communi
cation system will have no identifiable environmental impacts not associ
ated with the major features of the project and otherwise discussed herein.

5. Local and National Economic Impact Resulting from Project
Construction

The CAP is estimated to require ten years to construct, although
actual construction time will be dependent on the availability of funds.
About $480 million will be paid in wages during the construction period.
This will, in turn, stimulate retail, service, and wholesale segments
of the economy, especially in Arizona. During construction, about
36,000 man-years of labor will be required - 27,000 onsite and 9,000 off
site. Approximately $720 million will be expended for equipment, mate
rials, and supplies. Twenty-five percent of this amount will be spent
in Arizona. The other 75 percent will be spent in other parts of the
country. The total value of business received from CAP, distributed
geographically, is shown on Figure 28.

As examples of the materials and supplies that will be required
during construction, it is estimated that over 940,000 tons of cement
will be required, all of which will probably be manufactured in Arizona.
Some 3.5 million cubic yards of concrete and over 240 million pounds of
reinforcing and miscellaneous steels will be required for the entire
project. Earth movement for dam and aqueduct construction will total
about 140 million cubic yards.

On the average, about 3,600 jobs annually will be provided by
private contractors during the construction period. This figure repre
sents direct employment on project construction and does not reflect
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other support jobs generated by this increase in employment. After
construction is completed, approximately 225 people will be required
to operate and maintain the project works. At the peak of construction,
about 600 people will be employed by the government.

After completion of the project, annual expenditures for its
operation, maintenance, and repair are estimated at about $13 million.
Of this amount, approximately $11 million per year will be expended
locally for wages, equipment, and supplies. The remaining $2 million per
year will probably be expended elsewhere for replacement equipment.

6. Impacts Related to Physical Operation and Maintenance of
the Project

a. Operation

Automatic controls for operation of the dams, pumping plants,
and switchyards will minimize human activities at these facilities,
resulting in less attendant disturbance. There will be a constant low
intensity sound from within the immediate area of these facilities.
Pumps and motors will be enclosed within a building, minimizing sound.
The transformers located outside the pumping plant and surrounded by an
enclosing fence will have a low humming sound. In addition, lights will
be provided at these structures to facilitate safety, observation, and
maintenance activities during the night.

The low-intensity sound and light levels due to illumination
at night will not have a significant impact on wildlife or on human
activity, since the facilities will be located in remote areas away
from population centers. Noise and light will be buffered by using
shielding and screening consisting of baffling, vegetation, walls, and
other devices.

Fluctuating water levels both in the reservoirs above and in
the streams below Orme Dam and other project dams, will affect recreation
activities and facilities, causing temporary inconvenience to recreation
users, and having possible minor adverse impacts on fish and wildlife.
To the extent possible, project facilities will be operated so that
changes in reservoir water levels will occur over a period of time to
minimize any adverse effect on fish and wildlife. In the case of game
species of fish, control of water levels may actually enhance spawning
and hatching during certain periods of the year. Proper planning of
recreation facilities with floatable docks and walkways will aid in
adjustment and reduce inconvenience to recreational users. To the extent
possible, releases from project dams will be controlled to provide for
a rather constant flowing stream with fishing available, although daily
changes in flow rate may be noticeable in the channels. This added con
trol will be beneficial to fishing since present channel conditions,
i.e., high floodflow or dry streambed downstream from Charleston and
Hooker Dams, preclude a stable fishery resource. This control will also
enhance recreational uses. These regulated flows and those in the aque
duct system will provide a more dependable water resource which will
enhance wildlife use of the area near project facilities.
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b. Maintenance

Human activities and vehicular traffic along project main
tenance roads, coupled with daily patrol of the aqueducts, will cause
minor disturbance to wildlife in remote areas and to people in urban
areas residing near project facilities. The use of fencing and gates
to control access to project facilities will help minimize the distur
bance. Also, restriction of maintenance traffic to daylight hours,
except under emergency conditions, will minimize any disturbance of
nearby residents.

Operating plans call for an annual l-month dry-up for repair
and painting of underwater features, such as gates, gate-lifting devices,
pumps, and appurtenant equipment of the aqueduct system. In addition,
there may be an emergency dry-up of part of the aqueduct system due to
storm damage. Periodic drainage, as well as accidental outage, will
cause a minor loss of any aquatic fauna and plants in the system, along
with the disruption of some wildlife use patterns in the immediate area.
Because the aqueducts are designed with checks about every 7 miles, only
the section requiring maintenance will need to be drained while the
rest of the aqueduct will remain full, limiting the temporary adverse
effect to the section being serviced.

Aquatic weeds, mosses, algae, ditchbank weeds, and fresh
water clams will need to be controlled in the aqueducts and related
conveyance systems. Unchecked aquatic growth has been shown to reduce
water carrying capacity of similar systems up to 80 percent of their
designed capacities. Present plans call for control of this growth by
using mechanical means such as chaining. Biological controls are also
under study. In the Yuma, Arizona area, the introduced tilapia, T11apia
mossambicca, has been successfully used in drains to control pond weed
and algae. This fish consumes aquatic growth, but dies when the water
temperature drops below approximately 550 F. Canal temperatures in the
CAP will vary between about 500 F. and 90°F. Other biological controls
are being developed. Problems associated with introduced species will
be thoroughly studied before any such program is initiated for the CAP.
Limited use of herbicides and pesticides may be required to control
the adverse hydraulic effects upon aqueduct systems of invading biota
such as aquatic growth and fresh water clams. Use of these chemicals
will be kept to a minimum and only registered and approved chemicals
will be used. Any such use will be strictly controlled under policies
and regulations of the Department of the Interior and the Environmental
Protection Agency. The use of chemicals as is determined necessary may
have adverse effects on the biota in the aqueduct system. Care will be
exercised to prevent possible adverse effects on wildlife and other
animals and to protect domestic water supply.
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7. Indian water Rights Affected by the Project 8,9,11,150,151

Concern has been voiced relative to the effect of the project
on existing water rights of the Indian reservations in the lower Colorado
River basin and the ultimate allocation of water to reservations in the
central service area.

The five Colorado River main stem reservations below Hoover
Dam have had their water rights adjudicated and decreed by the Supreme
Court in the case of Arizona v. California. 8,9 These are the Fort Mohave,
Chemehuevi, Colorado River, Yuma, and Cocopah reservations. Their diver
sion rights provided under the decree are presented in Table 14. These
decreed water rights, including those not presently utilized, will not
be affected by the diversion of water to central Arizona. In addition
to these five main stem reservations, the water rights of 18 other
reservations were asserted in Arizona v. California, but not adjudi
cated. These 18 reservations claimed only rights on tributaries,
rather than rights on the main stem of the Colorado River. This fact
alone should prevent the possibility of CAP interfering with these
rights. In any event, the CAP will not be operated in derogation of
these or any other unadjudicated prior rights.

In any period during which reduced storage and discharge cause
there to be insufficient water supply to satisfy the requirements of
all main stem water users, main stem water rights of earlier priority
than CAP - including Indian, contract and other rights - will be satis
fied first and diversion amounts for the project will be reduced
accordingly.

Reservations located in the central service area have asked
the Secretary of the Interior for project water to augment existing
supplies and to develop new lands. These are the Fort McDowell,
Salt River, Gila River, Maricopa (Ak-Chin), and Papago reservations.
Project water will aid in the expansion of planned municipal, indus
trial, and agricultural projects on the reservations.

water rights for the Fort McDowell Indian Reservation land to
be occupied by Orme Reservoir will be recognized. The replacement of
2,500 acres of land to this community will be for its beneficial use
and development. The Salt River Indian Reservation's existing water
rights will be unaffected by the operation of the aqueduct system or
the Orme Dam and Reservoir.

The Gila River Indian Reservation includes land, with decreed
water rights under the Globe Equity No. 59. These water rights are
recognized in the operation criteria for the Buttes Dam and Reservoir.

The Maricopa, Papago, and San Xavier Indian Reservations have no
reliable surface water supply and rely upon ground-water pumping to pro
vide for their consumptive use requirements. They look to an allocation
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TABLE 14
DIVERSION RIGHTS (ACRE-FEET) OF EACH OF THE !/

COLORADO RIVER MAIN STEM INDIAN TRIBES AS PROVIDED
UNDER THE SUPREME COURT DECREE IN ARIZONA V. CALIFORNIA

Tribe Arizona California Nevada Total

Fort Mohave 96,416 13,698 12,534 122,648.Y

Chemehuevi 0 11,340 0 11,340

Colorado River 662,402 54,746 0 717,14S?:/

Yuma 3/ 51,616 0 51,616

Cocopah 2,744 0 0 2,744

Totals 761,562 131,400 12,534 905,496

1/ From Bureau of Indian Affairs (PSWP - January 1964).

2/ The Supreme Court did not determine boundaries in cases of controversy. Fi~ures

shown are those recommended by the Special Master, and subsequently adopted by the
Court in its decree.

1/ Indian Homesteads included with non-Indian lands of Yuma Project (USBR).
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of CAP water from the Secretary of the Interior for their beneficial
use and development.

D. Indire~_~acts of th~_Protect:.

1. ~t..!EEshiP. of th..,:-Project-.!.~~opula~onGrowth 1,~~,127,129,

One important consideration concernin~ the CAP is the effect of
the project on population ~rowth and land use. It is expected that the
CAP will have little, if any, effect upon population growth. The rapid
population growth that has taken place in central Arizona since World
War II has occurred without the availability of Colorado River water and
has contributed to the present water supply problem. It is expected that
population growth will continue in the future, althou~h at a somewhat
lower rate, regardless of whether or not the CAP is constructed. Supple-
mental Colorado River water from the CAP will probably be used to the
greatest extent as replacement water for hi~h cost, pumped ground water.
Its effect will, therefore, be to reduce the rate of ground-water deple'~

tion, thus prolonging the life of the available ground-water supply
rather than to make additional supplies available for consumptive uses.

An increase in the available water in the area will provide addi-
tional capacity and flexibility in meeting the demand for water imposed
by agriculture and expanding industrial and municipal sectors of the
economy. These elements (capacity and flexibility) will make it easier
to find a reasonable balance between existing agricultural demands and
the anticipated urban demands. Absolute levels of urban population and
economic activity will not be affected significantly by the project.
The additional water supply made available by the project will increase
the options regarding distribution of growth to a limited degree.

Shown below are population predictions for the area included in
Maricopa, Pima, and Pinal Counties.

Population
Year Pop~lati<?-.I!. Growth Rate------
1980 1,730,400 1980

2-3/8%
2000 2,750,000 2000

1-7/8%
2030 4,700,000 2030

The Office of Business Economics has projected populations for
the lower Colorado River region and the United States as a whole. The
~igures are shown on the ~ollowing page.
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Lower Colorado
United States River Region

Year Population Rate Year Population Rate

"00 234,208,000 1980 2,585,970
1-3/8% 1-11/16%

2000 306,782,000 2000 3,588,508
1-3/8% 1-7/16%

2020 399,013,000 2020 4,789,590

Population is shown to increase at a decreasing rate. It is
anticipated that the area's rate will approach a National rate of about
1-3/8 percent by the end of the study period shown above.

The Office of Business Economics' population projections presented
here are those currently being considered by the National Water Resources
Council as the population background for all Federal land and water
resource planning.

2. Changes in Patterns of Water Use 1,134,139,140,168

As the population and industrial growth continue in the project
service area, there will be a continuing conversion of irrigated lands to
urban use. As this land use changes, the water use associated with the
land will also change. The areas with the strongest potential for con
version include a high proportion of lands which hold basic surface water
rights.

Most of the project water supply will initially be allocated
and predominantly used for irri~ation. As municipal and industrial
requirements increase, especially on those lands not havin~ an adequate
supply or safe ground-water yield, then the proportion of M&I to
irrigation use will also increase. The initial water allocation assign
ment for M&I purposes was 312,000 acre-feet annually as a maximum for
project analysis purposes. Present partially completed studies by the
Arizona Water Commission have used a quantity in the magnitude of
500,000 acre-feet.

E. Unquantified Amenities

Some aspects of the CAP remain unquantifiable. For this reason, it
has been impossible to determine the extent of the impact, if any, which
these matters will have in the project area, The purpose of this sec
tion is to recognize matters about which such assessments have not yet
been possible so that methods and procedures may be developed to study
and consider them.

1. Some effects of the Orme Reservoir on the Fort McDowell Indian
community have not been projected over a long period of time. Although
the exact acreages to be inundated and the numbers of Indians to be
relocated can be determined, predJction of the cumulative social and
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economic effects on the community can be made only with specific assump
tions which are hypothetical with respect to cultural integrity and
identity, education, and similar factors.

2. The effects of the reservoirs and aqueducts on some mammals can
not be accurately predicted. This is mostly due to a lack of information
about the habits of some mammals, especially nongame species. The extent
of displacement and subsequent unsuccessful competition for habitat niches
in other areas are unknown at this time, as well as the migration from
one river riparian area affected by a reservoir to another riparian area.

3. The effect of the aqueducts on the desert bighorn sheep popula
tions cannot be accurately predicted. The impacts on these animals are
dependent upon the extent of wandering beyond their present normal
territorial limits to refill historical niches now vacant; the effec
tiveness of the protective measures which are to be installed along the
aqueducts, such as fencing, watering ponds, escape facilities and bridges;
and the effectiveness of game and land management programs to protect the
integrity of their present habitat or vacant niches.

4. There will be an effect on the patterns of land use, especially
in irrigated agriculture. These changes will result from a variety of
developments, including population growth, industrial growth and CAP
construction. It is not possible to delineate CAP's projected contri
bution to these changes at this time.

5. It is possible that some of the alternative sources of water
described in Chapter VIII may eventually be developed for use in the
project area as additional supplement. These would change the water
supply outlook and could allow different water use patterns. However,
the contribution of supplemental water to existing resources depends
on fUture technological advances and cannot be presently predicted with
any certainty.

6. The exact impacts of the importation of CAP water on water
quality, soil fertility, and land subsidence are not known at this
time. Studies to date show no material adverse impact on water quality
and soil fertility from application of surface water. The rate of land
subsidence is expected to be reduced in the central service area.
Definitive assessments of these impacts cannot be made prior to construc
tion and operation of the project.

7. A small portion of the primitive and wilderness areas will be
needed for Hooker Reservoir. While this will be a physical infringe
ment on these areas, use of the area for the reservoir is permissible
under Section 4(d)(4) of P.L. 88-577 if it is determined to be in the
best interest of the people. However, the emotional effect of such use
is difficult to quantify.
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IV. ENVIRONMENTAL CONSIDERATIONS INCLUDING MITIGATION AND
ENHANCEMENT FEATURES INCLUDED IN THE PROPOSED ACTION

A. General

This Chapter is concerned with the presentation of an overview of
the tangible environmental considerations of the CAP. They are pre
sented and evaluated as three subject headings t i.e. t 1) standard
Reclamation rules for design and construction; 2) protective measures
and mitigation features included under P.L. 90-537 as a project cost;
and 3) proposed enhancement measures not authorized under Public
Law 90-537.

Standard policy under which the Bureau of Reclamation operates
provides criteria for improved appearance of structures and preservation
of landscape at all installations. These criteria are applicable in the
planning, design t and construction of all facilities in an effort to
minimize the impact on the environment.

Measures included are those which have been adapted or added to the
project in order to provide environmental protection. Mitigation
features are included in the project as replacement or substitution for
losses incurred as a result of project construction. Protective measures
and mitigation features are provided to protect fish and wildlife t
recreation, esthetic values, and other environmental qualities.

Potential enhancement not yet authorized includes additional features
that are recognized by the Bureau of Reclamation and recommended by
cooperating land-use agencies as being desirable t beneficial, and
important undertakings t but which were not part of the project during the
Congressional authorization process.

1. Research and Monitoring 165,166,200

In order to fully evaluate the environmental impact of the CAPt
a broad program of research and monitoring is being developed. This
program will include all aspects of environmental life systems that
may be affected by the project. This program will continue through the
pre-construction and construction phases of the project. Some monitoring
will be conducted after construction is complete as a part of the opera
tion and maintenance activities. Results of future research studies
will be reflected and considered in the individual environmental state
ments to be prepared for major features of th e project.

For example t a monitoring program is planned to determine the
losses of fish and other aquatic biota in Lake Havasu resulting from
construction of the Havasu Intake Channel and Pumping Plant t to evaluate
the requirements for protective measures, and to study the potential
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impact of introducing Colorado River biota into existing systems in the
project area. Initial studies of the requirements for fish screens in
the intake channel and an aquatic bass survey in Lake Havasu have already
been completed. The results of the fish screen study are discussed in
Chapter III. Th1smonitoring program" will be continued as an overall study
of the operation of the Havasu feature and its impact on Lake Havasu biota.

Six reports compiling known data on the biota of reservoir areas
of the CAP were completed in January 1972. The studies are referenced
in the Appended Material and are cited throughout this statement.

A research program concerning management of vegetation along the
lower Colorado River is planned for initiation in October 1972. This
management study is intended to be multiple purpose in scope, including
all aspects of fish and wildlife, recreation, water salvage, and other
environmental concerns.

2. Analyzing Alternative Features 164,169,172,189

To maximize enhancement of environmental values and to decrease
adverse impacts, alternatives to individual project features have been
(see Chapter VIII) and are continuing to be analyzed. Examples are the
three potential dams on the Gila River and two on the San Francisco
River being investigated as possible alternatives to the proposed
Hooker Dam. Factors to be considered in the evaluation of any alternative
are exemplified by opposing views on the Hooker Dam site alternatives.
Evaluation of alternatives to the Hooker Dam site will have to consider
the position of the New Mexico Department of Game and Fish, in its letter
of March 7, 1972, where it states on page 2, "A dam located at either
of two proposed alternative sites could inundate a portion of already
scarce habitat now occupied partially or totally by these species
(15 birds) in New Mexico." (Definition supplied.) A similar position
on alternatives to the Hooker Dam site on the San Francisco River was
taken by the New Mexico Interstate Stream Commission. However, that
agency was concerned with the reservoir yield and the additional convey
ance facilities including additional pump lift required to deliver water
to the prospective municipal and industrial uses located in the Tyrone
Silver City-Bayard area. In contrast, on page 5 of the Sierra Club's
letter of October 26, 1971, it states I~e believe that it is possible to
design an alternative that will avoid violation of the Gila Wilderness
and the Gila Primitive Area and also will avoid damaging the water and
riparian areas along the Gila main stream and the San Francisco."

3. Standard Reclamation Rules for Design and Construction

The Reclamation Instructions provide criteria for the improved
appearance of structures and preservation of landscape at all installa
tions. These criteria are applied in the planning, design, and construc
tion of all facilities. An example of implementation of these criteria
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is the recent changes made in design of the Havasu Intake Channel and
Pumping Plant. Reevaluation of design criteria for the Havasu Intake
Channel, Pumping Plant, and discharge lines has resulted in a more
environmentally acceptable design than the preliminary concept presented
in the September 1971 Draft of Environmental Statement for the Central
Arizona Project. The intake channel dike is now planned as a landform
structure to be constructed with materials that will blend with the
local terrain, be accessible for public use, and provide additional
largemouth bass brood area. The intake channel will not physically
intrude on Heron Island.

Studies are being conducted to evaluate largemouth bass nesting
potential and possibilities for further fishery enhancement in the area
adjacent to the intake channel. The pumping plant structure has been
redesigned to present a lower profile that will blend in esthetically
with the mountain background; the switchyard structures will be located
some distance from the pumping plant and highway at a point where elec
trical lines are initially placed underground; the discharge line to the
tunnel portal will be buried; and the areas disturbed by project construc
tion above the pumping plant will be restored to their original appearance
as nearly as possible.

Specific requirements which are included in the Reclamation
Instructions and are applicable to the CAP include the following:

a. Locating the required structures of the project to take
advantage of the natural topography.

b. Designing the aqueducts to minimize the required cuts and
fills.

c. Designing the structures to be compatible with the
surrounding area.

d. Incorporating the external appearance of the structures
and dams into the design program so as to be environmentally compatible
with the surroundings.

e. Establishing cut and fill slopes to blend with natural
terrain.

f. Concealing the required waste areas and borrow pits.

g. Locating the required construction and access roads along
the natural contour of the land and where possible along the alinement
of the maintenance roads.

h. Clearing only the minimum amount of vegetation that is
necessary.
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i. Restoring the damaged areas and scars to as natural a condi
tion as possible.

j. Revegetating the damaged areas where necessary.

k. Landscaping the features to improve their appearance.

1. Installing soft lights, where appropriate to be adequate
for work and for protection of the facilities.

m. Designing the pumping plants to eliminate harmful and
bothersome noise levels.

Construction contractors will be required by specific specifica
tions provisions to reduce the impacts by the following methods:

a. Controlling operations so as to disturb the minimum amount
of right-of-way.

b. Restoring the areas that are disturbed to a natural landform.

c. Maintaining heavy equipment in a condition to eliminate
excessive air pollution.

d. Providing construction equipment with features to minimize
noise pollution.

e. Maintaining access and haul roads by application of water
to eliminate dust.

f. Making efforts to keep waste water returns to a minimum.

Special procedures to protect wildlife such as those which have
been developed in specifications to protect the great blue heron colony
at Lake Havasu will be incorporated in construction specifications as
each additional requirement is identified. With regard to the great
blue heron colony, the specifications for construction of the Havasu
Intake Channel require control of potentially harmful operations, such
as blasting, so that these actions coincide with periods of least activity
of the colony on their island nesting ground in Lake Havasu.

The application of Reclamation Instructions for design and
construction to the CAP is exemplified by plans for aqueduct construction
through the open desert. In order to preserve as nearly as possible the
natural desert setting, all aqueducts will be located and constructed
to minimize large cuts or fills. The degree and type of slope will be
planned to maximize reestablishment of native vegetation. The total
right-of-way width, which will average from about 200 to 300 feet, will
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allow a buffer zone on each side of the open aqueduct sections. Except
where greenbelt areas and wildlife and recreational facilities are
planned, right-of-way width will be kept to the mininum amount necessary
to construct, operate, and maintain the aqueducts. The earth materials
accumulated durin~ aqueduct construction will be placed in low profile
areas or on hillsides where the line of the hill may be smoothly
extended. Disposal areas will be revegetated to as near natural condi
tions as possible. Quarry sites required for rock material will be
selected in remote areas. After removal of the required material, quarry
sites lrlll be left in a condition that will minimize the impact on esthe
tics and will not endan~er people or wildlife.

The transmission lines and substations will be desip,ned and con
structed in accordance with the Department's "Environmental Criteria for
Electric Transmission Systems" and other appropriate Reclamation gUide
lines to minimize visual modification of the natural surroundin~s. The
towers will be located to make maximum use of existing topography for
screening. Substations will be constructed usin~ modern low-profile
structures. The steel structures and major electrical equipment will
be designed to blend with the natural surroundings. Insulators, hard
ware, and related materials are all designed to reduce electronic
interference to a minimum.

B. Protective Measures and Mitigation Features Included as Part of the
Project 5;,56,16b------------- .----

Several agencies, including the Arizona Game and Fish Department
and the Bureau of Sport Fisheries and Wildlife, have expressed a strong
interest and have assisted in developin~ and outlining mitigation and
protective features for the CAP. The Bureau of Reclamation outlined a
tentative plan for mitigation features in the Draft of Environmental
Statement issued in September 1971. The Bureau of Sport Fisheries and
Wildlife in its 1967 report on the Salt-Gila Aqueduct and 1969 Report
on Granite Reef Aqueduct presented a plan for fish and wildlife
features along these aqueducts. These two plans of the Bureau of Sport
Fisheries and Wildlife were concurred in by the Arizona Game and Fish
Department. Recommendations set forth in the Bureau of Sport Fisheries
and Wildlife reports have been accepted as valid means of providin~

mitigation and enhancement features compatible with the CAP along the
Granite Reef and Salt-Gila Aqueducts. Recommendations included in these
reports are quoted in the discussion on the followin~ pages. Extractions
from the reports are identified.

Chapter III of this statement presents the impacts of the aque·
duct system. Protective measures and mitigation features which will be
included in the construction work are discussed below.

a. ye~in~ 56,63,166

Fencing of the right-of--way will be prOVided for public
safety and livestock and wildlife protection where needed. Chain link
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fencing has been recommended in safety hazard and high risk areas in the
Phoenix metropolitan area and around aqueduct control structures. Fencing
will be considered for use along the remainder of the aqueducts especially
at selected migration routes and in areas of high concentration of bi~

game. The recommendations of the Bureau of Land Management, the
Bureau of Sport Fisheries and Wildlife, and the Arizona Game and Fish
Department will be used in locating migration routes and areas of high
incidence of mule deer and bighorn sheep. Other areas where specialized
fencing may be required can be identified as construction progresses.
After construction, a monitorin~ program will be initiated to evaluate
the adequacy of fencing and to determine any problem areas.

Except in locations where special types of fencing are designa
ted along the Granite Reef AQueduct, the standarn right-of-way fence will
be a 4-strand barbed wire s~ock fence. Thi~ 4-foot-high fence will be
placed on both sines of the canal along the right-of-way fpr the protec
tion of range cattle in the area, and also to limit and control the
unauthorized public use of the canal waterway ~nd roadways. Stock fence
wiil be equal to or better than required bv Arizona Revised Statutes
(Chapter 129, titles 23 and 24) for construction of a "Lawful Fence."

SDecial fencing will be provided in specific areas of bighorn
sheep habitat in the Buckskin and Harquahala Mountains as recommended by
the Arizon~ Game ~nd Fish Department. The 5-foot-high sheep fence will be
the woven wire type with 5 strands of barbed wire, and will be installed
along the right-of-way on both sides of the canal.

Bridges, culverts, and overchutes included in the proj ect are
part of Reclamation's standards for cross-drainage and continued access,
and are not in themselves considered mitigating features. Plans are to
design project bridges, overchutes, and culverts with natural settings
and other enhancement features to be compatible with wildlife use. These
structures near known migration routes will be made accessible for wildlife
crossing. Additional wildlife crossings will be included in areas where
access is shown to be inadequate.

Crossing structures on the Granite Reef Aqueduct will average
about 1.5 per mile of total aqueduct length.

c. Escape Facilities

In conjunction with the location of bridges, siphons, checks,
and overchutes, the open aqueducts will include escape facilities for
public safety and wildlife protection. Escape facilities will be
located above the entrance to each siphon, pumping plant, tunnel, or
other structure where the potential for drowning exists. The exact
design and frequency of placement of these devices will be in accordance
with Bureau of Reclamation policy, the results of current studies, and
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recommendations by the Arizona Game and Fish Department and the Bureau
of Sport Fisheries and Wildlife. Safety ladders to protect against
drownings will be placed on both sides of the aqueduct at intervals of
about 750 feet. These will consist of ladder rungs embedded in the
concrete sidewalls or lining.

d. Wildlife Water Sites

Water catchment sites will operate on the same principle
as those now in use by the Arizona Game and Fish Department. These
devices work on the principle of capturin~ precipitation and storing
it in a covered polyurethane bag for controlled release in a limited
area. Water sites will generally be located some distance away from
the aqueduct. These sites will be selected for the purpose of drawing
wildlife away from the aqueducts and to obtain a better distribution of
deer and bighorn sheep.

The construction of 17 off-aqueduct watering holes for big
game will mitigate big--game drowning losses in the Granite Reef Aqueduct.
An increase in the number of big-game may occur in the areas adjacent
to the aqueduct. The Bureau of Sport Fisheries and Wildlife and the
Arizona Game and Fish Department did not recommend water catchment devices
for the Salt-Gila Aqueduct.

"They would not require water from the aqueduct except
during periods of drouth. During these periods, water could be trans
ported by tank truck from the aqueduct to fill the catchment basins
which would have capacities of 4,000 gallons each. Filling of all
17 basins would require less than one-quarter acre-foot of water." * * *
"The exact locations would be determined through cooperative field
studies by the interested agencies."

"The Arizona Game and Fish Department has standard speci
fications and plans for the catchment basins. 5~etailed plans can be
made available during later project planning."

e. Wildlife Oases

The Bureau of Reclamation, the Bureau of Sport Fisheries
and Wildlife, and the Arizona Game and Fish Department concurrently
recommend a number of small oasis-type watering stations along the
aqueduct route. These oases will furnish a drinking source away from
the aqueducts to minimize drowning of animals. The oases will provide
a means for enhancing upland game along the aqueduct area with an
estimated consumptive use of water for 35 stations at less than 35 acre-
feet per year. If needed, these off-aqueduct waterin~ facilities can be
provided with specially designed fences to lead wildlife toward the watering
sites and away from the open aqueduct. These stations will enhance the
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distribution of wildlife by providing drinking water and the establish
ment of small areas of vegetation.

Each station will be located near the aqueduct. The watering
stations will be connected to the aqueduct by a gravity-fed pipeline
fitted with separate water and air valves. A flat structure having a
minimum water holding capacity will be placed at the pipe outlet to
dispense water.

"Overflow from the slab would disperse onto the surrounding
land creating a small vegetated area which would be attractive to wild
life. Doves, quail, rabbits, and deer could be expected to make
extensive use of these small oases, thus increasing wildlife numbers
and improving hunting.

"The sites should be selected with attention to the need
for sufficient gradient to assure an adequate head to maintain flow and
improve periodic pipe flushing. Consideration also should be given to
the possibility of extending the pipelines to create more than one
station at some of the sites."56

Establishment of the 35 stations on the Granite Reef Aqueduct
will provide wildlife benefits amounting to 900 man-days of big-game
hunting and 3,600 man-days of upland-game hunting annually. A signifi
cant increase in hooting is not expected to accrue from mitigation on
the Salt-Gila Aqueduct.

The costs will be about $2,400 per station for a total cost
of $84,000 for all 35 stations. Annual operation, maintenance, and
replacement costs will be $100 per station. Maintenance work will
consist primarily of periodic cleaning of silt and algal growth from
the pipelines by means of compressed air.

2. Reservoirs 23,33,34,38,39,47

To maximize enhancement of environmental values, alternatives
to individual project features have been and are continuing to be
analyzed. The six biological studies, referred to above and cited
throughout the statement, will aid in delineating required mitigation
measures and desirable enhancement features for the four proposed
reservoirs. Additional studies, either underway or planned, will incor
porate more detailed analyses of possibilities for mitigation and enhance
ment, and will be included in the individual statements covering each of
the reservoirs.

a.

hatcheries.

Fish Hatcheries 76
pap ...

The CAP plan includes one warm-water and two cold-water fish
While these hatcheries will provide mitigation value,
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considerable enhancement benefits will also accrue. The sites for the
fish hatcheries have not yet been identified.

Major factors to be considered in the final selection of
hatchery sites include consideration of the small fishing lake program
proposed by Arizona Game and Fish Department, fish required in the
proposed reservoirs and small lakes along the aqueducts, the exchange
water lakes in ups tream watershed areas, and the development of the
fishery program on Fort McDowell Indian Reservation. Of the four
damsites. the stream below Hooker Dam will provide the only reliable
cold-water stream fishery. In order to prepare for the predicted
24.000 fisherman use-days of stream fishing below Hooker Dam and the
70.000 man-days of fishing for the cold-water species within the reser
voir, a fish hatchery capable of producing approximately 100,000 pounds
of trout annually will be necessary for Hooker Reservoir alone.

b. ~

A portion of the Fort McDowell Indian Reservation will be
inundated by Orme Reservoir. Mitigation to the Indians for these losses
includes adding 2,500 acres to the reservation plus concessionaire rights
on Orme Reservoir. and memorialization. protection, or relocation of the
burial grounds. There is no known way to mitigate the Indians t cultural
losses.

Facilities and management procedures will be included to
mitigate the loss of the existing stream fishery in the reservoir area
and to improve the potential of the future reservoir fishery. An
estimated average of 352.000 fisherman-use days annually will occur.
With proper management, an additional 115,000 fisherman-use days annually
are anticipated. Management procedures should include segregating parts
of the reservoir from speedboats so they will be compatible as fish and
wildlife areas. Facilities include boat launching ramps, picnic tables,
and campsites. Aside from the fishing, it is estimated that 100,000 rec
reation-use days annually will occur initially and 1,500,000 recreation
use days annually by the 10th year.

Loss of the Verde well field which provides water to the City
of Phoenix will be mitigated by prOViding water from Orme Reservoir to
the City to the extent of its legal rights and losses. Job losses to
the Indians working in the well field should be fully mitigated by
employment in the pumping plants, reservoir operations, and recreational
deve lopment.

The inundated section of the Beeline Highway will be relocated
and a bridge will be constructed at the Verde narrows.
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Archeological resources will be salvaged to the extent
feasible within the dam and reservoir areas.

c. Buttes 34,50,80-82

e.

Portions of the Southern Pacific Railroad and county highway
will be relocated. The Bureau of Sport Fisheries and Wildlife and the
Arizona Game and Fish Department have indicated there are no significant
fish and wildife values presently in the Buttes Reservoir site. Bottom
lands will not be cleared above Elevation 1750 and a minimum pool in the
reservoir will be maintained at not less than 200 surface acres, 8 feet
in depth.

Buttes Reservoir will provide for about 30,000 fisherman
use days per year, plus an additional 55,000 recreation-use days
annually of other water-oriented recreation.

Additional studies will determine the need and extent of
work required to salvage any archeological, historical, or mineral
values that may exist in the area.

d. Charleston 34,54

There will be no significant fish and wildlife losses due
to the construction of Charleston Dam and Reservoir. Although it is
recognized that the San Pedro River at Charles ton once had a fishery,
today there are only three native species of fish present. There have
been no wildlife values identified that would be lost by inundation.
There is a relatively thin border of riparian vegetation within the
reservoir site that undoubtedly supports wildlife. That portion within
the conservation pool will be lost to inundation. The portion in the
flood control pool will not be removed.

After construction of the reservoir, fishing values
will be increased. This reservoir will provide an estimated
180,000 fisherman-days per year. Including fishing activity, it is
estimated that the dam and reservoir will provide about 270,000 recrea
tion-use days per year initially, and about 435,000 recreation-use days
annually by year 2000.

Additional archeological studies and salvage work will
be required prior to construction. Thus far, 21 sites have been
identified for further study and excavation.

Hooker 34,54,164

The New Mexico Game and Fish Department in its letter of
March 7, 1972, listed several items that it would like to have con
sidered as possible mitigation measures in the CAP. These include:
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1) Potholes and marsh development along the Cliff-Gila area as habitat
enhancement; 2) a gravitational flow structure to divert water from the
Gila River through the Red Rock game pasture and back to the river to
enhance upland and migratory bird habitat; and 3) development of small
fishing and recreational reservoirs or enlargement of existing structures.

Discussions between the New Mexico Game and Fish Department
and the Bureau of Reclamation have resulted in tentative identification
of other conditions, resulting from the construction and operation of
Hooker Dam, for which further mitigation measures may be required. A
distinction will be made between mitigation measures and enhancement
features after current and planned studies on the' Hooker proposal are
completed.

It is estimated that the reservoir will provide 70,000
fisherman-use days annually. Stream fishing below the dam will increase
to about 24,000 fisherman-use days annually. Aside from fishing, about
11,000 recreation-use days per year will be provided initially, increasing
to about 36,500 recreation-use days annually in later years.

C. Potential Enhancement Measures Not Authorized Under Public
Law 90-537 14,54,61-
In general, the policy of the Bureau of Reclamation has been to

prOVide as part of the initial project construction, those mitigation
features or facilities initially identified as falling under the pro
visions of the Fish and Wildlife Coordination Act (72 Stat. 563,
P.L.85-624). In the course of working with Federal and state agencies,
additional features have been identified which cannot be classified in
the mitigation category but are complementary to the project. These
are defined as enhancement features, and are not required or designed
to replace or substitute for a loss resulting from the project.
Enhancement measures are considered as being in addition to, or as
adding value to the project.

Although these features and recreational features associated with
the proposed reservoirs may not be included in the present project
plan authorized by Public Law 90-537, it appears that they would be
important and beneficial to the project as enhancement features. Land
and water conservation funds or Dingell-Johnson and Pittman-Robinson
money may be available to state and local agencies for construction
and/or operation and maintenance of these facilities. Federal and
state agencies, counties, or certain municipalities may wish to
participate in development, administration, and operation and mainten
ance of these facilities.

Due to the lack of complete data, full evaluation of the proposals
discussed below is incomplete. The proposals are identified here so
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that further evaluations by all appropriate agencies can be undertaken
as a part of their on-going programs.

1. Other Wildlife Habitat Potential
... d

In order to reduce the number of culverts and overchutes,
training dikes will be used to concentrate drainage flows along certain
sections of the aqueducts. Up to 100 acres of land behind each flood
protection structure could be acquired by the project for temporary
holding of floodflows. Periodic accumulation of water in these areas
will result in increase of vegetation and enhancement of wildlife
habitat. There may be other areas along the aqueducts where seepage
or overf low may improve wildlife habitat. As the proj ect develops and
these areas occur, they may be acquired and included in the overall
management program for the aqueduct system.

2. Parks-Recreation Potential 61

Cooperative studies are being made with Federal, State, and
local recreation and fish and wildlife agencies to plan facilities for
public use along the aqueduct in the Phoenix metropolitan area. In
addi tion, and as recommended by the Arizona Water Sports Council in
its letter of comment on October 20, 1971, the Arizona Highway
Department will be consulted to coordinate the location of park sites
at major highway crossings. It may be possible to develop greenbelt
parks in conjunction with rest areas along Interstate Highway 10 between
Blythe, California, and Tucson. Greenbelt parks with landscaped
aqueduct slopes to improve the appearance of the aqueduct are envisioned
within urban areas.

3. Fishing Lifes 55,56,61

The plan for a warm-water fishery to be developed in conjunction
with the Granite Reef Aqueduct was formulated by the Bureau of Reclamation,
the Bureau of Sport Fisheries and Wildlife, and the Arizona Game and
Fish Department. This proposal provides for the impoundment of five
unlined fishing lakes, each 10 acres in size, for a total area of
50 surface acres. The gravitational flow-through ponds can be con
structed on acquired right-of-way lands or public lands.

"These lands and an additional 30 acres of peripheral lands
would be necessary at each lakesite for the development of access,
parking, and sanitary facilities. Fencing of approximately 40 acres
at each site would be necessary.

"The aqueduct plus dikes to be constructed laterally would
form the lake basins and impound the water. Natural runoff augmented
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by water from the aqueduct would maintain water in the lakes. The
annual w~er requirement for the five lakes is estimated at a diversion
of 7,200 acre-feet of which 375 acre-feet would be annual consumptive
use. For each lake, an inlet and outlet control structure in the
aqueduct sidewall with connecting culverts would be needed to provide
freshening flows and maintain the desired water levels needed for
fishery management purposes. It is planned that water would be returned
to the aqueduct by graVity flow. The inlet and outlet structures,
capable of handling flows up to 5 second-feet, would be provided with
removable screens. The lakes would be constructed to a water depth of
12 feet over 95 percent of the water areas.

"The lakes would be constructed to retain sufficient water to
sustain fish during periods of low flow or closure of the aqueduct.
The construction of these unlined lakes suitable for fishing is
dependent upon the availability and location of a nonporous substratum.
Specific lakesite locations would be dete~ined through cooperative
studies by the four interested agencies."5b

Preliminary investigations suggest the location of a nonporous
substrata may be difficult. In the absence of a suitable substratum
the lakes would be lined to prevent seepage. Lining of the lakes would
minimize seepage losses of water. The lined lakes would include a
gradual slope of approximately 3 to 1 around the boundaries. The upper
3 to 5 feet of the lakes can be recessed, covered with fill, and revege
tated in order to approximate a natural lake.

"The lakes would prOVide good quality warm-water fish habitat.
The most suitable fish species for the lakes would be threadfin shad,
largemouth bass, and channel catfish. Fishing on the five lO-acre
lakes would total about 20,000 man-days for a benefit of $30,000 per
year.

"Water to meet the 375 acre-foot annual consumptive use require
ment on the (unlined) fishing lakes should be made available from the
Central Arizona Project. ,,56 (Definition supplied.) In response to
instructions received at a public meeting of prospective applicants
for CAP water, held in Phoenix by th e Secretary of the Interior on
January 6, 1969, the Arizona~Departmentof Game and Fish determined water
requirements for fish and wildlife purposes. The Department prepared
a resolution dated January 17, 1969, requesting an annual diversion
of 60,000 acre-feet of water from the Colorado River under the CAP
for use by the Arizona Game and Fish Department for creation of fishing
lakes and wildlife management areas throughout the state. The resolu
tion was sent to the Governor of Arizona, the Arizona Interstate Stream
Commission, the Arizona Power Authority, and the Department of the
Interior.
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Estimated costs associated with construction of the five lake
developments would amount to about $217,000 based on 1969 prices.
Annual operation, maintenance, and replacement costs would be about
$15,000. Estimated costs for the lakes are shown in Table 15.

Consideration will be given to construction of one or two of
the highway park lakes in conjunction with rest areas to be built on
Interstate Highway 10 where it traverses the aqueduct from Blythe to
Tucson. The increase in size of these lakes, from the 5 acres out
lined in the September 1971 draft statement, and the decrease in the
number of lakes were also recommended by the Arizona water Sports
Council in its letter of comment on October 20, 1971.

The Bureau of Reclamation realizes there are many other enhance
ment undertakings associated with CAP which may be worthy of implemen
tation. Additional features will be considered as they become fully
identified and evaluated.

D. Historic and Archeological Sites 41-46,60,73,177,178,200

Pursuant to the National Historic Preservation Act of 1966
(80 Stat. 915, 16th U.S.C. 470), the Advisory Council on Historic
Preservation and the National Park Service, Department of the Interior,
have adopted procedures and criteria to further the Nation's historic
preservation program, including the expansion of the National Register
of Historic Places and initiating a grant in aid program for historic
preservation. The National Register of Historic Places was consulted
to determine if any properties identified in the Register would be
affected by construction activities of the CAP. The Listing of National
Register for Historic Places and Designated National Historic Landmarks,
and National Registry of Natural Landmarks identified in the Federal
Register through August 5, 1972, have been checked and no listed sites
will be influenced or affected by project facilities. The Woodrow Ruin
site in Grant County, New Mexico, is adjacent to the identified poten
tial borrow site for Hooker Dam but is not within the borrow area.

Unlisted sites or areas of state historical interest that would
be affected by development of CAP facilities are listed in Table 16.
No sites have been identified at Hooker Reservoir site.

The National Park Service mentions three sites in its December 1,
1971, letter of comments on the CAP Draft of Environmental Statement:
1) Casa Grande National Monument, 2) Lehner Mammoth-Kill National
Historic Landmark, and 3) Hohokam-Pima Irrigation Sites National
Historic Landmark. Comments of the Historic Preservation offices in
Arizona and New Mexico have been received and are included in this
discussion.

The Casa Grande National Monument located in Section 16, T. 5 S.,
R. 8 E., GSRB&M is almost completely surrounded by irrigated lands of
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TABLE 15
ESTIMATED COSTS FOR FISHING LAKES (UNLINED)56

Item

Development

Embankments

Inlets and Outlets

Concrete pipelines connecting aqueduct and lakes

Bank stabilization, beautification, fencing, and public use
facilities

Engineering and Supervision

Con tingencies

Total

Annual O&M

Costs

$ 25,000

25,000

25,000

75,000

30,000

37,000

$217,000

$15,000
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TABLE 16
UNLISTED SITES OF HISTORICAL INTEREST

THAX WILL BE AFFECTED BY THE CENTRAL ARIZONA PROJECT

e

Historical Feature

Arizona and Swansea Railroad ROW

Fort McDowell

Lime Kilns

Cochran

Riverside

Kelvin

Coke Ovens

Kelvin Cemetery

Charleston Area Ruins

Proj ect Feature

Granite Reef Aqueduct

Orme Reservoir

Orme Reservoir area

Buttes Reservoir

Buttes Reservoir

Buttes Reservoir

Buttes Reservoir

Buttes Reservoir

Charleston Reservoir

Remarks

Railroad alinement

Inundate site

One above maximum water
surface elevation and
one at edge of conserva
tion pool

Inundate site

Possible partial
inundation

Most of area above
maximum water sur
face elevation

Inundation

Possible inundation at
maximum water surface
elevation under flood
control operations

Inundation



the San Carlos Indian Irrigation Project and the town of Coolidge. The
existing Pima lateral of the San Carlos Project crosses the southern end
of the monument area. This and other laterals will be concrete lined as
part of the distribution system improvements authorized as part of the
CAP. Distribution system lining is one of the water service contractual
requirements established in the authorizing legislation. The nearest
that any other portion of project facilities will come to the monument
is about 7 miles southeast where the Salt-Gila Aqueduct will be con
structed near the existing Florence-Casa Grande canal of the San Carlos
Project. The supplemental water supplied to the San Carlos Project
under the water allocations and contracts will not be in large enough
magnitude to appreciably alter the present hydrologic regimen or the
local surface and ground-water drafts. A lessening of the ground-
water level decline may be expected but a long-term reversal and rise
in the ground-water levels is not expected.

The Lehner Mammoth-Kill National Historic Landmark in the N~,NWt,
NWt, NEt, Section 21, T. 23 S., R. 22 E., GSRB&M, at about elevation 4200
is about 120 feet higher in elevation and about 8 miles south of Charleston
Reservoir. This landmark will not be affected by the project.

The Hohokam-Pima Irrigation Sites National Landmark in Maricopa and
Pinal Counties and the Park of the Four Waters in Phoenix are located
at distances varying from 4 to 20 miles downstream from the aqueducts
and siphons crossing the Salt and Gila Rivers. The Orme Reservoir will
provide flood control protection to the Maricopa sites. The location
of potential construction material borrow sites in these same general
downstream areas will be selected with respect to these landmarks. All
construction activities of the CAP will be based on existing and final
archeological surveys.

Initial archeological surveys by the National Park Service and the
Arizona State Museum have been completed on the Buttes and Charleston
damsites and reservoir areas, the Granite Reef Aqueduct from Lake Havasu
to the Agua Fria River, the Granite Reef and Salt-Gila Aqueducts from
the Agua Fria River to the Gila River, and the Tucson and San Pedro
Aqueducts. A survey has been made of Orme Reservoir from the conflu
ence of the Salt and Verde Rivers, and includes approximately 13 river
miles of the Verde River.

There were six sites located in the Buttes survey. The National
Park Service recommended that some excavation be conducted in the
trash mounds and in search of houses. In addition, there are five other
sites with potential as historical sites. These include: Cochran,
Riverside, Kelvin, Coke Ovens, and Kelvin Cemetery. Further studies
will develop recommendations for disposition of the features and any
proposal for inclusion in the National Register of Historic Places.
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The National Park Service recommended that all 12 of the sites
located at the proposed Orme Dam site (formerly Maxwell and formerly
McDowell) on the Verde River be excavated. No additional sites were
identified on the Salt River. Future surveys will recommend disposi
tion of the Lime Kilns listed in Table 16. Further studies and surveys
are in progress for the Orme Dam and Reservoir site.

In a 1968 survey the National Park Service located an additional
113 sites bringing the total to 133 sites known to be at or in the
vicinity of the proposed Charleston Dam and Reservoir area. Twenty-one
of the sites within the $urvey area were recommended for further study
and possible excavation. Refer to Chapter III for more detail.

In March 1968, the Prescott College Archeological Survey, under
contract with the National Park Service, conducted a reconnaissance of
that portion of the right-of-way of the proposed Granite Reef Aqueduct
in west-central Arizona from Parker Da~ on the Colorado River to the
Agua Fria River northwest of Phoenix. Primary investigation was made
by helicopter, supported by ground survey at key points. No prehistoric
or historic sites were located.

In 1969, a survey (contracted to the Department of Anthropology,
Arizona State University, by the National Park Service with funds
provided by the Bureau of Reclamation) was completed on the Granite

45Reef-Salt-Gila Aqueduct from the Agua Fria River to the Gila River.
A few scattered tools were found along the Granite Reef Aqueduct aline
ment. Of the 12 sites located on the Salt-Gila Aqueduct route, ei~ht

were recommended for further testing and excavation. This study has
since been supplemented by an extensive on the ground survey during
June, July, and August 1972.

An agreement is being negotiated with the National Park Service for
archeological surveys on the proposed Hooker Dam sites, for completion
of surveys on the proposed Orme Dam site and Reservoir area, and for
final surveys for the aqueducts, and Buttes and Charleston Reservoirs.
Work included in the agreement will be a summary report of all the
archeological work conducted in regard to the CAP since 1963. This
summary will include a categorical listing of sites recommended for
salvage and a cost analysis of funds required for work at each site and
for the entire project. Recommendations received from the Advisory
Council for Historic Preservation and the Arizona and New Mexico
historical officers for proposed historical sites and places will be
considered in the final recommendations. At that time a determination
will be made in regard to mitigation measures that are to be accomplished
as project costs and of other measures that would be considered
enhancement.

A detailed archeological survey of the Havasu Intake Channel, Pumpin~

Plant, and Buckskin Mountains area was made in April 1972. The only site
found during this survey was Ariz. L:16:l, a lithic tool quarry. The site is
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on the mesa at an elevation of 1,560 feet and is located on the tunnel
right-of-way about 77 meters northwest of drill hole 114. A man-made
trail crosses the eastern part of the site in a northeast-southwest
direction, is generally faint, and is not currently being used by animals.
The survey revealed little evidence of human activity within the limits
of the project. Casual observance of the locality surrounding the survey
area, and the general similarity of this locality to the rip,ht-of-way limits
suggest that human utilization of the entire Buckskin Mountains area
probably was limited. The only site located on the survey reflected
sporadic use of the local resource and there was no evidence of permanent
occupation in the immediate area.

The following recommendation was made concerning this site. Ariz.
L:l6:l lies above the tunnel line and there is little danger that it will
be disturbed by tunnel blasting or boring. Disturbance of the site would
result primarily from establishing drill holes and constructing roads to
these drill holes. Inasmuch as this aspect of the project has been car
ried out, further surface changes most likely will be negligible. Exca
vation of Ariz. L:16:l is not feasible because of the character of the
site. This particular archeological resource does not merit listin~ on
the National Register of Historic Places, nor is it considered of major
scientific imoortance. Thorough surface survey, collection and recording
have been completed for the site and all pertinent information is on file
in the Arizona State Museum. The survey, analysis of materials recovered,
and this final report are considered sufficient to realistically mitigate
potential future disturbance of the resources. In view of the limited
access to the site, the improbability of major future project work in
the area, and the complete recording of all features at the site, it is
recommended that no further work be carried out on Ariz. L:16:l. On
the basis of this report, the National Park Service will issue archeolo
gical clearance for all areas that were surveyed.

The 1972 study by the Arizona State Museum located a total of
33 sites over the entire reach of the Granite Reef Aqueduct from
Lake Havasu to the Salt River. Five are historic and 28 are prehis
toric. None of the sites was recommended for nomination to the
National or State Registers of Historic Places. Excavation, intensive
mapping or collection was recommended for 16 of the prehistoric sites.
Of the 11 remaining prehistoric sites, one has been mapped, collected,
and analyzed; another will be evaluated in the Orme Reservoir report;
and the other nine were mapped, photographed, and recorded in detail.
Data collected from these sites are considered sufficient to realisti
cally mitigate future disturbance of the resources, and no further
investigation or analysis was recommended. A few scattered "early man"
artifacts have been found north and east of Phoenix along the Salt-Gila
aqueduct system. All of these can be analyzed or salvaged prior to or
during construction.
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V. ADVERSE U1PACTS WHICH CANNOT BE AVOIDED

In Chapter III, impacts whether beneficial or adverse were listed and
discussed in detail. In Chapter IV, measures proposed to enhance, pro
tect, and mitigate impacts on the environment were presented. This
chapter is intended to outline the adverse impacts which cannot be avoided,
i.e., adverse impacts discussed in Chapter III which will not be fully
mitigated by measures presented in Chapter IV.

Several of the adverse impacts will be temporary, being associated
with the construction of the project, while others· will be relative to
the operation, maintenance, or simply the existence of some of the
features. A comprehensive revie,., of the information presented in Chap
ters III and IV is considered a prerequisite to a complete understandin~

of the material presented below.

A. ~acts Related to Construction Activities

There will be some temporary disturbance of fish, wildlife, and ve~e

tation in almost all of the immediate areas, althou~h the best possible
construction practices will be used in all phases of the CAP. Some flora
protected and re~ulated by state law for control of wanton destruction
or removal of plants without permit will be affected. Special measures
will be taken during project construction to minimize the disturbance to
protected species. Disturbance of the natural environment in some localized
areas will have a detrimental effect. Impacts that may result, however,
will not constitute a serious threat to environmental quality in the
project area.

There will be additional sound and lighting, as well as the creation
of dust and litter problems during the construction period. Insofar as
possible, these will be controlled to avoid harmful effects, on wildlife
and humans. Screening from public view will be accomplished to the extent
possible to lessen the adverse impact.

Approximately 54,000 acres of right-of--way will be acquired for the
project. This acquisition will involve Federal, state, Indian, and
private land. Some adverse impacts will result from commitment of this
land to the project, but these impacts will be small in relation to the
lands remaining in the project area.

Roads will be needed in the project area for construction purposes.
These will have some adverse i~pact on the existinR environment. Roads
not subsequently used for operation and maintenance of the project will
be reshaped siMilar to natural conditions to miniIT'.ize the adverse impact.

Some borrow areas ,nIl remain visible on the landscape for a lon~

period after construction even with revepetation programs. Such areas
"Till have reduced hahitat and esthetic values and will be more susceptih1e
to erosion than surrounding desert areas. This will create adverse impacts,
which will only be partially mitigated by reshaping and replantin~.
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The existence of the aqueducts and reservoirs and their attendant
diversion works, transmission lines, and pumping stations, will have an
esthetic impact on the environment. To some, this may be seen as an
adverse impact, but to others a benefit. On the whole, it might best be
assessed as a chan~e rather than a negative aspect of the project.

Around the edges of the reservoirs between inactive and conservation
water levels, there will be a permanent loss of terrestrial vegetation.
Vegetation within the flood pool of the project reservoirs may be adversely
affected. The extent of such impact will depend on flood frequency and
severity. The overall loss of riparian vegetation from the areas of
constant inundation, coupled with losses from flooding, is considered
an adverse impact.

The reservoirs will have an adverse impact on native fish which are
not able to adapt to reservoir conditions. Whether or not environmental
conditions in the upstream and downstream areas will be suitable for these
native fish is not known at this time. In general, however, there will be
an unavoidable reduction in populations of native fish and some other
species that have been introduced at the reservoir sites. There will also
be reductions in the number of individuals in bird and other wildlife
populations at the reservoirs due to inundation of habitat. Numbers of
species will also be reduced. The reservoirs and attendant recreational
uses may displace further use or visits to the area of the reservoirs by
some species found on the Endangered Species List,l76 including the bald
eagle, and certain mammals whose natural range makes them peripheral species
in the project area.

The aqueduct system may cause the loss of some wildlife, especially
small game which can enter throu~h protective fencing and other systems
designed for lar~e mammals. The aqueducts will also provide some hindrance
to movement and migration of wildlife in the area and this is an adverse
impact, which although mitigated, may cause some loss of wildlife in the
area.

The importation of Colorado River water will contribute salts to the
central Arizona area. This may ultimately have an effect on soil fertility
and ground-water quality in the area. This potentially adverse impact is
not yet fully quantified, but analyses to date indicate that the impact
wi 11 be small.

C. Impacts Associated with Key Features of the Central Arizona Project

Some of the features involved in the project will have a few unavoidable
adverse impacts which are peculiar to that feature alone. They are dis
cussed below.

1. Havasu Int~ke C~annel, Havas~ump!ng ~lant, and Buckskin Mountains
Tunnel 70

The creation of large amounts of waste material from excavation of
the tunnel will be unavoidable. It is planned to deposit this material near
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Osborne Wash, assuming the main driving effort is from the outlet
portal. This is considered an adverse impact both on the esthetic
value of that area and on wildlife.

Some fish may pass through the intake channel into the pumping
plant, with f~w surviving the impact of the pumps. Fish screens or other
protective devices are being evaluated for installation ahead of the pumps
to minimize the loss.

2. Granite Reef Aqueduct 166

The Granite Reef Aqueduct will cause some interruption of normal
range and migrational movement of big-game animals, and present some
drowning hazard. A small amount of vegetation now growing in the right-of
way will be removed, and the esthetic value of the area will be changed.
In the area of metropolitan Phoenix, there will be a hazard of human
drownings which will exist to a slight degree even if the facilities are
completely fenced.

3. Salt-Gila Aqueduct

Minor impacts such as those described above and in Section B
of this chapter may be found along this route.

4. Tucson and San Pedro Aqueducts

Apart from the permanent loss of some vegetation for the opera
tion and maintenance roads on the right-of-way, the Tucson and San Pedro
Aqueducts will have no significant unavoidable adverse impacts.

~ Orme Reservoir

Orme Reservoir will change the ecosystem of about 10 miles of
the Salt River and about 10 miles of Verde River. A total of 24,000 acres
of Indian and Forest Service land will be influenced by the project at
maximum flood surcharge levels. However, only those areas below
elevation 1437 (9,700 acres) will need to be cleared of existing vege
tation. About 3,500 acres of riparian vegetation, which provides habi
tat for a relatively diverse terrestrial fauna, will thus be lost. A
loss of 4,300 man-days of hunting will occur annually. Portions of the
Salt and Verde Rivers which provide a stream recreation resource will be
replaced by a reservoir-type recreation. To those who prefer the stream
resource, the loss will be adverse.

By providing Orme Reservoir as a recreation resource, more people
will use that area in the future. The impact of people on the area may
adversely affect the stability of vegetation and wildlife surrounding
the reservoir. An active bald eagle nest is located near Malpais Canyon
about 3 miles from the reservoir area. Although the nest will not be
affected by the reservoir itself, an increase in human activity due to
the reservoir may adversely affect the birds.
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Orme Reservoir will inundate 10 of the 12 identified archeolog
ical sites on the Verde River. Mitigation work prior to inundation
will minimize the loss of values that might otherwise occur.

Some of the reservation lands of the Indian community of
Fort McDowell, which consists of an area housing about 53 families and
the tribal burial grounds, will be inundated by the reservoir. While
measures will be taken to reduce adverse effects, intangible cultural
disruptions may never be mitigated.

6. Buttes Reservoir 63,175

Buttes Reservoir will inundate approximately 12 miles of the
Gila River, influencing a total of about 6,200 acres at maximum flood
surcharge elevation. Only those areas below elevation 1750 (4,000 acres)
will need to be cleared, including about 1,500 acres which support ripar
ian vegetation and its inhabiting wildlife. A loss of 200 man-days of
big-game hunting and 100 man-days of quail hunting will occur annually.
Inundation of the 12-mile reach of river will have little adverse effect
on fishing and other recreation due to the limited use of the area today.

Some commercial grade copper ore may exist under the reservoir
floor. Should the reservoir be completed prior to removal of the ore,
inundation of the area would hamper removal activities. The extent of
possible disturbance would depend on the type of excavation (under
ground or open-pit), depth of ore deposits, and criteria for reservoir
operational levels.

7. Charleston Reservoir 177,178

Charleston Reservoir will inundate about 9 miles of the
San Pedro River, influencing about 5,600 acres of land at maximum
flood storage level. Only those areas below elevation 4055 (4,000 acres)
will need to be cleared. About 670 acres of this land is relatively
sparse riparian type. Inundation of the 9-mile reach will have little
effect on fishing, as essentially no fishing occurs on the San Pedro
River.

Of the 21 archeological sites recommended for further study
and possible excavation, 13 are above the maximum water surface eleva
tion of the Charleston Reservoir. The extent to which unavoidable
adverse impacts on archeological resources may occur will be dependent
on excavation and/or salvage work prior to inundation and assessment of
the findings.

8. Hooker Reservoir 51,184

Hooker Reservoir will inundate about 10 miles of the upper Gila
River influencing about 1,340 acres of land at maximum flood surcharge
level. About 1,120 acres below the conservation level will need to be
cleared, including 273 acres of riparian, 289 acres of pinyon-oak-juniper,
and 502 acres of xeric shrub. The stream in the reservoir area only
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provides about 500 visitor-use days annually for picnicking, fishing,
camping, and other recreation activity. While most of these.activities
will be available with the reservoir, replacement of the ..lO-mile reach
with reservoir-related recreational use will be adverse to some people
who prefer present conditions.

The reservoir will influence about 90 acres of primitive and
180 acres of wilderness areas in the Gila National Forest during extreme
flood conditions.

9. Transmission System

The unavoidable impacts of the CAP transmission system will be
similar to those described in the Navajo Project environmental state
ment. Some right-of-way will be acquired for construction. Vegetation
losses will be minimized by choice of route alinement. Clearing will
generally be restricted to the tower footings, substations, switching
station sites, and operation and maintenance roads. In view of the
terrain involved, the area under the conductors will generally not
require clearing. The presence of the system will have an esthetic
impact, which should be relatively small in light of the use of exist
ing right-of-way and the presence of existing facilities.

10. Distribution Systems

The lining of irrigation systems will conserve water by reduc
ing seepage losses. At the same time, however, the reduction of
seepage losses will reduce the ground-water recharge in some areas.

11. Drainage and Reuse Facilities

Depending upon the methods employed by the water contractors
to effectuate reuse programs, the effect upon waste water flows will
be to reduce and control such flows. This control may be to remove
them from river channels and place them in lined canals or pipeline
systems. This method would reduce streamside and swampy habitat con
ditions on the Salt and Gila Rivers such as presently exist between the
Phoenix metropolitan area sewage treatment plants and the diversion dam
of the Buckeye Irrigation District. The drainage facilities would main
tain ground-water levels below the zone of crops in areas of poor ground
water drainage.
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VI. THE RELATIONSHIP BETWEEN SHORT-TERM USE OF THE ENVIRONMENT AND
THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 9

The CAP is a multipurpose project which will help achieve a better
long-term water resource balance in the project area. It will reduce
the present overdraft of ground water, improve the control and storage
of surface flows (both normal and floodflows), increase the effective
ness of the irrigation systems of the service area by reducing the
sediment transport in local surface waters, and provide water-oriented
recreational facilities for man's use and enjoyment.

At the present time, demand for municipal, industrial, and agricul
tural water results in an overdraft of about 2.1 maf annually. This
imbalance leads to excessive pumping of ground-water aquifers, which
in turn results in land subsidence and cracking (discussed in Chapters I
and II), higher pumping costs, and the loss of some types of vegetation
used by wildlife.

Many of the impacts associated with the project will have only
short-term effects on the environment of the area. Most of the distur
bance to people and wildlife caused by construction activities will
cease as the features are completed. Losses of riparian vegetation in
the reservoir sites together with changes in the natural appearance of
some areas will be more permanent. The long-range effect of the project
on productivity of native vegetation for wildlife is considered minor.
Impacts associated with individual features of the project will generally
be local in scope and will have only minor impact on the total environ
mental quality of the project area.

Water users in New Mexico will receive long-term benefits from the
CAP through water exchange by contracting with the Secretary of the
Interior for water from the Gila River system in amounts that will per
mit consumptive use of water in New Mexico, not to exceed an annual
average in any period of 10 consecutive years of 18,000 acre-feet,
including reservoir evaporation, over and above the consumptive use
provided for by Article IV of the March 9, 1964, decree of the Supreme
Court in Arizona v. California.

The culture of the Fort McDowell Indian community will be modified
by construction of the Orme Dam and Reservoir. The Indians' mode and
standard of living will be changed and their burial ground will be
inundated by the reservoir. These changes will have a long-term effect
on the Indian community, especially as related to the cultural signi
ficance of the burial grounds. Memorialization or relocation of the
burial ground may offset some of this long-term loss.

In accordance with plans approved by the Secretary, the Fort McDowell
and the Salt River Pima-Maricopa Indian communities will have the right
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to develop and operate recreation facilities along the part of the
shoreline of the Orme Reservoir located on or adjacent to their reser
vations, including lands added to the Fort McDowell reservation. Long
term benefits will accrue to the Indian tribes as a whole from the new
jobs that will be created by recreation, and operation and maintenance
of Orme Dam and Reservoir.

Section 304(a) of Public Law 90-537 provides that CAP water will
not be made available for the irrigation of lands unless the lands
have a recent irrigation history. This restriction does not apply to
Indian lands, National wildlife refuges, or, at the discretion of the
Secretary, state-administered wildlife areas. Therefore, project
water may be used to bring into production Indian lands which have not
previously been irrigated. The converting of desert lands on Indian
reservations into irrigated fields will have a long-term beneficial
impact in those areas in terms of increased agricultural productivity.
A corresponding long-term change in the wildlife habitat of these same
areas may also occur.

Long-term productivity in central Arizona and elsewhere in the
arid Southwest is tied to the availability of water in both sufficient
quantity and quality to meet a variety of needs. As the project area
has developed from a primarily agricultural economy to a diversified
economy, problems associated with water supply have become more complex.
The CAP will contribute additional flexibility to the existing water
resource system in order to meet these problems. It will provide not
only a delivery capability for Colorado River water, but also a capabil
ity for possible future delivery of other new water from sources techno
logy is still developing, such as saline and geothermal water. The
favorable climate, growth potential and other factors indicate long
term development for the central Arizona area in terms of industry,
agriculture, and population. water will be the key to this long-term
productivity and water delivery and water management will be essential
parts of any design to enhance such long-term productivity. The CAP
will contribute in both these categories toward this end.
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VII. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS
OF RESOURCES INVOLVED IN THE CENTRAL ARIZONA PROJECT

Resource commitments for the project will take several forms.
water and land resource commitments will be made, as will commitments
of electric power, construction materials, and public and private funds.
In addition, there will be some commitments in terms of resources dimin
ished by and therefore committed to the project, such as vegetative,
wildlife, archeological, and mineral resources.

A. water Resources 9

The decision to divert the major portion of Arizona's rema~n~ng

share of Colorado River water for use in the central service area is a
water resource commitment. The long-term average diversion will be
about 1.2 maf per year. The project's facilities will capture f1ood
flows and further regulate runoff as well, which will constitute an
additional water resource commitment to the central service area.

B. Land, Mineral, and Vegetative Resources 1,23,48-51,63,163,175

Federal, state, Indian, and private land and associated vegetation
will be committed to the project. About 54,000 acres of land will be
committed for right-of-way for construction and operation of project
reservoirs and aqueducts. There will be physical modification or inunda
tion of natural topography and vegetation resulting from construction of
project facilities. Some native vegetation and associated wildlife habi
tat will be lost. These losses, although minor in terms of statewide
impact, will permanently alter the natural condition of the affected
areas.

The Framework Study indicates there are about 18,963,000 acres of
southern desert shrub in Cochise, Maricopa, Pima, Pinal, and Yuma
Counties in Arizona. Of this total, the right-of-way required for
project facilities is about one-fourth of 1 percent. Data available
for a like comparison of riparian vegetation are conflicting due to
differing definitions of vegetation classed as riparian.

Reaches of the Salt and Verde Rivers on the Salt River Indian
Reservation and the Fort McDowell Indian Reservation will be inundated
by Orme Reservoir. Inundation of lands up to the top of the conservation
level of the reservoir will be frequent enough to prohibit other uses of
these lands. Below the top of the conservation level, about 5,400, 900,
and 3,400 acres will be on the Fort McDowell Indian Reservation, the
Salt River Indian Reservation, and the Tonto National Forest, respec
tively. Lands above the top of the conservation pool, however, will
not be cleared of vegetation and will be available for wildlife habitat,
controlled leasing, and recreational opportunities.

As discussed in Chapter III, the construction of the proposed Hooker
Dam and Reservoir on the Gila River will result in narrow penetrations
of water into the Gila Wilderness Area in the Gila National Forest in
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New Mexico, into the Gila Primitive Area on the Gila River, and into
the Gila Primitive Area on Turkey Creek, a tributary to the Gila River.
The encroachment on the primitive and wilderness areas will be about
90 and 180 acres of land, respectively, at maximum water level.

Buttes Reservoir will inundate lands which overlie mineralization not
presently considered commercially attractive. Should this resource not
be mined prior to construction of the reservoir, inundation will hinder
but not prevent future recovery efforts.

No other feature is known to have any significant mineral resource.

C. Power Resources 69

The Secretary of the Interior has contracted for power from the
Navajo Generating Station to supply the ener~y requirements for project
pumping stations. Thus, the project requires the commitment of a power
resource, which will be 24.3 percent of the generating station capacity.

The commitment of coal resources and the associated changes in land
form and esthetic value in connection with the construction and operation
of the Navajo Generating Station is covered under the final Navajo environ
mental statement filed with the CEQ on February 4, 1972.

D. Wildlife and Recreation Resources and Esthetic Values 33 ,34,38,39,176,
178

Losses to wildlife will be minor in terms of total population of such
resources. Special mitigation considerations and features as discussed
in Chapter IV will reduce the loss of wildlife and thereby minimize the
adverse effects.

Fish losses will be in terms of displacement of certain species from
the reservoir areas. Most of the non-native species will proliferate in
the reservoirs. In relation to the total native habitat available, the
overall loss of habitat for the native species will be minor. Losses in
terms of endangered species will be insignificant, primarily the possible
disturbance of the bald eagle in the Orme Reservoir area.

Once the project recreation facilities have been constructed and
placed into operation, there will be large public demand and expectation
for their continued use. Previously unused or little-used areas will
become more attractive to many people. This will cause a long-term change
in the public use patterns of these areas.

A total of 10 miles each at normal reservoir levels of the Salt and
Verde Rivers will be inundated by Orme Reservoir. The Salt River arm
is now intensively used for recreation including sightseeing, innertub
ing, picnicking, fishing, and camping. The recreational and esthetic
values associated with these rivers will be reduced in relation to
reservoir conservation level.
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About 10 miles of the upper Gila River in southwestern New Mexico
will also be inundated by the proposed Hooker Dam and Reservoir. The
recreational and esthetic values associated with this reach of river
will also be an irreversible commitment.

Borrow areas will be graded and shaped and revegetation will be accom
plished. Disturbed desert areas are slow to recover and these areas
must be considered a resource commitment in terms of materials removed.
Spoil deposition areas will also constitute a resource commitment,
especially in the Lake Havasu area where the construction of Buckskin
Mountains Tunnel will require deposition of about 723,000 cubic yards of
material.

E. Historic~«L~cheolog!:..~Uites41-46,51,60,73,177 ,182 ,184,200

Preliminary archeological surveys have been made by the National Park
Service under contract with the Bureau of Reclamation for the CAP aqueduct
system and for Buttes, Charleston, and Orme Dam sites and reservoir areas.
Also, preliminary archeological studies and surveys of Hooker Reservoir
site have been made by the New ~exico State Museum. Final assessment of
the Havasu Intake Channel, Havasu Pumping Plant, and Buckskin Mountains
Tunnel has been completed.

The culture and migration of the prehistoric Hohokam Indian and other
early tribes to and from the Southwest have already been fairly well
established. The remains of "early man" ruins are widespread throughout
Arizona and the Southwest.

studies by the Arizona state Museum in 1972 located a total of
33 sites over the entire reach of the Granite Reef Aqueduct from Lake
Havasu to the Salt River. Five are historic and 28 are prehistoric. None
of the sites were recommended for nomination to the National or State
Registers of Historic Places. Excavation, intensive mapping or collection
were recommended for 16 of the prehistoric sites. Of the 11 remaining
prehistoric sites, one (S:6:5) has been mapped, collected, and analyzed.
Another (V;6:8) will be evaluated in the Orme Reservoir Report. The
other nine (L:16:3, L:16:4,-Y,:16:6, L:16:7, S:1:2, S:1:3, 5:6:4, S:8:l,
and S:8:2) were mapped, photographed, and recorded in detail. Data col
lected from these sites are considered sufficient to realistically mitigate
future disturbance of fue resources, and no further investigation or
analysis was recommended. These newly discovered sites will appreciably
expand the anthropologists' understanding of the western desert areas.
A few scattered "early man" artifacts have been found north and east of
Phoenix along the Salt-Gila aqueduct system. All of these can be analyzed
or salvaged prior to or during construction.

Sane significant historic and prehistoric "early man" sites have been
located in the San Pedro River valley in or near the area to be inundated
by Charleston Reservoir. The Orme Reservoir area, especially on the
Verde River arm, also has historic and prehistoric ruins. The extent of
ruins at the Buttes, Orme, and Hook er sites is not fully known at this
time.
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A reevaluation of completed preliminary archeological studies is
currently undenlay by the National Park Service. Additional field investi
gations will be completed on all features to identify significant findings
which should be salvaged. Excavation and salvage work will be accomplished
prior to or during construction. This will minimize the loss of historical
and archeological data, artifacts, and other cultural evidence.

F. Indian Culture 67,125

The inundation of Indian lands for Orme Reservoir will flood burial
grounds and require relocation of the Fort McDowell Indian community.
The burial grounds will either be relocated or memorialized-. The cultural
loss associated there,rlth constitutes a human resource commitment to
the project. Public and private funds will be used in financing the
replacement housing.

G. Economic Resources

Millions of cubic yards of concrete, sand, gravel, and earth, and
tons of metal, wood, and other materials will be used in the construction
of the features of the project. Public Law 90-537 authorizes 832 million
dollars to be spent on construction of project works. The act also
authorizes escalation of that figure in response to ~eneral price increases
in related construction activity. Project cost based on the 1972 cost
index wou~d be about 1.2 billion dollars.

Public funds have been and will be crna~itted to the project. About
70 percent of the construction cost will be repaid to the Federal treasury
by the water and power users who benefit directly from the project. By
provisions of Public Law 89-72, the joint project costs and one-half of
the separable construction costs for fish and wildlife and recreation
purposes are nonreimbursable. Costs allocated to flood control in the
National interest are also nonreimbursable.
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CHAPTER VIII

ALTERNATIVES TO THE PROJECT



VIII. ALTERNATIVES TO THE PROJECT

This chapter discusses a number of different types of alternatives
that have been considered during the 30-year history of specific plann
ing for CAP. This discussion will include alternative routes for deliv
ery of water from the Colorado River, alternative sources of water, the
alternative of not augmenting existing water supplies in central Arizona,
alternative sources of power for the project, alternative concepts of
design, and alternatives to and alternative locations for major features
of the project.

A. Alternative Diversion Routes to Central Arizona 7,64,65,74,198

Initial conceptualization of diversion of Colorado River water to
central Arizona occurred in 1894. Somewhat later studies began focus
ing on routes for delivery of Colorado River water to the central Arizona
area. Preliminary field surveys, data collection, and analyses of alter
native plans to deliver this water began in the early 1940's. These
early studies considered numerous diversion routes. Three routes 
Marble Canyon, Bridge Canyon, and Parker (Granite Reef) - were chosen to
be analyzed in detail for comparative evaluation. The results of these
studies were documented in two Bureau of Reclamation planning reports in
1945 and 1947. The 1945 report recommended against further considera
tion of the Marble Canyon route. The Parker alternative was determined
to be the most favorable from an economic and construction standpoint.
These primary routes were discussed and considered during the course of
Congressional hearings on the authorization of CAP. All three routes
were designed to deliver water to a reservoir in central Arizona approxi
mating the present concept of Orme Reservoir.

The Parker route, is the route concept authorized for construction
by Public Law 90-537 as the Granite Reef Aqueduct. This route as modi
fied by updated designs and estimates, is described earlier in Chapter I
of this environmental statement. It consists of the diversion works at
Lake Havasu and the Granite Reef Aqueduct system. Besides their geo
graphical differences, one salient difference between the route chosen
and the alternatives rejected is that the Granite Reef route will not
necessitate construction of another reservoir on the Colorado River.
This is not true of the other two routes.

Section 301(a) of P.L. 90-537 provides that " ... the Secretary
shall construct, operate, and maintain the Central Arizona Project, con
sisting of the following principal works: (1) a system of main conduits
and canals, including a main canal and pumping plants (Granite Reef aque
duct and pumping plants), for diverting and carrying water from Lake Havasu
to Orme Dam or suitable alternative, ... " Moreover, Section 303(a) of
P.L. 90-537 provides that "... nothing in this section or in this Act
contained shall be construed to authorize the study or construction of
any dams on the main stream of the Colorado River between Hoover Dam and
Glen Canyon Dam." Thus, the authorizing legislation, by choosing the
diversion route to be used and by proscribing the investigation or
construction of any dams necessary to utilize either of the alternative
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routes, renders academic any discussion here of alternative routes to
the project as presented. However, in the interest of more fully disclos
ing the decisionmaking processes involved in selection of the Granite Reef
route, a discussion of the 2 major alternatives to it follows.

1. t-farb Ie Cany~n~Ver_d_e_}~ive_1)__.!.out~ 64

The Marble Canyon route, an all-gravity route, was designed to
allow for the diversion of about 2,000,000 acre-feet per year of Colorado
River water into central Arizona through a l43-mile tunnel. This tunnel
would divert '-Tater from the potential Harble Canyon Reservoir and discharge
into the Verde River. From the tunnel outlet, the water would flow down
the natural channel of the Verde River throuph a series of reservoirs and
powerplants to a regulating reservoir on the Salt River near Granite Reef.

The construction of a l43-mile tunnel would have adverse impacts
on the environment at the portals and service control centers. Aggregate
required for finishing the tunnel would necessitate extensive borrow areas
alonp, the tunnel route. Reestablishment of natural vegetation and biota
in the borrow areas would require several years due to climatic conditions
and the slow successional processes natural to this area. In order to carry
2 willion acre-feet of water per year, the tunnel would be about 21 feet
in di~~eter. There would be about 15 million cubic yards of spoil from
the l43-mile-long tunnel. Even if placed in the aggregate borrow areas,
the remaining spoil would require more than 8,000 acres of open land if
deposited at an average depth of 1 foot. The quality of soil resultin?
from spoil deposition could further lengthen the time for establishment of
an environment compatible with natural surroundings.

The long tunnel route would pass through geologic formations with
differences in water content and water-yielding capabilities. Several of
these formations are saturated and permeable and would present difficulty
in tunnel construction. Drainage into the tunnel from these saturated
formations would result in lowering the water table in the rocks and this
could reduce or eliminate spring flows influenced by the tunnel line. This
could influence the water resources that are relied upon by native vegeta
tion, range cattle operations, and municipal systems in certain areas of
northern Arizona.

Temporary powerlines required to furnish electricity durin~ con
struction would be removed and their paths obliterated. Power requirements
for structures and monitoring control could be placed underground from
several main points of high voltage power supply.

The ~furble Canyon route would require the construction of Marble
Canyon Dam on the Colorado River near the north boundary of the Grand
Canyon National Park. This dam was subject to much criticism by environ
mental groups during Congresional hearinr,s. The impact of the dam on
canyon areas and its effect on the flow of the Colorado River were princi
pal reasons this proposal was dropped from the project. The streamflow
regimen of the Colorado and Verde Rivers would be changed, and esthetic
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values and ecological aspects would be altered by reservoir construction.
Species of stream fish and invertebrates would be displaced or eliminated
and replaced by those common to mainstream reservoirs. Vegetation and
wildlife endemic to the Marble Canyon area would be destroyed or displaced
from the area of inundation. Fisherman and recreation-use days would
increase on the reservoir over those formerly provided by the river.

The generation of hydropower would neither pollute the air, nor
deplete fossil fuel supplies. Power transmission lines to the project
features and to power market centers would have esthetic and physical
impacts on the environment.

The remainder of the project features including Orme, Buttes,
Charleston, and Hooker Dams and the aqueducts from Orme and Charleston Dams
to Tucson would be the same as in the authorized plan and would present the
same environmental impact as described in this statement.

2. Bridge Canyon S]3ij) Sandy) Route 64

The Bridge Canyon route would divert Colorado River water into
central Arizona by gravity through a system of tunnels, canals, and
siphons. The aqueduct would begin at the reservoir formed by constructing
a dam at the Hualapai site (Brid~e Canyon damsite) on the Colorado River
and traverse generally southward through a 78.S-mile tunnel and subse
quent canal structure to Cunningham \lash. From this point eastward, it
would continue by canal to its terminus at the potential Orrne Reservoir.
The environmental impact of the tunnel section would be similar to the
Marble Canyon route. Borrow pits and spoil deposition sites for tunnel
construction would require only about one-half the area as that of the
~~rb1e Canyon route.

The tunnel for the Bridge Canyon route could influence the water
resources on the Hualapai Indian Reservation and adjoining ran~e cattle
operations in the same manner as discussed under the Marble Canyon route.

Construction of the canal section for the remainder of this
route would have impacts similar to those associated with canal construc
tion described in this statement. Mitigation of most of these losses could
be accomplished. Adverse impacts would include disturbance of natural
terrain within the right-of-way, alteration of esthetics, interference
in migration patterns and movement of big game, permanent loss of some
native vegetation, and possible loss of some upland and big-game hunting.

A dam would be constructed on the Colorado River at the Hualapai
Dam site near the headwaters of Lake Mead. Construction of Hualapai Dam
likewise did not receive Coneressiona1 approval as a result of testimony
from individuals and or~anizations opposing its construction based on
alleged adverse environmental effects in the reservoir area. The construc
tion of the darn would result in the loss of riparian habitat and animal
communities within the area of inundation, alteration of the esthetic values
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of the river, changes in downstream flow patterns, and displacement of
stream-dwelling vertebrates and invertebrates by reservoir conditions and
by those species more adapted to reservoir environment. The limited
recreational use and stream fishing days on the river would be replaced
with a greatly increased number of reservoir use days. The values asso
ciated with river use within the inundated area would be lost.

The generation of hydropower would not pollute the air, nor
deplete fossil fuel supplies. However, the physical intrusion of the
reservoir, dam, and powerplant, and surface power transmission lines would
be an alteration of the natural terrain and environment.

Selection of the Bridge Canyon route (or the Marble Canyon route
presented earlier) would necessitate construction of a mainstream reser
voir on the Colorado River that would be in addition to the four holding
and regulating reservoirs described in the CAP. Therefore, reservoir
impacts on the Colorado River would be in addition to those described in
this statement.

B. Alternative Water Sources

As part of overall planning for the CAP, several sources of water and
ways and means of conserving present supplies of water were evaluated
and examined for viable alternatives. None of these alternatives appear
to be feasible project alternatives, but they could enhance the long-range
success of the CAP, or serve as a second stage of development. One
problem common to all these alternatives is that they would only provide
sources of water and without the proposed dams and reservoirs would not
provide flood control. sediment control, recreation, and water exchange,
which are major objectives of the project. Regardless of the source of
water, the distribution and storage facilities similar to those of the
CAP would still be required to effectively manage the water supplies in
central Arizona. The environmental impacts of the facilities needed to
accomplish the overall objectives of the project would be similar to those
presented in this statement. Additionally, most of the alternatives
evaluated would not supply the quantity of water that the Colorado River
wi 11 provide.

1.
59 93

Use pf ~ecIc~~~ W~ter Produc~d in the Area '

Water reclamation projects provide great promise for increasing
the efficiency of waste water reuse. Research and pilot studies are under-

. way in Phoenix at the "Flushing Meadows Project" and in Tucson at the
''Waste Water Reclamation Project," where municipal waste water is being
reclaimed for irrigation, recreation, and possibly mining and other
industrial uses. Under the Tucson plan, all wastes are treated to an
equivalent secondary level after which the treated effluent is applied
to the land for removal of additional impurities by infiltration through
the soil. Water is thus made available by ground-water recharge and is
available for unrestricted irrigation and recreation uses. In addition,
mining and other industrial uses are being studied. Potential health

189

I

~



hazards and other possible adverse environmental consequences resulting
from utilizing soil for further impurity removal by filtration have not
been fully evaluated. Studies regarding pathogen and/or other bacterial
responses, the effects on the soil fertility, percolation rates, and
long-term ground-water recharge will require further investigation and
analysis before total health and other environmental effects can be
predicted in the central service area. In the meantime, recycled sewage
water is now being successfully used only for lower priority needs such
as greenbelt park irrigation and certain nonfood crops. Reclaimed sewage
water is generally not presently considered acceptable for direct domestic
water supply.

Future projected water requirements in the CAP service area greatly
exceed the quantity of waste water potentially available for reuse. Satis
faction of these water requirements will necessitate the availability of
another water supply in addition to the supply of waste water to augment
existing surface and underground sources. Thus, recycling is not a
practical or viable alternative but is a necessary supplement to the CAP
water supply.

2. Precipitation Management83- 86 ,lOO,134

The subject of precipitation management, or weather modification,
has been under intensive investigation for about 25 years. Since 1966,
the bulk of precipitation management research has been conducted or spon
sored by the Bureau of Reclamation. The program is known as "Proj ect
Skywater, II and is a coordinated multidisciplinary effort with the goal
of putting together various sytems to manage the amount and distribution
of precipitation in an efficient, economic, socially acceptable manner.
About 90 percent of Project Skywater activities are conducted through
contracts with colleges and universities, private organizations, state,
and other Federal agencies. In addition, the National Water Commission is
evaluating studies of the effects of precipitation management eXPeriments.

A number. of studies have been conducted in various places in the
West, including selected locations in the Colorado River basin. These
include selected sites in Arizona, both in the mountainous regions and
in the desert areas. The results of early experiments and studies were
not uniform. Various techniques for seeding clouds were used, with
effects that were not completely predictable. Under certain meteorolog
ical conditions, cloudseeding led to more precipitation. Under other
conditions, cloudseeding led to less precipitation or had no measurable
effect. Moreover, the effects of cloudseeding on precipitation were pre
d.ictable for only a limited number of cloud systems. The meteorological
conditions which may influence snowpack increases from cloudseeding of
the storms over the western mountains have now been reasonably well identi
fied. Recent progress in modification of precipitation from convective
storms is promising. However, the effects of such modification cannot
yet be reliably predicted.
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Beneficial use of augmented runoff for water supply depends upon
its capture. This depends on the timely availability of reservoir storage.
As yet, there is very limited information as to the effectiveness of pre
cipitation modification in increasing water supply during sustained or
protracted drought periods. Results to date indicate that the potential
during such periods, although positive, may not be great. In areas where
substantial extra annual or carryover storage is available, the average
annual water supply may be increased by seeding during wet periods.

Precipitation management represents a potential source of new
or additional water for a basin by producing runoff from precipitation
that normally would not have fallen on the basin. Probable low opera
tional costs, program flexibility, and the high quality of water produced,
make precipitation management a desirable method for increasing the water
supply where seeding conditions are suitable. However, within the
Colorado River Basin most of the potential for water created would be
found in the upper basin. In addition, more research is needed to devel
op a better understanding of the physical mechanisms of precipitation and
the statistical effects of cloudseeding operations, and to improve exist
ing seeding techniques. The legal ramifications and environmental con
sequences also need clarification. A firm annual increase in snowpack
may have a direct effect on game and nongame species composition and
behavioral patterns, and on vegetation associations. Increased precip
itation in the form of rain would need to be scrutinized in respect to
similar impacts. Other considerations would be directed to erosion
potential, nesting habits of the avifauna, and the character of burrow
ing animals in the areas affected. Increased precipitation in a given
area on a regular basis could increase the biological carrying capacity
of the area. Without regularity of precipitation, flora and fauna popu
lations would continue to fluctuate in response to available moisture.
All of these considerations are now being studied by Project Skywater.
Precipitation management is approaching practical application; but as
an alternative for the CAP, it can be considered only a promising supple
mental source of additional water.

3. Conservation of Irrigation Water 87,88,91,139

The long history of the scarcity of water and the increasing
cost of pumping water have made the agricultural industry in the lower
Colorado region of the Colorado River basin look critically at water
management. ~en though the full potential has not yet been realized,
much has been accomplished in efficient use of water supplies within
the lower Colorado region, especially in the Gila subregion, which in
essence comprises the project area.

Irrigation facilities and conservation measures that have been
installed on the land include about 6, )91~ miles of irrigation ditch
lining, canal lining, and irrigation pipelines that have been installed
to reduce seerage losses. More than 146,000 water-control facilities
have been installed in the I-roject service area, including major storage
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reservoirs, diversion dams, tailwater recovery facilities, pumping plants,
and other water-control structures designed for better water management.
In several areas where ground water and surface water are incorporated in
the same system, pumps can be regulated to minimize system waste and
assist in creating a flexible and reliable operation. This and other
advanced water management techniques are being increasingly applied
throughout the lower Colorado region and Gila subregion. Expansion of
these practices can have a significant beneficial effect, but the result
ant water savings will only be a supplement to CAP and therefore cannot
be considered an alternative

4. Increased Watershed Runoff 89-100,137,142

Watershed management is directed at the use of land to improve
the quantity and quality of water, to reduce erosion and sediment yield,
and to maintain a productive watershed. Proper management must consider
a number of factors, including past use of the land, ownership patterns,
soils, vegetative types, climate, and physiography. Any well balanced
watershed management program must consider the use and development of
such resources as timber, forage, and wildlife, and such social values
as recreation, esthetics, and population dispersal.

The need for increased watershed yields is greatest in the West.
Studies in Arizona and watershed research in Colorado, the intermountain
area, the Pacific Northwest, and California are providing valuable infor
mation for land managers. At this time, however, further study is needed
before the effects of various watershed management programs can be relia
bly determined. Certain conclusions can be drawn and basic assumptions
can be made from existing research. Generally, larger increases in yield
are associated with high precipitation, and smaller increases occur when
precipitation is low. The possibilities for increasing water yields in
the West appear to be most favorable in areas of high elevation and
greater precipitation. Research has shown that partial cutting in some
types of forests can provide opportunities for increasing water yield
through redistribution of the heavy snowfall and reduced evapotranspi
ration. Replacement of native vegetation with grasses in some areas
has yielded inconclusive results.

The Salt River watershed offers a good example of problems asso
ciated with watershed management which need to be evaluated. It has
been estimated that an additional yield of 145,000 acre-feet of water
annually could be obtained by vegetative management on 710,000 acres in
the Salt River watershed. Most of this work would involve modifying
timber harvesting practices and conversion of chaparral and mountain
brush to shallow-rooted grasses and forbs on watershed lands at higher
elevations where precipitation is greater. One of the ma,jor environ
mental considerations associated with this alternative is the conversion
of a large number of acres of' native vegetation at higher elevations to
that of grasses and forbs. Complete conversion of native vegetation to
grasses and forbs could not be accomplished without almost total altera
tion of the associated fauna. The displacemen~ and alteration of existing
species may be followed by establishment of species adaptable tr) a
grassland habitat or by creation of empty niches. The impact of su~h
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displacement and alteration is not fully known. It would vary from place
to place depending on the area being managed.

Water gained by watershed management has the potential of supplying
additional water in the Gila River basin and reducing the requirements for
imported water. To be of benefit to New Mexico, this alternative would
probably involve a portion of the Gila Wilderness area. Further studies
will be necessary in order to fully evaluate the contribution this pro
gram could have toward increasing water supply and the impact the program
would have on all aspects of the environment. Present information indicates
that water increases developed from watershed management programs would be
supplemental to the importation of water by the CAP and not of sufficient
quantity to be considered a suitable alternative to the project.

5. Import from Other Basins 94,105,186,187,192,195

Transfer of water from areas of surplus, such as Alaska or the
Pacific Northwest, has been contemplated but legislative constraints have
been imposed prohibiting current study of its potential. P.L. 90-537,
Section 201, provides that " .•. for a period of ten years from the date of
this Act, the Secretary shall not undertake reconnaissance studies of
any plan for the importation of water into the Colorado River Basin from
any other natural river drainage basin lying outside the States of Arizona,
California, Colorado, New Mexico, and those portions of Nevada, Utah, and
Wyoming which are in the natural drainage basin of the Colorado River."
Since these studies have not and cannot be initiated for some time, inter
basin transfer does not appear to be a presently available alternative
water source in lieu of diversion of a portion of Arizona's present entitle
ment to Colorado River water. In addition, the normal lead time from start
of planning through authorization and construction for interbasin transfer
of water could require from 20 to 30 years or more. Moreover, were water
available in the Colorado River system from interbasin transfer, some
delivery system similar to CAP would have to be constructed if this water
were to be used elsewhere within Arizona other than along the Colorado
River itself. Environmental impacts from this delivery system would be
similar to those of the present project. Additional impacts on the environ
ment would be experienced outside the currently anticipated project area.

106,109,194
6. Geothermal Sources

Studies of the geothermal resources in Imperial Valley, California,
indicate that substantial quantities of high salinity water with a high
heat content may be stored in the deep ground-water basin. The area south
east of Yuma, Arizona, is also considered to have high potential for
geothermal development. Utilizinp, the produced steam as an energy source
for desalting this water may be an attractive source of new water for the
possible augmentation of the Colorado River. If geothermal development
is successful, the possibility for development of a relatively nonpolluting
source would also exist.

Utilization of desalted geothermal water would require a transport
and storage facility equal to or more elaborate than the one selected
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for the CAP. The current state of technology and the insufficient know
ledge relating to the quantities of water potentially available preclude
geothermal sources as being a feasible or viable alternative to CAP.

The impact that geothermal development would have on environ
mental values is being considered in connection with geothermal resource
investigations being conducted in Imperial Valley, California.

A final environmental statement on the Deep Geothermal Test Well,
Geothermal Resource Investigations, Imperial Valley, California, FES 72-9,
was filed with CEQ on April 28, 1972. The final environmental statement
for the skid-mounted desalting unit and injection well (FES 72-21) was
filed with CEQ on July 10, 1972. A brief summary of the environmental
impacts of the geothermal investigations 1s provided below.

About 14 to 20 acres of desert land will be required for access
roads and work areas during drilling and testing of the well. A minor
impact on the overall esthetic value of the area will thus occur. The
nature of the construction is such that it lends itself to restoration
of the terrain's natural conditions at the completion of the work. The
behavioral patterns of the few animals in the area might be temporarily
altered by the presence of men and machinery. During operation and test
ing of the well, some noise could be expected during steam blowoff. Noise
levels will be controlled by using silencers or other means to prevent
injury to workmen. Accidents that could occur during drilling and test
ing of the well include leakage or spillage of geothermal brine, and
inadvertent venting of noxious gases to the atmosphere. Stringent pre
cautions will be enforced throughout the various operations to insure
against such accidents. Certain amounts of objectionable gases, mostly
hydrogen sulfide, might be encountered during investigations. These
gases if encountered should disperse sufficiently within a short distance
so as not to be objectionable. The presence of gases will be periodically
monitored during the work. Temporary holding ponds for brines are designed
to prevent escape of the brine into the surface or ground-water systems
until disposal is effected.

A more detailed discussion of environmental consequences of
geothermal development can be found in the subject environmental state
ments. The future of geothermal water as the by-product of production
of electrical energy is dependent upon the success of the geothermal
testing. The magnitude of the environmental impacts including subsid
ence effects of this alternative will be directly proportional to the
amount of development that takes place in the future.

7. Desalting of Ocean or Other Brackish Waters 62,110-112

The desalting of sea water has been considered as one of the
alternative sources of water. It is not a feasible alternative to ini
tial diversion of Colorado River water for three reasons: (1) large scale
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desalting technology has not been proven; (2) the costs of desalting
sea water and transporting it to a point on the Colorado River where
it could be further transported to central Arizona are infinitely
greater than the economic costs of diverting Arizona's remaining entitle
ment in the Colorado River, and (3) the lead time involved in relation to
the need.

For the most part, facilities similar to those proposed for the
CAP would be needed to convey and regulate the successive stages of desali
nized water from the storage area on the Colorado River to the CAP area.
Unless the imported sea water were introduced into Lake Mead where storage
capacity is available, an additional regulatory reservoir would be
required on the Colorado River or elsewhere.

Environmental impacts resulting from construction of an off-river
storage reservoir would probably not adversely affect native fish fauna.
Adverse impacts on esthetics, land-dwelling vertebrates, and invertebrates,
vegetation communities, and recreational resources in open space would be
similar to those encountered during construction of a reservoir on a
stream. The species affected may be different, but the general impacts
would be similar. Water quality improvements would be positive if the
desalted water were refined to a better quality than that of the stream
or the reservoir where desalted water is introduced.

Because of the developmental nature of desalting technology, a
detailed evaluation of the impact that desalting of ocean water and the
transportation of the desalted water inland would have on the environment
was not made in this statement. Preliminary reviews indicate that impacts
similar to those associated with the selected plan would occur in Arizona.
In addition, there would be impacts associated with the desalination
plant itself. and the conveyance system needed between the plant and the
CAP facilities in Arizona. One of the major problems associated with
desalting plants is disposal of the brine which is a by-product of
desalinization. As a part of the conveyance system, pumping plants,
aqueducts, siphons, bridges, roads. and transmission lines would be
required. Environmental impacts of these structures would be similar to
those described in this statement for the CAP aqueducts.

A detailed study of sea water desalinization will be part of the
ongoing Western United States Water Plan studies for augmentation of the
Colorado River. Desalting of ocean water is not considered a feasible
alternative to the CAP at this time.

The alternative of no action has been considered. In the case of
the CAP, this would mean constructing none of the facilities which have
been described in this statement, nor any of their alternatives. This
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alternative would not accomplish any of the objectives of the project
described in Chapter I, nor would it cause any of the impacts, described
in Chapters III and IV, which are associated with the project.

It can be assumed that, if the water which the project will provide
is not made available, those agencies which supply water to users in the
service area would utilize any and all other sources which they could
obtain.

If the project is not constructed, central Arizona's water supply
would continue to come from local sources. At the present time, water
consumption, all from local sources, exceeds the safe-yield supply by
approximately 2.1 maf per year. As future consumption increases, over
draft of aquifers would continue, eventually exhausting some basins
entirely. Water would have to be obtained from deeper or more distant
aquifers or from some aquifers which are not presently used due to poor
water quality. This would increase costs of delivery and treatment,
raising consumer costs, and decrease the agricultural productivity. Land
subsidence would continue in the central service area, causing increasing
problems for agriculture and possibly threatening several of the small
communities in the area.

In order to meet demands for water, some alternative facilities for
some of the project features would undoubtedly be constructed for the
control and storage of intermittent surface runoff waters on the Salt,
Verde, Gila, San Pedro, and Santa Cruz Rivers. These facilities could
also provide flood and sediment control for the municipal and agricultural
areas of the region. Such facilities would have the same or similiar
impacts on riparian flora and fauna as those described for the project
reservoirs in Chapter III, as well as social and economic impacts. The
seriousness of such impacts would depend largely on the sites selected
and the size and type of facilities constructed.

Reversion to a fragmented or less than multiple-purpose approach
would be counter to public interests, and would waste the opportunity
to realize the economies of scale and the savings offered through the
complementary nature of the several functions of a multipurpose project.
Through the sharing of project elements such as rights-of-way, carriage
losses, and management, efficiencies in the provision of the various
services are effected, The results of sharing facilities become apparent
when a typical cost allocation for the project is examined. There are
six project functions to which cost is allocated under the existing
planning process. It would cost some 50 percent more to provide the
same services from these six project functions through single purpose
undertakings.

While it is impossible to determine exactly where the impact of
a restricted water supply without CAP would be felt, tests indicate
that even under the most favorable and ideal conditions where reductions
are limited to agricultural sectors, the economy would suffer a substantial
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absolute loss. The realities of the water supply systems, water ri~hts,

and legal and institutional arrangements indicate that it is highly
unlikely that such a limiting of reductions could be accomplished. Some
sharin3 of the impact by both a~riculture and other industries would
occur.

Besides the conversion of agricultural lands to urban development,
much agricultural land would eventually be abandoned from agricultural
production due to lack of a water supply and would not be put to any
other use. In most cases, desert vegetation would reestablish on abandoned
agricultural lands through successional stages, although this may require
many years. There would likely be limited numbers of wildlife associated
with such lands due to the limited forage and shelter. Dust, erosion,
and other associated problems would increase as a result of abandoned
lands. Some abandoned agricultural land would probably be subdivided
within the urbanized area of Phoenix or Tucson, or on the periphery of
the smaller towns in the area.

The State of New Mexico would not be able to increase its consumption
of Gila River waters if the project is not built, as the increased amount
of water would not be available for the exchange in Arizona. This would
have limiting effects on economic development and wildlife management in
the southwestern portion of New Mexico.

The city of Phoenix, and the surrounding urban area, would not enjoy
the protection from periodic, but severe, flooding that project dams
will provide unless certain features were constructed independently. The
lack of such protection would curtail the further development of certain
areas and allow floods, such as the ones of January 1966 and June 1972, to
cost residents millions of dollars, and prevent the improvement of trans
portation networks in the city of Phoenix, such as the river crossing
roads and the runways at Sky Harbor International Airport. Control struc
tures could be built on the Salt, Verde, and Gila Rivers but their impacts
would be very similar to those of project reservoirs.

If the project were not built, sediment protection and unwarranted
costly operations for dredging, sluicing, and clearing would still be
needed by the operators of surface water distribution systems. Such
protection could be included in independent flood control facilities, but
again, environmental impacts of these facilities would be very similar
to those described for CAP facilities.

Recreational opportunities provided by the reservoirs of the CAP
(and to a lesser extent by the aqueducts) would also be denied. Stream
side recreation would still be available as it is now. The number of
water-based recreation days which can be provided by a reservoir far out
numbers that provided by a flowing stream, and thus, the projected deficit
in water-based recreation days would not be met or reduced.

Archeological sites which have been identified in the CAP reservoir
areas or along the aqueducts might remain intact. These identified sites,
together with any unidentified sites, might eventually be excavated, or
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they may simply be left to the vagaries of time and attendant pilferage,
weathering, and later constructi~n. Certainly, the impetus that the
project gives to examination and salvage of these sites to increase man's
knowledge of the past would be lost.

The continued overdrafting of the ground-water basins in the area
would affect the riparian communities which depend t~on ground-water
levels. In some parts of the project service area, the decline of mes
quite and some other riparian species (considered valuable for wildlife
habitat) has been attributed to a rapid drop in ~round-water levels. It
is expected that even more of these areas would be lost by a continued
drop in ground-water level.

The studies on the reservoir sites cited throughout this statement
give information on the degree of riparian dependency associated with
the fauna found at each site. Tables from these studies are included
in the Appended Material.

The Colorado River would remain very similar to the conditions found
today and those projected by the Framework Study. As the salinity of
the river will not be affected by the project, no difference would be
seen without it. The water allocated to the State of Arizona would
undoubtedly continue to be used for the most part by the State of
California in the absence of CAP or a similar project in Arizona. Flow
patterns would be slightly different in the reach of the river between
Hoover Dam and Lake Havasu, due to the lack of increased flows for CAP
diversion. The Lake Havasu area would not have the minor impacts which
will be associated with the Havasu feature of CAP.

D. Alternative Power Sources 10,62,68,69,75,76

About 85 percent of the total CAP pumping power requirements will be
used for the pump units on the Granite Reef Aqueduct system. The total
at-plant power requirements are shown in Table 11 in Chapter I.

During the general planning stage of the project, several sources of
power have been considered for meeting the aqueduct pumping requirement.
Early studies and the 1947 Central Arizona Project planning report included
a lSO-megawatt Bridge Canyon (Hualapai) powerp1ant as the primary source
of pumping power. The 1963 supplemental report included a 1,SOO-megawatt
powerplant. The project at that time also included provisions for
17,500 kilowatts of installed capacity at Orme Dam (then McDowell-Maxwell
Darn) and turnout locations where power head could be recovered.

During the formulation of the Pacific Southwest Water Plan, which
incorporated the CAP as a unit into the plan for re~iona1 water resource
development, power to meet project pumping requirements and to assist in
repayment was obtained by combining the power units at Bridge Canyon and
Marble Canyon Dams on the Col rado River. In January 1964, the Secretary
of the Interior submitted the Pacific Southwest Water Plan to the Congress.

198



Because of objections to the Bridge Canyon and }~rble Canyon Dams
for environmental reasons, the Secretary of the Interior in 1966 directed
the Bureau of Reclamation to analyze alternative plans to provide for
the CAP pumping power requirement. The results of these studies were
utilized in formulating a revised development program. This revised
program lo1as presented in a report entit1ed,"Summary Report--Centra1
Arizona Project with Federal Prepayment Power Arrangements," dated
February 1967. On March 2, 1967, this report was transmitted to the
90th Congress. The main difference in the revised program as outlined in
the report was the replacement of the ~~rble Canyon and Bridge Canyon Dams
and their hydroelectric units with a coal-fired thermal power unit. Public
Law 90-537 directed the Secretary to find appropriate arrangements for
supplying project energy requirements. This direction ultimately resulted
in Federal participation in the Navajo powerplant project, located near
Page, Arizona. Environmental analysis of that project is contained in
the Navajo Project Final Environmental Statement. dated February 4,
1972 •

E. Altern~tives to Major Features of the Project

In the course of study involved in planning for the project, both
before and since it was authorized by Congress, several alternatives
for the major features of the project were examined and are continuing
to be evaluated in some cases. The following discussion summarizes the
studies made to date.

1. Havasu Intake Chan~l~ Havasu Pum~ing Plant, and Buckskin
Mountains Tunnel 70

Section 30l(a) of P.L. 90-537, 82 Stat. 887, specifies that water
for the CAP will be diverted from the Colorado River at Lake Havasu. For
that reason. no other point of diversion will be discussed under this
heading. (See Section A of this chapter for such discussion.)

a. Description of Alternatives 70,149

The proposed site and routing for the system of components
designed to deliver water from Lake Havasu into the Granite Reef Aqueduct
are considered most suitable based on a combination of engineering and
geological studies of foundation conditions, location studies for discharge
lines and tunnel, environmental considerations, and construction and opera
tinG costs. Of the numerous alternative pumpin~ plant sites ann conveyance
routes studied for the present design concept, four of the more practicable
and reasonable are described as follows:

Alternative Route ~o. I ,",ould skirt the north slope of the
Buckskin Mountains along the Bill WilliaMS River. It to1ould continue alonr;
the Buckskin Mountains up the Mineral Wash drainage area followin~ its
eastern facing slopes and cross through a saddle between the Mineral
"lash and Osborne Wash drainage areas, wi th de Iive ry of \olater to the Osborne
hrash area. Tunnels would be avoided t-Therever possible. Ttolo pumping plants
would be required ,nth 300- and 482-foot lifts, respectively.
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Alternative Route No. 2 would also follow the north slope of
the Buckskin Mountains for about 4.6 miles and then enter a 3.3-mi1e
tunnel and travel in a southerly direction to the Osborne Wash area. This
route would require 2 miles of open canal, 4 tunnels having a total length
of 5.6 miles, and 2 pumping plants with lifts of 396 and 399 feet,
respectively.

Alternative Route No. 3 would follow the western slope of the
Buckskin Mountains for about 3.5 miles and then enter a 3.9 mile tunnel
and continue in a southeasterly direction to the Osborne Wash area. This
route would require 1.7 miles of open canal, 2 tunnels having a total
length of 5.3 miles, and 2 pumping plants with lifts of 396 and 397 feet,
respectively.

Alternative Route No. 4 would eliminate the intake channel
because the intake would be located near Parker Dam and away from the sedi
ment delta. This route. like Alternative Route No.3, would follow the
western slope of the Buckskin Mountains but in a southerly direction for
7.5 miles, then through a 2.9-mile-long tunnel in a southeasterly direction
to the Osborne Wash area. Approximately 5.1 miles of this route would be
open canal. with 3 tunnels totaling 4.3 miles in length, and 2 pumping
plants with lifts of 315 and 476 feet, respectively.

All alternative routes considered would provide for pumping
to a common elevation of approximately 1225 feet. Selection of the
proposed pumping plant site was further influenced by a geological study
in the area completed in 1965. This study recommended that the pumping
plant be located so as to provide a foundation entirely of gneiss, since
location of the plant on a sandstone foundation north of the gneiss-sedi
mentary rock contact would be inadvisable due to the suspected low bearing
strength and instability of the sandstone when saturated. This site also
affords a discharge pipeline profile having little, if any, sidehill
location and a shorter discharge line than any of the other sites and loca~

tions studied. In addition. the site and routing for the components of
the system reflect the results of comparative studies that indicated that
the Buckskin tunnel route is more desirable from esthetic, engineering,
economic, and environmental considerations.

One alternative to the intake channel which was considered was
the construction of a 10,000-acre-foot capacity sediment barrier dam on
the Bill Williams arm about 1 mile upstream from the pumping plant site.
This alternative was eliminated because of higher estimated construction
costs, excessive evaporation losses, and the irreversible adverse effects on
the Havasu National Wildlife Refuge. A major portion of the littoral zones
associated with the productive shallow area within the refuge depends on
the sediment delta and phreatophyte growth upstrean from the site.

Studies of the alternative intake channels considered the impact
on the environment and ecology of the area, impact on recreation facilities,
both present and future, sediment deposition levels, and construction costs.
The results and recommendations of these alternative studies include the
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intake channel design recommended in this statement and 7 other alinements
or variations contained in the "Report of Ad Hoc Committee on the
Evaluation of Inlet Channel to the Havasu Pumping Plant - Central Arizona
Project," dated October 23, 1970. A general layout of the selected and
alternative intake channels is shown on Figure 29. Route A would be a
channel which would pass through the Havasu Springs Resort marina where
the lessee presently has docking facilities and a concrete block building
housing a store, restaurant, and motel. This route would probably require
at least partial cancellation of the lessee's concession. A second alterna
tive considered was utilizing Route A and replacing the marina facilities
by excavating a new cove on the west side of the peninsula and rebuilding
the marina and other service facilities equal to those now existing.
Alternate Route B would be an open cut immediately south of the marina
facilities which would receive water from a cove located immediately west
of the marina entrance. Route C would consist of a tunnel about 24 feet
in diameter with approximately the same alinement as Route B. Route D
would be a buried conduit directly across the peninsula with its intake
on the north side of the peninsula. Route E would utilize a tunnel in
apprQximately the same location as Route D. A channel which would terminate
between the east side of the Havasu Springs peninsula and the adjacent
island was designated as Route F.

Three pumping plant locations were considered. The two loca
tions that were rejected were west of the presently planned site. Two
designs for the pumping plant, one standard and one low profile, were
investigated for the pumping plant. The alternatives in the discharge
line design were above or below ground. Three tunnel locations were
evaluated. The selected tunnel alinement is west of the 2 other locations..
Two bridge designs were considered for Highway 95. One was a concrete
beam design and the other a steel design. Two schemes for the cut slopes
were evaluated. One was a steep slope scheme (slope 1/2:1) and the other
a more gradual slope (1:1).

b. Descript10n of the ~esent Environment 42,46,70,73,146,177,178

The climate, topography, and geology of the area which would
be affected by any of the alternative routes would be similar to those
described in Chapter II of this statement and in the draft statement on the
Havasu feature. The rock types along the lakeshore change from gneiss, a
hard metamorphic rock, to a much softer, less stable sedimentary rock.
One of the alternative pumping plant sites would be near the sediment
delta of the Bill Williams River and would require the construction of a
barrier dam, which would alter the pattern of waterflows and sediment
deposition in the upper end of the Bill Williams arm of the lake.

~he Buckskin Mountains are a rugged, sparsely vegetated range which
trend northeast-southwest along the shore of the Bill Williams arm of
Lake Havasu. Several intermittent washes form small alluvial fans at the
base of the range. Osborne Wash is on the southeast side of the range
where the open canal section of the Granite Reef Aqueduct will receive
the water for conveyance to central Arizona.
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Native vegetation in this area generally is very sparse and
limited to desert species such as cacti, catclaw , cholla, creosote bush,
and paloverde, and in some of the washes, mesquite and ironwood. Much
of the land along the south and east shores of the Bill Williams arm of
Lake Havasu is included in the Havasu National Wildlife Refuge. The
refuge contains marsh and delta habitat areas which are used by migratory
waterfowl. A rookery of the great blue heron is found on Heron Island
outside the refuge. A small herd of deer uses the area and a small band
of desert bighorn sheep is in the Buckskin Mountains. Vegetation density
increases and the type changes to marsh-riparian stream along the Bill
Williams River and constitutes the primary wildlife habitat in the area.
The lake itself supports a warm-water fishery. Many species of small
mammals and birds are found around the lake.

The Colorado River has been significantly altered by the con
struction of dams like Parker and Hoover, and subsequent inundation of
large areas of desert lands. Recreational and other developments have
also changed the natural environment of this area. While most of this
human disturbance has been water oriented along the immediate shoreline,
the surrounding mountain and desert areas until recently were largely
undisturbed by off-road vehicles. Archeological surveys in this area have
not discovered any major sites.

c. Impacts of the Alt~rnatives 70

Of the 4 alternative route designs for this feature, discussed
above, the first 2 would have a more significant impact on the Havasu
National Wildlife Refuge in that these 2 routes would involve more work
along the Bill Williams River and more impact on the attendant riparian
growth and wildlife habitat. This same impact is not present in the
latter 2 alternative routes, which were rejected on engineering grounds
and cumulative analysis of each of the components of the feature. The
route that was selected is a combination of the most advantageous components
from an environmental, engineering, and geologic standpoint.

The selected intake channel design, with its landform embank
ment and attendant recreational potentialities will be constructed from
excavated materials available from the pumping plant site and other features
of the Havasu complex. The advantages of the selected intake channel design
over Alternate F and the other alternatives include decreased construction
costs, more adaptability to land-form design, incorporation of recreational
facilities, less harmful impact on aquatic life created by construction
and operational activities, utilization of spoil materials from other seg
ments of the feature, and enclosure of a smaller surface area of the
Bill Williams arm of Lake Havasu. Three disadvantages of the selected
design are: a minor increase in the quantity of suspended sediment passing
through the Havasu Pumping Plant and into the aqueduct system; lack of
land-based access to all areas of the intake channel for maintenance
purposes; and the possible need for dredging and disposition of sediment
deposits encroaching within the intake channel during the life of the project.
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The impacts associated with the first 1,500 feet of the
alternative routes would be similar to those of the selected design.
Route A would prOVide for greater than lOa-year sediment protection.
However, Route A would fail to utilize material from necessary excavation;
greatly reduce the available surface acres of water for recreation; create
a more extensive loss of aquatic nabitat; interfere with the natural con
tinuity of the shoreline and adjacent islands; displace existing concession
facilities; and have a greater visual impact on the esthetic value of the
overall area. The impacts on the variation of Route A would be similar
to those described above. In addition, there would be increased disruption
of the shoreline resulting from cove excavation and complete relocation of
the marina. This alternative was rejected because of the extensive space
required to develop an equivalent marina area.

The impacts of Route B would be similiar to those of Route A.
Additionally, there would be more significant impact on esthetic values
and a greater potential loss of wildlife from drowning in the open intake
channel. This route was eliminated because of safety hazards to the public
due to the size of the cut required, esthetic considerations, and greater
cost.

Route C was eliminated because of environmental impacts similar
to those for Route A, plus a need for additional spoil deposit areas, and
an increased cost of approximately five million dollars.

Route D would entail less environmental impact tha~ RQutes A
or B since the structure would be underground. However, Route D would
have a higher adverse impact than Routes C, E, or F. It would necessitate
a larger area for spoil deposition and would disrupt existing resort con
cessions. The cost would be greater than Routes A, B, or F.

Route E would have impacts similar to those associated with
Route D but would be about 3 times as costly as Route F. Route F was
initially recommended by the Ad Hoc committee. Route F closely parallels
the existing shoreline and requires surface, as well as subaqueous,
excavation. The embankment is essentially linear except in the general
inlet area. This embankment would use construction materials from the
pumping plant site excavation as well as materials from required excavation
along the channel alinement. There would be an adequate quantity of con
struction materials for the Route F embankment. However, following extensive
evaluation of the environmental, economic, recreational, and sedimentation
factors, Route F was rejected in favor of the selected landform embankment.

The two pumping plant locations that were rejected involved
extensive cuts into the rock hills as well as a cofferdam in Lake Havasu
that the selected site did not require. In addition, both of the respec
tive discharge line locations would be more expensive, have greater visual
impacts, and involve more difficult rerouting of State Hi~hway 95 than the
chosen alinement. The standard design for the pumping plant was rejected
in favor of the lm~ profile design on the basis of esthetic considerations
and the development of more efficient pumps. The below ground design for
the discharge lines was selected because of difficulty in anchoring the
lines, potential interference with wildlife movement, and a lesser visual
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impact than the above-ground lines. The present tunnel location was chosen
on the basis of geologic and economic investigations and a resultant
lessening in environmental impact from construction and operation of this
component. The selected concrete-beam design for the bridge on Highway 95
was chosen to be compatible with the pumping plant desi~n and surrounding
area, and to comply with the specifications of the Arizona State Highway
Department. A steel design was rejected due to its incompatibility with
the improved appearance plan for this feature of the CAP. The steep slope
scheme for cuts involved in site preparation was rejected following evalua
tion of geological factors.

2. Granite Reef Aqueduct

The Granite Reef Aqueduct, originally known as the Parker Route,
was one of the three major alternative route concepts which were analyzed
in de tai1 for comparative evaluation and have been dis cussed above. As
early as 1945, the Granite Reef Aqueduct was found to be the most favorable
alternative from an economic and construction standpoint and is essentially
the route concept authorized for construction by P.L. 90-537. Additional
alternative studies of segments of this route and resultant modifications
were made between 1946 and 1968. Alinement studies, detailed topographic
survey ground control, aerial photogrammetric mapping, and requirements
of the terminal regulatory storage facility in the Phoenix area have all
contributed to these modifications. Also, sprawling urbanization in the
north Phoenix metropolitan area has necessitated location of the aqueduct
on a higher-grade line through Deer and Paradise Valleys to minimize the
acquisition of high cost right-of-way and adverse impact on man's environ
ment.

a. Description of Alternatives 7,64,74

The original alinement for the Granite Reef Aqueduct utilized
4 high-head pumping plants for diversion of water from Lake Havasu as
previously discussed. These pumping plants permitted location of the
Granite Reef Aqueduct at a generally higher elevation across the Cactus
and Ranegras Plains region. This original route was an all-gravity route
from the Buckskin Mountains and required no re1ift pumping stations at
Bouse Hills, the Little Harquaha1a Mountains, Belmont Mountain, and the
Hassayampa River.

Between the Little Harquahala Mountains and the Belmont
Mountains, the original alinement for the Granite Reef Aqueduct would
have been essentially the same as that now proposed for construction.
From the Belmont Mountains, the original alinement crossed the Hassayampa
Plain and River at a much lower elevation, and continued around the
southern tip and eastern edge of the White Tank Mountains for some 30 miles.
The aqueduct route then turned in an easterly direction crossing the Agua
Fria and New Rivers through low-head siphons. From these crossings, the
canal alinement extended across Deer Valley south of the Hedgepeth Hills
crossing the route of the present Interstate 17 near Bell Road, and then
continuing in a southeasterly direction through Deer Valley south of
Turf Paradise just north of the Sunnyslope community. It then turned east
passing south of Squaw Peak and the Phoenix Mountains and continuing
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generally east between Camelback and Mummy Mountains. From this area,
the aqueduct would have turned north crossing through the southern end
of Paradise Valley generally paralleling and north of the Arizona Canal
to the terminal point near the Granite Reef Diversion Dam some 25 miles
northeast of Phoenix, Arizona. This alinement would have required an exces
sive cut section behind Camelback Mountain and was rejected in 1961 because
of excessive right-of-way costs and increasing urbanization of the north
Phoenix area.

During studies in 1961, this alinernent was relocated further
north of the Phoenix area by providing for a pumping station at the
Hassayampa River which would permit passage of the aqueduct north of the
White Tank Mountains by means of a 6-mile tunnel. This alternative aline
ment would have continued from the White Tanks, generally paralleling
the present proposed a1inement, but at a location several miles south on its
trave~se north of the Phoenix area. In 1965, this alinement was again
modified because of the increased pressure from urbanization and difficulty
with routing around existing facilities in Deer and Paradise Valleys.
This alinement also terminated in the Granite Reef Diversion Dam area
and provided for recovery of head by the installation of power drops at
major turnouts near the Agua Fria and Salt Rivers.

These two earlier alternatives were designed for a capacity
of 1,800 cfs which would have utilized a concrete-lined canal having a
bottom width of 22 feet, a depth of 15 feet, and a side slope of 1-1/2:1.
Maximum diversion capability of these two early plans would have been
about 1. 2 maf a year.

These early layouts of the Granite Reef Aqueduct provided for
direct terminal storage on the Salt River, which is also presently pro
posed by providing a connection to the proposed Orme Darn at the confluence
of the Salt and Verde Rivers.

Final layout of the proposed a1inement for the Granite Reef
Aqueduct was started in the mid 1960's. This relocation again was due to
increasing urbanization in the north Phoenix area, excessive right-of-way
costs, and also to obtain a high elevation through the Phoenix area for
connection to the proposed Orme Dam for terminal storage of Colorado River
water. The present plan also dropped consideration of the canal power
plants because of the change in the market value of small quantities of
energy generated by low-head, small volume releases within the Phoenix
metropolitan area.

Several physical sizes of the aqueduct have been considered
during the general planning period for the project. The primary alterna
tive sizes studied in detail were 1,800, 2,500, and 3,000 second feet.
Following is a tabulation showing the physical properties of the alternati.ve
canal sections which have been considered:
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1,800 20.0 14.5 .00006 16.3 1-1/2:1
2,500 20.0 17.0 .00006 19.1 1-1/2:1
3,000 20.0 18.5 .00006 20.7 1-1/2:1
3,000* 24.0 16.4 .00008 18.6 1-1/2:1

*Approved typical section, see Chapter I.

Where:

Q ~ Capacity in second feet
b = Base width in feet
d ~ Water depth in feet
S = Slope of canal in feet per foot
H • Height of concrete in feet
SS • Side slope of canal section

The differences in capacity as shown reflect change in criteria concerning
the cost of pumping energy, operational requirements and flexibility, and
the project water supply. As shown, the physical differences in size
between all alternative sections are small, with only a 4-foot difference
between the base widths. Right-of-way requirements for all sections would
be essentially the same and, therefore, the temporary and long-term environ
mental impacts would be the same for each canal cross section.

Studies have been made for placing the entire Granite Reef Aqueduct
underground, and also for placing just the Paradise Reach (Reaches 11 and
12) underground. These studies conducted in 1963, 1968, and 1972, indi
cated that the construction costs for an underground pipeline would
average about twice those for the open canal section. Based on the 1,800
cfs capacity, a pipe system was estimated at about $2.8 million per mile
as compared to $1.4 million per mile for the open canal section. Recent
estimates for the 3,OOO-cfs capacity indicated that pipe would average about
$4.1 million per mile as compared to $2.8 million per mile for the open
canal. Energy to overcome friction losses in a closed pipeline system
would require about 10 times the energy required for an open canal.
Economic and financial studies have also indicated that an all-pipeline
system could not be justified in terms of benefit-cost ratio and repayment
obligations. The underground pipeline system would have less adverse
environmental impact in terms of esthetic values and big-game losses, and
would also present less safety problems. The open canal section would have
envir~nmental and enhancement aspects and impacts as covered in Chapters III
and IV of this statement.

b. Present Environment of Alternative Locations 135,200
_~~,~~ . tel + -+--~ '.

The present environment of the routes which were considered for
the Granite Reef Aqueduct are very similar to the selected route. There
is minor variation in vegetation and wildlife found across the area between
Lake Havasu and metropolitan Phoenix. The vegetative variations are
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primarily due to elevation and precipitation differences. The wildlife
variations are primarily in the larger mammals which are more influenced
by the presence of man. Some of the earlier considered alinements would
presently require placing the aqueduct in areas which are now residential.
Phoenix has experienced rapid suburban growth in the last 20 years, and
much land which was either desert shrub or agricultural land has now
become urban in character. Even with the lack of any perennial streams
along any of the proposed alinements of the aqueduct, evidence of pre
historic Indian cultures has been found by archeological surveys.

The environmental impacts of the major portion of the aqueduct
alternatives would be essentially the same as discussed in Chapters III
and IV re~ardless of the location across open, uninhabited desert lands.
The alternative locations of the open canal which would place it closer
to Phoenix in its last several miles would create a greater de~ree of
visual impact, as well as increase the hazard of drownings and disruption
of traffic within the suburban area. The alternative of placing the
canal underground would result in fewer impacts on wildlife and humans,
as well as water savin~s from reduced evaporation. The cost of such an
alternative is prohibitive. Bureau of Reclamation statistics show that
over a lOa-year period, costs are approximately 50 percent higher for
pipeline as opposed to open canal.

3. Orme Dam and Reservoir 7,75,190

During the course of planning, the Orme Dam has also been known
successively as the McDowell and Maxwell Dams.

a. Description of Alternatives

The only multiple-purpose alternative to the selected Orme Dam
site, which is located at the confluence of the Salt and Verde Rivers,
would be a dam constructed at the location of the existing Granite Reef
Diversion Dam. The estimated cost of a dam at the Granite Reef site is
about twice the cost of a dam at the confluence site because of a deep
buried channel in the right abutment and the increased length of the
structure. The buried channel would require expensive remedial measures
to reduce seepage under the dam. This buried or relic channel represents
an older Salt River course that subsequently filled with coarse permeable
alluvium. This would increase the overall CAP cost above the cost ceiling
established by the authorizing legislation and approval of an increased
ceiling would be required.

Waddell Dam, which forms Lake Pleasant on the Agua Fria River,
was studied as a sinp,le-purpose alternative structure for regulation of the
Granite Reef Aqueduct flows. This plan, which would provide approximately
50,000 acre-feet of additional storage, would require a 2-way feeder canal
6 miles in length, a pump lift of 65 feet, and raising of or replacement
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of Waddell Dam. This plan was rejected on the basis of the economics
of alternative storage capacity and the en~ineerin~ desi~n problems
associated with increasing the height of the existing dam.

Another possibility considered as a regulatory storage single
purpose alternative for Orme Dam would be the construction of an earthfill
dam on the Gila River east of Florence, Arizona. This dam would not
replace the Gila River siphon but it would provide terminal storap,e for
regulation of CAP flows. A slab and buttress spillway having a capacity
of 251,000 cfs would be located near the rip,ht abutment. A pumping plant
and forebay would be required immediately downstream of the dam. This
plan would also require relocation of approximately 10.5 miles of rail
road. The site would present a seepage problem, and the limited storage
capacity and estimated high construction cost of this plan with the
limited available storage for the single-purpose function provided were
reasons for rejecting this plan. This site would not eliminate the require
ment for Buttes Dam to provide flood control, sediment retention, and
conservation.

A partial single-purpose alternative for Orme Dam would be
raising Theodore Roosevelt Dam on the Salt River. Studies have been
made under the Safety of Dams Program for raising the existing crest of
Theodore Roosevelt Dam by various heights ranging from 3 to 20 feet.
This plan presents promise for optimum resource utilization, but provides
no opportunity for regulating CAP import flQws. Additional studies and
possible construction must be funded under a program other than the CAP.

b. Present Environment of the Alternatives

The Granite Reef site for an alternative dam to Orme would
have essentially the same environment as that described for the Orme Dam
and Reservoir. Geologically, however, the site is underlain by coarse
alluvial gravels tmich, unless sealed, would permit seepa~e beneath the
dam. Vegetation and wildlife would be quite similar, althour,h the Granite
Reef site is closer to metropolitan Phoenix and thus does, and would
receive heavier recreational use. The northerly one-third of the Granite
Reef Diversion Dam lies within the Salt River Indian Reservation.

The use of Lake Carl Pleasant for storage and regulation of
the flows from the Granite Reef Aqueduct would require the enlargement
of the existing reservoir at that site. At the present time, the
environment is one of a large fluctuating reservoir set in a desert location
on an intermittent desert river. Climate, topography, geology, and soils
are all similar to those found at Orme. The vegetation and wildlife
species which require a riparian habitat and cannot survive in a reservoir
area have already been eliminated from the vicinity of this reservoir.
Sone species of fish, especially the non-native varieties which are
enhanced by reservoir environments, are found in Lake Pleasant.

The construction of a dam on the Gila River near Florence would
utilize an area with a climatic environment similar to that found at the
Buttes site, which lies upstream. The dry river channel contains a thin
fringe of mesquite and saltcedar. The flood plain level above the river
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channel is developed as farmland for about 2 miles upstream of the damsite.
The surrounding areas support typical desert vegetation. Wildlife would
be typical of these vegetational communities. There are about 10 miles of
railroad which run along the river at this site.

The climatic environment of the Theodore Roosevelt Dam and
Reservoir, being at a higher elevation and at the junction of two valleys
below high mountains, has influenced the ve~etation to species capable of
growing in areas with colder winters. The differences between Orme and
Roosevelt are related to an existing reservoir and its attendant floral
and faunal changes and climatic variations for a higher desert. Lake
Roosevelt receives heavy recreational use despite its distance from the
Phoenix metropolitan area. The reservoir lies in the Tonto National
Forest.

c. Envir~ntal Impacts of the Alternatives

The use of the Granite Reef site would cause the flooding of
a larger portion of the Salt River Indian Reservation and a portion of
the Fort McDowell Reservation. A portion of the Bush Highway would have
to be relocated. More land in the Tonto National Forest would also be
inundated. The effects of this reservoir on fish and wildlife would be
similar to those discussed in detail for Orme Reservoir in Chapter III.
Heavy recreational use would be expected, causing some degradation of
local vegetation and wildlife.

The environmental impacts of both the Waddell site and the
Roosevelt site would be very similar since both involve the raising of
existing dams and enlargement of the reservoirs behind them. An increased
land area would be inundated,and this would have an adverse effect on the
local vegetation and wildlife within the new area of reservoir fluctuation.
Many of those animals or birds which are disturbed by the construction or
operation of a reservoir have already left the area. Increasing the
capacity of either of these reservoirs would increase the available fishery,
as well as the recreational capacity of the area. More fishing, boating,
and swimming areas would be available. The Roosevelt site would add partial
flood control on the Salt River for the benefit of Phoenix, but would pro
vide no control for Verde River or lower tributary flooding and would
provide no sediment control. The Waddell site is on a river that does not
affect Phoenix.

The use of a site on the Gila River would inundate irrigated
farmland, riparian vegetation, and wildlife, and would create a small
reservoir fishery. However, the use of the Gila River site would not
fulfill one of the major objectives of the Orme site, which is to provide
storage and conservation of floodwaters for the protection of and later
use by the city of Phoenix and the surrounding suburban communities. This
facility could provide minor flood protection to the people of Florence,
and storaRe of surface runoff, but other facilities would be needed to
provide this service to metropolitan Phoenix. The Buttes Dam which will
be located not far upstream from this site will adequately provide flood
control on the Gila River above Florence.

209



4. Salt-Gila Aqueduct

a. Description of Alternatives 7,75

Several alternative routes for the Salt-Gila Aqueduct have
been considered since the 1947 report. The alinement of the Salt-Gila
Aqueduct used in the 1947 report started at Stewart Mountain Dam on the
Salt River and ended at the Santa Cruz Flats in the vicinity of Eloy.
This routing and concept were modified by the 1961 design due to water
right, economic, and quality of water mixing factors. In the 1961 design,
the aqueduct started at a turnout structure at the end of the Granite
Reef Aqueduct near the Granite Reef Diversion Dam, with the flows from
the Colorado River carried across the Salt River in a siphon to the
Salt-Gila pumping plant. The present alinement is easterly from and at
a higher elevation than the 1961 alinement to take advantage of protec
tive flood works constructed or planned by the Soil Conservation Service
and to bypass areas experiencing land subsidence and accompanying earth
fissures which are evident at the lower elevation.

b. Present Environment of the Alternatives

The environment which was described in Chapter II for the
selected route is essentially identical to that which is found along the
routes of the alternatives. All of the alternative routes would cross
creeks, washes, or rivers which periodically carry storm runoff or flood
flows from summer thunderstorms or winter rains and snowmelt. Occasional
mixing of turbid runoff with Colorado River water may occur from reser
voir releases at Orme or Buttes.

c. Environmental Impacts of the Alternatives

The impact associated with the alternative canal routes would
be similar in most respects to that of the present route discussed in
Chapter III. The introduction into the aqueduct of floodflows controlled
by the Soil Conservation Service dikes is not contemplated.

5. Buttes Dam and Reservoir 7,75

a. Description of Alternatives 82,170-172

Studies of alternative plans at the present site and at other
sites have been conducted by the U.S. Geological Survey, U.S. Indian
Irrigation Service, U.S. Corps of Engineers, Soil Conservation Service,
and the Bureau of Reclamation. The first study started in 1895 and
subsequent studies have, in addition to the Buttes Reservoir site, con
sidered the Queen Creek, Riverside, Christmas, Coolidge, Camelback, Alma,
Conner, Red Rock, Upper Red Rock, Lower Red Rock, Quail Spring, Tres
Alamos, Cascabel, Charleston, and Aravaipa sites.

Studies for the Buttes site examined a low concrete gravity
dam prOViding storage for sediment control and irrigation, and a higher
structure that would add the flood control function. The height above
the streambed of the lower and higher structures would be about 187 feet
and 217 feet, respectively.
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The nlltt~s site '... 3S considered to be superior over<:lll to
ch(' Riverside stte which i.s located 6 miles downstream fror.l Kelvin. A
Gila ~iver ~ain~trea~ strea~ structure below the mouth of the San Pedro
~i\'cr ,,,auld be superior to a stnlcture on the San 'Pedro River.

The farthest downstream site on the San Pedro River is the
Aravaipa site. This site would be the most viable for controllin~

San Pedro riverflm"s entering the Gila River. The avera~c yield of
Aravaipa reservoir would be about 75 percent of that of Buttes Reservoir
vmile the estii:1~ted construction CORts ,wulcl be aoproxi!"'",ately equal. Since
construction of a dan and reservoir at the Aravaipa site would provide
less benefits than the Buttes site and environmental consequences would
be similar, it was eliminated from further consideration.

b. Present Environment of the Alternatives

The present environment for a hi~h or low dam at the Buttes
site is the same as described in Chapter II. The Aravaipa site on the
San Pedro River is upstream frOM the Buttes site, at a sli~htly hi~her

elevation. Its ve~etation and wildlife are similar to those found at
the Buttes site. The San Pedro River throu~h the Aravaipa site is an inter-·
mittent stream with no resident fish. There is some riparian vegetation
and irrigated farmland along the San Pedro River above and below the
confluence of Aravaipa Creek. There are two gypsum mines shown on the
Geological Survey map of this area. The potential of the site for develop
ment of other minerals is not known. No towns or communities would be
influenced by this alternative site, although, as with all riverbank areas
in this section~ there may be some archeological sites of si~nificance.

c. Imnacts of the Alternatives

The Aravaipa alternative would inundate an area at the con
fluence of the San Pedro River and Aravaipa Creek. Two mines would
probahly be inundated, as wouln a moderate acrea~e of riparian ve~etation

and farmland. State Highway 77 would have to be relocated. Data are
incomplete with regard to possible relocation of the San Manuel Railroad.
Other impacts, related to the construction. operation and maintenance of
the dam at this site would be similar to those described under section C,
Chapter III covering Buttes Dam.

The route selected for the Tucson Aqueduct is an alternative
to the route considered in 1961 and 1962. For the sa~e water quantity. the
previous route considered a pipeline system and three pumpinq; plants.
The initial lift would be in the vicinity of Picacho Reservoir. The
pipeline route would be southerly to Picacho Pass and then parallel. to
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Interstate 10 and the Southern Pacific Railroad to Tuc~on. Two addition~

al pumping plants would be requi~ed to ov~rcome the elevation difference
and the friction loss of the 56-mile-long pipeline. The total pump lift
would be 920 feet. As the magnitude of the subsidence and cracking increased
along the alinement east of the community of Picacho, the desirability of
using an alternative alinement to avoid the problem became vital.

b. Des£rip~i~n of. the Present Environment

The most significant difference between the present environ
ment of the initial routing of the aqueduct and the present routing is the
amount of land subsidence and cracking which has occurred on the former
route. For the most part, the route crosses open desert lands, near
existing highways and railroads.

c. Impacts of the Alternatives

The cons.truction impacts which would be associated with this
type of a pipeline system are discussed in Chapters III and IV. Maintenance
and operation of the alternative pipeline would have encountered serious
problems because of severe subsidence and fissuring of the land. Any
esthetic disturbance caused by the construction and visible from the high
way or railroad would have been temporary, and mitigated by successional
revegetation and careful construction practices. As the proposed alterna
tive pipeline would be buried, no long-term disturbance of wildlife would
occur.

7. 7,75

There are several alternative locations and designs and environ
mental considerations that have been explored for the San Pedro Aqueduct.
The more notable ones are discussed below.

a. Description of Alternatives

The present design for the aqueduct calls for an all pipeline
system originating at Charleston Reservoir on the San Pedro River. Water
will be carried in a pipeline to a pumping plant 4 miles downstream and
then raised about 320 feet in elevation throu~h a 5-l/2-mile-long pipeline
traveling westerly. From that point, the water will flow northwesterly
by gravity to the vicinity of Tucson.

One alternative to the present system would be a pipeline route
at a higher elevation from the pumping plant to Tucson. Such a system
would require more energy for pumping and a longer section of higher
strength pressure pipe for the discharge lines. Both factors would add
considerably to the cost of delivery of the water. If the route were at
a lower elevation, the pipeline would be longer in order to follow the
ground contours around ridges and would require larger diameter pipes to
reduce friction losses. This, too, would add considerably to the cost of
delivery of water. Another alternative would be an open concrete canal and
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buried pipeline combination. Under this systeM, water would be released
throup,h a controlled outlet through the dam into an 18-cfs open concrete
canal which would convey it 20 miles downstream to the vicinity of
St. David. A pumping plant installed at this point would pump the water
across the river to a higher elevation from Whence it would flow by
gravity to the Tucson municipal water system through a concrete pipeline.
A variation of this alternative would be to use a larger capacity canal
to carry water to the St. David and Pomerene areas for irrigation, in addi
tion to the 18-c~s capacity for Tucson. Under this variation, the river
crossing siphon would be north of Benson and the pumping plant would be
located west of the river. This alternative has been considered in rela
tion to methods of handling reservoir releases to satisfy downstream water
rights.

b. Present Environment of the Alternatives

The present environment along the alternative pipeline routes
would include areas or riparian vegetation along the banks of the San
Pedro River. These areas have a variety of wildlife, and there are
possibly undiscovered archeological and historical sites along the river
itself. In general the area is similar to that described in Chapter II
on the San Pedro Aqueduct.

c. Impacts of the Alternatives

The impacts of the various alternative buried pipeline routes
would be quite similar. The right-of-way needed for any possible route
to Tucson would vary with the length of pipeline.

As 'nth the proposed route discussed in Chapter I, the pipe
lines would be buried in each instance, allowing restoration of the area
as nearly as possible to its original condition, consistent with the need
for continued access to the pipeline right-of-way for maintenance purposes.
The right-of-way would pass mostly through unimproved land. The alterna
tives of using an open canal to deliver water from the dam to the Vicinity
of the pumping plant would require the permanent alteration of riparian
areas along the river, and would also have as yet unquantified effects on
the river in this vicinity due to the fact that water releases for both
municipal use in Tucson and irrigation uses in the St. David and Pomerene
areas would be through the canal and not through the natural riverbed.

8. Charlesto~_~~_an~~~~~~~7,44,46,63,75,135,172,177,178

a. Desc..r'!p~i0I!..of the Alternatives_ 172

Three alternative designs for the Charleston Dam have been
considered to prOVide the same multipurpose functions. One of the
alternative designs was an earthfill structure. The second was a concrete
gravity structure with an earthfill dike to close a topographic saddle.
Each of these was rejected in favor of the third (or selected) alternative
which provides a more economical concrete, thin arch desi~n concept.
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A single-purpose alternative for the Charleston Dam site
was also investigated to provide a single-purpose municipal and industrial
supply function. This alternative was not given further consideration due
to the limited service provided.

b. Present Environment of Alternatives_..:..;;. ..... =:-::.:..::::....-=:.;::.......;..:;.:::;.=,.::.::..;:.::.:c:...::.;::.......::.:::..

The environment would be comparable to that described in
Chapter II. No significant deviations in the natural conditions found
at the Charleston site would be expected.

c. Impacts of the Alternatives

Construction impacts would be essentially identical to those
described in Chapters III and IV. The final appearance of the dam would
have been different if the alternatives were constructed, but the overall
impact of the dam and the reservoir on the biota and archeological sites
in the reservoir area would remain the same.

9. Hooker Dam and Reservoir 7,23,33,34,37-39,45,51,60,66,108,142,
159,164,177-179,181,182,184,189

Due to environmental effects attributed to infringement by the
proposed Hooker Reservoir on a portion of the Gila Wilderness Area,
alternatives to Hooker Dam are being investigated to determine their
suitability. The alternatives to Hooker Dam which could be located
on the Gila River include the Conner, Telegraph, and Gila-Man~as sites.
There are also two sites on the San Francisco River which could be used
for alternatives or supplements to a Gila River mainstream alternative.
These are the Alma and Reserve sites. As indicated in its letter of com
ment on the draft statement, the New Mexico Interstate Stream Commission
has continually and consistently expressed its preference for the Hooker
site as compared to either of the alternatives on the San Francisco River.
The New Mexico Department of Game and Fish, in its letters of comment on
the draft statement, also expressed a preference for the Hooker site,
subject to further study of the alternatives. The New Mexico Environmental
Improvement Agency likewise requested further study of alternatives to
Hooker. Each alternative is discussed below.

a. Des,crip t,ion of ,tJ'le Alternatives 169,171,172,181

The Conner Dam site is located in the lower end of the
"Gila Middle Box~rt a narrow, precipitous canyon extending about 10 river
miles downstream before opening into Red Rock Valley. This site on the
Gila River is about 7 miles upstream from the community of Red Rock,
New Mexico in the SEI/4, SWI/4. Section 13, T. 18 S., R. 18 W., NMPB&M.
Because of its rock foundation and topographic configuration, the
Conner site is considered ideal for a thin concrete arch dam structure.
The reservoir, when full, would extend about 15 miles on the Gila River
above the damsite. The major portion of the reservoir would be located
in the Gila National Forest. The lower half of the reservoir would be in
a narrow, precipitous canyon with very little riparian ve~etation. This
site was investigated by the Bureau of Reclamation in 1930.
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The Telegraph Dam site is located on the Gila River at the
opening of the "Gila Middle Box." The site is suitable for an earthfill
dam. There are about four possibilities for the axis location. However,
the best axis is located in the NE~, Section 28, T. 17 S., R. 17 W.,
NMPB&M, about 14 river miles downstream from the communities of Cliff
and Gila, New Mexico. The reservoir, when full, would extend upstream
about 8 miles. The inundation would affect Gila National Forest land and
private land that has been purchased by mining interests and retired from
irrigated agriculture in order to transfer the water rip.hts to mining
uses at Tyrone.

The Gila-Mangas site is located on the Gila River approximately
9 river miles below the communities of Cliff and Gila, New Mexico, in
Section 3, T. 17 S., R. 17 W" NMPB&M. The site is about a mile below
the mouth of Mangas Creek. The reservoir would inundate an area up to
8 mil~s above the dam or almost to the communities of Cliff and Gila.
In this area, the Gila River Valley is similar to the Telegraph site,
but with broader flood plains supporting more riparian vegetation. Private
lands which would be inundated have been withdrawn from irrigated agricul
tureby mining interests for water right purposes, the same as at the
Telegraph site.

The Alma site is located on the San Francisco River in
Section 9, T. 11 S., R. 20 W., NMPB&M, about 1-1/2 miles downstream from
the community of Alma and 7 miles north of Glenwood in Catron County,
New }~xico. Other suitable sites are available within 3 or 4 miles below
this site. The Alma Dam site is suitable for a thin arch concrete dam.
The reservoir created would inundate about 1,700 acres of private irri
gated grazing land and some Gila National Forest land. Construction of
the dam and reservoir would require relocation of approximately 5-1/2 miles
of U.S. Highway 180. The community of Glenwood would not be affected by
flood releases from reservoir operations. This site was first investi
gated by the Bureau of Reclamation in 1920 as part of the San Carlos
project.

The Reserve site is located on the San Francisco River in
Section 35, T. 6 N., R. 19 W., NMPB&~, about 6 miles northwest of the
community of Reserve in Catron County, New Mexico. The site is suitable
for a thin arch concrete structure. The reservoir created would require
acquisition of several ranches with 750 acres of private land.

One possible hydrologic al ternati ve to Hooker or the above
mentioned alternative daMsites would be the production of the 18,000 acre
feet of water per year specified by Section 304 of P.L. 90-537 for use in
N~v Mexico by pumpin?, ?,round water from the Cliff-Gila Valley. The water
quality would not be suitable for domestic uses without expensive fluoride
removal measures.

b. Present Environment of the Alternatives- .._---- _._-------_.- . ----- ---------

Five sites have recently been considered as alternatives to
the Hooker site: Gila-Man~as, Telegraph, Conner, Alma, and Reserve. The
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Gila-Mangas, Telegraph, and Conner sites are located on the Gila River
while the Alma and Reserve sites are located on the San Francisco River,
a tributary to the Gila River.

(1) Conner Site 169

(a) Geolo..BY and Topography 169

Conner Dam site is located about 7 miles upstream
from the community of Red Rock, New Mexico. The Conner site, much like
the Hooker site, is located in a narrow canyon between the Red Rock
Valley and the Cliff-Gila Valley, an area of complex faultin~ and vertical
displacement. Generally, the foundation of the damsite is granite with
tertiary volcanics and thin mantles of overlying alluvial materials.

(b) Mineralization 136

. No significant mineral deposits have been located
in the Conner site. The only deposits of importance in the area were
fluorites further upstream above the Hooker site.

(c) Vegetation23 ,135

The northeasterly facing slopes of the Conner reser
voir area are covered with dense juniper woodlands while the south facing
slopes are covered with xerophytic shrubs and grasses.

(d) Invertebrates 33 ,

The invertebrate fauna of the Conner site is similar
to the type found at the Hooker site.

(e) Fish 34,164

The ichthyofauna of the Conner site include catfish,
chubs, suckers, and minnows. Trout are planted in areas approximately
25 miles above the damsite. Water temperatures range from 32°F. to
80°F. Catfish can propagate within this temperature range, but the higher
temperatures preclude most trout propagation. The extremes in
streamflow, 3 cfs to 40,000 cfs, can be detrimental to the introduction
of game fish. Water is diverted upstream and downstream for farming and
industrial uses. Downstream water rights are assigned to fish or wild
life through retirement of irrigated lands.

The similarity in climate, elevation, and vegeta
tion between the Conner and Hooker sites provides an indicator of the
herpetofauna to be expected at the Conner site. The Hooker site herpeto
fauna are listed in Tables 5 and 6 of the Appended Material.
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(g) Birds 39,164,176

The game birds in the Conner Reservoir area include
mourning dove, scaled quail and Gambel's quail. The avian fauna list for
the Hooker site provides an extensive listing of the species, most of which
may also be found at the Conner site (Tables 7 and 15 of the Appended
Material). The Mexican duck, bald eagle, and peregrine falcon, as dis
cussed in the section on birds for the Hooker site, may be found at the
Conner si te.

(h) Mammals 39,66,176

Game species of the area include sonoran whitetail
deer (locally called sonoran fantail deer) and mule deer. C0mmon fur
bearers such as beaver, weasel, fox, badger, raccoons, and muskrats, are
present. The list of the mammals found at the Hooker site may be con
sidered partially applicable for the Conner site (Tables 8 and 16 of the
Appended Materials).

(i) Archeological 177,182

No evidence of archeological surveys of the Conner
site is available for this statement. Survey of the site will be necessary
as a part of the alternative site determination.

(j) Land Use Patterns 135

are very rugged,
just open land.
The river-bottom
range.

The mountain and hill
wooded in parts, used some
The major landowner in the
and valley lands have been

areas of the upper Gila River
for grazing, but mainly are
area is the Federal Government.
used for farming and livestock

(2) Teleuaph Site

(a) 135Geology and Topo~raphy

The Telegraph Dam site is located at about
5,000 feet in elevation in a remote area on the upper Gila River,
14 miles below Cliff and Gila, New Mexico. The topography in the canyon
is extremely rugged. The reservoir bottom areas contain farmland. The
site lies within the Mexican highland section of the Basin and Range
physiographic region near the boundary with the Colorado Plateau Province.
The Telegraph site, like both the Hooker and Conner sites, is situated
in an area of volcanic rock with some alluvial deposition along the
tributary creeks and in the canyon bottom.

(b) 136Mineralization

Although this site, like all of the others, is located
within the most highly mineralized area of western New Mexico, no signifi
cant deposits have been reported within the reservoir area.
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(c) Vegetation23 ,135

The vegetation on the Telegraph site has some
similarity to that of the Hooker site. The south facing slopes are
covered with xerophytic shrubs and grasses while the north facing
slopes are covered with juniper woodlands.

(d) Invertebrates 33

For the most part, the invertebrates for the
Hooker site can be expected to be found at the Telegraph site. The
similarities in elevation, climate, and some vertebrate fauna would
indicate the similarities in invertebrate fauna.

The ichthyofauna of the Telegraph site include cat
fish, chubs, suckers, minnows, and speckled dace. The extremes in stream
flow, 17 cfs to 25,500 cfs, are detrimental to introduced non-native fish.
The low streamflows occur during seasonally dry periods when water is
diverted for irrigation. Water temperatures durin~ low flow are detrimental
to the trout population. The Gila topminnow on the endangered species
list (see section on fish at Hooker site) occurs in the Safford Valley
and not at this site.

(f) Amphibians and Reptiles 38

The similarities in climate, elevation, and vegeta
tion between the Hooker and Telegraph sites would indicate some similarity
in herpetofauna. The list of Hooker Reservoir site herpetofauna is
included in Tables 5 and 6 of the Appended Material.

(g) Birds 39 ,66,164,176

. Game birds at the Telegraph site include mourning
dove. Gambel's quail, bandtail pigeon, wild turkey, and scaled quail. Two
hundred and twenty-six avian species are listed ~or the Hooker site
(Table 15 of the Appended Material) and a similar number and species.
composition would be expected at the Telegraph site. The Mexican duck,
bald eagle, and peregrine falcon, as described in the section on birds
for the Hooker site, are included in the endangered species list.

(h) Mammals l64 ,l76

Whitetail deer, mule deer, black bear, and
javelina are known to the area. Antelope inhabit the open areas west of
the Gila River. Common fur bearers at the Telegraph site are beaver,
weasel, fox, badger, raccoon, and muskrat. The listing of mammals in the
Hooker site (Tables 8 and 16 of the Appended Material) represents an adequate
listing of the probable species at the Telegraph site.
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(i) Land Use Patterns 135

This area, lying just above the Conner site on the
Gila River, is similarly remote. It is surrounded by National Forest lands
and is used to some extent for ~razing.

~o survey is knovrn to have been made at this site.
A reconnaissance study will be made to assist in the evaluation of alterna
ti ves.

The Gila-Hangas si te is located on the Gila River
about 9 miles belm., the communities of Cliff and Gila, ~lew Hexico. This
site is located in a canyon below the mouth of Mangas Creek, just above
the Telegraph site. The topography is p,enerally rur,p,ed and mountainous.
The geology of this site is si~lar to that found at the Telegraph and
Hooker si tes •

(b) ~lineralization

Patterns of mineralization in this area are similar
to those of the Conner and Telegraph sites.

(c) 23
V~et.ation

The riparian community along the Gila River above the
Gila-Mangas site is in open terrain and is dominated by baccharis and
galleries of cottonwood. The exposed hills in this open area have scat
tered small mesquite and one-seeded juniper with ~rasses, and other
xerophytic shrubs. The south facing slopes in the reservoir area are
covered with xerophytic shrubs and grasses while the north facing slopes
are covered with juniper. The upper end of the reservoir site at the
lower end of the Cliff-Gila Valley has marsh habitat.

(d) Invertebrates 33

The invertebrates typically found at the Hooker
Reservoir site are also likely to be found at the Gila-Mangas site due
to the similarities in climate, elevation, and vertebrate species.

(e) Fish 34,66,164,176

The ichthyofauna of the Gila-Mangas site include
catfish, chubs, suckers, and speckled dace. The rainbow trout are sea
sonally stocked upstream from this site. The extremes in streamflow,
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17 efs to 25,500 cfs, can be detrimental to introduced game fish. The
low streamflows occur during seasonally dry periods when water is also
diverted from the river for irrigation. Water temperature during the low
water period is not acceptable for salmonids. Downstream water rights are
held in part for fish and wildlife through purchase and retirement of lands
by the New Mexico Game and Fish Department for the operation of Roberts
Lake on Sapil10 Creek.

(f) ~hib~~.~ ~Reptiles38,164

The herpetofauna for the Hooker Reservoir site have
been inventoried (Tables 5 and 6 of the Appended Material). For the most
part, the same species should be likely inhabitants of the Gila-Mangas site.

(g) Birds· 37,39,66,164,176

The Gila-Mangas Reservoir area is rich in avian fauna.
Two hundred and twenty-six species are found at the relatively close Hooker
site (Tables 7 and 15 of the Appended Material). A similar number and
composition would be expected in the Gila-Mangas site. Game birds on the
Gila-Mangas site include mourning dove, scaled quail, Gambel's quail,
bandtail pigeon, and wild turkey. The Mexican duck, bald eagle, and
peregrine falcon, as discussed in the bird section of the Hooker site
description, are classified as endangered species.

(h) Mammals 37,39,66,164,176

Common big-game and fur-bearing mammals are
whitetail deer, mule deer, black bear, beaver, weasel, fox, badger,
raccoon, and muskrat. Javelina and elk are present in small numbers
and antelope are found in open areas west of the Gila River. Listings of
the small mammals likely to be found at the Gila-Man~as site are included
in Tables 8 and 16 of the Appended Material for the Hooker site.

(i) Ar<:!teolo~ica!- 177,182

The Gila-Mangas site is similar in archeological
potential to the Conner, Telegraph, and Hooker sites. There may be ruins,
trash mounds, and other remains of archaic cultures in the area. Further
investigations are programed to assist in the evaluation of alternatives.

(j) La~~~e Patterns 135,169,181

The Gila-Mangas area is remote and primarily in
private ownership. Land uses include recreation, grazing, some farmland,
and the pumping plant of Phelps Dodge Corporation for diverting water
from the Gila River for use at the Tyrone mine operation. Very low popula
tion density exists in the area.
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(4) Alm~ Site 181

(a) Geol~~_~nd Topography-l3S , 169

The ALMa site is located on the San Francisco River
about 1-1/2 river miles below the community of Alma, New Mexico. The
San Francisco River runs throu~h an open valley at about 5,000 feet in
elevation. The area is partially similar to the climate and topoQraphy
of the Hooker si te. The river channel through the valley flmvs inter
mittently. Geolo~ically, this area is part of the Mo~ollon Rim and is
volcanic in origin. It is similar to the Hooker site in this respect.

(b) Mineralization 16

Several gold mines are located at higher elevations
(5500 feet) approximately 4 to 6 miles east of the site at the old mining
town of Mogollon. These nines would not be affected by the dam or reser
voir.

(c) vegeta~~~~23.l35,164

The native vegetation at the Alma site is similar
to that inventoried and listed for the Hooker Reservoir site. Both
sites are similar in elevation, climate, and topo~raphy. Ver,etative
zones for this site include the upper sonoran and transition zones with
their characteristic dominant species. The vegetation alon~ the channel
of the intermittent flowing river is less dense than that along the
perennial flowing Gila River.

(d) Invertebrates 33,164

The similarities in elevation, climate, and flora
between the Hooker and Alma sites are also reflected in the invertebrate
fauna. The invertebrate fauna for the Hooker Reservoir site may
be applied for the most part to the Alma site.

(e) Fish 34,66,142,164,176

When the riverbed contains water, the ichthyofauna
of the Alma area includes channel catfish, suckers, and dace. Approximately
2 miles below the damsite, springs feed the river and the fishery is year
round. At the damsite, the flow varies from 0 cfs to 7,000 cfs with
frequent dry periods. The frequent dry condi tions are unsui table for all
fish species. No water rights are designated for fish.

(£) Arnphibi_~"-s__~"-d R~£!!}e~~R,176

To the extent that similar conditions are found.
the list of herpetofauna inventoried for the Hooker Reservoir site may
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reasonably be applied to the Alma site (Tables 5 and 6 of the Appended
Material) •

(g) Birds 39 ,66,164,176

The extensive avian list for the Hooker Reservoir
site (Tables 7 and 15 of the Appended Material) may be considered partially
applicable to the Alma site. Major game species include the scaled quail,
Gambel's quail, bandtail pigeon, wild turkey, and mourning dove. The bald
eagle and peregrine falcon, included on the endangered species list, may
occasionally be found in the general vicinity of the Alma site.

(h) Mammals 39 ,66,164,176
t

The inventory and listing (Tables 8 and 16 of the
Appended Material) of mammals for the Hooker Reservoir site should be
similar to those species expected to be found at the Alma site. Major
game and fur-bearing species are: whitetail deer, mule deer,
black bear, beaver, weasel, fox, badger, raccoon, and muskrat.

(i) Archeological 177,182

The remains of cultures similar to those described
in the archeological section on the Hooker site may be found in this
area, although the dam and reservoir area has not been surveyed in any
detail. A reconnaissance survey will be made of this site to assist in
evaluation of alternatives.

(j) Land Use Patterns 135,181

The settlement of Alma, New Mexico, would be inundated
by the reservoir. Several miles of U.S. Highway 180 would also be flooded.
The ranches in the reservoir area have some irrigated land to supplement
the range forage supplies. Ground water provides a portion of the irriga
tion water that cannot be provided by surface diversion.

(5) Reserve Site 181-
(a) G.eo.lpgy !ond Topo8"raphy

The Reserve site lies in the northwestern Mogollon
Mountains about 6 miles northwest of Reserve, New Mexico. The San Francisco
River valley in the area of the damsite is in a steep walled canyon sur
rounded by rolling hills. The 6,OOO-foot elevation and relief are different
from the Alma site downstream.

Geologically, the Reserve site lies within the
volcanic Mogollon Rim. Typical rock types are volcanic, with some over
lying alluvial fill.
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(b) Mineralization

At present, there is no mining activity in this
vicinity. Southwestern New Mexico has known resources of many minerals,
but no survey of the Reserve site has been made to determine if economically
recoverable resources of any minerals are present.

(c) Vege~ationl64

The elevation of 6100 to 6300 feet, climate, and
general topography of the Reserve site are somewhat similar to those of
the Alma site. The vegetative life zones for the Reserve site include the
upper sonoran and the transition life zones. The upper sonoran zone is
dominated by oaks and the transition zone by ponderosa pine.

(d) Invertebrates 33

The dissimilarities in elevation, climate, flora,
and vertebrate fauna between the Reserve and Hooker sites would be reflected
in the differences in invertebrate fauna. The inventory of invertebrate
fauna of the Hooker Reservoir site can only be considered partially appli
cable to the Reserve site.

(e) Fish 34,66,142,164,176
----------
The riverflow at the Reserve site is seasonally

variable with water being stored upstream in Luna Reservoir and released
for diversion at Luna for irrigation. The Tularosa River supplements the
flow of the river below the Reserve site. Ichthyofauna include catfish,
suckers, rainbow trout, minnows, chubs, and possibly smallmouth bass.
The lack of water during the summer is detrimental to fish. Water rights
for fish and wildlife in the San Francisco River drainage have been
acquired by transfer of water rights from agricultural lands purchased
and retired from productivity.

(f) Amphibians and Reptiles 38,164,176

The extensive listing for the Hooker Reservoir site
(Tables 5 and 6 of the Appended Material) can be only partially used for
this site due to differences in elevation, climate, and vegetation between
the Hooker and Reserve sites.

(g) Birds 39 ,66,164,176

A large portion of the 226 avian species inventoried
and listed for the Hooker site may be found at the Reserve site with a
few additional species more suited to the higher elevation and attendant
type of habitat. Major game species include the scaled quail, mourning
dove, Gambel's quail, bandtail pigeon, and wild turkey. The bald eagle
and peregrine falcon listed on the endangered species list may occasionally
be found in the area.
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(h) Mammals 39,66,164,176
I

A listing of the mammalian fauna of this site may
be partially inferred from the Hooker site list. Major game and fur
bearing species include whitetail deer, mule deer, black bear, elk, beaver,
weasel, fox, badger, raccoon, and muskrat.

(i) Arche,ologi cal 177,182

Past studies of the Cochise, Mogollon, Mimbres, and
Cibola cultures and excavation of the Luna and other village sites as
reported in publications in 1907, 1919, 1936, 1938, 1940, 1943, 1947, and
1949, together with more recent work, provide some archeological knowledge
of the area. Additional reconnaissance surveys of the specific area
involved may be necessary during evaluation of alternatives.

(j) Land Use Patterns 135

The Reserve site within the Gila National Forest lies
in a remote portion of the mountainous country of western New Mexico. The
small town of Reserve lies about 6 miles southeast of the damsite, and the
small town of Luna is upstream from the damsite about 10 miles west. There
are many small ranches in the area. Most of the land used for grazing of
livestock is under Forest Service permit. The forest is also managed for
timber production.

e c. Impacts of the Alternatives

The acres of vegetation which would be inundated by the
alternative sites on the Gila River are as follows:

Reservoir Riparian Riparian Pinyon-Oak Xeric
Site Shrub Woodland & Juniper Shrub Agriculture Total-

Conner 119.0 158.9 354.5 699.6 140.7 1,472.7
Telegraph 109.2 171.3 251.2 448.8 518.8 1,499.3
Gila-Mangas 135.6 462.8 414.8 488.0 876.6 2,377.8
Hooker 112 161 289 502 1,064

The Conner Reservoir would extend or influence about 15 miles
of scenic Gila River upstream from the damsite ~ The greater part of the
reservoir would be located in the Gila National Forest, The lower half of
the reservoir would be in a narrow, precipitous canyon. The riparian
vegetation in the area has a high proportion of baccharis. Under extreme
flood conditions, the reservoir could affect about 5 miles of riparian
vegetation in the lower reaches of the Cliff-Gila Valley. Operation of
the reservoir would probably affect fewer plants and animals both in species
diversity and biomass than any of the upstream alternatives considered.

The Telegraph Reservoir would affect about 8 miles of the
river upstream from the damsite. Four vegetative types occur along this
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part of the river, with about 519 acres of agricultural land located
in the upper extreme reaches of the reservoir area. Several fine stands
of Arizona walnut, sycamore, cottonwood, and willow occur in this area
and provide nesting habitat for many species of birds. A wide variety
of 'l'iildlife inhabit the riparian brush and ecotone surrounding the wocxI
communities of this site.

The Gi la-Mangas Reservoir ,.;ould inundate an area u~ to 8 roi les
above the dam or almost to the communities of Cliff and Gila. This reser
voir would inundate more riparian shrub, riparian wood land, pi nyon, juniper
oak, and agricultural areas than the other three reservoirs on the Gila
River. The most important loss would be the riparian woodland communities
(463 acres) which provide excellent wildlife habitat. This portion of
the Gila River valley is similar to the Telegraph Reservoir area, but
with broader flood plains supporting more riparian vegetation. The lower
portion of the Cliff-Gila valley also has some marshy habitat that has
developed as a result of irrigation return flows and a high ground-water
level.

The Alma Reservoir, located on the San Francisco River, would
inundate about 1,700 acres of private irrigated and grazing land and
some Gila National Forest land. The settlement of Alma, New Mexico would
also be inundated. Though aquatic life occurs in the river reach affected
by a potential reservoir, no fishing has established itself as the river
bed frequently goes dry. Very little riparian vegetation exists in this
stretch of the river. The site is upstream from the general area of the
introduced Rocky Mountain bighorn sheep.

The Reserve Reservoir would also be located on the
San Francisco River. It would inundate about 750 acres, including some
600 acres of grazing land, and require the acquisition of several ranches
in the area. Flood control protection would be afforded to the town of
Reserve. The reservoir would provide some additional reservoir fishery
and scheduled releases would enhance the almost nonexistent downstream
cold water stream fishery in the San Francisco River.
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CHAPTER IX

CONSULTATION AND COORDINATION



IX. CONSULTATION AND COORDINATION

A. Consultation and Coordination during Development of the Proposal
and during the Preparation of the Draft of Environmental Statement

1. Public Participation Leading to Project Authorization 7,8,10,173,
- -- - L74

The general public has been actively aware of the proposal for
the CAP at least since December 1947 when the Central Arizona Project
Report was submitted to the Secretary of the Interior. As a result of
the favorable report, the Secretary submitted the proposal to Congress
in 1948. The well-publicized court decision in Arizona v. California
was the result of this first submission to Congress. This decisIon
was followed by additional versions of the CAP bills being introduced into
the House and Senate in 1963, 1964, 1965, and 1967, and a compromise
version being approved by the House and Senate and signed by the President
in 1968.

During the long legislative history of the CAP, many persons and
groups were able to present their views to the Congress on the environmental
consequences of the project. Among the persons providing testimony on
the impact of the CAP to Congressional committees were:

Individual

Mr. David Brower

Miss Joy Coombs

Dr. Robert Dennis

Dr. Alfred Etter

Mr. Jeffery Ingram

Mr. Thomas Kimball

Mr. D. B. Luten

Mr. Michael McClosky

Mr. Stephen Raushenbush

Dr. Spenser Smi th, Jr.

Dr. Ruth Weiner

Organization

Executive Director, Sierra Club

Grand Canyon Workshop of the Colorado
Open Space Coordinating Council

Izaak Walton League of America

Defenders of Wildlife

Southwest Representative, Sierra Club

Executive Director, National Wildlife
Federation

Federation of Western Outdoor Clubs

Conservation Director, Sierra Club

Consultant to National Parks Association

Citizens Committee on Natural Resources

Grand Canyon Workshop of the Colorado
Open Space Coordinating Council
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As a result of opposition by environmental groups and the deter
mination that other sources of electric power should be authorized (see
Chapters I and VIII), the Bridge and Marble Canyon Dams were deleted
from the project. Awareness of and response to environmental issues
also resulted in language in the authorizing legislation which provided
for further study of alternatives for Orme and Hooker Dams. These con
cerns are listed in more detail in Chapters III, IV, and VIII of this
final statement.

2. Federal and state Studies Associated with Devel07ment of
Project Proposals 1,14,16,18,19,41-46,48-52,54-5 ,60,61,63,73,

76-82,130-146,162-166,175,181,184,188-196,201,
2~

The Colorado River Comprehensive Framework Study for the Lower
Colorado Region was completed and published in 1971. The main report
and 16 supporting appendices were compiled by 16 Federal and five state
agencies from 1967 to 1971. The study involved comprehensive economic
and social research and resource planning in the region. A major por
tion of the study was concerned with the Gila River subregion, which
in essence encompasses central Arizona. The report outlined a consen
sus of these different agencies on the needs of the people as associated
with growth in the Southwest, including central Arizona.

The Bureau of Sport Fisheries and Wildlife, working cooperatively
with the Arizona and New Mexico Game and Fish Departments, completed
nine reports on the fish and wildlife resources in relation to the CAP
between 1959 and 1969. The National Park Service under contract with
the Bureau of Reclamation completed four field archeological surveys
of sites for the individual features of the CAP during 1968 and 1969.
Two of the project reservoir sites included in CAP were examined by
Arizona State Museum under contract with the National Park Service for
the Corps of Engineers. The Bureau of Outdoor Recreation completed
three reports on recreation aspects of the project between 1967 and
1970. The Bureau of Mines completed five reports on mineral aspects
between 1963 and 1972. The Arizona Game and Fish Department provided
three reports, the Museum of New Mexico furnished one report, and the
Arizona State Museum developed two reports. Three reports of the U.S.
Forest Service were also utilized.

The results of all of these reports and numerous other studies
such as the Bureau of Reclamationts Report on Buttes Dam and Reservoir,
Middle Gila River Project, Arizona, 1961, and the Pacific Southwest
water Plan of the Department of the Interior, as modified in 1964, were
used in the development of many of the environmental considerations for
the project.

3. Involvement of Advisory Group and Public Entities in
Environmental Concerns

In August 1971, the CAP Environmental Advisory Group was estab
lished by the Commissioner of the Bureau of Reclamation for the purpose
of affording the general public an opportunity to actively participate
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with Reclamation in an advisory capacity on environmental planning of
the CAP. Appointments to the Advisory Group were intended to obtain a
broad cross section of the public in Arizona. This diversity is evi
denced by the fact that the current members are individually associated
with such different organizations as the Arizona Wildlife Federation,
the Arizona League of Women Voters, the Arizona State Reclamation
Association, the Central Arizona water Conservation District, the
Advisory Commission on Arizona Environment, the Department of Economic
Planning and Development for the State of Arizona, and the Bureau of
Reclamation. Meetings are held with this group and the members are
participating in overall environmental concerns for the CAP.

4. Dissemination of CAP Information through News Media

Frequent Departmental news releases are made concerning the CAP.
Most of the news coverage is in Phoenix, Tucson, and central Arizona.
However, newspapers, radio, and television in Colorado, Wyoming, Utah,
California, and New Mexico often give extensive coverage to items con
cerning the CAP. National coverage has been given in such publications
as the Sierra Club Bulletin, Christian Science Monitor, Wall Street
Journal, and the Engineering News Record.

B. Coordination during Review of the Draft of Environmental Statement

1. Distribution of the Draft of Environmental Statement

The Draft of Environmental Statement on the CAP was filed with
CEQ on September 27, 1971, and a notification was published in the Federal
Register on October 2, 1971. A news release was issued simUltaneously
with the notification of availability as published in the Federal Register.
The original distribution of the draft statement was made from the
Washington Office of the Bureau of Reclamation and the Regional Office in
Boulder City, Nevada. Three hundred copies of the draft were sent ini
tially to 120 Federal, state, and local governmental agencies, public
groups, and interested individuals. Following publication in the Federal
Register, 150 additional copies were mailed upon request. A partial dis
tribution list for the draft appears at the beginning of this statement
immediately following the Summary Sheet. All responses and comments
received are noted. Copies of this final statement have been furnished
to those individuals who responded to the draft with written comments or
who subsequently requested a copy of the final statement. A notice of
availability of the final environmental statement has been made in the
Federal Register. News media coverage has been accomplished and individ
ual requests for the final statement are now being filled.

2. Special Consultation during Draft Review Period

Following the distribution of the Draft of Environmental statement
on the CAP, separate meetings were held to discuss the draft with repre
sentatives of the Arizona and New Mexico Game and Fish Departments,
Bureau of Sport Fisheries and Wildlife, the CAP Environmental Advisory
GrouF, and the Arizona water Commission. Numerous other meetings and
discussions have been held by public and civic groups where the CAP
was the subject topic.
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The official review period started on September 24, 1971, and
continued until October 24, 1971. However, several agencies requested
and were granted an extension of time. Official review comments on the
draft statement received through April 27, 1972, a period of some
7 months, have been considered in the preparation of the final statement.

3. Responses to the Draft of Environmental Statement

During the time period from September 24, 1971, to April 27,
1972, 53 responses were received after distribution of the Draft of
Environmental Statement from 45 separate entities. Multiple responses
were received from some entities. The last of these letters was dated
April 7, 1972.

The draft statement resulted in many questions being raised by
individuals and groups. Some of those commenting requested additional
detail on the project, which was provided. At least seven such informa
tion letters were prepared for the Sierra Club.

An analysis of the letters of comments at that time was prepared
and reviewed with the CAP Environmental Advisory Group and the Arizona
water Commission on November 18, 1971.

In December 1971, the environmental consulting firm of Jones and
Stokes Associates, Inc., in Sacramento, California, was retained by the
Central Arizona Project Association to work with the Association on
environmental matters related to CAP. The firm was also made available
to the Bureau of Reclamation for researching basic literature, presenta
tion of suggested outlines, and other assistance as needed.

C. Recent Studies Reflected in Final Statement 73,165,166,200

In December 1971, the Bureau of Reclamation contracted with four
professors at Arizona State University for information studies on the
biota of the four proposed dam and reservoir sites. The resulting six
reports included a discussion of the ecological relationships of the
biota, past and present, and the impact the CAP will have on the ecology
of these areas. Much of these data are included in this statement.
Negotiations are continuing with the National Park Service for comple
tion of archeological studies of major individual features of the CAP.
Two such studies involving detailed surveys on the Havasu Intake Channel,
Pumping Plant, and Buckskin Mountains Tunnel, and the Granite Reef
Aqueduct, have been completed. Field archeological surveys on the Salt
Gila Aqueduct are scheduled to be completed in early fall of 1972.
These and future studies will include firm recommendations for salvage
and preservation of these resources. A program has been initiated for
comprehensive evaluations of the impact on the life systems of all the
proposed features of the CAP. An example is the study by the Arizona
Game and Fish Department, discussed in Chapter III, concerning fish
screen protection in the Havasu Intake Channel. Another phase of
this work is a study of the estimated wildlife losses along Granite Reef
Aqueduct. In addition, the study report included a progress report on
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an aquatic impact study on Lake Havasu that was initiated by the Bureau
of Reclamation in cooperation with the Arizona Game and Fish Department,
California Department of Fish and Game, Bureau of Sport Fisheries and
Wildlife, U. S. Coast Guard, and The University of Nevada at Las Vegas.

D. Dispositi~n of Comments Received by O(ticial Letter or Obtained through
~eetings with Agencies and Individuals

The list of agencies, groups, and individuals included with the
Summary Sheet in the front of this statement reflects (by an asterisk)
all those who furnished written comments on the draft statement to the
Bureau of Reclamation. Copies of all of the letters of comments are
included in the Appended Material of this final statement. The originals
of these letters are on file in the Bureau of Reclamation's Washington,
D. C., Office or the Regional Environmental Clearinghouse in Boulder City,
Nevada.

All of the review comments received by the Bureau of Reclamation have
been considered in the preparation of this Final Environmental Statement.
Some of the letters of comments have been specifically referenced and
discussed in the text. On others, the questions raised have been answered
in the text by extended discussion. In many instances, five or more
letters of comments raised the same or a very similar question. These
are considered collectively in responses to comments, answered in the
text, and discussed below.

1. The coordinated letter on the Sierra Club's position stated that
the Club's " ••• basic reaction to the draft is that it is inadequate in
the information presented and does not meet the requirements or the
intent of the National Environmental Policy Act of 1969." It further
stated " •••we realize that it is now only in draft form and that it will
undoubtedly be much altered in the rewriting for the final version." The
draft statement, released on September 24, 1971, was prepared in accor
dance with the National Environmental Policy Act of 1969, with the intent
of providing an accurate and objective assessment of all the environmental
impacts associated with the project. The draft was prepared following
the outline of the Act, the Council on Environmental Quality Guidelines
of April 23, 1971, Departmental Manual guidelines of September 17, 1970,
the Bureau of Reclamation interim instructions on the flow process for
preparation of environmental statements, dated April 22, 1971, and other
directives and guidelines thereto. Subsequent to the issuance of the
draft statement, new Departmental guidelines were published in the
Federal Register on October 2, 1971. Bureau of Reclamation Instructions,
Part 376, Environmental Quality - Preservation and Enhancement, were
subsequently released on January 12, 1972.

This final environmental statement on the CAP was prepared in
accordance with NEPA and the succeeding Departmental guidelines and
Reclamation Instructions. The detail in the final statement has been
expanded to be responsive to the Department's and Bureau's more compre
hensive guidelines, the review comments received, and to more fully
describe the environmental impact.

230



2. The Arizona State Reclamation Association, the Resources Agency
of California, and others suggested a broadening of the discussion on the
history of the project, clarification of water allocation language, and
a more complete discussion of legislative actions related to the project.
These su~gestions have been incorporated in the legislative history in
Chapter I, which provides a sequence of events from the time of the
Colorado River Compact of 1922 through legislative requirements included
in Public Law 90-537, passed in 1968. Overall requests for water are also
presented in Chapter I, showing a total of more than 5.3 million acre-feet.

3. Mr. Francis J. Welsh, P.E., questioned both the wisdom of further
subsidization of agriculture and whether there is an overall water shortage
in the area. The Sierra Club repeatedly referred to the CAP as a dubious
project, and Mr. Harry S. Coblentz and others raised the question - is the
CAP necessary? Background information and the specific need for the
project have been included in the discussion in Chapter I on "Problems
in Central Arizona and Western New Mexico Related to the Project." That
section includes the present and future need for recreational, agricul
tural, and municipal and industrial water, information on ground-water
pumping and land subsidence, flood and sediment control, water needs on
Indian lands, deterioration of the quality of ground water, and the demands
for water existing in the State of New Mexico. A further description of
the need for the CAP and the methods to be employed in attempting to
satisfy these needs are outlined in Chapter I on "Objectives of the
Central Arizona Project."

4. It has been suggested that a public hearing should be held. Some
450 copies of the draft statement were furnished to about 200 Federal,
state, and local governmental agencies, public groups, and interested
individuals. Written response was received from only about 22 percent of
these entities. Following original distribution and publication in the
Federal Register, news releases, and numerous reviews in the news media,
only 15 private groups and 15 individuals requested copies of the statement.
Of these, only three groups and no individuals responded with letters of
conunent.

The CAP has been the subject of lengthy Congressional hearings and
Congressional testimony (discussed in Chapter I and at the beginning of
this chapter), daily public exposure of the project, continuous coordina
tion with the advisory group, and broad distribution of the draft and
final statements. This background and the degree of response to distri
bution of the draft contributed to the decision not to hold further public
hearings.

5. The Native American Rights Fund, the Natural Resources Defense
Council, Inc., and the Arizona Game and Fish Department raised the
question regarding inclusion of the effects of the Navajo powerplant
in the CAP environmental statement. A final environmental statement for
the Navajo Project, authorized under Section 303 of P.L. 90-537, was
filed with CEQ on February 4, 1972, and is referenced in this statement.

6. Concern for the protection of the Indian communities whose lands
will be partly inundated by Orme Reservoir and for water allocation
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provisions affecting Indian tribes in the central service area was
expressed by: Mr. Robert Hilgendorf, DNA; Native American Rights Fund;
Mr. Harry S. Coblentz; the Sierra Club; and others. These matters are
discussed in Chapters I and III. Briefly, Section 302 of P.L. 90-537
delineates the conditions which must be met relative to obtaining Indian
lands for project use. In addition to monetary compensation for Indian
lands obtained for project use, the Secretary must transfer to the
Indians 2,500 acres of nearby and suitable land so that a reasonable
land base will be maintained for a reservation. The Indians also retain
the right to use or lease some of the reservation land taken for project
purposes so long as such use is not inconsistent with the project. The
affected Indian communities shall have the right to develop and operate
recreational facilities at Orme Reservoir located on or adjacent to
their communities. Under the provision regarding irrigation of lands
and irrigation systems, project water will be made available for irriga
tion of Indian lands not previously irrigated.

7. In an effort to more fully explain the status of the present
conditions and the impact of the project in relation to ground water,
surface water, and salinity in the area influenced by the CAP, and in
an attempt to consider questions regarding these subjects as raised by
the Environmental Protection Agency, the Arizona Game and Fish Department,
the Native American Rights Fund, the Natural Resources Defense Council,
Inc., and others, a discussion is included in Chapter III. The average
total dissolved solids for all the wells tested in the service area is
955 ppm as pumped. In most sections of the Salt River Valley, the
imported Colorado River water will be better in quality than the pumped
water now being used, but inferior to existing surface supplies. Using
TDS as an index to quality, Colorado River water at Lake Havasu had an
average of about 726 ppm for the period 1965-1968.

Due to the increased flow of water from Lake Mead (with CAP),
the water above Parker Dam should experience a freshening effect over
that of recent years. water quality below Parker Dam should not deteri
orate as a result of diversion to the CAP. The volume of releases
through Parker Dam will remain the same with CAP except for the infre
quent occurrence of excessive floodwaters and increased flows for use
on the Colorado River Indian Reservation. Floodwaters reSUlting in
surplus releases from Parker Dam have not occurred since 1963. The fre
quency of surplUS floodwater will decrease as more of the Upper Basin
States' entitlement is utilized.

8. The National Park Service, Department of Agriculture, Environmental
Protection Agency, Native American Rights Fund, and others suggested a
more thorough review of endangered species of fish and wildlife in areas
influenced by project features. The Sierra Club suggested the entire
discussions concerning the biota should be broadened and improved. Since
the draft statement was issued in September 1971, additional data have been
obtained for incorporation into the final statement. Much of the data
was provided by Drs. Minckley, Patten, Cazier, and Ohmart of Arizona
State University; reports and personal contacts with biologists of the
Bureau of Sport Fisheries and Wildlife and the Arizona Game and Fish
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Department; and from professional life scientists employed by the Bureau
of Reclamation. An extensive explanation of the present life systems is
included in Chapter II. Impacts of the project and mitigation measures
are presented in Chapters III and IV. Endangered species possibly
affected are discussed, their habitats identified, and impacts are dis
cussed. Pertinent discussions of the ecological relationships and the
impacts of the project on all biota are likewise expanded. Further
studies are underway and planned which will continue to assess the life
systems of the project area. The information obtained will be considered
in the preparation of the individual statements on major features.

9. The Environmental Protection Agency, Sierra Club, Bureau of Land
Management, and others offered recommendations regarding power and power
lines necessary to operate the CAP. Same suggest all powerlines be
buried. As explained in Chapter I, conductors from the Parker Switchyard
for 1-1/2 miles will be aboveground to a 230-kv terminal structure, and
the 1/2 mile of line to the Havasu Pumping Plant will be placed under
ground. Undergrounding all high voltage transmission lines is not
feasible due to excessive cost of initial installation and the required
number of expensive reactor stations necessary to cancel out the capacitive
effect of the cable after installation. Westinghouse Electric Corporation
has estimated that to underground a 345,OOO-volt transmission line for more
than 300 or 400 miles would require an expenditure of at least 26 times
the cost of conventional overhead construction.

10. The Bureau of Sport Fisheries and Wildlife, Sierra Club, Arizona
Outdoor Recreation Coordinating Commission, Arizona Game and Fish
Department, Environmental Protection Agency, Bureau of Land Management,
Bureau of Indian Affairs, and others raised questions concerning land-use
patterns, land ownership, total acreage involved in the construction of
all the features of the project, and lack of description of the present
environment. A detailed description of present land-use patterns is a
part of Chapter II. Impacts on these patterns are discussed in Chapter III.
The total acreage required for right-of-way and construction sites for
the aqueducts and reservoirs is approximately 54,000 acres. Amount and
type of acreage required for each of the features are discussed in
Chapters I through V, and VII. The projected future environment without
the project is discussed in Chapters II and VIII.

11. The National Park Service, the State Planning Office of
New Mexico, Native American Rights Fund, Arizona State Parks Board, the
Advisory Council on Historic Preservation, and others suggested a more
detailed description of the impact of the project on archeological re
sources and National historic places. The National Register of Historic
Places and Designated National Historic Landmarks, and the National
Registry of Natural Landmarks were reviewed, and current information
was obtained from the departments in the States of new Mexico and
Arizona concerned with the management of these resources. A discussion
of archeological and historical resources and impacts is presented in
Chapters II and III. This includes a description of ',<[oodrow Ruin located
in the general vicinity of the proposed Hooker Dam in New Mexico, and
Casa Grande National Monument, Lehner Mammoth-Kill National Historic
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Landmark and the Hohokam-Pima Irrigation Sit~s National Landmark located
in Arizona. Other potential nominations to the National Register are also
discussed. The National Park Service, Arizona Archeological Center
(formerly Southwest Archeological Center) has conducted surveys of aque
duct routes and reservoir sites to appraise the archeological and
historical sites and structures. The results of these studies are a
part of the general description of archeolo~ical resources in Chapters II,
III, and IV. Certain of these studies are considered preliminary. Negotia
tions have been undertaken with the National Park Service for more detailed
surveys of the archeological resources of the sites for proposed features,
and two such studies have been completed. The results of the more refined
studies will be included in statements on individual project features.
These new studies will include firm recommendations for preservation,
salvage, and mitigation of archeological resources.

12. The Bureau of Outdoor Recreation, Sierra Club, Native American
Rights Fund, Bureau of Sport Fisheries and Wildlife, New Mexico Department
of Game and Fish, State of New Mexico Environmental Improvement Agency,
Associate Professor Bruce J. Hayward of Silver City, New Mexico, and
others expressed concern for a broader discussion of infringement
of the proposed Hooker Dam site and Reservoir on the Gila Wilderness
Area, the possibilities of alternatives to Hooker, and the effect of
the proposed dams on riparian vegetation. The Sierra Club also states
that infringement on this area would violate the Wilderness Act. Under
Section 4(d)(4) of P.L. 88-577, water resource projects can be established
in wilderness areas within National forests upon the determination that
such use of the area would be in the best interest of the people. Hooker
Reservoir will inundate 140 acres of the Gila Wilderness and 80 acres of
primitive area at maximum conservation level. A description of the
impacts of the proposed Hooker site and alternatives on the wilderness
area and on riparian vegetation is included in Chapters III and VIII,
respectively. The alternatives to the Hooker site, as well as other
features of the project, are discussed separately from the overall alterna
tives to the CAP. The effect of the proposed dams on riparian vegetation
is discussed in Chapter III.

13. The Bureau of Mines believes that the draft environmental state
ment was inadequate in its treatment of mineral occurrences, mining claims,
and exploration and development potential in the areas of the proposed reser
voirs. However, it was suggested that increased water availability due to
the project could locally benefit the mineral industry. The proposed Orme
Reservoir area has no known remaining mining potential. Although about
300,000 tons of barite have been removed from a deposit immediately down
stream from the left abutment saddle, the mine has been abandoned for
many years, and the deposits apparently do not extend into the reservoir
area. Foundation drilling conducted for the damsite did not show any
barite mineralization. The abandoned open shaft has recently been
filled to reduce the safety hazard to recreationists using the area. The
Buttes site is recognized as possibly having low-grade copper-ore deposits
on withdrawn lands in or adjacent to the proposed reservoir area. Tenta
tive plans are presently being formulated for commercial exploration of
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the potential mineralized areas with the possibility of allowing mineral
extraction if compatible with the plans and construction schedules of the
CAP. Historically, the Charleston Mining District, which is partly within
the proposed Charleston Reservoir area, was active in lead and silver
mining. The mineralized area could mostly be protected by a dike across
a small arm of the reservoir, as recommended by the Bureau of Mines. The
desirability of a dike will be evaluated during the design stage, following
further appraisal of the mineral value to be salvaged. The Hooker reser
voir area is adjacent to areas mineralized with copper, lead, and zinc,
but the only known mineral deposits within the reservoir area are non
commercial veins of fluorite. A few small fluorite mines in the area
were operated during World War II, but are not economical under present
conditions. More details of the impact of the CAP on the mining poten
tial are included in the sections on mineralization in Chapter III.

14. The Arizona Game and Fish Department, Arizona Wildlife Federation,
Bureau of Sport Fisheries and Wildlife, Arizona Outdoor Recreation
Coordinating Commission, Arizona Water Sports Council, Sierra Club,
New Mexico Department of Game and Fish, Bureau of Land Management,
Museum of Northern Arizona, and others raised questions concerning struc
tures for fish and wildlife and other mitigation and enhancement features
of the project. Chapter IV deals extensively with these subjects. In
that chapter, the discussion is outlined under three major categories:
1) Standard Reclamation Rules for Design and Construction; 2) Protective
Measures and Mitigation Features Included as a Part of the Project; and
3) Proposed Enhancement Measures not Authorized under Public Law 90-537.
Mitigation measures are defined as those being funded by the project.
Enhancement features are defined as those being desirable, but not in
cluded as part of the original authorization. Mitigation is considered
as replacement or substitution for losses incurred as a result of project
construction. Proposed enhancement not yet authorized includes additional
features that are recommended by cooperating land-use agencies as being
desirable, beneficial, and important additions to the project, but which
were not included in the project during Congressional authorization. Pro
tective measures, mitigation features, and enhancement are not limited to
fish and wildlife. Reports prepared by the Bureau of Sport Fisheries and
Wildlife and concurred in by the Arizona Game and Fish Department are
quoted extensivelY. Backwater fingers listed in the draft statement are
not now considered feasible and have been replaced with other watering
devices. Off-aqueduct flow through side ponds and wildlife watering
sites has been modified to coincide with recommendations of the Arizona
Game and Fish Department and Bureau of Sport Fisheries and Wildlife.
Safety features included as a part of the project are designed for both
wildlife and humans.

15. The !~seum of Northern Arizona, Sierra Club, Environmental
Protection Agency, Arizona Game and Fish Department, and others raised
questions regarding water salvage from phreatophyte control. Pursuant to
Section 306 of P.L. 90-537, the water salvage program along and adjacent
to the mainstream of the lower Colorado River was a part of the Colorado
River Basin Project authorization. However, the intent of this program
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in part has already been accomplished. Further research for management
of phreatophytes will be pursued as a separate vegetative management
program. The program is intended to be multiple-purpose in scope,
including water salvage, recreation, and fish and wildlife aspects. In
response to the inquiry from the New Mexico Department of Game and Fish,
channelization, channel modification, or phreatophyte control along the
Gila River in New Mexico are not proposed as part of the CAP.

16. Mr. Joseph J. Brecher of the Native American Rights Fund indi
cated a defect in failing to discuss the environmental impacts regarding
construction of fishing lakes by the Arizona Game and Fish Department.
This comment stems from the January 17, 1969 request of the Arizona
Game and Fish Department for 60,000 acre-feet of water to develop 50 new
fishing lakes in the mountains. This request is discussed in Chapter IV
of this statement. In its November 19, 1971 reply to the draft state
ment, the Arizona Game and Fish Department stated "Appropriation of
water to the users has not been made at this time. This makes it
difficult if not impossible to accurately assess the environmental
impact of the project." This quotation is still appropriate. As
stated in the draft, construction would be over a period of 25 years,
thus making total assessment at the present time even more difficult.
Discussion with representatives of the Arizona Game and Fish Department
indicates that plans for the fishing lakes are not finite. However,
the Department and the Bureau of Reclamation are aware of most environ
mental impacts that would be generated by a program for construction of
fishing lakes including direct impacts from construction and access,
increased use of an area, and changes in or losses of habitat.

17. The Museum of Northern Arizona, Sierra Club, Native American
Rights Fund, Arizona Game and Fish Department, National Park Service,
Department of Agriculture, and others suggest a broader discussion of
the impacts of increased use of the recreational facilities provided
by the project and of the population growth potential of the service
area. The implication is that a drastic increase in recreational use
of an area will result in adverse environmental impacts or unnatural
conditions. with increased or new use of an area, i.e., a new reser
voir, there will be indirect and direct impacts associated with use as
well as direct and indirect impacts of construction. Impacts associ
ated with increased recreational use are discussed in numerous sections
of Chapters III and IV. Considerations for secondary impacts such as
trampling, expanding use beyond buffer or fringe zones surrounding a
facility, access roads, provision of sanitary facilities, campgrounds,
picnic areas, boat launching ramps, and other use facilities are
recognized. Recreational development will conform to master planning
criteria to be developed for the area as directed in the authorizing
legislation and with the necessary approval by the Secretary of the
Interior. The population growth potential of the service area is dis
cussed in Chapter III.

18. The State Planning Office of New Mexico indicated that the
East Fork of the Gila River is presently being consideren for inclusion
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in the state Wild and Scenic River System and that CAP should not
interfere with this proposal. Neither the Hooker Reservoir nor its
five alternate sites that have been under evaluation (Chapter VIII)
will affect that area. There are no plans in CAP for investigation
or use of areas that would influence the East Fork of the Gila River.

19. The Native American Rights Fund and the Department of Health,
Education and Welfare commented on the use of pesticides and herbicides.
This environmental statement recognizes the potential for an increase
in the number of vectors, such as mosquitoes, and the presence of
potential waterborne diseases. The statement also recognizes that
bacteriological quality of water supplies at some recreational areas
does not meet USPHS standards. Health guidelines employed during the
development of recreational areas will follow the criteria of the
PHS publication, Environmental Health Practices in Recreational Areas.
The use of chemicals to protect domestic water supplies, control vectors,
maintain acceptable bacteriological standards or to limit unchecked
growth of aquatic vegetation will be in strict compliance with the
Department of the Interior and the Environmental Protection Agency
guidelines and regulations. These items are listed in Chapter II and
discussed in Chapter III.

20. The March 7, 1972 letter from New Mexico Game and Fish
Department acknowledges the project authorization of 18,000 acre-feet
annually of additional uses in New Mexico. The letter further states
that an additional 20,000 acre-feet annually for future wildlife and
recreational projects would contribute to the State's economy as a whole
and to the Gila Valley in particular. This additional 20,000 acre-feet
is greater than the Type I Framework Study estimated fish, wildlife,
and recreation requirement for the Gila River basin portion of
New Mexico. It is, however, less than the additional 30,000 acre-feet
annually provided for New Mexico in the authorizing legislation to be
made available following augmentation of the Colorado River.

The New Mexico Game and Fish Department had previously sub
mitted an Expression of Interest form for project water as requested by
the Secretary of the Interior for those entities interested in contract
ing for project water. This Expression of Interest in project water,
dated March 2, 1971, was for 3,000 acre-feet. No revised Expression of
Interest for contracting for project water has been submitted. With
the total of Expression of Interest from New Mexico entities totaling
in excess of 65,000 acre-feet (see Chapter I, Table 2), the recommenda
tions of the New Mexico Interstate Stream Commission to the Secretary
of the Interior will provide guidance with regard to allocating
New Mexico's initial 18,000 acre-feet allotment and the potential sub
sequent 30,000 acre-feet allotment after augmentation. Fully meeting
the current New Mexico expressions of Interest and the apparent increase
desired by the New Mexico Game and Fish Department will on the basis of
planning studies require additional facilities appreciably beyond the
scope of the authorized CAP.
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21. The ~~nvironmental Protection Agency and the Sierra Clut raised
questions about evaporation losses of water and their effects. The
impact of evaporation losses of Colorado River water in transit is dis
cussed in Chapter III. The 18,000 surface acres referred to by the
Sierra Club represent the approximate total area of the four reservoirs
at their conservation levels. However, the average operating levels in
the reservoirs during the year will be below the conservation levels.
Therefore, the estimated total evaporation from the four reservoirs and
open aqueducts in the CAP will average approximately 72,000 acre-feet
per year. This figure is based on a 6-foot-per-year evaporation rate.

22. There were a number of comments regarding alternatives to the
CAP and the alternatives of individual features of the project, in parti
cular the proposed Hooker Dam site and Reservoir. A distinction is made
in this final statement between alternatives to a feature of the project
and alternatives to the project itself. Alternatives to the Havasu
feature and its components and to the proposed Hooker site are examples
of alternatives to individual features. Both types of alternatives are
discussed in Chapters IV and VIII. Chapter VIII on alternatives presents
alternative routes for the importation of Colorado River water to central
Arizona, alternative water sources, the alternative of no action, alter
native power sources, and alternatives to major features of the project.
Environmental impacts of the alternatives are included in the discussion.

23. Most letters of comment suggested a more detailed and expanded
description of the features of the project. This was accomplished in
keeping with the intent of this statement, which is to describe the
general overall impacts of the CAP. Individual statements on major
project features will be prepared at a later date. The recommendations
for additional holding reservoirs, ponds, and pumped-storage power genera
tion system suggested by the Arizona water Sports Council have been con
sidered in the planning process and were found not to be feasible or did
not meet the project objectives.

24. Some of the comments and questions dealt either directly or
indirectly with the question of the control of population growth. Popula
tion factors and possible impacts on growth and development of the project
area are discussed in Chapters II and III.

25. Every effort was made in this statement to quantify the environ
mental effects of CAP. There are, however, a few unresolved questions
that cannot be answered at this time. Unquantified impacts include the
cumulative social and economic effects of Orme Reservoir on the
Fort McDowell Indian community; the emotional effect of using a small
portion of the wilderness and primitive areas for Hooker Reservoir;
the effect of reservoirs and aqueducts on some species of mam.'1lals; and
others as described in Chapter III. It is recognized in this statement
that methods and procedures need to be developed to better understand,
study, and evaluate them.



APPENDIX A OF APPENDED MATERIAL



DEFINITIONS FOR TABLES

The following definitions apply to the tables found in this
Appended Material:

Endangered: An endangered species or subspecies is one
whose prospects of survival and reproduction are in
immediate jeopardy. Its peril may result from one
or many causes - loss of habitat or change in
habitat, overexploitation, predation, competition,
disease. An endangered species must have help, or
extinction will probably follow.

Rare: A rare species or subspecies is one that, although
not presently threatened with extinction, is in such
small numbers throughout its range that it may be
endangered if its environment worsens. Close watch
of its status is necessary.

Peripheral: A peripheral species or subspecies is one
whose occurrence in this country is at the margin
of its natural range. Special attention may be
needed to retain them in the United States.

Status Undetermined: A species or subspecies which has
been suggested for rare or endangered classification,
but about which further information is needed to
clarify its status.

Where predicted effect on number of individuals is noted on the
tables, this pertains only to the inundated reservoir areas.

For an explanation of how to use the tables, refer to pages 131
through 133 of the text of this statement.
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Table 1

Native Ichthyofauna of ·the Gila River systtlm, emphasizing the Orme, fJuttes, Charleston, Clnd

e

Hooker Reservoir sites. Arizona-New Mexico, ~ 1850, and at present (1970). Symbols: X ~ pres-

ence as documented by on-site or upstream literature, photographic, or specimen records; H = prob-

able occurrence based on known ecology of the species and habitats in the area; and --- = absence.

The column to the 1eft for each sHe is for the 1850 per i od, and that to the right I s for 1970.

Reservoir Sites
Species

Orme Buttes Charleston Hooker

> SAUION IDAE, TROUTS AND SALMONS
I E ~lJ~ sp., Apache troutI--'

E ?_.~l.~, Gila trout --- --- --- --- --- --- H

CYPR!NIDAE, MINNOWS
g..i~~L~Q2., bonyta i 1 chub X --- H
G. I"obusta rObllst] dt.l X H X----.---";--.-- roun a I X Xg!_I...._9.T Cl ham I --- --- --- --- ---
G. intern~diD, Gila chu~ X --- --- --- X

-~I!
--

M"CcJ"il-fll(qidiJ, Gila spikedace X --- X --- X X X

It~.;JQp_terusargent i ss intllS,
\4oundf in X

E f!:ychoche i~ lIC illS, Col oraclo
River squawfish X --- X --- H

AClQ?.La cbJ:ysogas ter, longfin
diJce X X X X X X X X

Bllinlchthys osculus, speckled
dace X --- X --- X --- X X

Tiaroqa cobitis, loach III I nnow X --- X --- H --- X V
1\

CATOSTOMIDAE, SUCKERS
Ca.tos tomus ins i gn is, Gil a

sucker X X X --- X --- X X



e e e

Table 1. Concluded.

C. latipinnis, flannel mouth
sucker X --- X --- X

Pantosteus clarki, Gila
mountain-sucker X X X X X X X X

~'trallchen texanus, razorback
sucker X --- X --- X

CYPRINODONTIDAE, KILLIFISHES AND TOOTHCARPS
Cyprinodon maclilarius subsp.,

Desert pupfish X --- H --- X

POECILIIDAE, LIVEBEARERS
E Poeciliopsis~~id8ntalis

:to- occidental is, Gi la topminnow X --- H --- H --- HI
l\)

l/A single specimen of Gila spikedace was taken at Fairbank, Cochise County, Arizona, in 1965--the last
record for this species from the San Pedro River that is known to me.

E Indic~tes endangered species as listed in the Bureau of Sport Fisheries and Wildlife's 1968 edition of
Rare and Endangered Fish and Wildlife of the United States.



------
M

O
U

U
!W

dO
:l

'
S
!
l
e
~
U
O
l
p

(
'-

,

e
S

jsd'.)!
I
p

a
o

d
x

:4
x

o
X

x
o

o
x

x
(
'-

·0
X

'>
(
0

0
-.!:):lOLjS

U
d

n
d

's'n"j
X

x
o

o
X

x
o

o
X

X
('-·0

X
X

O
O

j
~

(iijelu
"uopou-f:Ja'T5

.
JC

l'>j:lnS
>j:::>2qJO

ZeJ
(
'-

.
(
'-

"

0
I

U
O

lLj:::>neJl<x
X

X
o

o
X

x
o

o
X

X
x

o
X

X
x

o
u

S
nU

eX
C

l:l
X

~
I

Q
)

JO
l'>j:::>ns

U
je:lU

nO
llJ

('-.
('-.

('-.

:E
(p

p
e
1
5
s
n
e
~
s
o
:
l
u
e
~
j
"

0
0

X
X

0
X

X
O

0
X

X
O

0
0

X
X

en
3:

0
-

Q
)

Z
.r:

JO
l'>j:)nS

Lj:lnO
IU

IOlU
".

(
'-

.

I
en

0
0

'>(
X

0
X

X
X

0
0

0
X

0
0

X
X

r,
c

eld-
'S

jU
U

jG
jfe

l
.J

c
0

c
'S

!U
N

'-'
J

O
l>pn

S
e
l!n

('-.
(
'-

.

co
0

0
x

o
0

X
x

o
X

X
x

o
0

X
x

o
L

.
-6

!s
u

!
S
i
l
L
U
o
~
s
o
~
e
:
:
>

<C
Q

)
L

.
..

_MOU~!..':I!_
~
:
P
~
O
J
_
"

('-.
(
'-.

c
:

"
0

0
0

X
O

0
x

o
o

0
0

X
X

0
0

X
X

-
III

•S
p

!
qO

:l
e

o
o

J
e

jl
'"

....
ltl

L
.

pOl[>
p

a
d

s
J:J

CI1
a:::>ep

C
'-.

C
'-.

~

n
In:)S

O
"S

A
Lj"flf5T

U
r
4
~

0
0

X
X

0
x

o
o

X
X

X
X

0
0

X
X

L
.

c:
en

III
Q

)

>
O

l:)ep
U

U
6

u
o

I
....

0
('-.

('-.

IX
:

0
Q

)
S

'fse
6

6
S

A
J"Lj-j-e

(
s
"
o
~

0
0

X
o

0
0

X
O

X
X

X
o

0
X

X
o

0
-

10
en

"0
Y

S
!d-M

enbs
'sii"j

Q
)

.r:
('0

.
('0

'
(""-.

('-.
(
'-

.

e."
en

--:inisn
"t!O

lLj5"o"4-;;Ai"ci
0

0
X

X
0

X
X

X
0

0
X

X
0

X
X

X
~

Q
)

I.L.
.r:.

u
p

u
n

O
M

•
s
r
l
w
s
s
T
~

N
...

co
(
'-

.

:l
-u

O
l6

J
e

-snJO
lT

doG
'el"d

0
X

x
o

0
0

X
X

0
0

0
X

0
0

X
X

<IJ
.......

0
-

.-I
0

.0
O

l:)epO
l'>j!"d_~_"__.

ell
V

l
(
'-

.

Eo-<
~
l

('--
0

0
x

o
0

x
x

o
0

X
x

o
0

0
X

X
.r:.

e
u

n
•e

p
io"i"nd-

epO
lW

V
l

"0C
.......

co
qnLj:::>

e
l

!n
(
'-

.
('-.

•eTpO
lW

J
a

fu
j'--;8

X
x

o
o

X
x

o
o

X
X

x
o

X
x

o
o

Q
)

>
-0Q

)
...

-0
qnLj:::>

I!
e

f
('-.

('-.
('-.

('-.

10
0

0
X

X
0

0
X

X
0

X
X

X
0

X
X

X
c:

0
-p

u
n

O
J

•e:ls
n
q
O
J
-
'
~

>
.......

co
I!

e
fA

u
o

q
0

qnLj:::>
('-.

(
'-

.

0
0

X
X

0
0

X
X

0
0

X
X

0
0

X
X

V
l

•S"U'eOOlp3
-

e
I

!n
0

.
0

.r:.
~
n
O
J
f

C
"'-'

(
'

•
"
,.

V
l

.
~

•Ole
1

!6
"(illites

0
X

X
X

X
x

o
o

x
X

x
o

0
X

x
o

C
"0

e
l
!n

0
Q

)
L

.
+

-'
....

I
I
~
n
O
J
:
l

~
.

C
'-•

r..
co

Q
)

O
lLj:)ed'tlll

•
'd

s
0

X
X

X
X

x
o

o
X

X
x

o
a

x
x

o
.......

O
W

leS
III

<IJ
L

.
....

+
-'

0
-

~
C

-
0

Q
)

10
0

E
0

II
L

.
Q)

-
"0

>
-

Q
)"

O
0'>

X
Q

)
Q

)
0

10
0

'>
-

Q
)

0
>

.0
E

c
C
:
~

N
1

0
'-

Q
)

0
.-

........-
Q

)
0

U
L

.
L

.
+-'

L
.
-

L
.
-

~
-

+-'
0

en
O

'>
Q

)
Q

)
10

ro
+

-'
-0

Q
)

L
Q

)
10

J.L
j

~
c:

'-
-0

L
.

C
10

Q
)"1

J
I

c:
1

..+
-,

0
0

1
0

+
-
'''0

-
.0

Q
)
.
-

+
-'

"0
c
-

C
Q

3:
Q
)
~

.0
+-'

0
'>

-
C

::J
1

0
"'0

E
-

C
co

0
Iil

C
0

-
0

·
-

E
en

Ii)
L

.
.
-

10
0

+-'
o

ro
10

0
Q)

o
.r:.

0
-

0
3:

>-
Q

)+
-'

o
III

"'.0
en

E
-

en
O

-E
O

-u
c

V
I

E
en

V
I

L
_

::J
.o

a
d

A
f

A
f!

1
!q

e
fS

C
l
d
A
~

+
-'

10
M

O
ld-

jO
co.r:
Q

)
W

O
:lW

8
W

o
n

o
s

W
e
O
l
.
l
~
S

A
f
P

O
I

8
/\

I.L.

A
-3



-
Table 2. Continued
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Table Z. Concluded
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11 The ecological relations here Indicated are for the adults of each species; larval ecology of these
fishes is poorly, if at all, known.

~ IICurrent" is defined as the sum of linear velocity plus turbulence (Deacon and Mlnckley, 1972).
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Table 3

Estimates of past envi~onmental features of Orme, Buttes, Charleston, and Hooker Reservoir

e

sites as compared to present conditions within the sites. Symbols: 0 = least prevalent or absent;

present. in small volume or amount; 2 = present. as at least half the parameter considered; and

3 = predominant. The first value is for the early estimate (ca. 1850), the last for present (1970).

Bottom types
Site

Organic S i 1t Sand/gravel Boulder/bedrock

:x:
I
0\

ORME, Salt River arm
Verde River arm

BUTTES
CHARLESTON
HOOKER

o
3
a

2-3
a

a
a
a
a
a

1
2
I

2-3
0-1

2-1
2-1
2-1

1
1

2 2
1 3
2 3
I 2-3

1-2 2-3

3
a
3
a
3

3
I
2
a
2

ORME, Salt River arm
Verde River arm

BUTTES
CHARLESTON
HOOKER

Stable

a
3
a
3
a

3
2
2
o
1

Stability of bottom

Moderate Laminar movenent Saltational movement

1 I 1-2 0 3 2
2 1 1-0 2 a 3
1 1 1-2 3 3 a
2 1 1-0 3 0 2
2 2 1-2 2 2-3 3-2

Stream type

Ponded ~\eande r i n9 Pool-rfffle Channelizedl!

ORME. Salt River arm o o 0-1 ! -2 1-2 2-3 3
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Table 3. Continued
ORME (cont led)

Ve r de Rive r Arnl 3 0 2 0-1 1-0 2-1 0-1 3
BUTTES 2-3 0 2-3 O2/ 1-0 1-2 0-1 3
CHARLESTON 3 0 2-3 3- 1? 0 0-1 3
HOOKER 0-1 0 1-0 0-1 3-2 3-2 2-3 3

Velocity of flow

None Slow Moderate Swi ft

ORME. Salt River arm 0 0 1 0-1 2-3 1-2 3 3
Verde River arm 3 0 2-3 0-1 0-1 2-3 0-1 2

BUTTES 0 0 1 0-1 2-3 3-2 2-3 3:x> CHARLESTON 1-0 0 1 0-1 1-2 2-3 2 2I
-..1 HOOKER 0 0 1 1 2-3 3-2 3 2

-
Currentll

None Slow Moderate Pronounced

ORME, Salt River arm 0 0 1-0 1-0 2-3 3-2 3 3
Verde River arm 3 0 2 1-0 1 2-3 0 2

BUTTES 0 0 1-0 0-1 2-3 3-2 3 3
CHARLESTON 3 a 2-3 1-0 1-0 2-3 0 2
HOOKER 0 0 1 1 2 2-3 3 2

Aquatic vegetation

Absent Sparse Common Abundant

ORME. Salt River arm 3 0 0-1 3 0 2 0
Verde River arm 0 0-1 1-2 3 3 1-2 2-3

e
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Tab 1e 3. Cent t nued
HOOKER o o

e

3 3 2 2

e

Plants and debris Plankton

Food base for fishes21

Bottom faunalJ Fi,shes

):>
I

\0

ORME, Salt River arm
Verde River arm

BUTIES
CHARLESTON
HOOKER

0-1
3

0-1
2-3
0-1

0-1
0-1
0-1
0-1
0-1

a 2 1-2 2-3 2-3 1
2 2 2-1 1 1-0 2
0 2 1-2 1 2-3 2

2-1 0 2-1 3-2 1-0 a
0 a 2-3 3 2-3 2

Diversity of Fish populations~

o - 3 species 4 - 6 species 7 - 9 species 10 - 16 species

ORME, Salt River arm 0 2-3 2 I 2-3 0 2-3 0
Verde River arm :3 3 3 2-3 2 0-1 0-2 0

BUTIES 3 1 3 0 2-3 0 2-3 0
CHARLESTON 3 2 3 0 2 0 0-1 0
HOOKER 3 3 3 2-3 3 2 0 0

lIRefers to the natural state of canyon walls, cut banks, or other features that constrict the stream and
produce swift, turbulent conditions of flow.

~Now represented by a shallow, often intermittent, braided channel flowing over sands and gravels between
cut banks

l/Refer to footnote number 2, Table 2.

~Exc1uding, in general, depths of water that might have occurred behind beaver dams or obstructions of
man-made nature (~.9.., diversions for irrigation).

2!Note that increased stability of chemistry and all other features of the habitats at Orme and Buttes
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Table 3. Concluded.

e e

~
I

b

Reservoir sites result from operations of upstream dams.

§/Mountain-suckers (Pantosteus) feed by scraping plant (principally diatoms) and associated animal mater
ials from stones or other solid surfaces, and they are present within all reservoir sites. This necessitated
the "0-1" categorization of the food base at present under the "plants and debris" section.

l!lncluded here are various allochthonous materials, principally terrestrial arthropods, ,that are exceedingly
important in the food base of many desert streams, and especially at higher elev~tions where leaf-fall of
deciduous riparian trees introduces a tremendous amount of organic material into the aquatic systems (to
be utilized directly, or, in most instances, to be assimilated into the nutrJent cycles and stimulate exp
ansion of the bottom fauna).

~This refers only to the indigenous fauna, which at a maximum would be 16 species with all sites being
considered and assuming that the Gila trout did, in fact, move at least seasonally as low in the Gila River
as the Hooker Reservoir site. Comparisons of this section of Table 3 with species lists in Tables 2 and 4
will round out and define the present fauna at each of the sites under consideration.
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Table 4

Non-native fishes wlth'ln, or upstream from, Orme, Buttes, Charleston, and Hooker Reservoir

sites, Arizona-New Mexico, with an estimate (X) of the probabIlity of their establishment In the

various reservoirs, or a lack of that probability (V); the symbol " __~I denotes their absence •

e

Reservoirs

Fish species

Orme Buttes Charleston . Hooker

Dorosorr,n petenense, threadfi n
shad 1/ X X

Salmo spp.- ..!J V V --- V
~

V V VI SalveUnus spp. ---f-' Esox americanus, northern pike X?f-'

ID_r.li}.!JS c,!!..Q1.Q, carp X X X X
Caras~~Jratus, goldfi sh X X X X
Notem~nus crysoleucus,

solden shiner X X --- X
Hybopsi~")ci I is, Plains

vY vYchub --- ---
Noj: rg.2.lUili rens is, red shiner X
NotJ:..Q.PJ s fOI~y'?' subspp.?

X?3.Jbeautiful shiner
fllTienhClI es R.rorn~ Ias, fathead

minn(J{ol X X --- X
let i obus cYPl:.i ntl}ll2., big-

mouth buFfalo X
l~er., black buffalo X
.L.... buba Ius, smallmouth buffalo X
Catostomus sp., li ttle Colorado

V!!/River sucker
.Pantosteus plebeius, Rio Grande

mountain-sucker --- V ._-- V
Pilodictis olivaris, flathead

catfish X X --- X
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Tab Ie 4. Cant i nued

Ictalurus punctatus, channel
catfish X

I. melas, black bullhead X
I. natal is, yellow bullhead X
Poecilla latiplnna, sallfin

molly X
~.mexlcana, Mexican molly X?
Lebistes reticulatus, guppy X?
Gambusla affinis, mosquitofish X
Ro~cu"s2!l~s2..l.E.Q.i ens.l2., ye 11~

bass X
Mis;ropterus _dolomieul, small-

mouth bass Y?
M. salmoides, largemouth bass X
Cheenobryttus gulosus, war-

mouth X
Lepomls cyanellus, green

sunfish X
L. macrochlrus, bluegill X
L. microlophus, redear sunfish X
L. qlbbosus, pumpkinseed
Ambloplltes rupestrls, rock

bass Y
Pomoxls annularis, white

crappie X
P, nigromaculatus, black

crappie X
Stizostedlon vitreum, walleye X
Per"ca flavescens, yellow perch X
Iilapia mossambica, Mossamblque

til apl a

e

X
X
X

X

Y?
X

X
X

-;;iI

x

X

y§j

?
X
X

x

x

x
X

X
X
X

X

X
X

?

X
X

?

x

e

Jj One native salmonid, the yet-undescribed "Apache trout" of the upper Salt ana Gila drainages, and
another, i. 9il·a~, which is in the headwaters of the Gila and (formerly) the Verde River system, plus
many other species of Salmo, Salvelinus (listed above), Pacific salmons (Oncorhynchus), and grayling
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Table 4! Concluded

e e

:x>
I

t;

(Thymallus) , live upstream from the Orme, Buttes, and Hooker sites. I know of no salmonids introduced
in Sonora, Mexico, upstream from the Charleston Reservoir site. Of the two native trouts, i.~~ay

have moved as low as the Hooker site in times past, but not at present. It seems unlikely that either
native or introduced species will occur in any of the reservoirs (with the possible exception of Hooker),
unless they are maintained below the dams in tailrace fisheries.

Y This introduced, Plains species was apparently established for a short time in the uppe-r Gila basin,
(Koster, 1957)# at a.locality(ies) unknown to me. The fish has not been taken for years, and presumably
has failed to maintain populations.

"lIA form of this minn~~, different from the native form which occurs in the Rio Yaqui basin, southeastern
Arizona (Minckley, 1971, 1972), has been caught in the Phoenix canal system, and may well occur in the
Or,,~e Reservoi r area.

~This apparently undescribed sucker, in need of intensive study, has been introduced into the Salt River
where it occurs sympatrically with C. 1atipinnis, the species with which it long has been identified.

2jPumpkinseed sunfish were present near Safford, Graham County, Arizona, in the period 1935-45, or so,
but have not been identified in collections from Arizona since that time.

§!Tila~ were introduced by U.S. Fish and Wildlife personnel at Warm Springs, San Carlos River, and
reproduced successfully for a period of time. They appear to have been destroyed by flooding, most prob
ably in winter 1965 (Minck1ey, 1972).
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Table 5

e

Herpetofauna of the Orme, Buttes, Charleston, and Hooker Reservoir sites, Arizona-New Mexico.

Symbols: X = definite occurrence; --- = absence; ? = probable occurrence; and H = hypothetical

occurrence.

Reservoir Shes
Common

Taxa name Orme Buttes Charleston Hooh.er

Ambystomidael! MOLE SALAMANDERS
Ambystoma tigrinum Arizona tiger

nebulosum salamander X X X X

Pelobatidae SPADEFOOT TOADS
Scpphiophus Plains spadefoot

bOlllbifrons --- --- H ?
S. couchi Couch1s spadefoot X ? X ?
S. hammondi Western spadefoot X X X X

:J>
I

~ Bufonidae TRUE TOADS
Bufo microscaphus Arizona toad

microscaphus --- --- --- ?
B. woodhousei Southwestern Wood-

austral is house's toad X X X X
B. cognatus Great" Plains toad X X X ?
~ebilis Green toad

J ns id ior --- --- X ?
B. punctatus Red-spotted toad X X X X
B. alvarius Colorado River toad X X X

Hyl idae TREEFROGS AND ALLIES"
Hyla arenicolor Canyon treefrog X X X X
H. wrightorum Arizona treefrog --- --- --- H
Pseudacris triseriata Western chorous frog

triseriata --- --- --- H
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Table5. Contlnued

Ran idae 1 TRUE FROGS
Rana plplensll~ leopllrd frog X X X X
R. catesbeiana Bull frog X X X ?

Mlcrohyl idae NARROW-MOUTHED TOADS
Gastroph~e olivac- Sinaloa narrow-mouthed

eous mazatlanensis toad --- --- H

Chelydrldae SNAPPING, MUSK, AND
MUD TURTLES

Chelydra· 2 Common snapping turtle
serpentina.J X

linosternon YellOW mud turtle
flavescens --- --- ?

h sonoriense Sonora mud turtle X X X X

» Testudinidae WATER AND BOX TURTLES,
I TORTOISES

..... Terrapenejjrnata YellOW box turtle\J1

luteola --- --- X ?

suI! Gopherus a~assl~1 Dese rt torto Ise X X H

Trionychidae SOFTSHELlED TURTLES
Trionyx.~iniferus Texas softshe11

emory"!': X X X X

Gekkonidae GECKOS
Coleonyx variegatus Desert banded gecko ?2.Ivariegatus X
f. Y... bo~e rt i Tucson banded gecko --- :'11 X

Iguanidae IGUANIDS
Sauromelas obesus Western chuckwalla ?2/obesus
S. o. tumldu5 Arizona chuckwalla ;'11 X
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Table 5, ContInued

Iguanldae (cont'ed)
Dlpsosaurus dorsalIs Desert Iguana

dorsalis X X
Holbrookia maculata Lesser earless lizard X X X ?
H. texana scitula Southwestern earless

lizard X X X ?
Call isaurus drac-

onoides Zebra-tailed lizard X X X
Crotaphytus

collaris Collared 1Izard X X X X
C. wislizenl wls-

1izeni leopard 1Izard X X X X---
Sceloporus scalaris Bunch grass 1Izard --- --- H
~. poinsetti Crevice spiny lizard --- -~il

--- ?
S. magister magister Desert spiny" lizard X
S. m. bimaculosus Twin-spotted spiny

?2!
:x> 1Izard --- X ?
I S. clarki clarki Sonora spiny lizard X X X X......
0\ S. undulatus tris-

tichus Southern plateau lizard H X --- ?'iI
s. u. consubrinu~ Southern prairie lizard --- --- --- ?l!
Urosaurus ornatus Tree 1Izard X X X X
Uta stansburiana Desert side-blotched

stejnegeri 1Izard X X X X
Phrynosoma douglassi Desert short-horned

QLn_a t i s.s i mum 1 Izard --- --- H
P. d. hernandes i Mountain short-horned

11 zard --- --- --- ?
P. sol are Regal horned lizard X X X
P. cornutum Texas horned lIzard --- --- H~
P. modestum Round-tailed horned

1Izard --- --- ? ?

Scincidae SKINKS
Eumeces obsoletus Great Plains skink H X X X
E. multivirgatus Southerr ma~y-lined

epipleurotus skink --- --- --- X
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Table 5. Continued
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:J>
I
f-J
~

Sclncidae (cont'ed)
E. s;a 11 i cepha 1us

Te i i d<:le2/
_C_ncl1lidophorus tigris

.9.1-ac iii ~
C. t. mar,llora-.:us
C. uniparens

C. i nornatus

C. exanguis
~urti sticto
.9!~

Angu ic1ae
Ge~rhonotus kingi

nobil is

_f!elodermatldae
sUJJ He 1oderma suspectum

slispectum

Leptotyphlopidae
Leptotyphlops

hum iii s----1. c1ulcis

Mountain skink

WHIPTAILED LIZARDS
Southern whiptai 1

Marbled whiptail
Desert-grassland

whiptail
Little striped whip

tail
Chiracahua whiptail
Giant spottad whip

tail

ALLIGATOR LIZARDS
Arizona alligator

1Izard

VENEMOUS LIZARDS
Reticulate Gila monster

SLENDER BLIND SNAKES
Western bl ind snake

Texas blind snake

x

x

H

X

X

x

H

x

H

x

x

H

X

x

?
X

H

X

X

X

X

X

X

H
X

X

?

Colubridae
Diadophis punctatus
~~

Heterodon nasicus
kenner 1y i

H. n. nasicus
~l'orhynchus decur

tatus: nubilus X
R,'~rkinsi

COLUBRIDS
Regal ringneck snake

Mexican hognose snake

Plains hognose snake
Spotted leaf-nosed
snake

X

x

x X

X

X

71/
?1/
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Table 5,. Continued

Colubrldae (cont'ed)
Masticophis flagellum Red racer

piceus X X X
M. f. 1ineatu1us lined whipsnake --- --- --- X
M. t. taeniatus Desert striped whlp-

snake --- --- --- X
M. bi 1.ineatus b i Un-

eatus Sonora whipsnake X X X
Sa1vadora hexa1epis Desert patch-nosed

?11hexa1epis snake X
S. h. desertico1a Big Bend patch-nosed

?11snake --- X X
S. grahamiae graham- Mountain patch-nosed

i ae snake --- --- --- H
E1aphe triaspis inter- Green rat snake

media --- --- H
Arizona e1egans noc- Arizona glossy snake

?11
~ tivaga X X
I A. e. ph i 1i pi Painted Desert glossy
~ snake --- --- ?11 X

Pituophis me1ano1eucus Sonora gopher snake
affinis X X X X

Lamprope1tis getu1us Yuma king snake
yumens is X X

L. g. splendida Sonora king snake --- --- X ?
I Rh i noche i Ius 1econte I Western long-nosed

lecontei snake X X X
R. I. tesse 11 atus Texas long-nosed snake --- --- --- X
Thamnophis rufipunc- Narrow-headed garter

tatus snake --- --- --- H
T. elegans vagrans Wandering garter

snake --- H --- ?
T. cyrtopsis cyrtopsls Western black-neck

garter snake X X X X
T. egues mega10ps Mexican Garter snake X X X ?
T. marcianus Checkered garter snake X X X X
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Tab Ie 5. Continued

Chionactis occipitalIs Tucson shovel-nosed
klauberi snake X

Chilomeniscus cinctus Banded sand snake X
Ficimia cana Western hook-nosed

snake --- . --- X X
Tantilla planiceps Desert black-headed

?l!transrr,nntana s r,c.ke X X X
T. p. yaquia Yaquia black-headed

?11snake --- ---
Tantilla nigriceps Plains black-headed Hnigriceps snake ~ -. ~-- -~ -
Tr i morph odon lambda Sonoran lyre snake

Iambda§/ X X X H
Hypsiglena torquata Desert night snake

?11deserticola X X X
H. t. texana Texas nIght snake --- --- --- 711

:x> Elapidae CORAL SNAKES
I Micruroides euryxan- Arizona coral snakeI-'

\0 thus euryxanthus X X X X

Viperidae VIPERS
Sistrurus catenatus Desert massasauga

edwardsi --- --- X ?
Crotalus atrox Western diamondback

rattlesnake X X X X
C. mitchelli pyrrhus Southwestern speckled

rattlesnake H
C. cerastes cerco- Sonoran sidewinder

bombus X---C. molossus molossus Northern black-tailed
ratt Iesnake X X X X

C. t i gri s Tiger rattlesnake H
C. viridis cerberus Arizona black rattle-

?11snake ? X ---
C. v. viridis Prairie rattlesnake --- --- --- 71!
C. scutulatus scut- Mohave rattlesnake

latus X X X
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Table 5. Concluded.

Importation of "wa terdogs," Ambystoma tigrinum, of other subspecies for use as fishing bait,
and their introduction, may have essentially destroyed the native Arizona form through genetic
swamping.

"Rana pipiens" in Arizona seemingly consists of two, or more, very simi lar species, under
study by D. Platz of Arizona State University .

. Box turtles of various species and subspecies have been introduced widely in Arizona by man,
and the situation described before for Ambystoma may soon (or at present) apply here.

e

:x:
I

f\)
o

'3J The common snapping turtle has not yet been recorded from Arizona in the technical literature,
but adults and juveniles of this species (plus a number of othersl have ap~eared in the Phoenix
canal system, with only the I isted form yet taken in the area of the Orme site (from the Verde River).

~I The symbol "?" is used wi th footnote 3 to denote zones of i ntergradat i on between subspec ies
at a given site, or of probable intergradation; it is therefore equivalent to an IIX" in this usage.

~I Extant 1iterature indicates the absence of this species from the Charleston area; however it
has been caught in numbers by Arizona State University personnel far north of its indicated range,
near Bonita, Graham County, also far north of the Charleston Reservoir site.

~I Numerous taxonomic problems exist in southwestern whiptail lizarc.s, with conflicting reports
and major arguments developing and continuing (note the papers by Wright, Lowe, and Mas] in, in
the bibl iography). I have followed Conant (1966) in this 1isting.

~/ Gehlbach (1971) relegated this form to Trimorphodon biscutatus lambda.

11 su Indicates a status undetermined species as listed in the Bureau of Sport Fisheries and Wildlife's
1968 edition of Rare and Endangered Fish and Wildlife of the United States.
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Table 6

Ecological r.'etlonshipi of the herp.tof.un. of Orne. Butte•• Cherleston. and Hooker Re.ervolr site., Arlzona- New

r.laUonsht;. or occurrenee.
IMexico.

Symbols: X. JIlMt typIcal; F • frequent: It • rare: 7 • unknown: and -- • no knc:lwn
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.1'able_6 ContinUed
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Table 6. Concl.uded
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LA>

tUcruroldes eu"yxanthus X F ......- --- --- --- --- -- --- R --- F F X F ._- ...... R X R F 7 -- --- ...... --- R - X X

SIs ~rurus catenatus --- X ..-... --- -_... --- --- _...- 7 7 7 X ..._. --- ..._... --- 7 7 7 7 7 7 R7 --- -- R7 0 E X X R R X F ........-.. -_ .. _..- X X --- X

Crotalus ,l~ X X F R7 --. --- --.. --- R F F X X X X ....... --- F X X X X --- --- --- -_.. F R X X C R X X --- X -..- _..- X X X X

C.. ml tche II i X ....... --- --- -_... --- --- ...... --- --- --- --- R R X _..... --- --- --- --- R --- --- --- -_. -- --- -- X X R R 7 X I 7 --- ...... R7 k7 X X

C.. C(lrasteS X ...... --- -_... --- --- -.... -_ .. --- --- --... X R . ..... --- ...... -_... --- X --- X --- --- --- --- -- --- R7 X X R R 7 7 7 7 X _.- r F R X

? molossus X X F R ....... --- --- --- R F F F F F X --- R F F F X F F R --- --- r R X X F F 7 X 7 F --- --- R F X X

f ~:;11!s X --............. --- --- --- --- _...--_.- -_.. --- R R X --- --- --- -_ .. --- --- --- --- --- --- --- --- - X X R R 7 X X7 --- --- _.- R P. X X

R7 F X X -- --- --- --- F F F F F X X --- F F F 7 F 7 F F --- R7 F R X X X F 7 7 F 7 ......- ........ R F R X

];•...li\Ltv) atv, X F7 --- --- --- --- --- --- --- --- --- R X F R --- --- _._- F 7 F 7 --- --- -- --- R -- X X F R 7 X F· 7 .._........ F F X X

Y When .ltltudlna1 or life-zone Intergrades .re considered, their .ttributes are combIned In thIs surrmary of .cologlc.1
relationshIps of the~.s a whole; 1..,9.., hlgh- .nd low-.ltltude forms of Crotalus YIeld's, !..t5..

y See foot,:\ote numbo,. 1 •. T.bl. 1.

l'lntroduced from eastern Unt ted Suus.

'J!See footnote number 6, T.bl. I.

St'Bec.use of the secret lye nuu,.e of many sn.kes ••)Cempl ifled her. by the worm sn.kes that rarely moye .bove ground. the
h.bIU, hablt.ts, and 10 on of many species I. speculative or unknown_

§/ SU Indicates status undetermined species as listed iif the lIureau of Sport Fisheries and W1ldJ.ife' s 1968
edttion of Rare and Endangered Fish and Wildlife of the United states.



Table 7
Composite list of birds with critical life history 0(1':'8 ar.d oredicted effects

following inundation in the Central Arizor.a Project dam ~onstruction.l

Primary
Food

Habi"ts

~--,
Veg. Invert. Vert.'

~.

~~
Q)~

,l:;OC
~.-Io
O-rl-rl
dJ ~ s..
IS -rl '"'o 0 III
;I::P<U

Primary
·Nest

Placement

~.c: +> ,&> ~

tI.Iori dl ::l :;
~~e.8E

;<; c..l 8 ff) c)

Predicted
Effect on

t~os. Indivs._

-- I- r-~- --Eared Grebe 0 0 0 0
Western Grebe 0 0 • 0
Pied-billed Grebe • 6 (l 0 0 0 (')

Double-crested Cormorant • Cl 0
Olivaceous Cormorant • 0 0

*Great Blue Heron 0 0 00 0
*Green Heron 0 - 0 00 00

SnoW'.f Egret 0 0 0
~Black-crowned Night Heron • 0 10 00 0

Yellow-croWned Night Heron Cl () 101

e *Least Bittern • 0 0 () 0 I
Wood Ibis 0 I;) 0 0
White-faced Ibis 0 0 0 !C>'
Canada Goose 0 • 0 0
Snow Goose CI 0 () 0
Black-bellied Tree Duck 0 0 ()

~1'-lallard • • 0 () C 0
E*Nexican Duck c • 0 () 0 00

Gadwall
• 0

0 0 0
.Plnt.~!l L • • e 0 0
Green-winged Teal • • 0 0 0

~Blue-winged Teal • • 0 e 0 o.
Cinnamon Teal • • 0 0 0
American Widgeon o 0 0 0 0
Shoveler • • 0 0 I 0
Wood Duck • • «;) 0 0
Redhead 0 0 0
Ring-necked Duck 0
Canvasback -

• 0 0
Lesser Scaup 0 0 01
Bufflehead Q 0 0
Ruddy Duck 0 «;) 0 i I 0 I
Co~~on ~~rganser

-
0 Cl 0

Red-breasted Merganser 0 0 0
Turkey Vulture 0 0 0 0 0
Goshawk -

It <I 00
Sharp-shinned Ha~lk 0 0 OaI-*Cooper's Hawk Cl 0 0 0<1-

e
lP,stedsk ("*) indicates nesting.
E Indicates an endangered species, ~F&W's Rap and Endangered Fish and Wildlife 9f the U. S ••
R Indicates a rare species, (as above) A-2



Table 1 (continued)

Predicted
Effect on

Nos. Indivs.·....
Primary
Nest

Placement
--&.

Red-t.al.LeO .tiawK 0 . :0 0 0 00
Swainson's Hawk 0 10 • 0 00
Zone-tailed Hawk 0 i,o 0
Ferruginous Hawk 0 fa 0
'Gray Ha,,,k • 1f4 0 0 •Harris' Hawk 0 G • 0 0 0
Black Hawk n 1(1 e 0
Golden Eagle 0 0 0
Bald Eagle 0 " o. Ie 0
Marsh Hawk 0 10 0
'Osprey • ,

0 0 0I
Prairie Falcon e -0 0
Peregrine Falcon 0 i·o 0
Pigeon Hawk 0 "0 .. 0
Sparrow Hawk • 0 0 C 0
Scaled Q.uail 0 0 I 0 0
Gambel s Q.uail eo 0 i 0 0 0
Harlequin Q.uail ., • 0 0
Ring-necked Pheasant 0.0 CD i 0 0
Chukar 0 e ! " 0
Turkey 00 00 0 0
Sandhill Crane 0 00 I 0
Virginia Rail 0 0 I 0 0 ()
Sora 0 Q 0 0
Common GallinULe 0 (,') 0 I 0 0
American Coot 00 10 ,

0 0,
Killdeer 0 0 i 0 0
Common Snipe 00 0 IJ 0.- 1·- .J_ .
Spotted Sandpiper 0 0 II 0 ()
Solitary Sandpiper 0 C i 0
Willet ~ () ,I 0
Greater Yell~wlegs 0

.~+-
'I 0- - . ..lL

Lesser Yellowlegs 0 - ;I 0
Least Sandpiper 0 0 I 0 0
Long-billed Dowitcher 0 -. e 0
Wilson's Phalarope 0 0 'i 0
Northern Phalarope • 0

I-I-t 0
Ring-billed Gull • 00 0-

ol(

*
*

'*
*

*
*
*
*
*

*
*

*

*
*

E*

*
R
E
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Table 7 (continued)

Primary
Food

Habitsr..-----hn...- ~

Veg. Invert. Wert.

~r-~t:~
,.4 ':0 ~
CIl IS CII

oM I~ ,t::
,.4 '"' 'CII +'

(J (J1lJ +' .··,t::Od
oM oMCII+,tQ :+,,.40
+' tQ '"' +' '"' d CII '0 oM oM., '0 CII ., 0 ., H '4.> ~ J.<
::l41.Q ::l..o,-Q·4 SoM '"'

~ ~ b ~ !i: g t: :'g ~ 8

Primary
Nest

Placement

Franklin's Gull 0 i 00 0
Band-tailed Pigeon 0 0 0 II e
ROck Dove {> 0 I e
wnite-winged Dove

,
00 0 ee 0

l'lourning Dove oe 0 a I 0 () GO
Ground Dove 0 0 eo •'Inca Dove 0 G oa (I 0
'Yello,~-bi lled Cuckoo 00 () Q 00 0
Roadrunner 0 0 0 0 ()

Groove-billed Ani () 0 0 0
Barn Owl 00 0 r <) 0
Screech Owl 0 0 0 e
Great Horned Owl 0 0 10 00 &
Elf Owl 0 0 0 I 0 0I

Burrowing Owl 0 0 10 G 0
Spotted Owl ._- _. 0 0 0 (I 0
Poor-will 0 0 0 0
Co~mon Nighthawk <J 0 0 0 0
Lesser Nighthawk <:) 0 I 0 0 (')

Black Swift e G ! 0
Vaux's Swift ~ 0 I 0 0
White-throated Swift 0 e (') (j'

Black-chinned Hummingbird 0 0 0 0 0 0
Costa's Hummingbird 0 C () 0 Q
Anna's Hummingbird 00 Q 0 Cl) 00 0
Rufous Hummingbird r

00 G G ! 0
Calliope Hummingbird 00 • 0 : 0
Belted Kingfisher () , 0 0
Red-shafted Flicker () 0 0 0 () 0
Gilded Flicker 0 0 0 il 0 0
rna Hoodpecker 0 (I CD

+'
e 0

Acorn Woodpecker E) G 0 i Q
Lewis' Woodpecker 0 0 0 0
Yell~w-bellied Sapsucker .QI- ~L 0 0 10
Williamson's Sapsucker 0 0 . 0 0 ! 0
Hairy Woodpecker 0 @ 0

rl' 0 0
DOh~ Woodpecker 0 0 0 (1

Ladder-backed Woodpecker 0 0 0 O~-_._-

-II:

*
-II:

-II:

-II:

-II:

-II:

*
-l(

*
*

*
*

-l(.

*
*
*
'k

*
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Table 7 (continued)

Primary
Habitat

Pxeference

~

Primary
Nest

Placement
.....

Predicted
Effect On

Nos. Indivs.

~
1Il
III
Q) '0
J.< Q)
tI'O+'
Q) Q) tI

Q)Q)A+,Q)
!Il(ll 1ll'H
'" '" "" ~ ....
~~~Ejlll
ool-l..-i+'
~~~rj~

Western Kingbird • 4) ! ~ Q
Cassin's Kingbird • 0 Cit --

() Ie
Scissor-tailed Flycatcher 0 0 <I I 0
Wied's Crested Flycatcher 0 0 0 I a 0 0
Ash-throated Flycatcher 0 ., 0 : 0 ()
Eastern Phoebe 0 0 10
Black Phoebe 0 0 I~ ~ "d • +r .....t fo.r' e 0
Say's Phoebe 4) 0 ! c'" \.. • t+ 0
Traill's Flycatcher 00 0 ii 00 0 0
Hammond's Flycatcher 00 0 1 0
Dusky Flycatcher 0 (') 0 1 0
Gray Flycatcher 00 0 - 0 - I--Western Flycatcher OQ 0 0

0 -
0Western Wood Pewee , 00 0

Olive-sided Flycatcher 0 e 0 , Q
Vermilion Flycatcher 0 00 0 ! GO 00
Beardless Flycatcher 0 eo ,

C3;

Horned Lark e 0 ! 0 10
Vlolet'-green Swallow 0 0 e ; () 0
Tree Swallow 0 0 0

,
0

Bank Swallow IQ 0 0 ()

Rough-winged Swallow 0 0 0 0
Barn Swa llow e (} f <:t
·Cliff Swallow 0 (} ,

'" " <of IA"< ~ .... iu-- 0i

Purple 1::artin 0 • i 0
Steller's Jay 0 0 G t 0,
Scrub Jay 0 0 0 00 0
Mexican Jay 0 W G I' 0
Common Raven 0 0 0 i. 0 00 0
Hhite-necked Raven C 0 0 I 0 00 0

~
-- - -_.~

Common Crow 0 C 0 I 6 0 c
Pinon Jay 0 0 i' e
Clark's Nutcracker 0 c a (')

Mountain Chickadee 0 0 e
Plain Titmouse 0 G 1: 0
Bridled Titmouse 0 0 1'~ 0 0
Verdin 0 0 i- 00 0
Common Bushtit 0 0 I; 0

--

*
*
*

*

*

*
*

*

*

*
*

*
*

*
*
*

,.*
*
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Table 7 (continued)

Primary
Habitat

Preference
~

Primary
Nest

Predicted
Effect On

Nos. Indivs.
r ~A "

al
III
~ "Cl
F-< ~
U"Cl +J

~ ~ 2'\$ ~
lQlQ 1ll'H
CllCll'OS::'H

~ ~ ~-g III
uu"" ...... +Js:: ~ roM 0
HA:<:r>:lZ

White-breasted Nuthatch " 0 : 0 0
1iI-d-breasted Nuthatch

,
0 0 ! •

~ Nuthatch () 0 ! e
Brown Creeper to G i 0
Dipper 0 0 i. 0
House Wren 0 0 0 0
Bewick's Wren 0010 0 ~ 0
Cactus Wren 0 • 0 • 0
Long-billed Marsh Wren 0 0 : 0 0
Canon Wren e 0 i II 0
-Rock Wren 0 0 : 0 •Nockingbird 0 o. • 0

,
00 0

Brown Thrasher 00 a 0 0
Bendire's Thrasher a () 0 0 0 C
-Curve-billed Thrasher C) 0 0 • 0-
Crissal Thrasher clo 0 0 0 CI 0 0
Sage 'I'brasher

- . e0 0
Robin " 0 0 G 0 0
Rufous-backed Robin 10

--
e a • 0 0

Hermit Thrush G 0 c) 0 0
Swainson's Thrush 0 0 0 Q 0
Western Bluebird

--
<)a 0 ;

Mountain Bluebird 0 G 0
Townsend's Solitaire 0 0 00
Blue-gray Gnatcatcher 0 0 00 0
Black-tailed Gnatcatcher 0 0 00 0
Golden-crowned Kinglet 0

.-
0 00 0

Ruby-cr~vned Kinglet 0 e 0 : 0 0
Water Pipit 0 0 I ()

Cedar vlaxwing 0 0 00 C J
Phainopepla 0 o 0 0 0 () 0
Loggerhead Shrike 0 () 0 0 0 0--
Starling <;) Q 0 0 (9 0
Hutton's Vireo· 0 0 0 <.')

Bell's Vireo 00
.- I--I--

C 0 I· 0 00
Gray Vireo C () I ..-. Q
Solitary Vireo .

(';) 0 ~ 0 Q

vlarbling Vireo 0 0 0 ! 0

*
*

*

*

*
*

*
'*
*

*
'*
*

*

*
*
*

*
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Table 7 (continued)

Primary
Habitat

Preference
~

Priraary
Nest

Placement

Predicted
Effect on

Nos. Indivs.

~
III
ell
41 't:l
J.< 41
O't:l+>

..., CIl ~ 0
~~A .... 4l
CQCIl ell'H
ellell't:lS::'H
f:f:~llCll
ool-<..-l+>
~!.{~rj~

Black & ~Vhite Warbler 0 0 0 T 0
Tennessee Worbler 0 0 Q .I 0
Orange-crowned Warbler 0 0 0 Q

Nashville Warbler () {} 0 I 0
Virginia's Warbler 0 10 () , : 0
Lucy's Warbler 0 10 • i 0 0
Yellow Warbler 10 & • ! 00 00
!itYrtle 'Harbler QO 0 • : 0
AudUbon's Warbler 00 0 • I 0
Black-throated Gray Warbler 0 • :1 0
Townsend's Warbler 0 0

"
()

Grace's Warbler 0 0
I

0
Blackpoll Warbler 0 0 0 'i 0
Paltn \varbler 0 00 • ! 0
Louisiana Waterthrush $ 0 • 0
Northern Waterthrush 0 • • "MacGillivray's Warbler 0. 0 00
Yellowthroat • 0 • 0 e 0
Yellow-breasted Chat e 0 • e GO GO
Red-faced Warbler 0 0 • 'I 0
Wilson s Warbler on 0 0 0
American Redstart 0 0 0 I 0
Painted Redstart 00 0 00 0
House Sparrol,y 0 0 1-. , 00 0
Eastern Meadowlark 0 0 0 0 0
Western Meadowlark e 0 e 0 0
Yellow-headed Blackbird 0 C) 0
Red-winged Blackbird 0 0 0 0 ~
Hooded Oriole 0 0 0 O.
Scott's Oriole CD 0 00 0 G ~
Bullock's Oriole G C 0 0 0
Rusty Blackbird ----

0€I e 0
Brewer's Blackbird 0 0 K> 0
Boat-tailed Grackle • e e Q
Brown-headed C~,ybird 0 0 p~ ~ lc.. 00 0 ~
Bronzed Cowbird G Q P ~4.." fi, g~ 0 0
Western Tanager 0 ~ ; 0
Hepatic Tanager 0 0 C 0

*
*

*
*

*
*

*
*
*
*,*
*
*
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Tcble 1 (continued)

Primary
Food

~~
Veg. Invert. Wert.

Primary
Nest

Placement

S,-'.mmer Tanazer 0 0 0 0
Cardinal 00 0 Co' 0
Pyrrhuloxia 0 0 : 0 a
Black-headed Grosbeak 0 0 0

I

00 0 ()I

Blue Grosbeak G 0 G I o • 00
Indigo Bunting e 0 0 I' Ie • 0
Lazuli Bunting • 0 (') i 0
Evening Grosbeak e 0 t 0
Cassin's Finch 0 0 0 0
House Finch e 0 0 00 0
Pine Siskin 0 0 0 I 0
American Goldfinch

..
0 0 00 0

Lesser Goldfinch 0 0 .0 0
Lawrence's Goldfinch 0 0 : 0
Red Crossbi11 ()

..
a 0

Green-tailed Towhee
.

0Q 0 0
Rufous-sided Towhee

..
0eo 0 0 VO

Brown Towhee 00 0 I 00 0
-Abert's Towhee 0 0 0 0
Lark Bunting 0 b 0
Savannah Sparrow e 0 : 0
Grasshopper Sparrow 0 0 e i K)
Baird's Sparrow 0 0 I 0
Vesper Sparrow 0 0 0
Lark Sparrow 0

, .
0 0 0 (')

Rufous-cr~yned Sparrow 0 0 0 . 0 0 -Cassin's Sparrow C 0 0
Black-throated Sparrow 0 0 0 0
Sage Sparro., 0 0

,
0I

Slate-colored Junco 0 G I C
Oregon Junco 0 G ! 0
Gray-headed Junco 0 (I ! 6J
Mexican Junco 0 0 , 0
ChippinS Sparrow 0 0 () Ii G 0
Brewer's Sparrow 0 () I; 0
Black-chinned Sparrow {} ""'

,
() ()

~ i
White-crowned Sparrow . 0 () Q
Golden-crowned Sparrow () 0 I[ -to

..
*..

*..
*..
*..

....

....
"*

..
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Table 7 (,ontinued)

Primary
Habitat

Preference

~~.----t(J • El
QI t(J III
> Q) Q)

> I-<
QI ----+'
l/l Q) ---- Q) to)
I-< 1Il QI '0
ccC'O..-iE
AQI..-i 10 0
10 '0 1Il I-<

· ................ El~'H
QlQ)IllQl>,
t(JbOQiI-<Ill
'O'OI-<+,:'
Q)Q)+,lIlCC

10 ........
()l/ll/l ........ ~

"'f"i - - !CO a:J
~J.lJ.ltll'O~
lIlQ)Q)Qi;:l ....
O~~~I-<'O

~~~e'::~~

Primary
Nest

Placement

Predicted
Effect on

Nos. Indivs.
r -"'-~

Qi
10
c:l
QI '0
H Qi
O'O+'
Q) QI 0

QlQIA+'Q)
III Ctl III ry
COa:J'"O~c+-t

~~~-aGl
gOI-<;j~
H~:§r:01:Z:

White-throated Sparrow 0 0 ()
-

Fox Sparrow 00 10 0
Lincoln's Sparrow 0 0 0 0
Swamp Sparrow 0 0 0 (3 0
Song Sparrow & 0 G 0 0 0
McCown's Longspur 0 () "Chestnut-collared Longspur ClI 0 0

*

. I

I

Addendum

Little Blue Heron· •• • • ••COllllllon Ep;ret • • •Black-bellied Tree Duck •• • ••Stilt Sandpiper • • •American Avocet • •Ferruginous Owl • • • • •Broad-tailed HUllllllin~bird •• • •Tropical Kingbird • I • •Coues Flycatcher • • ••Hermit Warbler •• •Orchard Oriole • •Painted Buntinp; •• •

*
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Table 8
Composite list of mammals with level of riparian dependency and predicted effects

following inundation in the Central Arizona Project dam construction.

Q)
III
CD

~
g

H

Predicted Effect
on Nos. Individuals

,..---~... ...._--.......r Q) ~
<.Q

IV
Q)
~
()
Q)
'0

Riparian
Dependency

R

Desert Shre'..t • •Long-tongued Bat • r"srcl ,/M;';/~ •Long-nosed Bat • - " •Yuma ~otis • ., · •Cave ~otis • ~ · •Short-eared ~otis • H · •California r{yotis • - · •Small-footed ~~otis • .. .. G
Silver-haired Bat • •Western Pip1strelle • !,z.u.J ~,.,,·I,.·, •Big Brown Bat • .,

~ •Red Bat • IRo04lluu •Hoary Bat • . .. •Spotted Bat CA."!K~l "'\"I
Townsend's Big-eared Bat • •Western Big-eared Bat • •Pallid Bat • •Mexican Freetail Bat • •Big Freetail Bat • •Greater Mastiff Bat • •Eastern Cottontail • •
~ocky Mountain Cottontail • •Desert Cottontail • COve~ •Antelope Jackrabbit • •Black-tailed Jackraooit • •Least Chipmunk • •Cliff Chi pmunk • •Harris ~ntelope Squirrel • •Spotted Ground Squirrel • •Rock Squirrel • •Round-tailed Ground Squi_rrel 0 •Gunnison Prairie Dog • •Abert's Squirrel • 0
Arizona Gray Squirrel • f,c,(u •30uthivestern Pocket; Gopher • ~o;l •Plains Pocket Gopher • •:\pache Pocket I·!ouse • •
RIndicates a rare species, BSF&W's Rare and Endangered Fish and Wildlif"e of the U. S ••
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Table 8 (continued)

Riparian Predicted Effect
Dependency on Nos. Individuals

..... ~ ", , r eueu CII
s:l ell
0 eu 'tlc

'"' eu
C,) 'tl ...

'"' eu eu ueu 0 eu eu 'tl ... eu... III III co It-<
tlO III eu III III '0 I:l ....c M ,...., 4l 4l

~ El CD
0 4l ...

'"' '"''"' ~
... u u '"' 't"l 1)... ~ c 2S :i

,....,
Cf.l ,.:J H r:&l l2:

Silky Pocket Mouse • •Hispid Pocket Mouse • •Desert Pocket Mouse • •Arizona Pocket Mouse • •.Long-tai led POcket Mouse • •Great B€sin Pocket Mouse • •Rock Pocket MOuse • •Ord '.s Kengaroo Rat • •'B~nnertail,Kangaroo Ret • •Merriam's Kangaroo Ret • •Desert Kangaroo Rat • •Beaver • • •Plains Harvest Mouse • •Western Harvest Mouse • •Fulvous Harvest Mouse • •Cactus l-louse • •Deer Mouse • •'.-lhi"te-footed Mouse • •Brush Mouse • •Pinyon ~Iouse • i.
Pygmy MCluse • •Northerr.: Grasshopper Mouse • •Sout.hern Grasshopper Mouse • I •Hispid cotton Rat • •Least Cotton Rat • •\-ihite-"throated Woodrat e ! I •Stephen's Woodrat • !O
~r1exican Woodrat • •Longtail Vole • • •Mexican Vole • • •Muskrat • • •House l>1ouse • •Porcupine • •Coyote • • I •I

Gray Holf I •Kit Fox • •Gray Fox • •

A-33



PM

Table 8 (continued)

Riparian Predicted Effect
Dependency on Nos. Individuals

~
~r ~

CI.I
CI.I III
d lI)

0 CI.I '0
d J.< CI.I

() '0 +J
J.< CI.I CI.I ()

CI.I 0 CI.I CI.I '0 +J CI.I
+J III III lI) ......

~ III CI.I lI) lI) '0 C ......
C '" ,...l Q) Q) Q) oM 'II
0 41 +> J.< J.< .!<: S,..

~
+J (J (J ,.. ori +J

+J oM C
~ ~

.-l 0
(I) ...J H 1:>0 :z;

Black Bear • •Ringtail • •Raccoon • wl!'.·h~ Q •Coati • I • 0
Long-tailed Weasel • •Badger • • I
Spotted Skunk • •Striped Skunk • '. I

Hooded Skunk • •Hognosed Skunk • •Jaguar •lvlountain Lion • .-
Ocelot •Bobcat • •Javelina • •Elk • • ,

Mule Deer • •White-tailed Deer • •Pronghorn • •OVis canadensis • •Horse • •
PM Indicates a peripheral mannnal species , BSF&W's Rare and Endangered Fish and Wildlife of

the United states.
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Eared Grebe
*Pied-billed Grebe
Double-crested Cormorant

*Great Blue Heron
*Green Heron
Little Blue Heron
CClllillon Egret
Snowy Egret
Bls,=k-cro;med Night Heron

*Least Bitter:'!
Wr.ite-fsced Ibis
Canada Goose
lI:allard
Gad,.sll
Pintail
Green-Hinged Teal
Blue-i;insed Tea 1
Cinnamon Teal
I.;r.erica n Hidgeo:1
Shoyeler
Wood Duck
Redhead
Ring-nected Duck
Bufflehead

*Ruooy Duck
COJJ!':!on r-Ierganser
Red-breasted ~erganser

.~lrkey Vulture
Sharp-shinned Hawk
Goshawk

-l(·cooper 's Hawk
-l(·Red-tailed Haw:;:
Zone-tailed Hawk

*Harris' Hawk
*Black Ha',:k

Golden Eagle
B*Bald Eagle

li'J:lrsh Ha.,rk
Osprey

i(·Spcrr~ Hawk
-l(Gambel's Q'J.ail

Virgi:1ia Ra:! 1
Sore

*Common Gallinule
*A1Jerican Coot
*KiLldeer

COr.'J':on Sni pe
Spotted Sandpiper
Leest Sandtliper
Stilt Sandpiper

Table 9

BIRDS

Orne Dam Sitel

Podic~ps cas9icUS
POd1lynlbus podic2PS
Pha lacrocorax c1l'.ri tus---Ardea hcrodiGs
BUtOrides vir~scens

Florida c!.lerulea
Cii"SiTierod~t:s a-lbu-::;
Leucophoyx thula-
Nyctico~ uyeticorax
Ixobrych'ls exi~
Pleg8d1schiEr
ifrant'8-c-n-nadensis
Anss plat;Y:rh~c1:<Js

Anas strepera
Anes acute -
Anas carolinensis
P.nes discors -
Ana;: cyenoptera
Mareca americana
Spatula clypeeto
Alx spoi~sa

AYthyaamericana
Aythya collaris
~Jcephala albeola
O..<yura ja:naic·cl1Sis
~gtl:3 merganser
Mergus serrator
Cathar:tC"S"snra
ACCTPIter stristus
Accipiter genti.iis
Accipiter cC~D~il

BtiteO'jB1iiaIC"ensis
Buteo a 1bonotatus
Parabuteo unicinctu3
~aTIusanthracTnus
Aqui"La clJryseetos
Hp.liae-etus· leucvcepha lus
Ci rcUi3--cyane;:;s------
PbnJio,, l·a lhJetus
Falco sp?rVerf~

I:'OPhOrfyx gante1...ii
Rallus iimICOi-a---
Porzane Cflroli.nl.l
Ge 11inlilachlor-cpus
FUITca-a::ieri cana-
Charadrius voCTfcr~s

Capella gallinego
Act:iBs· n;"ac;.ll-arTiJ
Erotic: r:Jln\::£TI~.a----. ---
Micro9?1~a hi~~ncc~us

unco~"on ~esident

uncorr~on trcns:e~t

uncommon resident
uncommOn sur.:n:er
accider.tcl
ra::e trens.ic:rt
comr,lon tr::.n;o;i(;ut
U~COffiDon trens~ent

unCOr".Jl'.0!1 SClm~:~r resident
rare t:Lllnsient
unCOriUiion ;tir,tel'
comraon winter-
rs.':'e tr(l:1sient
common winter
common winter
unCODlffion tra!1sier.t
common transient
common ',:inter
cO:nmon vlinter
accidental
uncommon Hinter
uncoromor.. wi!1ter
uncommO:1 wi.nter
unconln",on res ident
uncomm~m winter
rare -transient
COMmon su:r~;.(:r

cO!TJUOn ·,.:int~.~·

accide~tcl (o:1e r~cord)

common resident
common r(;sident
rere visi ta:1t
fairly COl:lmon resident
rare summer res:dent
:cal'~ visi t"mt
uncor.i..ruoll l:inter rcsident(2pr)
uncor.m:on winter
UJi~::Ofl~hon trarl,sier",t
CO!:1.!!!~:·~! resiaent
corn::1G;: to ,s(;undc:1t ~C::J:1_c1en:'

u..'1CCr~~i..:n "fn• i r.l.ter
unc0T.:i'iIOn wititer
uncor.~on resident
common resident
corrunO!J resident
uncormr.on w:l.nter
CO!11~on winter
cOmmon winter
accidenta:"

E Indicates endangered species as listed 1n the Bureau of Sport Fisheries and Wildlife's
. 1968 edition of Rare and Endangered· Fisb and Wildlife of the United states.
*Indicat':s nel!;ting. A-35



.~.r.,~rican Avocet
RiDe-bi lle<:i Gull
Band-tailed Pig~on

*~mite-wingea Dove
*!,"ourning Dove
*Ground Dove
*Inca Dove
*Yellow-billed Cuckoo
*Roadrunner

Groove-billed Ani
~'ScTeeeh Owl
*Creat Horned ~{l

*Ferruginous Owl
-l(E:lf Owl
*Pcor-'",ill
*Lesser Nighthawk
Vaux's Swit't
White-throated Swift

*Black-chinned Hummingbird
-l(Costa 's Hunmingbird
Anna's.Hu~~ingbird

Rufous H~~ingbird

Belted Kingfisher
Red-shafted Flicker

*Gilded Flicker
*Gila Woodpecker
Acorn Woodpecker
Lewis' Woodpecker
Yellow-bellied Sapsucker

-l('Ladder-backed Hoodpecker
Tropical Kingbird

*Western Kingbird
Cassin's Kingbird
Scissor-tailed Flycatcher

*Wied's Crested Flycatcher
*Ash-thro~ted Flycatcher
Eastern Phoebe

*Black Phoebe
Say's Phoebe
~Tal1~'s ?lycatcher
Ra~~ond's Flycatcher
Dus~y Flycatcher
Gray Flycatch~r

Heste:cn Flycatcher
C0ue's Flycatch0r
~Testern Wooe. PeHee
Olive-sided Flycatcher

*Vermilion Flycatcher
Horned Lark
Violet-green &:all~",

Tree Swallow
;(Rough-·wingc:d Sl{allow

Barn SHallow
'\;Cliff S~..allo;,r

~ble 9, continued

--_. - --------
Colv.~ba fzsC'iuta
Zenaida asiatica
Zena i6;ramacl=-oura
CO'fti!riiyC3~~tlina passerina
Scarda[ella inca
Coccyzus amerICanus
Geococcyx californianus
crotOIiiviga suleirostt-iS
Otus 88:1.0

Bubo :;;:l.Tginilm:lfl
GTS'Ucicium brasilianum
Ml cratlwne ;:hitneyi
~ae~tiius nuttallii
Chordeiles acutipennis •
Chaetura vati-xi
:i\e"r'O'niii:iteS"Saxata11s
Archllochus alexandri
Ca lypte c-ostee
Calypte anna
Selasphorus-rufus
Megaceryle alcyon
Colaptes cai;r--
Colaptes cllrYSoides
centUrus uropygialis
Melanerpes formicivorus
AsyndeSiiiU'S lewi-s----
spiiyrapicus-vart..:s
Dendrocopos scalaris
Tyrannus rr.e"lancFioricus
~UB- verticalis
Tyrannus vociferans
Muscivora-forficata
~iarchus tyranr:ulus
~iarchus CInerascens
sayornfSph08be
Sayornis nlgricans
Sayornis saya
&iPT~traillii
Empidonax hammondii
EmpidOila3< o0erholseri
Empldo~wrightii
Empfaonax difficilis
Conto?usperti~·

Contopus 50rdldulus
Nuttallornis borealis
Pyrocepha{us rubTnus
EreiiiOPhiiaalpestl-Ts
Tachycineta thalassina
Iridoprocne bicolor
Stel2;iuopteryx ruficollis
Hirundo-rustica-------
Pet:rocflE~IIdon pj'T.tl1onota
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w.lcorru71vn tl"ansient
uncOmmon winter
accidental
abunaent su~~er resident
abundant SU!1H!'.er, uncom. wint
unco~non resident
uncommon resident
uncorrmon summer resident
common resident
accidental
common resident
common resj.dent
rare resident
common surr.mer resident
comraon sum~er resident
abundant summer resident
irregular transient
common visitant
common summer resident
common summer resident
uncommon winter
rare transient
common winter
common winter
common resident
common res:'dcnt
accidentsl (2 records)
irregular winter
common winter
common resident
accidental
common summer resident
rare transient
accidental (1 record)
common sU~l;er resident
common su®ner, uncom. wint.
accidental
common resident
cOmmon winter
u..'1cor:nnon tr3nsier.t
COIJU'lOrl trans., uncom. wl.nt.
uncomnon tr8nsient & wint0r
tmco~'r:on trensier:t & winter
co~~on trensient
accidental
comr;lon transient
unco~~on transient
common summer resldent(1ocal
rare tronsient
abundant trensient
common transient
uncOmmOn su;nner, com. tr<:::ns.
uncorrLl10n transient
uncomrr.o:J, s\~rr.mer, com. trans.



Table 9, continued Orme

Purple Martin
Steller's Jay
Scrub Jay

*COrnmon Raven
Common Crow
!-iountain Chickad.ee
Bridled Titmouse

*Verdin
Common Bushtit
Ifhite-breasted Nuthatch
Red-breasted Nuthatch
Brown Creeper
House Wren
BP.wick's Wren

*Cactus Wren
Long-billed ?<Iarsh Hren

*Canyon Wren
i(-Rock Wren
*Mockingbird
*Bendire's Thrasher
*Curve-billed Thrasher
*Crissal Thrasher

Sage ~'hrasher

Robin
Rufous-backed Robin
Hermit Thrush
Swainson's Thrush
western Bluebird
Mountain Bluebird
~msend's Solitaire
Blue-gray' Gnatcatcher

*Black-tailed Gnatcatcher
Golden-crmmed Kinglet
Ruby-crowned Kinglet
Water Pipit
Cedar Waxwing

i(-Phainopepla
*Logger Shrike
*Starl1ng

Hutton's Vireo
*Bell's Vireo

Grl:ly Vireo
SoUtary Vireo
Wai'bUng Vireo
Black & White Warbler
Orange-cratmed Harbler
Nashville Warbler
Virgini.a 's Harbler

*Lucy's Harbler
*Yellow Warbler

Audubon's Warbler
Black-throated Gray Harbler
T~Nnsend's Herbier
Hermit ",Tarbler

Progne subis rare trc.nsient
CYanoc-liTiiS:Lellcri accidenta 1.
Aphelocor.ul coerulescens irreeular winter
Corvus-corax rere resident) com. winter
Corvus br'ii"Chyrhynchos cOmmon \Jj nter
Parus gambeli irregular winter
Parus woil~eberi unco~~on winter
Aiir!Parus flaviceps abundant resldent
Psaltriparus minimus irregular winter
Sitta caroli.nensis· irregular winte:r
Sitta canadensis irregular'winter
cer:thia familiaris uncOmmOn winter
~Iroglodytes acdon COllunon winter
ThrYOffianes bew1C:kii common winter (1 nest. ree.)
campylorhynchus bl·unneicapillumcommon resident
Telmatodytes palustrIS----------common winter
Catherpes mcxicenus unco~~on resident
Salpinctes obsoletus common resident
Mimus polygICittos- unconunon resident
TOXOStoma bendirei uncommon r~sident
Toxostoma cUl'virostre common resident
Toxostoma dorsale cOmmon resident
oreoscoptes montanus uncommon winter
Turdus migratorius tfficom. to abundant ~inter

Turdus rufo-palliatus accidental (2 records)
Hylocichla guttata irregular winter
Hylocichla ustulata accidental
Sialia mexican-a---- common winter
Sialia currucoi.des common winter
Myadestes townsendi irregular winter
Polioptila caeTulea common winter
Polioptila melanura common resident
Regulus satrapa accidental
RegUlUS calendula abundant winter
Anthus sprnorettB uncow~on winter
Bombycilla cedrorum irregular winter
Phaino~epla nitens common resident
Lanius ludovicianus uncommon resident
Sturnus vulgaris cOmmon resident
Vireo huttoni common ~r1nter

Vireo bellii \ uncommon summer resident
Vireo vicinior ~ccidental

Vireo solitarius com. transient, rare winter
Vireo gilvus commOn transient
MhIOti~ria accidental (1 record)
Vermivora celato common trans.) uncom. winter
Vermivora rlifICBpilla rare transient
Vcrmivora virginiae rare transient
Vermivora luciae abundant resident
Dendroica petechia uncom. summer, com. trans.
Dendroic2 audUbOni abund8nt winter
Dendroic2 nigrescens com. transient, uncom. wint.
Dendrolco" tQ.~s~~ cow~on transient
Dendroic2 occidentBlis accidental (1 record)
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Northern Waterthru"h
~bcGilli\TDyrs Warble~

*Ye110'..rthroat
*Yello~-b~easted C~at

rii.lson's Warbler
American Redstart
Painted Redstart

*House Sparrow
1~estern MeadOlilark
Yellow-headed Blackbird

*Red-lT1nged Blackbird
*lIooded Oriole
*Bullock 's Oriole
2Rusty Blackbird
Brewer's Blackbird
Boat-tailed Grackle

*Brown-headed Cowbird
*Bronzed Cowbir1
Hestern Tanager

-l(·SUlrJl1er Tanager
*Cardinal

Black-headed Grosbeak
*Blue Grosoeak

Lazuli Bunting
Evening Grosbeak

*House Finch·
Pine Siskin
American Goldfinch

*Leszer Goldfinch
Lawrence's Goldfinch
Green-tailed Towhee
Rufous-sided Towhee

*Brown TOIihee
*Abert's TO'tlhee

Vesper Sparrow
Lark Sparrow

*Black-throated SparrOlv
Sage Sparrow
Ore[;on J;.mco
Chj.!'pi ng Sparrow
Bre..er's SparrO\-T
I'1hite-cro'.Tf1ed Sparro1v
Golden-cro',med Sparrow
White-throated Sparrow
Lincoln's Sparrow
Swamp Sparrow

*Song SparrolY

Table 9, Concluded

O?oror~~~ tolmiei
Geo~hylypis trichns
Icterin virens ----
Wilsonia!iUSilla
SetoPhaga ruticilla
setOPhaga picta
Passer domestICus
StUrnella neglects
Xanthocephalus xanthocephalus
Agelaius phoeniceus
Icterus cucullatus
Icterus bullockii
Euphagus carolinus
EuphagL~ cyanocephalus
cassIdix mexicanus
Molothrus ater
Tangavius 8eneUS

Piranga lUdoviciana
Piranga rubra
Richmondena cardinalis
Pheuct icu·s·-me lanocepha lus
Guiraca caerulea
-Passerfnaamoena
Hesperiphona vespertina
Carpodacus mexicanus
Spinus pinus
Spinus tristis
Spinus psaltria
Spinus lawrencei
Chlorura chlorura
Pipilo erythrophthalmus
Pipilo fuscus
PiPITO aberti
Pooecetes gramineus
Chondestes grammacus
Amphispiza bilineata
Amphispiza belli
Junco orega~--

spIZella passerina
Spizella breweri
Zonotrichie leucophrys
Zonotrichia atricapilla
Zonotrichia albicollis
Melospize lincolnii
Melospiz8 georgiana
MefOsprza meIOd--ra-

Orme

2ccidp.nt~1 (1 ~ecord)

COl?"£.Orl t~;::iJ.~icnt

uncom~~n su~r.er ~esident.

corr~on Slli~uer resident
common transient
accidental (l record)
accidental (1 record)
uncommon resident
common winter
uncommon wintp.r
cO!!Unon re::;ident
uncommon summer resident"
common summer resident
accidental
uncollunon winter
uncOmmon visitant
common sun~er resident
uncommon ::;umrner resident
common transient
common summer resident
cOmmon resident
common transient
uncommon sU~uer resident
uncommon transient
accidental (1 record)
common resident
irregular winter
uncommon ",inter
common resident
rare winter
common transient
uncommon wint'?r
cOl111'non resident
common resident
uncommon winter
uncollunon winter
common resident
uncommon ~Tinter

irregular winter
uncommon transient
cOlTUilCn winter
common ."rinter
accidental (1 record)
accidental (1 record)
uncorronon winter
accidental (1 record)
cOmmon resident

1Adapted f'rom Simpson, J. M. and R. R. Johnson. History and Ecology of the Avifauna
a t Blue Point Cottonwoods, Maricopa County, Arizona (manuscript).

2(no specimen) Observations of Janet Witzeman.

A-38



6me Dam Site

Deser t. shrew (l:;otiosc.j ,,:c cre ,ifo=ui)
Ca Ufomia leaf -nosed "o-a-t-O;;'i~rofus ca li fornicus)
Cave ~otis (1)tyotis veliferT-----
California rnyotis TVvotis californicus)
Western pipistrelle-rPipfstr~llu~erus)
Big br~in bat (Eptesicus fu;c,JSl-
Red bat (Lasiurus 1)OT"ol.i5j------
Hoary bat (Lasiurus c{nereus)

II Spotted bat-(EUderm3-rr.acUl8tB )
Townsend's big-eared bat (C0c~norhinus t~~nsendii)

Pallid bat (Antrozous pellious)
Brazilian free-teiled bat l:r~c3ride brezilien61s)
Greater mastiff bat (Eumops perotis)

.Yuma Bat (ltrotis YUIr.9nen5lS')--_.~
Black-tailed jackrabbIt ~tepus californicus)
Desert cottontail (SylvilagU3 auduboni)-
Rock squirrel (CitelJ.us variegatuSY--
Harris' antelope squirrci--~~clLusharrisi)
Round-tailed groune squirreI--(Citellus tereticaueus)
Valley pocket gopher (Thomo~ys~~~~

Arizona pOcket mouse (Peroznathus amplus)
Lop~-tailed pocket mouse [PerDgnBthus formosus)
Desert pocket mouse (Perognathus penicillatus)
Rock pocket mouse (Parognathus internedi~

Merriam's kangaroo rat [DfPOdC~s mer~mr)
Ord 's kangaroo rat (Dipodomys ordi) uncorn;:lon
Desert kangaroo rat (Dipodorr~s~erti)

Beaver (Castor canadensis)
Southern grasshopper ~ouse (Onycho~s torrious)
Western harvest mouse (RcithrodontomYs rnegalotis)
Cactus mouse (Perorr~scus-eremrcus;----
Deer mouse (Pe?O;,Yscus-maniculatus)
White-throated wood rat~reotoma albigula)
Muskrat (Ondotra zibethicus)
Porcupine (Erethizon dorsat~n)
Coyote (Canis latrans)
Gray wolf (Canis lupus) extirpated
Gray fox (Urocyon-ci~re0~reenteus)

Ringtail (Bassariscus astutus)
Raccoon (Procyon lotor)

.PM Coati (Nasua naric~question

Badger tTaXidea taxus)
Spotted skunk (SprIOgale putorius)
Striped skunk (t-:eprlitis mephitis)
Hooded skunk (Mep~macroura)

Hognosed skunk (Conepatus-rr~eucus)

PM Ja~uar (Felis ~a) <:lccidental
PM Ocelot (Felis p~rd~lis) accidental

R>1 Indicates a periphEiral~1 species~

E .Indicates. an endangered species. J
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•

Table J.O, Conc1.uded

Mountain Lion (Fells concoJ.or)
Bobcat (~rufus)
JaVellna'massu tajacu)
Mule deer Odocoile~m1onus)
Horse (Equus)
Kit :rox (VuJ.pes llia.crotis)
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E:~~ed Grebe
Greet Blue Heron
Green Heron
Canada Goose
Corrunon ~erganser

Turkey Vulture
*Cooper's Hawk
*Rcd-tailed Hawk
Harris' Hawk
Bald Eagle
Marsh Hawk
Osprey

*Sperrow Hawk
*Gambel's Quail
Virginia Rail
Sora

-l(Killdeer
Spotted Sandpiper
Band-tailed Pigeon

*1·1hitc-..... inged Dove
*Mourn1ng Dove
*Yell~,-billed Cuckoo
*Roadrunner
*Screech Owl
*Great Horned Owl
*Common Nighthawk

Lesser Nighthmlk
Hhite-throated Slfift

*Costa's HuwDingbird
*Blnck-chinned HUmrrdngbird
Belted KinSfisher
Red-shafted Flicker

*Gilded Flicker
*Gila Hoodpecker
*Ladder-backed Hoodgecker
*A3h-t.hro3ted Flycatcher
*Bla;::k Phc:;)~e

Say' 5 Phoebe
?*Traill's Flycatcher
*Vermilion Flycatcher
*Rough-winGed Swallow
Cliff S·..allow
Common Raven
*~~ite-necked Raven
*Verdin

Red-breasted Nut~atch

Brown Crc2per
House ''''ren

*Indicetes nesting.

Table 11

BIRDS

Buttes Dam Site

Podiceps caspicu8
Ardea herodias
BUtOrides virescens
Branta canaden~i~

Mergus merganser
Carth2rtes aura
ACCTPlter-·coope-ri
Buteo jamaicensis
'P8'rabuteo uniCIi1Ctus
Haliaeetus·leucocephalus
Circus cyaneus
Pandion'haliaetus
Falco sparverius
L'OPhQrtyx gambelii
Rallus limicola
PorzanacaroITii'a
Charadrius vociferus
Actitus macularia---
Columba f8SC~
Zenaida asiatica
Zenaidura macroura
Coccyzus americanus
Geococcyx californianus
6€us asio
Bubo V'fiiinianus
ChOrdeiles minor
Chordeiles aeutrpen~is

Aeronautes saxatalis
Calyptes costae
Archilochus alexandri
Megaceryle alcyon
Colaptes cafeI'
Colaptes ChrYSoides
Centurus uropygialis
Dendrocopos scalaris
~viarchus cinerascens
Sayornis r.~g~icans

s-ayornIS saya
Empidonax traillii
J>yrocepha lU5 ru'o:Lnus
StelgidopterJ.< ruficollis
Petrochelidon ~yrrhOn~

Corvus corax
Corvus cryptoleucus
P.u.riparu" flavice;Js
Sitta canadensis
certhi::' fa."iliari3
TroglCdy-t~ aedon

A-41

uncommO:1 •..inter
cOmmon resident
cOmmon resident
uncommon winter
uncOmmon wi.nter
cOI!':mon sU!!:!.:er &. •.-inter
cominOn resident
CO!l1lT.on resident
unco~~on resident
unco~'Jn

common winter
uncommon transient
common resident
common resident
accidental
uncOllunOn
commOn resident
commOn fall & wint. trans.
transient
common summer
abundant resident
uncolDJllon summer
common rElsident
common resident
comr:on resident
common summer
migrant or accidental
irregular winter
common resident
cOll'.mon summer
uncommon winter
common winter
cOlDJllon resident
COmmor: resident
common l'esident
irregular summer
cC)lllP.Ion resident
uncolillnon wi nter
uncOmr~on summer
cOIr",~on resident
common summer
common surmner
common winter
cOmmon re:sident
cOmmon resident
uncommOn winter
ccm:non winter
cOwmon winter



Table il, concluded Buttes

*E~wick'5 '{ren
*CGCtU5 Wren
*Ca nyon iolren
-¥.Rcck Wren

:'iockingbird
*Curve-billed Thrasher
*Crissal Thrasher

Robin
Western Bluebird
T~unsendts Solitaire
*Bl~ck-tailed Gnetc:atcher

Ruby-crowned Kinglet
-l('Foainopepla
*Loggerhead Shrike
*Bell's Yir~o

*Lucy's \larbler
*Yellow Warbler

Audubon Warbler
Black-throated Gray Warbler
MacGillivray's ~'larbler

*Contion Yellowthroat
*Yellm,-breasteo Chat
Wilson's Warbler

*Western ~£adm,lark

Yellow-headed Blackbird
*Hooded Oriole
*Scott's Oriole

Brewer's Blackbird
*Brown-headed cmlbird
Hcstern Tanager

*SU!ll!ller Tanager
*Ca::-dinal

Pyrrhuloxia
*·Blue Grosbeak
*House Finch

American Goldfinch
*Lesser Goldfinch
*L8Wrence's Goldfinch

Green- ta iled T01.;hee
*A':1ert's Towh,=e
*Brown Towhee

L::::=-k 3Unting
GrAsshopper Sparrow
Vesper Sparrow
Black-throated Sparrow
Sage Sparrow
Oregon Junco
Chipping Sparr~w

Brewer's Sparrow
vfuite-crowned S?3TrOW
Li~coln's Sparrow

-~·S0ne::; Sparrow

Thry..?~~~~s_ ~_ei:::'~.~!~~ CO::l:ilQ!l resident
Camp~florh;:inchus t::o:n-1ci c:":"tJillulil C0~~l>-;iOn resident
Cathe?:"pes r:;exic8nus cOU'_"!!C'n Tesident
Salpinctes Ob30l€'~us cOmmon resident
Mimus polyglottos uncommon -"inter
ToXostom3 curvirostre COlLJl\on resident
TOXOStoma dorsale unco~~on resident
Turdus mieratorIUs irregular winter
Sialia m~xicana irregula~ winter
~~adestes to,r.;sendi irregular winter
POUOPt:iTla ~~cla:1ura COlill.,on resident
Regulus calendUla--- common winter
Phainopepla nitens common residep.t
Lanius ludovicianus cOmmon resident
Vireo be1111 common SUm!TE r
veriiiivora luciae cOmmon summer
Dendroica petechia common surr~er, fall trans.
Dendroica auduboni abundant wi~ter

Dend:rOICa nigrescens comm~n transient
Opororni; tolmiei common transient
Geothylypis trichas uncommon Slli~~er

IcteTia virens cOl:llilon sunu:!er
Wilsonia-puS:Lfla co~~on transient
s:t'iirlleTIa neglecta unc01.1rt:on SU!T'Jr,er
Xonthocephalus xanthocephalus uncori:lllOn 'linter
Icterus cucullatus common summer
Icterus pari sorum uncommon s~~er

Euphagus cyanoccphalus uncommon winter
Molothr~s ater common resident
Piranga ludOVIciana uncommOn transient
Pira1Jga rubra uncolJunon summer
Richmondena-cardinalis common resident
Pyrrhuloxia sinua~ irregular winter
Guiraca caerurea-- uncommon summer
Carpoc1.acus me;dcanus common resldent
Spinus tristis irregular winter
Spinus psaltria common suw~er

Spinus lawrence! irregular winter
Chlo!""ura chlorul'a common wint<::r
Pipi10 ebertl-·-- COlJ1DOn !'E'~ident

Pipilo fuscus comrr.on resident
C81err.0sPI~clanQcorJs ~~CO~~O:1 vint~r

Am,l1odr8ml1S savannerum transient
Pooece~es gramineus uncom.non winter
Amph[spf2a bilineata cammon resident
Amphispiza belli uncommon winter
JQ~CO oreganus--" cOmmon winter
Spizella passerine uncommon winter
spi"Z'elli breHeri uncommon winter
Zonotri.chIaTe;cophrys cO!T'.!!lon winter
~~lospi7.a lincolnii common winter
~elos9iza ~d:r.;-- corr~ou resident
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Table .12

:Buttes Daa Site

Desert Shrew (~otioscnex cro~forai)

California leaf:nOsed bat-n~~u3 californicus)
Cave myotis (~.lyotis velifer) ------
California myotis r~~otis cnlifornicus)
Western pipistrelle (PipistrerGl:3~erus)

Big brown bat (Eptesicus fuscusJ -
Red bat (Lasiurus borealiz)
Hoary bat (Lasiurus cinereus)

R Spotted bat (Euderma-maculSta)
Pallid bat (Antrozous pallidus)
Brazilian free-tailed bat (Tadarida braziliensis)
Greater mastiff bat (Eumops pcrotis)
Antelope jackrabbit (Lepus all~
Black-tailed jackrabbrr-OCepus californicus)
Desert cottontail (Sylvilagus-audnboni)
Rock squirrel (Citellus varie~atu5)

Harris' antelope squirrel (Citellus harrisi)
Round-tailed ground squirrel (Citellus tereticaudus)
Valley pocket goph~r (Thomomys bottae)
Arizona pocket mouse (Perognethus amplus)
Long-tailed pocket mouse (Perognathus formosus)
Desert pocket mouse (Perosnathus penicillatus)
Rock pocket mouse (Perognathus interrned~r-
Merriam's kangaroo rat (Dipodo:n,ys :r.erriami)
Desert kangaroo rat (DipcdOrnys deserti) ?
Beaver (Castor cnnadensis)
Southern grasshopper mouse (Onychomys torridus)
Western harvest mouse (Reithrodontomys-mega~is)

Cactus mouse (Pero~yscus erenicus)
Deer mOuse (Peromyscus ~anrcuratUs)
Hispid cotton rat (Sigmodon hispidus)
White-throated wood rat (Neotoma albigula)
Muskrat (Ondotra zibethicus) probably extirpated
Porcupine (Erethizon dorsatum) accidental
coyote (Canis latrans)
Gray wolr-TC8nis lupus) extirpated
Gray fox (Urocyon-crnereoargenteus)
Rinstail (Bassariscus astutus)
Badger (Taxidea taxus)
Spotted s~unk (SPf[ogale putorius)
Striped skunk (l,rephitis -r.:ephitis)
Hooded skunk (~~ep~mp.crouraf
Hognosed skunk (Conepatus m~soleucus)

Ht Jaguar (Felis onca) accidental-
PM Ocelot (Felis pardelis) accid~ntal

J.10untain lion (Felis conr:olor)
Bobcat (Lynx rUfus)--

PM Indicates a peripheral ma.u:imaf specieS}
R Indicates a rare sPecies ..- as ·listed in the Bureau of ~rt

Fisheries and Wildlife's 1968 edition
of Rare and Endangered Fish and
Wildlife of the United states.
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Table J2 , Concluded

Javelina (Tayassu tajacu)
Mule deer (Odocoileus hemionus)
White-tailed deer (Odocoileus virginianus) accidental
Bighorn (<Nis canadensis)
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'l\lb1e 13

BIR])2

Ch8rle~t0n Ds~ Sitel

20livaceous Cormorant
Great Blue Heron
Snowy Egret
';Tood Ibis
Black-bellied Tree Duck
;!.a llard
Gadvall
Pintail
Blue-winged Teal
American Widgeon
Shoveler
Redhead
Ring-necked Duck
Lesser Scaup
Turkey Vulture
Sharp-shinned Hawk

*cooper '5 Hawk
Red-tailed Hawk
Gray Hawk
Hs::-ris' Hawk
Golden Eegle

E Bald Eagle
t-lars:: Ha,rk

R Prairie Falcon
Pigeon Hawk

*Sparrow Ha\,'k
*Scaled Quail
*Gambel's Quail
*Harlequin Quail

American Coot
*Killdeer

Common Snipe
Greater Yellowlegs
Least Sacdpiper

*Vnite-winsed Dove
iC-Nourning Dove
*Grot.:.nd Dove
*Yel10101-billed Cuckoo
*Roadrunner
*Barn Owl
*Screech Owl
*Great Horned O~l

*Burrowing Owl
*Lesser Nightha~k

*Black-chinr~ed Hurz5ngbird
Belted Kingfisher
R~d-shefted Flicker

*Gilded Flicker

Phalacrocorax oli,eceus
Ardea herodias
LeUCOP:10YX thula
Mycteria americana
Dendrocyena auiu;TIalis
Anas platyrhyr.chos
Ana s stre-pera-----
Ari8S acuta
Anas dTSCOrs
Ma'reca amer{cana
Spatula clypeata
Aythya americana
Aythya collaris
Aythya affinis
carthartes aura
Accipiter striatus
Accipiter cooperi
Buteo jamaI'C'"enSIS
Buteo nitiduJ
PBrabuteo unicinctus
Aquila~rysaetos

HBIIBeetus leucocephalus
Circus eya-neus
Falco-mexicanus
Falco columbarius
Falco sparverius
cerrrpepia squ.amata
-Lophortyx gambelii
Cyrtony-..< montezlunae
Ful1ca Br:lericana
Charadrius vcciferus
capella galrrna~
Totanus melanoleucus
I!:rolia minutilla
Zem'lida asif-ltica
Zenaidur~oura

Colu~bib;llina ?ai3~rinc

Coccyzus a~ericanus

Geococcyx californianus
T.fto alba
Otus asio
Bubo virjinianus
~tYtoCWiICuTQria

Chordeilei acu~ipennis

Archilochus-ele:ca~

!,legacer.<Le a lcyon
Colaptes cafei--
Colaptes chrysoiGes

accidental
cOmmOn resident
common summer migrant
uncommon summer
uncommon Bummer
common winter
cOmmon winter
cO!llJllOn '..inter
uncommon winter
cOmmon ,oj nter
common wi.,ter
uncomn:on winter
cOmmon winter
uncOmmon winter
cOmmon
uncOmmon
common resident
common resident
uncOmmon summer
uncOmmon SUlWlel'
uncommon resident
uncommOn -..inter
common winter
unconunon winter
uncommon winter transient
commOn resident
cOmmon resident
common resident
common resident
uncommon resident
cOmmon resident
common transient
common migrant
common winter
common resident
cOmmon resident
cOmr2on resident
COmll10n sumr.;er
comJnon resident
uncommon swnmer
cOmmon summer
common resident
uncOmmon resident
common SUffi.TlJer
cOmmon summer
common su;nmer
con:r:T:O~ winter
uncowmon ~esident

E .Indicates an endangered species} as ~1sted in the fureau of Sport Fisheries and
R Indicates a rare species Wi~dlife IS 1968 edition of' Rare and EndatlgJ!red
* Indicates nesting. Fish ani Wildlife of the United states.
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Table 13, Continued Char:estou

uncOmmon SUTl'u':'.er
cO!l1l'1on summer

common winter
COlnillOn winter
uncommon winter
cornmon winter transient

*Gll~f Hocdpe::key
YelLo'.·!-b~lUed S::'11::UC!':e:r'
T,lilliAll!bOn'~ Sa:)suc:(er
*Ladd~r-b3cked Wocd~ecker

.y,-:·lest.el.'n Kingbird
¥"Cassin's Kingbird.
*wied's Crested Flycatcher
*Ash-throated Flycatcher
*Black Phoebe
*Say's Phoebe

Dusky Flycatcher
Western Flycatcher

*Vermilion Flycatcher
Bearoless Flycatcher

*Horned Lark
Violet-green Swellow

*Cliff Sva 110·....
Common Ravc:!n

*v.'hite-necked Raven
Verdin
Common Bushtit
~fuite-breasted Nuthatch
House Hren

*:&:wick's Hren
*Cactus Wren
*Canyon Hren
-l(-Rock Wren
*Hockingbird

Bro.m T'nrasher
*Bendire's Thrasher
*Curve-billed T'nrasher
*Crissal Thrasher

Sage Thrasher
Robin
Hermit T'nrush
MOt:ntain Bluebird

*Blue-gray Gnatcatcher
Golde~-cro~~ed Kinglet
Ruby-cr~Jned Kinglet
1\T<:iter Pipit

*Pt.13inopepla
*Lo3~~rhe~d Shrike
*Starling
Hutton's Vireo

*Bell '5 Vireo
Nashville Warbler
Yellow Warbler
Audubon's warbler
Louisiana Waterthrush
~acGillivrayrs Wnrbler

*YellO'wth::-cat
YellO',1 - breasted ChEt

Centurus uro:Jygialis common resident
Sphyrspic'.l= '!srius cO!l!mon w1.nter
splryrdi?r~Cig- tliYroIdeus uncollunon winter
DendrocQ?03 scaleris cammon resident
T'.frsnnus v0-rT'lcalis common sunl;;ler
Tyrennus ;;o-;Ifer8ns cOmmon summer
r-lyiBrChu5-0:r:annulUs common SUJ!'.n:er
~lyiarchus cinerascens common sum~er

Sayornis nlgricans cammon resident
Sayornis saya common resident
Ernpidonnx-oberholseri uncommon winter
EtiiPIdO"i1a.x difficiGs cammon winter
Pyrocep~1o·lu~·nus cOmmon summer
Camptosto;na -ir..berbe uncomlllon resident
Eremophiia--arpes't-ri's common resident
Tschycineta thalassina irregular transient
PetrocheUdon pyrrhonota common su~n:ner

Corvus corax common winter transient
CO~ cryptoleucus co~mon resident
Auriparus flaviceps uncommon resident
Psaltriparus minimus uncommon res:dent
Sitta carolinensis unco~~on resident
TrOglodytes aedon corrmon resident
Thryomanes bewI'Ckii common SUf.".JJ:er
Campylorhynchus b:C'.1nneic· .. ;>111um common summer
Catherpes ~exicanus-----·------unco~onresident
Salpinctes oosoletus uncOmmon resident
Mimus polyglottos common resident
TOXOStoma rufurn accidental
Toxostoma' bendirei co~~on resident
Toxostoma curvI'r"OStre comlllon resident
Toxostoma dorsale common resident
Oreoscoptes manta nus irregular winter
Turdus reigratorius irregular winter
Hylocichla guttata irregular winter
Sialia currucoides irregular winter
Polioptilla caerulea uncocmon summer
Regulus satrapa- --- common winter
Regulus caIerid'Ula co~~on ~rinter
Anthus spinoletta unCOffiQon winter
Phalnopepia nitens uncommon resident
:E8i1flli;liidQvrcr;:)nus commOn resident
Sturnus vulgaris common resident
Vireohuttoni--- uncOlill1lCn winter
Vireo be11ii common surt.-.:er
vel:mTvora ruficapi11e
Dendroica petechi~
neiidrOIca BiidUbOrli
Seiurus motGcilLa
Oporornis tolmiei
Geothj~is trichss
Ict~rie vi.!'~=ns
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Red-faced Harbler
Wilson's Warbler
American Redstart

.;c-Hous~ Sparrow
*Eastern Meadowlark
*Western Mead~~lark

Yell~w-headed Blackbird
Brewer's Blackbird

*Brown-headed Ccmbird
*Summer Tanager
*Cardinal
*Pyrrhuloxia
*Blue Grosbeak

Lazuli Bunting
.;c-House Finch
*American Goldfinch
*Lesser Goldfinch

Lawrence's Goldfinch
Green-tailed T~yhee

*Rufous-sided Towhee
.;c·Brown Towhee
-lC-Abert 's Towhee

Lark Bunting
Savannah Sparr~y

Grasshopper Sparrow
Baird's Sparro\y
Vesper Sparrow
Lark Sparrow

*Rufbus-crowned Sparrow
. Cassin's Sparrow
*Black-throated Sparrow

Sage Sparr~w

Slate-colored Junco
Oregon Junco
Gray-headed Junco
Z.rexican Junco
Chipping Sparrow
Brewer's Sparr~1

White-crowned Sparrow
Lincoln's Sparrow
Song Sparrow
McCOwn's Longspur
Chestnut-collared Longspur

Table 13, Concluded

C'::L:"Ce1"'.-in8 !"u'c:-::'frcns
WilsoniEt p\;.c~ lla-~--'--

Set0~~E.~~-Y;t:fCTlle
Pesse£ dOQe5ticus
Still--neUa I:!agna
Sturnelli neGlecta
X8ntIioceph81U5 xanthocepha ius
Euphagus cyanoceph:3~----

Molothrus ater
PIra~ubra

HichmonJena-cardinalis
Pyrrriuloxia siiiliata-
Guirac"Z'-mrulea
Passerine amoena
Cerpod:.:cus-mexica!:us
Spinus-tristTs---
spft1us psarrrra
Spinus lawrencei
Chlorura chlorura
PrPflOlerythrophthalmus
Pipilo fuscus
Pipilo abert!
Calamospiza melanocorys
P'B"SSercui:U:3 S'a'nfu::ICEensis
Ammo1ramus s8vannarum
Ammodramus bairdii
Pooecetes gramineus
Chondestes grammacus
Aimophila ruficeps
Aimophile cassinii
Amphispiza bilineata
Amphispiza belli
Junco hyema~
Junco oreganus
J'iii1CO caniceps
Junco PhaCOriOtus
spIZella passerina
Spizella breweri
Zonotrichia leucophrys
Melospiza lincolnii
Melospiza melodia
Rhynchophanes I:!ccownii
Calcarius ornatl)S---------

Charleston

win~e~ tr2~sient

wintc~ tr~~sient

accidental
cOmmon re:::ident
common resident
cOmmon resident
uncommon resident
cOmmon winter
common resident
uncon~on resident
uncOmreon resident
uncommOn resident
common summer
winter transient
common resident
unCOITwon r~slde~t

uncommon resident
uncommon winter transient
common winter
uncommon resident
common resident
uncommon resident
common "linter
cOm!!lon winter
common winter
uncommon winter
cOl!lIllon winter
common winter
common resident
irregular winter
common resident
irregular winter
common winter
common wi nter
common winter
irregular winter transient
cammon ,,'inter
common winter
common winter
common winter
uncon"J!10n winter
irregular "d.nter
irregular winter

lAdapted !"ram a list provided by Mr. Flet.cber Sil~ick.

2D11'f'icult to distinguish f"ram sibling species; no specimens.



Table 14

Charleston Dam Site

Desert strew (r;cticsorex crE~:for.ji)

California leaf -nosed battl.i3Cl·otus CEl li:'ornicus)
Mexicnn long-tongued bat (ChCe:rcnycteris mexicana)
Long-nosed bat (Leptonycteris ~ivarrsy--

Yuma myoiis U,!;,/otis yur::snens{s)
Cave myotis (~~otis velifer)
California ~otis (~~is californicus)
Weste:rn pip::'strelle (Pipistrellus hesper;ls)
Big brown bat (Eptesicus fUscus)
Red bat (Lasiurus borealis)
Hoary bat (Laslurus cinereus)
Townsend's big-eared bat (Chrynorhinus townsendii)
Pallid bat (Antrozous pallidus)
Brazilian free-tailed ba~arida braziliensis)
Big free-tailed bat (Tadarido molossa) accidental
Greater mastiff bat (E~mops perotis)
Antelope jackrabbit (Lep'~arrenry-

Black-tei led jeckrabbif"1Lepus ca lifornicus )
Desert cottontail (Sylvilagus aUdubo~i)

Gunnison's prairie dog (Cynomys gunnisoni) extirpated
Spotted ground squirrel (Citellus spilosorr:3)
Rock squirrel (Citellus variegatus) -
Herris' antelope squirrel (Cit~llus harrisi)
Valley pocket gopher (Thomorrgs bottae)
Silky pocket mouse (Pe~atJUls-~s)

Great Basin pocket mouse (Percgnathus parvus)
Desert pOcket mouse (Perognathus penici~s)

Rock pocket mouse (Perognathus intermedius) u"co~non

Banner-tailed kanzaroo rat (Dipodonys spectabilis)
Merriam's kangaroo rat (Dipodo~~s merriami)
Ord 's kangaroo rat (Dipcdomys ordi;--
Beaver (Castor canadens'rsy--- ----
Northern grasshopper mouse (Onychomys leucogaster)
Southern grasshopper mouse (Onychcwjs torridus)
Plains harvest mouse (ReithrOdO;Utomys montanus)
Western harvest mouse (Reithrojoni;.ornys megblotis)
Fulvous harvest mouse (ReTtTirodcin:~-j:ii;7S- i'Ulvescens) uncommon
Pygmy mouse (Baio~~s taylori) .
Cactus mouse (Per0myscus ere~icus)

Deer mouse (Pero~~scus ~aniculntu0)

"''hite-fo~ted-riO;se (pcror,~yscusleilcopus)
Arizona cotton rat (Sigmodon hispidus )
Least cotton rat (Sigrncdon l:i5.nimus)
Hhite-throated ..·ood rat (:lleotomaalbigula)
Porcupine (Erethizon dorsaturr,) accidental
Coyote (Canis la~rans;--

Gray wOlf1C8nIs1'upl.:s) transient
Kit fox (Vurpes-l:'!)c!"o£i~)

Gray fox (Uroc~roncfnmoargcr.teu::;)

Ringtail (B:ss~riscu3 astutus)
PM Coati (Nasua nac'~ca) . accidental
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Table 14, Concluded Charleston

Lop~-t8ile~ weasel (~lbt~la frenats)
&lager (T<:xidea "t1J~us) ----
spot tea ",,-unk (i3 pi logal.c: putol'i us)
Striped st\L.'1lc (i.::::phitis mephitis)
Hooded SkUlL":. (V;ep'~r:l8::rOClru)
Hognosed skunk (Conepatli"S"IT,e"soleucCls)

FM Jaguar (Felis onca) accidental--
PM Ocelot (Felis pardalis) accidental

Mountain lion (Felis concolor) accidental
Bobcat (Lyn.'{ rufus)
Javelina-rrayassu-te.jDcu)
~~le deer (Odocoilcu" hemion~s)
White-tailed dee~ocoileus virginianus) accidental
Pronghorn (Antilocapra lJ~er~CAna m8xicana)

FM Indicates a peripheral mammal species as listed in the lnreau of Sport F1
Fisheries and Wi1dlti'e' s 1968 edition of Rare and En<!qgered Fish and
Wildlife of the United States.
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Tab1ll' 15

BIRDS

Hooker Dam'Site l

Eared Grebe
*Pied-billed Grebe
Double-crested Cormorant

*Great Blue Heron
*Green Heron

Common Egret
Snowy Egret

*Black-crowned Night Heron
Least Bittern
Black-bellied Tree Duck

*M8llard
E *Mexican Duck

Gadwall
Pintail
Green-winged Teal

*Blue-winged Teal
*Cinnamon Teal

American Widgeon
Shoveler
Wood Duck
Redhead
Ring-necked Duck
Canvasback
Lesser Scaup
Bu:rflehead
Ruddy Duck

*Common Merganser
Red-breasted Merganser

*TUrkey Vulture
Goshawk
Sharp-shinned Hawk

*Cooper's Hawk
*Red-tailed Hawk
*Swainson's Hawk
*Zone-tailed Hawk

Gray Hawk
Ferruginous Hawk
Harris' Hawk

E Bald Eagle
*Golden Eagle

Marsh Hawk
*Black Hawk

Osprey
R Prairie Falcon
E Peregrine Falcon

Pigeon Hawk
*Sparrow Hawk

Podiceps caspicus
Podilymbus pOdiceus
Phalacrocorax auritus
Ardea herodias
BUtOrides virescens
Casmerodius alous
Leucophoyx t~
Nycticorax nyctic'Jrax
Ixobrychus exiLis
Dendrocygna au~~~!alis

Anas platyrhyncho3
Anaa diazi
Aii8S s:trePera
Aii8S acuta
An8S ~inensis
AiiaS discors
Anas cyanoptera
M.Breca americana
Spatula clypeata
Aix sponsa
Ay.thya americana
Aythya collaris
Aythya valisineria
Aythya affinis
Aythyaaffinis
~yura jamaicensis
Mergus merganser
Mergus serrator
CF.thartes aura
Accipiter geITtilis
Accipiter striatus
Accipiter cooperii
Buteo jamaicensis
BUteO swainsoni
BUteO albonotatus
Buteo nitidus
BUteO regalis
P8r8buteo unicinctus
Haliaeetus leucoceuhalus
Aquila chrysaetos
Circus cyaneus
Buteoga lius anthra.cinus
Pandion haliaetus
Falco mexicanus
Falco pere.>!;rir:us
Falco colu~oarius

Falco sparverius

rare transient
uncommon summer
uncommon transient
common resident
uncommon resident
uncommon transient
uncommon or rare transient
uncommon summer
rare summer
irregular summer
uncommon resident
rare summer
uncommon transient
uncommon transient
common transient
rare summer
common transient
common transient
common transient
rare transient
uncommon transient
uncommon transient
uncommon transient
uncommon transient
uncommon transient
rare summer
uncommon winter
rare transient
common summer
rare
uncommon winter
common resident
common resident
uncommon summer
rare summer
rare summer,? c~rrent status
rare transient
rare transient
rare summer
uncommon resident
uncommon transient
common summer
uncommon transient
rare transient
rare summer
uncommon transient
common resident

E Indicates
R Indicates

* Indicates

an endangered specieS} as listed in the l3ureau of Sport Fisheries and
a rare species Wildlife' 6 1968 edition of Rare and Endangered
nesting. Fish and Wildlif'e of the United states.
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*Scaled Quail
*Gambel's Quail
*Harlequin Quail
*Ring-necked Pheasant

Turkey
Virginia Rail

*Sora
Common Gallinule

*American Coot
*Killdeer

Common Snipe
*Spotted Sandpiper
Solitary Sandpiper
American Avocet
Ring-billed Gull

*Band-tailed Pigeon
*White-winged Dove
*l-1ourning Dove
*Ground Dove
*Inca Dove
*Yellow-billed Cuckoo
*Roadrunner
*Barn Owl
*Screech Owl
*Great Horned Owl
*Elf Owl
Spotted Owl
Long-eared Owl

*Poor-will
*Common Nighthawk
*Lesser Nighthawk

Black Swif't
*White -throated S,,,ift
*Black-cbinned Hummingbird
costa's Hummingbird
Broad-tailed HQ~ngbird

Rufous Hummingbird
Calliope Hummingbird
Belted Kingfisher

*Red-shafted Flicker
*Gila Woodpecker
*Acorn Woodpecker

Lewis' 'Woodpecker
Yellow-bellied Sapsucker
Williamson's Sa?sucker

*Hairy Woodpecker
Downy Woodpecker

*Ladder-backed Hoodpecker
*Western Kingbird
*Cassin's Kingbird
Scissor-tailed Flycatcher

*Ash-throated Flycatcher

'l'able 15, continued

Callipepla squamata
Lophortyx ga~oelii

Cyrton~< mon~ezu~ae

Phasianus colch~cus

Meleagris galLopavo
Rallus linicola
Porzana carolina
Gallinula chloropus
Pulica americana
Charadrius vociferus
Capella gallina~o

Actitis macuLaria
Tringa soli~aria

Recurvirost:::-a ar;;el'icana
Larus delawarensIS----
COiUiiiba fascieta
Zenaida asia~ica

Zenaidura macroura
Columbigallina peiserina
Scandafe11a inca
Coccyzus amerteanus
Geococcyx californianus
Tyta alba
Otus asio
BUbO VLrginianus
M1Crathene .Thitne:'i
Strix occidenta 111;

Asio otus
PhBlaenoptilus nuttallii
Chordeiles minor
Cbordeiles B"Cii'tipennis
Cypseloides niger
Aeronatues saxatalis
Archi10chus a Le..'<:andri
Calypte costae
Selasphorus piatycercus
Selasphorus rufus
Stellula calIIOPe
Megaceryle alcyon
Colaptes cat'er
Centurus ~gialis
Melanerpes I'or::licivorus
Asyndesmus lewis
Sphyrapicus-varIus
Sphyrapicus tnyroideus
Dendrocopos villo~us

Dendrocopos pUDsecens
Dendrocopos scalaris
~Jrannus verticalis
Tyrannus vociferans
Muscivora t'orficata
~~iarchus cinerascens
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uncommon resident
common resident
uncommon resident
unco~mon resident
uncommon resident
uncommon transient
rare summer
uncommon summer
uncommon summer
common resident
uncommon transient
uncommon summer
rare transient
rare transient
rare transient
uncommon summer
connnon summer
common resident
common resident
uncommon resident
rare sununer
uncommon resident
uncommon resident
uncommon resident
uncommon resident
uncommon summer
rare resident
rare winter
common summer
uncommon summer
uncommon summer
irregular transient
uncommon summer
uncommon summer
rare summer
uncommon summer
uncommon transient
uncommon transient
uncommon resident
uncommon summer
common resident
uncommon resident
accidental
uncommon winter
accidental
uncommon resident
uncommon transient
common resident
common summer
cOmmon swnmer
accidental
common summer



Table 15, Continued Hooker

*Wied's Crested Flycatcher
*Black Phoebe
*Say's Phoebe
*Traill's Flycatcher

Western Flycatcher
*Western Wood Pewee

Olive-sided Flycatcher
*Vermilion Flycatcher
*Horned Lark

Violet-green Swallow
Tree Swa llow
Bank Swa llow

*Rough-winged Swallow
*Barn Swallow
"Cl1ff Swallow

Purple Martin
Steller's Jay

*Scrub Jay
*Mexican Jay
*Common Raven
*White-necked Raven
*Common Crow

Pinon Jay
Clark's Nutcracker
Mountain Chickadee

*Plain Titmouse
*Bridled Titmouse
*Verdin
*Common Bushtit
*White-breasted Nuthatch

Red-breasted Nuthatch
Py~ Nuthatch
Brown Creeper
Dipper
House Wren

*Bewick's Wren
*Cactus Wren
*Canyon Wren
*Rock Wren
*Mockingbird
*Bendire's Thrasher
*Curve-billed Tnrasher
*Crissal Thrasher
*Robin

Hermit Thrush
Eastern Bluebird
Western Bluebird
Mountain Bluebird
Townsend's Solitaire

*Blue-gray Gnatcatcher
*Phainopepla

Golden-crowned Kinglet

Myiarchus tyrannulus common summer
Sayornis nigricans uncommon resident
Sayornis saya uncommon resident
Empidonax~illii uncommon resident
Empidonax difficilis uncommon transient
Contopus sorciidulus ~are summer
Nuttallornis borealis rare transient
Pyrocephalus ruoinus uncommon summer
Eremophila aLpestris uncOmmon resident
Tachycinete tnalessina uncOmmon summer
Iridoproene bicolor uncommon transient
Riparia riparia uncommon transient
Stelgidopteryx rt:.ficollis uncommon summer
Hirundo rustica uncOmmon summer
Petrochelidon pyz-rhonota common summer
Progne subis visitant
CyanocittalStelleri· rare resident
Aphelocoma coerul.escens common resident
Aphelocoma ultran~rina common resident
Corvus corax common resident
Corvus cryptoleucus uncommon resident
Corvus brachyrhyr.chos rare summer
Gymnorhinus cyanccephala common resident
Nucifraga columbiana irregular winter
Parus gambeli common resident
ParUS inornatus rare resident
Perus wollweberi common resident
AUrIParus flaviceps common resident
Psaltriparus minimus common resident
Sitta carolinensi.s uncommon resident
Sitta canadensis rare winter
Sitta pygmaea uncommon resident
certhia familiaris rare winter
Cinclus mexicanus rare visitant
Troglodytes aedon uncommon' winter
Thryomanes bewI'Ckii common resident
Campylorhynchus orunneicapillum common resident
Cetherpes ~exicanus uncommon resident
Salpinctes obsoletus uncommon resident
Mimus polyglottos common summer
TOXOStoma benairei uncommon resident·
Toxostoma curvirostre uncommon resident
Toxosto:na dorsale uncommon resident
Turdus migratorius uncommon resident
Hylocichla guttata common winter
Sialia sialis accidental
8ia118 mex1cana common winter
Sialia currucoides uncommon winter
Myadestes tcwnsenai uncommon winter
Polioptila caerulea uncommon resident
Phainopepla nitens common resident
Regulus satrapa irregular winter
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Ruby-crowned Kinglet
Water Pipit
Cedar Wa;nling

*Loggerhead Shrike
*Starling
*Bell's Vireo
*Gray Vireo
Solitary Vireo
Warbling Vireo
Black & White Harbler
Orange-crowned ~arbler

Virginia's Warbler
*Lucy's Warbler
*Yellow Warbler

Audubon's Warbler
Black-throated Gray Warbler
Townsend's Warb ler .
Grace's Warbler
Northern Waterthrush
MacGillivray's Warbler

*Yellowthroat
*Yellow-breasted Chat

Red-faced Warbler
Wilson's Warbler

*House Sparrow
*Eastern Meadowlark
*Western Meadowlark

Yellow-headed Blackbird
*Red-winged Blackbird

Orchard Oriole
*Hooded Oriole
*Scott's Oriole
*Bullock's Oriole
*Boat-tailed Grackle

Brewer's Blackbird
*Brown~headed C~,bird

*Bronzed Cowbird
Western Tanager
Hepatic Tanager

*Summer Tanager
*Cardinal

Pyrrhuloxia
*Black-headed Grosbeak
*Blue Grosbeak
*Indigo Bunting

Lazuli Bunting
Painted Bunting
Evening Grosbeak
Cl"lssin's Finch

*House Finch
Pine Siskin
American Goldfinch

Table 15, Continued

Regulus calendula
Anthus s~~no~e~~a

Bombyci l1s cec.ro::.-cm
Lanius 1uco,ici2~us

Sturnus \~lgaris

Vireo bellii
Vireo vicinior
Vireo solitarius
vrreo gi1"v'115

Mnioti1ta V2r~a

Vermivora cela~a

Vermi'lora vir~in:.2e

Vermivora lucae
Dendroica pe~ecn~a

Dendroica auduooni
Dendroica ni~~escens

Dendroica tmmsencii
Dendroica greciae
Seiurus noveoorac:ensis
Oporornis tol::':.ie:~

Geothlypis tricD2s
Icteria. virens
Cardellina rubri:rons
Wilsonia pusilla
Passer do::es-;;icw,
Sturnella ::2:;:13
Sturnella ~c~a
Xanthocephalus xnn~hocephalus

Agelaius phoeniceus
Icterus spuriun
Icterus cucuilatus
Icterus pari sorum
Icterus builockii
Cassidix mexicanus
Euphagus cyanocepnalus
Molothrus ater
Tangavius aenells
Piranga ludoviciana
Piranga flava
Piranga rubra
Richmondena-card:nalis
Pyrrhuloxia Si:1llF.~a

Pheuctic'-ls ...'~ !..2:1'Jccpha lus
Guiraca caerulea
Passerina cyanea
Passerine aT,oe:1a
Passerina ciris
Hesperip~o~s~ert1na

Carpodaclls cassi:1:i
Carpodacus mexicanus
Spinus pinus
Spinus ~is
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common winter
common winter
uncommon winter
common resident
common resident
uncommon surr.mer
uncommon summer
uncommon summer
uncommon transient
accidental
cOmmon transient
uncommon summer
common summer
cOmmon summer
common transien·t
common summer
uncommon transient
uncommon summer
uncommon transient
common transient
common summer
common summer
.irregul.ar· transient
uncommon migrant
uncommon resident
uncommon sumrr:er
rare resident
rare migrant
common resident
accidental
common summer
uncommon summer
common summer
uncommon resident
common winter
common summer
uncommon summer
uncommon migrant
uncommon summer
cOmmon summer
uncommon resident
common winter
common transient
common summer
uncommon summer
uncommon sum:ner
accidental
uncommon winter
cO~tion transient
cO~llon resident
common transient
uncommon winter



*Lesser GOldfinch
Red Crossbi 11
Green-tailed Towhee
Rufous-sided Towhee

*Brown Towhee
*.Abert's Towhee

Lark Bunting
Savannah Sparr~~

*Lark Sparrow
*Rufous-crowned Sparrow

Cassin's Sparrow
*Black-throated Sparrow

Slate-colored Junco
Oregon Junco
Grey-heeded Junco
Chipping Sparrow
Brewer's Sparrow

*Black-chinned S,arrow
White-crowned Sparrow
Fox Sparrow
Lincoln's Sparrow
Song Sparrow

, Yellow-crowned li~ht Jeron2

Table 15, Concluded

Spinus psal1;ria
Loxia curvirostra
ChIOrUra chloru~a

Pipilo erJthroph~halmus

PrPITO fuscus
Pipilo aberti
caramospiza celanocorys
Passerculus sand~ichensis

Chondestes gr2r.~scuS

Aimophila ruficeps
Aimophile cassini.i
Amphispiza bilineata
Junco hyema lis
Junco oreganus
Junco caniceps
spIZ'eUa passerina
Spize11a breweri
Spizella atrogularis
Zonotrichia leucophrys
Passerelle i~a----

Melospiza lincolnii
Melospiza melodie

Addendum

~ctanassa violacea

Hooker

common summer
irregular winter
common transient
common resident
uncommon resident
uncommon resident
uncommon transient
uncommon winter
uncommon summer
uncommon reside~t

uncommon transient
common resident
accidental
common w1nter
uncommon winter
uncommon summer
uncommon transient
rare summer
common winter
rare transient
uncommon winter
uncommon resident

accidental

It.lod:l1"ied fraa Checklist of Mamnal s, Reptiles, Amphibians, Birds and Fish of the
Gila Wilderness, Hubbard (1971), R. R. Johnson (pers. COlllll.). .

2Per letter fran New Mexico Department of Game and Fish, December 22, 1971
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Table 16-----

Hooker Dem. Site l

Short-eared ~~otis

California MYotis
Small-foo~ed MYotis
Silver-he ired Bat
HoerJ Bat
Big BrO',m Bat
Weste::-n Big-eared Bat
Pallid Bat

R Spotted Bat
Black-t~iled Jackrabbit
Desert cottontail
Mountain Cottontail
Eastern Cottontail
Rock Squirrel
Cliff Chipmunk
Least Chipmunk
Abert's Squirrel
Arizona Gray Squirrel
Valley P~~ket Gopher
Plains Pocket Gopher
Roc~ Pocket ~~use

Hispid Pocket Mouse
Silky Pocket Mouse
.~nner-tailed Kangaroo Rat
Merriam's Kengaroo Rat
Ord's Kangaroo Rat
Apeche Pocket Mouse
:Beaver
Western Harve.3t l·louse
Plains Harvest Mouse
Deer ll,ouse
Brush ~f{ouse

Pinon l-!ouse
"'hite-footed Nouse
Cactus Mouse
Northern Grasshopper Mouse
Southern Grasshopper ~~use

v;'111te-throi.Jted ~v'oourat

Southe~n Plains Woodrat
Stephens Woodrat
Mexican Hooarat
Ncxican Vole
Long-tailed Vole
Mu<krat
Western Ju~pins Mouse
House ~!ouse

Porcupine

Myotis auriculus
MYotis californicus
RYOtls subulatus
Lasionycteris noctivagans
Lesiurus cinereus
Eptesicus-ruscus
pi~~to~nsendii

Antrozous pallidus
Euderrna maCl.iIiitUril
~ californicus
Sylvlleg'.1s auduboni
Sylvilagus nut~ili

Sylvilegus floridanus
CIteITU'Svariegatus 
Eutamias aorsaT~
Eutamias minimus
Sciurus ater~-

SC1UrilS arizonensis
ThomomysbCit-tae--
Ge~l)ursarius

Perognathus int8rmedius
Perognatbus hispidus--
Perognati1Us- ffi"V:US
Dipodomys spectabilis
Pipodornys- merriami
DipodOrnys ordi 
Perognathus ~~ache

Castor canadensiS
Reithrodontor~s megalotis
Reithrodontomys montanus
Pero~'scus maniculatus
Perornyscus' boylei-----
Pe~o~·scus truer
Perornyscus 12.:'c~PYs

Pero~~scus eremlCUS
OiiYChcjrriYsleuc~8as1."er

On;ychol:;,yS torrid~
Neoto;-s-a-lbTgui-a--
Neotona mIcropus
Neotol!le stephe:nsi
Keotoma Li~xTc;::mi

MlcrotUs""iiXIc:ar;u&
Microtus lo~gicau(fu3

ondatra -zibethicus
Zapus p:-inceps
~lus mllsCliT.i)S-
Erethizon dors2t~~
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coyote
Kit Fox
Gra:.; ~OA

Bled; B~ar

Rinet!Jil
Ra-:coon

1M Coati
Long-tailed Weasel
Badger
.spotted Skunk
Striped Skunk
Hoooed skunk
Hognosed Skunk
1-1ountain Lion
Boocd
Javelina
Elk
t-iule Deer
vfuite-tail~d Deer
Pronghorn
Biehorn

Table ib, Concluded

C~:lis l:~;,:~:. ..:s-------
Vu~_·)e~ !;.':i'2i..·..:.I~::S

Ut c~:.~:~-~:2:·~~3":..~~-=_ntc~:_
Ur21;S ;_ ··~!"icanIJ.3

~ssar~s~l~-~Si1Jt~s

Procyon ~otor

Nasue naric-n-
Muste"ta fr2nata
Taxidea taxus-
SpiloEl1le pufo;-ius
~i5 mephitis
~ephiti3 ;ucrour:?
Cone PGtlt3"mesoleucus
Felis CG~co1~~----
Lynx !'ufus-
TElyassu tajocu
Cenis c~nsis
c~rocoTleus hel':liOr;.us
Odocoileu8 V1~~nus

AntIlOCaDra am~ricana mexicana
<Nis can~densis -- ----

Hooker

R Indicates a rare species 1.. as listed in the atreau of Sport Fisheries
I'M Indicates a peripheral mammal speciesJ and Wild.111'e' s 1968 editiOD of Rare and

Endangered Fish and Wildlife of the United
states.
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A compilation of the Invertebrate fauna of the environs of the Orme, Buttes,

Charleston and Hooker reservoir sites.

Prepared by Mont A. Cazier, Arizona State University, Tempe, Arizona, January 1972.

for the U. S. Bureau of Reclamation, Region 3, Boulder City, Nevada.

The lists of invertebrates were prepared from various published sources, as

given in the referenc:e section, from the authors private collection, and from tte

collection at ArizoP~1 State University. The author has had some collecting

experience in the vicinity of two of the sites, Orne and Charleston. and was

briefed with pictureu and verbal accounts of the t:>pography. environr.lent and flcra

of the Butte and "Hooker sites. As can be seen fron the lists, not all invertebrate

.groups are equally wllll known. in Arizona. and New Mexico and it has been necessary

to give only general estimates of the fauna in some cases. However, it should be

kept in mind that thE:se lists are undou.')tedly rninb.al at the species level and that

field work and extensive libr~ry research would probably double the number listed.

At·the family and ger~ric levels not too much additional w~uld be anticipated

~xcept in sections st:ch as the spiders.

It is quite evident that the invertebrates and especially the insects have

successfully invaded. exploited and established themselves in every conceivable

environmental "niche I' in all 4 reservoir sites. There are aquatic and terrestrial

groups: subterranean and arboreal species; aquatic forms living as climbers on

vegetation, sprawlers on the bottom, burrowers in the bottom, free-ranging,

close-clinging and vegetation inhabiting forms; there are plant and animal parasites;

parasites on parasites; scaven~ers, carnivors; predators: copripha~s; saprophags:

phytophags on all th~ species of plants, and on all the parts of the plants, roots,

tr-unks, stems, leaves, flowers and seeds;' there are ground and plant nesting species;

symbiotic relationships between plant and insect. animal and insect; oligolcctic

and polylectic pollir.ators; poisonous and non-poisonous forms and a few whose
:'.

relationship to the whole is nebulous. No other group of animals so completely
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lJf&.ra{?:t;r
Mont A. Cazier
Professor of Zoology
Arizona state University
Tempe, Arizona

dominates the enviro~~entl Nor do the invertebrates find an equal when it becomes

. necessary to adapt and survive under changing conditions.

Each of the 4 sites has its own special conditions, plants and animals but

all have in common a riparian woodland replete with varying sized streams and

numerous plant and animal species. Also present are such "biome-types' as desertscrub,

grassland, chaparrel, woodland and sparse forest that contribute to the total biotic

formation in each aroaa. Naturally the riparian "biome-type" will be the most

affected by dam building and water impoundment but bordering biome-types will also

be disturbed to a lesser degree. I use the word "disturbed" since in my opinion

the building of thesl~ 4 dams will result in n2 destruction of any of the biotyp()s

in any of the 4 sites. In each area a relatively small section of the riparian

biotic community will be replaced by a lake and a shore line environment and a

limited amount of th~ surrounding area will be sutmerged. However, this only o~ns

the area to additional forms of life and makes available much needed new recreational

facilities for man. The natural envirorment will remain in large part untouched.

So far as the invertebrates are concerned the construction of the dams will have no

far reaching consequences and very little immediate readjustment will be required

by the native species. No species populations will be depleted to any extent and so

far as indicated none will be endangered.
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II I ~.() H Ie PH F:~ E R v.:\Tin N

WASIlIN(;TOI', /I.e. 20240

November 11, 1971

Dear Mr. Armstrong:

This is in response to your request for comrr.ents on the environmental
impact statement identified by a copy of your cover letter attached to
this documen~. rne staff of the Advisory Council has reviewed the
submitted impact statement and suggests the following, identified by
chec~~ark on this form:

~ The final statement should contain (1) a sentence indicating that the
National Register of Historic Places h~s been consulted and that no
National Register properties will be affected by the project, or
(2) a listing of t;le properties to be dffected, an analysis oEthe
nature of the effects, a discussion of the ways in which the effects
were taken into account, and an account of steps taken to assure
compliance with Section 106 of the ~ational Historic Preservation Act
of 1966 (80 Stat. 915) in accordance with procedures of the Advisory
Council on Historic Preservation as they appear in the Federal Register,
February 20, 1971.

In the case of properties under the control or jurisdiction of the
United States Gcvern~ent, the statement should include a discussion of
steps taken to comply with Section 2(b) of Executive Order 11593 of
Hay 13, 1971.

V The final st2tesent should contain evidence of contact with the Historic
Preservation Officer for the State invol-.;ed a"d a copy of his CO::i'CJents
concerning the effect of the undertaking upon historical and archeological

Srecific C0C~2nts ~tt2ch2d.

Ccr:-.:::ents on envi~c:-,::-.e:1tal i2;J2Ct st?tC:-:12nts are nct to be conJici.:=l:,,=d as
CO:;':".2nts of the .\~·Jisory· Council in Sect";_on 106 i:~,~~~ t·2rs.

, liP. CIII '.'"11 ; .. ,.jIlt! =1 ••f Jl " rlo.p .. trt of d··, ,11"'" 1.-', I!I,jti. with (;,{;':"'U""'1 til*' flrp~i.dp"t anti f'~lllC""f':"" 1" (,1" .ri.·!.! "f H::Jll)r~,,. f',.-<jl'n'a tio." ,
l'r;·. :;"".:'.,.t: 'h' :':::.:f f.l.·.,uf .. ·!t,· :::l1 ... ~:,,,,~:t ./:;11 ;:n";I, 'i,·::,C"·". ;,:'·.'I·;lt) (I~l t~t? It:·;~j·t1I:·i:ll{:·..Hl 'j/ ",. :.:!. '1. ;·,:rv"."I,J.·;) ;:u"!i.
i"!'/'Ir .• ,,1 rlp'!·,·li':':·". " ....~ ..•: .. ,'." !,"" ···,:.···t ,,( n .. ,.~! fur':,·l. ':("., ""J :'f fLY' 11;·"j·:;,1!:.H1 0;" e"l.· .. ·..;·: .. , .. ! .~.; .t·.:·!.:,;) .. , ·-:·n!',:.!
rn~.p.i~l(J alld P:!tll·G.II'III. 1,'" ,'._,!J,1. I 1("') "11" th,' r, "i'IHlwlhn, '1/ tv ('V~H rllI'I,t 0'1 "'"d~n.ll 0" Fr·ti'·'fJillJ-alt,i~l..d u"dl"'rc~ Ir.gs thr:t fuu'p. an ~iJ('C"t

()~I n:!th/ot J IU!'''l'f,/ ['/'of·'; III C;l .. •\u~,~,,::;t j,', v."l .. ;·

1



DE PARTM ENT OF AG RIClfLTU R E
OFFICE OF THE SECRETARY

WASHINGTON. D. C. 20250

DEC 10 i9n

Your Reference: 730'

Mr. Ellis L. Armstrong
Comnissioner
Bureau of Reclamation
Department of the Interior

Dear ~jr. Annstrong:

This is in reply to your letter of Septewber 27, 1971, requesting our
review and comments on a draft environmental statement for the Central
Arizona Project, Arizona.

As indicated, the draft is a general enviromnenta1 statement on the
total project. The general nature of the statement causes the assessment
of the proposed proj ect 's impact on the eI!vironment to be sOffiavhat vague.
Correspondingly, the mitigation and enhancement measures to be mdertaken
are sOIP.e\·:hat vague and indefinite.

We mderstcmd that srecific environmental statements will be prepared for
individual components of the project; ha.,rever, this makes no provision for.
a detailed discussion of the anrulative effect once the impacts of com
ponents are deterwined. TI1erefore, we suggest that this draft statement
be strengthened by additional trea~.ent of the foll~\ing subjects.

1. Description of alternatives to project cOITiponents and an analysis of
these alternatives' impacts on the envirorurent.

2. Project's effect on "rare and. endanr,cred foms."

3. Description and enwreration of mitigation and enhancement features,
including ber-efi ts to l;i1dlife.

S. Effect of inund.ation of livestock and \vildlife habitat and range.
Infonlation on the iwpact of reservoirs on grazing in National Forests
is a\'~il~)lc [rc~l ~lC 1-0rc3t ~erv~cc.

6. rffc~ s of Cc-:'l1"OllC,-1 f}cy.·s C1 Tir;,ri~n \'c~ctDtion ['l1C fish cr:u.
'l·..i]\.'~ f2.
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~~. Ellis L. Armstrong

7. Effects of resel~oir fluctuation.

2

" 8. Loss of existing recreational opporttmities and ard1eological and
wilderness values at reservoir sites. In 1968, the Forest Service
studied ilnpacts of reservoirs at the Orne nnd Hooker sites which could
be made available to the Bureau of nec1amation.

9. Neasurcs to minimize erosion and sediY.:entation during construction and
operation of the project. Assistance is available from the Soil
Consenration Service and the Forest Service.

10. Alternatives or partial alternatives to the Central Arizona Project,
su~~ as management of vegetation on the ,\atersheds or recycling of
municipal end industrial 'vater.

11. Possible long-term mineralization and salinization of the region's
soils.

12. Discussion of the precluded use of water to be diverted from the
Colorado River.

13. Estimated benefits and costs in monetary terms.

Thank you for the opportunity to revi~.., this draft statement.

Sincerely,

;(JA;
T. C. BYERLY
Coordinator, Environment!

Quality Activities I
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RECEIVED NOV 15 1971

UNITED STATES DEPARTMENT OF AGRICULTURE

FOREST SERVICE

517 Gold Avenue, SW
Albuquerque, New Mexico 87101

·----OFFIClAL FILE COpy
1900

Dear Mr. Lundberg:

Action: .
Action Taken Jlnitia

1 Date
Mr. E. A. Lundberg, Regiona Director '-=~~ti-~~j~~:=;~Fi~~
Bureau of Reclamation, Region 3 1_
P. O. Box 427
Boulder City, Nevada 89005

L

This is in reference to Mr. H. Philip Sharpe's memorandum of October 8,
1971 transmitting the Environmental Statement - Central Arizona Project
and my reply of October 22, 1971.

By reason of the national and inter-regional significance of the Central
Arizona Project we are sending our comments to the office of the Chief,
U. S. Forest Service. A coordinated response to the Draft Environmental
Statement will be prepared and sent to you from that office.

Sincerely,

J)~)~ti{-

f 1.WM. D. HURST .
Regional Forester

4
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RECEIVED OC_T_2_8__1_97_1_\
Action: I
Jo~ 9~···'(2"5·trOr""··"·"···"·"·"··"

Ac en (Inltlals) I

517 Gold Avenue, S. W. -Fed. Bldg.
Albuquerque, New Mexico-871al

UNITED STATES DEPARTMENT OF AGRICULTURE ,'-' 'OFFICIAL FILE COpy' ---
FOREST SERVICE •__.- ......- ....•.._ .....------.

I
Mr. E. A. Lundberg
Regional Director
Bureau of Reclamation-Region 3
P. O. Box 427

LBoulder City, Nevada 89005

Dear Mr. Lundberg:

This is to acknowledge receipt of the review draft - "Environmental
Statement - Central Arizona Project (September 1971) which was
received here on October 12, 1971. On a quick reading I am im
pres sed with the quality of the presentation for a project as large

and complex as this.

We will proceed to make a thorough review and expect to have
meaningful and constructive comments to you by November 11, 1971.

Mr. Phillip Sharp's quick response to our telephone request for

additional copies is very much appreciated.

Sincerely,

w~~·\~
WM. D. HURST
Regional Forester

5
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DEPARTMENT OF THE ARMY
SOUTH PACIFIC DIVISION, CORPS OF ENGINEERS

630 Sansome Street, Room 1216
San Francisco, California 94111

....

SPDPD-R

Nr. Ellis L. Armstrong
Commissioner
Bureau of Reclamation
l.J'ashington, D. C. 20240

Dear Hr. Armstrong:

24 November 1971

I am writing in response to your letter of27 September 1971 to Colonel
J. B. Newman, Executive Director of Civil Works, Office of Chief of
Engineers, asking for Corps of Engineer review and comments on the
draft environmental statement for the Central Arizona Project. In
accordance with our established procedure for reviewing draft environ
mental statements, this letter shall serve as the consolidated field
level review comments of the District Engineer, Los Angeles, and the
Division Engineer, South Pacific.

The subject document indicates that there will be no apparent adverse
effect upon existing or proposed Corps of Engineers flood control or
'\·;ater supply projects. It has been our experience in this region,
hO"lever, that it is necessary to consider and evaluate, in some detail,
the effect of vegetative management on fish and '\nldlife habitat, par
ticularly if this involves phreatophyte control.

Tha:1:z you for the opportuni.ty to revi'2~'; and corrc:ent on this draft
environmental statement. As environmental statements are prepared
for each segment of the Central Arizona Project we will be pleased
to revie,; them ai1d to make iitOre specific conunents.

Sincerely yours,

d· //?/"/
/:~F~ A.~C:u.~'''';';~·;·/l

Brigadier General, U. S. Army
Division Engineer
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

OFFICE OF THE SECRETARY

WASHINGTON, D.C. 20201

J ... ~_.•

.'1: ;' ~} !

Hr. Ellis L. Armstrong
Cormn.issioner
Bureau of Recl~~atioa

U.S. Dep2rtQent of the Interior

Washington, D. C. 20240

Dear l·ir. Arms trong:

This is in response to your letter dated September 27, 1971, to ~lr. Donald

Bliss requesting CO~Dents oa tIle draft environmental impact statement for

the Central Arizona Project, Arizona.

This Departwent has reviewed the health aspects of the proposed project.

It has been noted that several rr.ulti-use areas are proposed in which public

recreatioa areas viII be provided. Health and safety requirements of the

State and appropriate county health departments should be observed during

the planning and construction of these sites. In addition, ~ve recommend

that appropriate health guideliGes in the following publication be em~lcyed

during the development of the recreational areas:

Envirou2ental Eea1th Practices in Recreational Areas

PHS P~b1icatio~ ~o. 1195 (enclosed).

Tae sub~ eet ciraft envirc,,;:'2::cal il.·,pact s tater-ent also refers to proposed

desi;n fe~tures to ?rotect ;;ild1ife. Where the system will be accessible

to the public, suitable safeguards should be includeG to prevent accidental

2- .... :. r.: ~ __ .: :.:. ".~ \.'. :.-.--.

i:.:" 0;-·-:-':;.:;.::,ity to revia'..' C.... lS craft e::lviron:::ental _:··.iJact stau;:.:ent is

2i=preciC:~2d.

Sincerely yours,

" .. ..
.'..-....

.....; .'

/

.,'

Enclosure

7
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DEPARTMENT OF HOUSING AND UR8AN DEVE.LOPM~~NT

AREA OFFICE

2500 ..,ILSHIRE BOULEVARD, LOS ANGELES, CALIFORNIA 9U057

October 13, 1971

i\1~I,A nt, I""'~~~

l-:(-;:A~t·f,.· (··'7IIiI,)lnj~,

.'nll Fr:'Hl(',r:::l. ", f'tth("nlH.

REGION IX

REGIONAL OFFICE

SAN FRANCISCO, CALIFORNIA

()ffice of the Are,_\ Director

•

Mr. Ell.is L. i\nllsLrong
Commi 55 i.one r
BurecHl or R(.'clCllllation
United States DCp.::l.rtlllcllt. of th(' In1(.)rior
WashiJlSltUl1, D. C. 20;:>H)

IN qE~--l 'I ',E"F i:::R TO:

Q.2SE

Tlli s wi] 1 respond to yOU)' 1et l.er of Septclllhcr 27, J 071
rcgardi.ng the environllll'n(c\L st.:ltement for the (c·111-.r-d. .1
Arizon':l Project. While we (('cognize lhe n1,'qni1ucle of
this project L\nd its imp,\et on the 5t;\\,c, pJe;:I~l~ be
advised that we find no cnvi.ronmcnL:ll l'OllS('ljUCIK(',:'
relative to HUD which w;\["r;'l.nt specific comrrH~l)t <:\1-

this time.

Sincerely,

/'" J

/-<' I
' -~).-! )

,'. .< '... "L

DEPUT1; Area Director

8



ENVIRONMENTAL PROTECTION AGENCY
REGION IX

760 MARKET STREET

SAN FRANCISCO, CA 94102

Commissioner
Bureau of Reclamation
u.s. Department of the Interior
Washington, D.C.

Dear Sir:

DEC·13 1971

-

We are replying to your letter of September 27, 1971 requesting
our review and comment on the draft environmental statement for
the Central Arizona Project.

The impact of this project on the environment is an important
concern; however, appropriate considerations have not been fully
covered in the statement. Specific comments are enclosed.

We believe, if you consider these comments in revising the text
of your statement, it will result in a more complete and
meaningful evaluation of the project's environmental impact.
We would appreciate receiving a copy of your final statement.

Sincerely,

~.~~~) \. :£'Li'J0
. -·c; Regional Administrator

. Enclosure

9



Environmentul Protection Agency
Region IX

Review and comment on the draft Environmental Statement submitted
by the Bureau of Reclamation, Department of the Interior, for
the Cent~al Arizona Project

The proposed construction of this water resource development
system \vill result in considerable environmental change. Many
important questions regarding environmental impact are unanswered
in the draft statement.

construction:

A discussion of constru~tion effects on the environment should
be included. Blasting, excavation methods, borrow practices,
water and wind erosion control, dust control, debris disposal
and noise control should be covered in the statement. If these
factors are covered by required construction practices, then
comments to that effect should be included as well as a sQ~ary

of the requirements.

vfuat measures will be used to encourage post-construction
environmental stabilization of the proposed reservoirs,
including but not limited to, the establish.-nent of riparian

. vegetation in appropriate areas, and control of algal blooms?

wildlife:

,Wildlife surveys should indicate coordination with the Arizona
Game and Fish Department. Their information should be included
as it pertains to project effects on wildlife. More attention
should be addressed to the identification of rare or endangered
species and, if present, describe specific measures to mitigate
effects on these organisms. Further detail and surveys could
be included in an appendix. The effect of increased surface
water availability on animal and plant life should be discussed.
Water shortages are a populational limit for many species, if
water \vill produce populations beyond the carrying capacity
ofb.~e area, ttLis problem should be discussed.

A discussion of water as an inducement to development is relevant
to the stateT'.'ent. Areas that are lik2ly to eX?C1nd in the ne2'.r

10



future should be identified and subjected to an analysis
indicating environ~ental problems that will occur with the
expansion. Population levels and growth rates should be
discussed in 81is context. Also, coordination with state
plans and the local Air Pollution Control District should
be considered as they relate to the project. Unavoidable
development should be discussed with supporting data such
as growth rates and current and projected populations in
the concerned areas. The result of the "no project"
alterpative should be discussed more specifically relative
to this growth. In addition, land use maps should be
included illustrating current utilization of lands along
the project route and in the serviced area. In this context,
parklands, wildlife refuges, primitive areas, and'indian
reservations should be discussed if the project affects
any of these. If water rights problems exist within the
project, such problems should be detailed. Finally, the
project is clearly of no long-term use without a guaranteed
source of electrical power. Since the Navajo Power Plant
has an anticipated lifetime of thirty-five years, what
alternatives have been considered for future power supply?

In areas designed for high recreational use, discussions
of facilities for handling waste water (especially treatment
plant capacity), solid waste disposal, and potentials for
water pollution (oil and gasoline spillage from pleasure
craft), arising from such use, should be included.

Alternatives:

Under alternatives, a discussion of 'water reuse, possibilities
of recharging ground water with treated waste water, and other
salvage methods should be considered. This should include
consideration of the Department of Agriculture Flushing Meadows
Project.

~

The project will require construction of power lines to supply
the Plli~P stations; tt2se lines should be discusseQ with regard
to their aesthetic effect and any air, water or noise impacts
thc:.t '.'ill occur durins construction. The alt2rnative of sub
surface power lines should be discussed.

~'Jater Quality:

Water quality in the lower Colorado River should be discussed.
The '::::c'tcntiuls :or s::'.li::G return \;:-.t::r to the Colorado should
be conSi~Qr2d. T~i3 as?2ct t~3 i~tc:.rnational i~plications as

11



Mexico has recognized the salinity of the Colorado to be one of its
major border problems. Ad~itionRlly,. the effect of this project on

--Rther users of the Colorado River I~later should be considered.

The disseminQtion and allocation of the Central Arizona Project
water should be more sp9cifically discussed. What are current
and projected water usages in areas to be serviced by the CAP?
The proportions to be used for irrigation should be discussed.
Increasing soil salinity should be discussed as related to
importation of poorer quality water from Parker Dam for irrigation
use. Will finalized plans for distribution be included in the
Final Envinormental Ir..~pact StateMent?

The importation of surface water to the central Arizona area will
have definite environmental impact. The way in which it will
influence the existing ground water should be discus~ed in detail.
As the ground water level recovers it will release salts held in
the soil since recession. Ground waters may even rise above
previous levels to the point of affecting roots of plants.
Additionally, the potential for return water and the anticipation
of drainage problems should be discussed. Ground water levels
and quality, and surface water quality should also be considered,
as they are affected by waste waters resulting from use of CAP
water.

The hiitory of the problems that Phoenix has had in changing
water supplies should be discussed. ~re further problems
anticipated as a result of importing water from Parker Dam?
Speci~ically, is corrosion of water pipes anticipated as a .
result of changing the Total Dissolved Solids (TDS) constituency

'of the water.

The effect of evaporation on the TDS of the water transported
via open canals and aqueducts should be discussed. Our
preliminary calculations indicate a 10 per cent reduction of
water quality as a result of increased TDS. With an estiMated
evaporative loss of 72,000 acre-feet/year (representing 36 per
cent of the State's total evaporation loss from reservoirs)
covered canals or reduced number of open reservoirs should be
considered as alternatives. Such losses could substantially
reduce potability or create unfavorable salt balance.

A project of this magnitude is an opportunity to devonstrate good
a.nc e ffective env irom,en tal planning. In this light, the final
staterent should overcore the draft's reticence to discuss the
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unavoidable adverse environmental effects of the project. The
sections on ~itigation were explicit and addressed themselves
to those adverse effects, however, not all adverse effects can
be mitigated: these should be discussed in detail. This draft
is phrased as a justification for a project into which much
money and planning have been devoted. The intent of the
National Environmental Policy Act is to evaluate all projects,
regardless of econoDic factors, in ter~s of their i~pact; this
philosophy should be reflected in the final statement.
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Action:.... . .

Action Taken (Initials)

i
! . Arizona Archeological Center

UniTersity of Arizona
P. O. Box q900A

Tucson. Arizona 85717 Date Initials To

U22l9 BR October 29. 1971 I)'

--
Memorandum FlI.

---~-_ .. - _."

I

I
i

t
I,

To; Director
Attention: Chief, Division of Federal Agency Coordination (trF)

From: Acting Chief, Arizona Archeological Center

Subject: Draft Environmental Statement, Bureau ot Reclamation t

O!ntral Arizona Project, E.S. 1328

The subject statement will require an involved response which will, in
etfect t indicate that the statement 18 inadequate with regard to archeo
logical resources. Because of staff shortages and the need to gather
and evaluate several archeological survey reports and correlate them vith
pertinent sections ot the draft statement we request an extensIon of time
to respond to the statement.

We can proTide our COJlBll8nts to you by November 19, 1971.

~. . I
.>'lgne(~

Garland J. Gordon

ce:
A.u 't ]')1.rector t Cooperat1ve Programs t SwR

t Regional Director t Bur. ReelaJll&tion. Boulder' C1ty--
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1 Actl[,;' .

Arizona Archeological Center
lniversity of Arizona

P. O. Box 49008
Tucson, Arizona 85717

~ebruary 24, 1972

(;ENTRAL ARIZONA PROJECT
l~nited States Department of the Interior

. " TIlX\.-\L PARK SERnCE

Regional Di. ector, Bureau of Reclamation, Reg
1-r:;-;-::--...J--..:.

1
• !..·r~/,_<t:.::....:::<· -,:,," ~<_

File

~~c l.orac~dljm

P.22l9 Dr:'.

To:

IS REPlo\" REFER TO:

From; Acting Chief, Arizona Archeological Center -------_ ... _..... '-

Subject: Subnlissi. n f draft material for final environmental
scatewent. Central Arizona Project

At the February 2 meeting at the Phoenix Development Office between
representa ives of this office and the Bureau we agreed to provide for
your consideration draft'material for the final environmental statement
on the Central Arizona Project as a whole. Although our submission
does not substantively deal with the effects on archeological resources
we recognize the advanced stage of planning that the Project is now in
and that this statement must be more generalized than succeeding impact
statements for major elements of the Project.

We believe that Olir language des~ribes the problem as it can be accu
rately defined at this time. It would also indicate your concern for
archeological resources and your commitment to deal substantively with
adverse effects upon archeological resources both in forthcoming state
ments and in implementing the Project. We hope you find the enclosed
submission useful.

it: 1
1 ) Ii //~ ,/. II 11//

_./,(1~1/~/}/1 I ,/' " //t?-:': ;/jJ' I
• t i
Garland J. Gordon

Enclosure

National Parks Centennial 1872-1972
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DRAFT MATERIAL CONCERNING ARCHEOLOGICAL RESOURCES
FOR FINAL E1~IRONMENTAL STATEMENT

CENTRAL ARIZONA PROJECT

Because of new legislative requirements it has been found that archeo-

logical studies, previously accomplished through the National Park

Service, are inadequate to assess the impact of the Central Arizona

Project upon archeological resources. In general these past studies

indicate that there will be adverse, cumulative and irreversible

effects but they were not of sufficient depth to define these impacts

or to assess the significance of the resources, and in some instances

did not provide a complete inventory. More detailed surveys are

necessary in order to identify and assess the impacts, and to develop

research designs and cost estimates for studies adequate to properly

mitigate adverse effects.

Funds are available for these impact studies. They will be accomplished

and their results included in the more detailed environmental statements

for major individual segments of the project as follows:

1. Lake Havasu Inlet, Pumping Plant, and Buckskin Mtns. Tunnel

2. Granite Reef Aqueduct.

3. Salt-Gila Aqueduct.

4. Orme Darn and Reservoir.

5. Buttes Dam and Reservoir.
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6. Charleston Dam and Reservoir.

7. Tucson Aqueducts.

8. Hooker Dam and Reservoir.

Mitigating measures will be accomplished prior to construction of the

projects.

With respect to the Aqueducts the studies were adequate to suggest that

major archeological problems are not likely to occur which cannot be

resolved adequately by archeological clearance procedures once detailed

surveys have identified and evaluated the resources to be affected.

The following clearance procedures will be followed:

1. The Bureau of Reclamation will obtain, or will require its contractors

to obtain, archeological earance for all development locations

related to or dependent upon the Central Arizona Project Aqueduct

System in order to comply with the provisions of the Antiquities

Act of June 8, 1906 (34 Stat. 225) which forbids the disturbance,

destruction or removal of archeological resources on lands owned

or controlled by the Federal government, and to provide mitigation

of adverse effects of the Project. Prior to the s art of any earth

disturbing operations whatsoever, the Bureau or its contractors

shall obtain archeological clearance from the Liaison Archeologist,

Arizona Archeological Center, National Park Service, P. O. Box

49008, Tucson, Arizona 85717. If concealed archeological resources
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are discovered in the course of construction on cleared locations the

Bureau or its contractors will immediately notify the Liaison Archeol

ogist.

Clearance will be provided by the National Park Service on the following

basis:

a. In order to obtain a clearance, the Bureau or its contractors

will need to engage the services of a competent archeologist,

acceptable to the National Park Service, to survey all develop

ment locations for the presence or absence of significant

archeological resources. He will evaluate the potential

significance of resources present and recommend appropriate

action to the Chief, Arizona Archeological Center. The survey

of locations will have to be performed under the provisions

of the Act of June 8, 1906 and 43 CFR 3.3.

b. Development locations include, but are not limited to: aqueduct

right-of-way, borrow and spoil areas, utility line rights-of-way,

access roads,haul roads, pumping stations, turnouts, wasteways,

equipment staging areas, construction camps, flow-through ponds,

greenbelt parks, wildlife guzzlers, and recreational areas.

c. Archeological clearance will be granted when significant archeo

logical resources are not identified in a development area.
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d. Archeological clearan e will be denied when significant archeo

logical resources are identified in a development area.

e. The presence of archeological resources of major scientific

importance, or which may merit listing on the National Register

of Historic Places will require a complete re-evaluation to

consider relocating a development, or a portion thereof.

f. With other significant resources, the Bureau or its contractors

may select the option of relocating the project sa as to avoid

damage to the resource, or of providing for archeological studies,

including analysis and reports, sufficient to realistically

mitigate the loss of the resource. It is understood, however,

that such studies must be done under the provisions of the Act

of June 8, 1906 and 43 CFR 3.3.

g. A clearance will be granted to remove a denial of clearance at

the completion of archeological field work where mitigating

studies are the selected option.

2. The Bureau of Reclamation will require its water contractors to

prepare detailed environmental impact statements for their projects

and to provide for the mitigation of adverse effects upon archeo

logical resources, as a condition of providing water.
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3. The Bureau of Reclamation will instruct its own and its contractors'

employees not to disturb or dig in archeological sites.

4. The Bureau of Reclamation will advise its contractors that failure

to obtain clearance will leave them subject to prosecution under

the Act of June 8, 1906 and, that in addition, property damages

may be assessed under the general property damage clauses of the

contracts. Such damages to be assessed at the cost of archeological

studies which would have been required under the clearance procedures.

The reservoirs present a different prospect of potential major impact

upon archeological resources, including a real possibility for resources

which merit listing on the National Register of Historic Places. Before

environmental impact, or the adequacy of mitigating measures can be

evaluated, studies are necessary to complete resource inventories of

areas to be affected by the reservoirs, to evaluate significance, assess

adverse effects, and develop research designs and cost estimates for

mitigating studies.
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United States Departrn nt of the In~erior

BUREAU OF INDIAN AFFAIRS
WASHI;\fGTON, D.C. 20242

IN REPLY REFER TO: 390 WR

Memorandum

To:

Through:

From:

Subject:

OCT 29 1971

Commissioner of Reclamation

Assistant secr~~jy/
Public Land Man~b~

Commissioner of Indian Affairs

Draft Environmental Statement dated September 1971
on Central Arizona Project, Arizona (Part of
Colorado River Basin Project), Pursuant to Section
102(2)(C) of the National Environmental Policy
Act of 1969 (NEPA)

As requested in your memorandum dated September 27, we are
forwarding comments and suggestions regarding your September
1971 NEPA draft statement: "Central Arizona Project."

The draft does not provide the details as to structure design
and physical location that ,",ould permit any detailed evaluation
as to the possible environmental impact on Indian interests.
It does state that when such information is available it will
be supplied. It is of course essential that such information
be available, (with possible alternative designs and locations)
for an adequate evaluation.

There were several disturbing statements contained in the draft.

"Mitigation and enhancement features will be
considered as practical suggestions are provided
on every aspect of the project."

I' ••• Funding for construction and maintenance
of these features will need to be fully explored.
Provisions for these mitigation and enhancement
features were not included in the original
authorization ••• "

111is could 'veIl mean that in spite of the tremendous potential
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recreation and wildlife values that could accrue to the Indian
lands and to the entire state with a multi-purpose project that
only a design that will fulfill the primary· functions of the
project will be considered unless supplementary funding is
found.

If this is in fact the case) it is suggested that the Central
Arizona Project (CAP) authorization legislation be amended to
inc lude such purposes which '.;ould be in accordance wi th the
intent of Congress in enacting the National Environmental
Policy Act of 1969 subsequent to the approval of CAP.

Although the general statements on water impoundments and their
effect on fisheries were of some value, to adequately evaluate
the effect on the Indian interests of Orme Dam reservoir would
require a detailed evaluation by a warm water fisheries biologist,
an engineer, a land planner and an economist who is qualified to
measure the social and economic impact factors. The limnotrophic
periodicity planned for the reservoir would of course need to be
made available to the biologist in such an evaluation.

On page 12, the second paragraph discusses the purpose for which
the water will be used. As the legislation specifically provides
that water "shall not be made available directly or indirectly
for the irrigation of lands not having a recent irrigation history
as determined by the Secretary, except in the case of Indian lands,
national wildlife refuges, and, with the approval of the Secretary,
State-administered wildlife management areas," we suggest the
paragraph be modified to reflect this.

On pages 41-45 the beneficial impacts of the project are discussed.
We would suggest that one more impact should be listed. This
would have to do with the reduction of the silt load carried by
the Gila River between Buttes Dam and the San Carlos Indian
Irrigation Project's Ashurt-Hayden Diversion Dam. Presently the
silt that is carried in the river not only results in considerable
expense to the project but causes additional operation and
maintenance problems throughout the project's water carriage
and distribution system.

On pages 45-48 the adverse environmental effects of the project
are discussed. In our view, the effect of Orme Dam and Reservoir
on the Fort McDowell Indian Reservation is one that should be
mentioned. Depending on the site that is finally selected for
the dam, over 50% of the Indian land located along the Verde River
could be taken for the reservoir area. Ibis is the most scenic
and desirable part of the reservation. As water is withdrawn
from the reservoir, this beautiful area will be replaced by mud
flats.
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Although the authority is granted in the legislation to obtain
additional lands to replace those taken for the project and
relocate those Indians living within the taking area, never
theless the dislocation of these people from their ancestral
homes and lands, as well as the destruction of this beautiful
area, is in adverse result of the project.

On page 52 the relationship of short-term versus long-term
needs is discussed. If the population of the area continues to
expand, it is expected that a long-term effect of the project
will be to benefit urban gro\~th more than agriculture. While
this may be so in the case of the non-Indian areas, it should
also be recognized that the Indian reservations, particularly
along the Gila River, will be able to develop their irrigated
agriculture resource which, so far, has proceeded at a very
slow pace due to lack of water.

We are advised that the leaders of the Fort Mojave, Chemehuevi,
Colorado River Indians, Cocopah, and Fort Yuma-Quechan Tribes
and their lrovyer, Ray Simpson, Long Beach, California, intend
to review the environmental study and comment directly.
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United States Department of the Interior
BUREAU OF LAND l\fANAGE~fENT

WASHINGTON, D.C. 20240

NOV 1 8 \971

~

IN REPl Y REFER TO I

1791 (220)

Memorandum

To:

From:

Commissioner, Bureau of Reclamation
Through: Assistant Secretary, Public Land Management

Director, Bureau of Land Management

Subject: Comments on Draft Environmental Statement
Central Arizona Project

The general conclusion of reviewers is that the prospective adverse
impacts will be much greater than those described in the draft
statement. Likewise, some aspects will probably enhance the environ
ment more than is indicated. The draft's major weakness is that it
appears to paint a glowing picture of the economic benefits, yet is
vague on several environmental points.

Description of the Project

The description statement underplays the magnitude of the project.
There is little information that actually helps analyze the environ
mental impact of the project. Specifically, reviewers should know
such things as the water surface areas of the reservoirs, the
proposed drawdowns, the operation plans ,what .is to be done with
spoil from over 377 miles of canal, etc. The statement now contains
interpretations and opinions on project construction effects, and
this is of very little value in trying to draw an unbiased conclusion
on environmental impacts.

The description section mentions that the project will provide
additional water for established agricultural areas and alleviate
ground water mining and related problems. However, if the practices
in the area, i.e., sprawling population growth, marginal use of
water, and adverse environmental impacts ••• are occurring with
the water now available, will the addition of more water pggravate
these problems or will it help solve them? Since much of the
environmental impact of the ·project could result from these indirect
impacts we think they should be thoroughly discussed.
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The description provided on each reservoir belmv Hooker Dam indicates
that water-oriented recreational developn~nt and fish and wildlife
enhancement will result. The explanation is too general and may be
readily misinterpreted. The Buttes Dam and Reservoir on page 9 is
an example of the need for clarification. Information provided by
the U.S. Bureau of Reclamation specifies that a minimal pool level
will be maintained for about 200 acres. The remainder of the
reservoir area would be inundated periodically following increased
inflmv from upstream. During the periods of minimal pool level
extensive mud flats and barren landscape would prevail. The
aesthetics would be something less than portrayed by the maximum
pool shown in Figure 10.

Environment in the Project Area

This section is critical in laying the groundwork for subsequent
sections of the statement. A more comprehensive environmental section
could help revie\vers who will presumably be less familiar with the
setting.

We suggest the setting be presented in terms of past, present and
future trends in the general zone of influence as well as in the
immediate project area.

Environmental trends could be separated into two categories--natural
and those induced by man. We believe this concept is important
since some project benefits are apparently based on future urbanization
and use or misuse of the immediate flood plain 3S well as the economic
impact of the project. Projection of future trends requires data
related to future state and national policies including continued
intensive development in the flood hazard areas, enforcement of
regulations governing waste treatment facilities, and zoning
regulation of land use. Development of these trends could prompt
favorable local land planning efforts. Through proper project
planning these trends could be further expanded, adding a great deai
of environmental enhancement for the project. In fact, planning the'
project impact as it relates to these trends would probably be one
of its most important environmental potentials. Conversely if not
planned for it could be one of the worst environmental project impacts.

Evaluation of Environmental Impacts

This portion tends to consider the environmental impact mostly in
terms of the economic benefits and less in terms of changes or losses
to the natural environment.

The actual loss in wildlife habitat should be spelled out. It
apparently ~ill be considerable but the estimated amount is not shown
in the statement. Also the wildlife losses should be described as
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absolute losses rather than losses in fisherman man days, etc.
loss of habitat is much more serious than just the reduction in
fishing or hunting that will result.

The
sport

Regarding the enhancement and mitigation features of 20 small ponds,
20 backwater fingers and 80 wildlife guzzlers - this appears as a
token effort since the project has 377 miles of canal, four reservoirs,
and other man-made features. This computes to approximately one
such feature every 3 miles along the canals if the guzzlers are
included; and only one recreation or mitigation feature every 9 miles
if the guzzlers are not included.

Surely there are other features which would enhance the environment
that could be included. Specifically trails for hiking, bicycling
and horseback riding, more green belts, additional wildlife habitat
strips, etc.

In the process of constructing this type of project, many acres of
open space will be lost or disrupted; the ecology of land adjoining
the construction areas 'viII be affected;'and the project will promote
increased development of the flood plains. The project could also
promote poor land uses setting in motion a series of poor land-use
decisions that could result in reduced environmental quality elsewhere
and perhaps higher public expenses. These impacts should be considered.

The discussion of Havasu Intake Channel and Pumping Plant on page 27
explains that future development will be less intrusive on the
environmental scene than existing developments. The impact of proposed
developments should be explained but not justified on the basis that
the development will be more aesthetic than existing facilities. This
section should include the effect the project will have on fish
habitat, aesthetics and wildlife. The project may also have an
adverse effect on Blue Herons which utilize Heron Island for a rookery.

A general summary of the aqeduct and canal system is explained on
page 28. There is no explanation of the environmental impact which
will occur. The desert landscape will be disrupted with approximately
377 miles of watenvBy, powerlines and maintenance roads. Big game
migration routes will be disrupted and a drowning hazard created. An
assessment of these problems should be presented.

It is stated on page 31 that riparian vegetation downstream from the
dam will eventually increase within the flood plain. No statement is
made to clarify the effect dams will have on phreatophytes along the
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river flood plain. Elimination of periqdic floods will) in all
probability) reduce the total acreage of available phreatophytes which
do provide important habitat for wildlife. An explanation of the
effect each dam will have on phreatophytes in the flood plain should be
provided. Riparian vegetation will probably increase along the stream
bank where the stream flow has been stabilized as stated in the report.

On page 39 it is stated there will be no increase in acreage developed
for irrigated agriculture except possibly on Indian Reservation lands.
The question arises as to whether this statement is in conflict with
subsequent statements on page 40 that have reference to II ••• enhance
agriculture and industrial potential • •• " and subsequently where the
additional water supply is stated to be for "••• supplemental irriga
tion purposes will support the farming sector of the economy • •• "
If additional acreage is not to be irrigated with CAP water) does the
benefit to farm industry occur because of the reduced cost of the
water made available to agriculture or for some other reason?

It is stated under Sociological Impacts that '~ithout an additional
water supply continued growth will ultimately require reevaluation of
water use priority." Reference is also made to the necessity to weigh
domestic needs against agricultural and industrial requirements if
additional water is not obtained. CAP water will only supplement the
ground water discharge, consequently depletion of the ground water
table and subsidence will continue. These two points alone give
good evidence for the need to reevaluate water use priorities now and
for a decision to be made which weighs domestic needs against
agricultural and industrial. These studies should occur without
respect to availability of CAP water or at least without regard to
the schedule of compLetion of the Central Arizona Project. The
Central Arizona Project can be helpful in delaying depletion of
underground water supplies and slow the incidence of subsidence. The
project water in no way can be interpreted as to alleviate the need
for further study and for the need of substantially increased
quantities of water if depletion of the underground water reserve
is to be eliminated.

From an environmental standpoint it would be desirable to identify the
extent of overdraft which will continue after the availability of
CAP water. A prediction could also be provided on the extent the
overdraft will affect future subsidence within water basins.

Reference is made on page 43 and elsewhere that project features
designed to benefit fish) wildlife and provide for recreation use
were not included in the original project plan; however, these
features will provide enhancement and mitigation. It is not clear on
how these features will be incorporated with the plan unless other
agencies, State or Federal, provide additional funds for that purpose.
A point of clarification may be needed in the use of the term
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" .. . "I ldm~t~gat~on. t wou not appear correct to suggest these features
provide for mitigation of lost values be~au~~ of the project unless
these features were provided for in project funds. If funds other
than Federal must provide the required features, then mitigation as
such will not have occurred.

Reference is made on page 46 to the advers~ environmental effects of
pipeline, powerlines and access roads. There is no explanation to
suggest the possibility of utilizing existing powerline rights-of-way
for power needs associated with the project~. The same applies to the
construction of access roads. The environmental impact may be reduced
if existing rights-of-way can be utilized. A clarification of this
possibility is desirable.

In the alternatives section there are two major alternatives considered
no construction and partial construction. There are many combinations
of structural and non-structural alternatives which can be studied.
The environmental impact of additional alternatives should be explored
and characterized in the statement. The project can be redesigned,
i.e., more green belts, more slack water, etc. to reduce adverse
environmental impacts.

The alternatives provide for no construction, cloud seeding, desalting,
geothermal fields, additional groundwater pumping and partial
construction of the authorized project. Questions have arisen in
recent years on the possibility of utilizing Colorado River water in
desert plain areas near to the Colorado River, and therefore pumping
and transportation costs of CAP water would be reduced. This appears
to be a viable alternative which in turn could relate to studies which
develop water use priorities and 'veigh the needs for domestic,
agricultural or industrial needs. Land use planning within the State
might reveal the necessity of retiring certain existing agricultural
lands to allow for urban expansion and fo~ the· development of other
agricultural lands more distant from urban populations. This is an
alternative which should be explored.

Relationship of Short-Term versus Long-Term Needs

The economic aspects· of the environmental impacts have not been fully
analyzed. It does not appear that the total environmental losses
for recreation, and natural beauty values have been accounted for in
the environmental statement. A proposal which infringes upon these
values ought to better assess cost of replacement or assign permanent
losses to fully recognize the true costs of the proposal.

The CEQ guide lines ca 11 for a discussion of "the re lationship between
loca I short -term uses of man I s environment and the maintenance and
enhancement of long-term productivity." The subject addressed is not
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that envisioned by the CEQ because it does not mention the short-term
uses of man's environment, but addresses only the beneficial long-term
effects of the project.

This leads to a more critical question about the impact on man's
environment which has been overlooked in this report, ,~hich may be the
most important question of all. Who knows that ~he continued growth
of the Phoenix and Tucson areas is good? Phoenix now has a worsening
air pollution prohlem.

The city has developed in a way that public rapid transportation is
questionable and private auto transportation is and will continue to
dominate the scene. This area is noted for its stable air shed,
particularly in the cool months. With such a small rainfall and a
lesser amount of fresh air inflow, is this area doomed to the fate of
southern California? The latter was a wonderful place to live until
the people carrying capacity was exceeded.

The agricultural economics of the project are almost completely ignored
despite the fact that this is a significant factor.

According to a report by Prof. William E. Martin. Department of
Agricultural Economics, University of Arizona, this project with a
price tag of $1.3 billion (not including inflation and increased
interest rates) will pump about 1.2 million acre-feet annually.
(The draft statement does not identify the volume of water proposed
to be pumped from Lake Havasu only the canal capacity. According to
our calculations the main canal to Phoenix would have a maximum
capacity of about 2 million acre-feet annually.) Martin's major
conclusion is that 'We, and several of our colleagues, on the basis
of several years of. investigation of the empirical evidence, have
reached the conclusion that although economic growth in the West may
originally have been based on a liberal water supply, additional
water is no longer necessary (at least in the foreseeable future) and
may in fact be 'detrimental to our health. "' Evidently the present
annual groundwater overdraft is about 3.5 million acre-feet.
Obviously the Central Arizona Project will not cure the problem and
according to Martin, et aI, may not even relieve it. The most
important point is that 90 percent of present water consumption in
Arizona is for agriculture and over half of this is used for low-value
extensive crops. There is a question whether a market exists now, or
will in the foreseeable future, for utilization of Arizona's existing
water supply for high-value intensive crops. The real costs of
delivering the water to Phoenix and Tucson will probably be in excess
of $50 per acre-foot. This is far above the amount that farmers can
afford to pay for water to use for low-value extensive crops (such
as barley and alfalfa). 1/

Jj A paper by Martin and Young entitled '~he Need for Additional
Water in the Arid Southwest: An Economist I s Dissent." The
paper under the direction of Dr. M. M. Kelso. The draft statement
makes no reference to this paper in the list of selected references.
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It is not clear to us from the report what use will be made of the
one million or so acre feet of water. Will it be used for industrial
and municipal purposes and for high-value agricultural crops? Or
will it be used to grmv low value crops?

Arguments have been made that neither industrial capacity nor overall
growth and development in the state of Arizona would be severely
hampered without the Central Arizona Project; the statement to the
contrary on page 48 is not supported. The report would be strengthened
if this were clarified.

If the water is to be used for low value crops, what are the needs
for them and what are the alternate sources? What are alternative
uses and locations for use of the water? Even though CAP has been
authorized, these are questions which appear to be proper under the
NEPA and CEQ guidelines, for they involve long-term commitment of
resources.

Associate Directcr
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orFICE OF THE DI'~CCTOR'"

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MINES

Oc l ,'bc' r I 9 , 1.9 j 1.

'1\): Commissioner o[ Reclal1wt:lon
Through: J.ssistrlnl: Sccrc l:ary~-M'LlIer<ll R,~s(\u rces

~\'':' '1T

From: Dlrcctor, BIIJ(:i1U cd: f'1LJll'S

Subject: Enviror1lo'l1t:ll StatcmcJ1L., C,nlraJ. Ar.lLl)Il:] l'I'I'),:ct (f)(ilU)

\.Je haVl' l-l'V lc\,jed the:' l'IlV Ln.Jll1IlC'IlL<:\ 1 st;:ttcmC'I\t [or the C,'nl.t':.11 r:i '(',)11"

Pr, jeet pn.:pdrcd by lill' l)ltn'~1\1 It" R.ec.l<lm~1lil)n. Pri.1o:1ry uhjr clive oj
the project: i.s to bl"jn~', C'Jlnrntlo l{lyc\" ,>lnl'C']" [rum 'l,i\kl lli'l'iil~~lIJ on tlte
Arjzonil-C::llil",n'nia h()nll'l', tu l"1il.r~11 i\d20n[l [1'1: ;:l~~rj.cl.dl·ul'al,

muni.cipal., and industcial uses. f'lu.LLi.lllc-usc ;lSjlCCl:s or IhL' rrojc'cL.
DXC <11so important and thC'sc \>lill teneLi,L other uscr~;.

Tile Bureau of J'vl:Lnes bclic'vl'S the cnvironm'':lltal sLatcn1l~lil is j,JI;l("-'r;uatl~

in the sons€- that ,6rtunLly no l11l'\1t:ion is made uf lld.l1l'raJ ('(,.·\lrn'ncl"~~,

;nining cl..:d.ms, or C'xplo!:3tion C1'ld dcvc'lopmcilt pOlcnti.-tI. Til .ldcliti!.>n
to the s'i.lvc·r discussed in 1""1:11 "on 1-') tlw Chclrll.'"tol1 I~~'~~, I ,'(ILL', other
possible mi lcral. 'im,plvcfT1cnt in \·:I1:ioll'.; P,:I1' I"" o!. t j.,.. l'l"Op l l;-w,: l)L01(~C't

include copper, gold, .L('~1,.1, 7.LI\C, Lnm, s:.ind ;\nd i'Ll l'JJ ;l!ld rn<IIlY olhers.

Our ear!i"r rCVLew of rhc rrujl'c(' pu,Lntcd out: severnl I'ossihk rni.ncL.:.l!
involvements wiliell, t.o our kl1lJII1Lcclgc, h;lVC not bC('1l r(·,~,,1].v('c1" Mine)"al.
resources <:1t t:hc Or111(' , Buttes, CharLcslpl1, and Hookc'l': n'sl't'vIlir ~.;jl(S

V>.,crc .invostig;lted. ~.J(' \I1i.~;11 to emphasize lilc COPP"l ndnlT;lL'i;.::,!"iun l:t1(J\·J[l

to occur at Buttes IZl.'sl'J"vl,lil". Thi.~; Ol.'ClIJ'n'l1Cf.' Ius been p;\t'Li:illy C:.i>lpn'd
by indllstr~' cIne! ·i.s c'msid,'rld "",nt.hy of t1lUrougll jn\"'~;1 :it::dL il.'l1 by i.l1du:;I.l"y

and/or Govornmcnt lD dC'I:C'I~mjnc its potenti.al before 'i.t. LsLl"'cc'vcnd.I.>Ly
closed to mi.ning. Route:,; of the Granite Rvc[, Silll-Cild, ilnd Tu,;,,'),]
aqueuucts Hcre cltcckcd FUi: conrLi.ct \,7'iI:h mineral. r('Sl)\lt-CC:'~; (ll ,"il.h
m Lrling : c L L'vi t y. L: lp,\ Len to' d mi 11 i.n}3 C I;d.!ll~ c} i s I" l))'l L11 c, pt'n!,l)c,ed ,1'-1' IC' dlle t

rOI)t:c. HO~>lcver, tllen' i.s no .il1t1i"'':'ILil'll 01 si,gl~i.t"·i''':ll1t lIli:ll·J·;tl j;~nl.i.,)(1 "1\

thcs rrlllJ..c:s.
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it is bel Levcd lite results of ol.1r detailed cx~minations of the four
rcs0l"voir sit\:'s sllc)1.I1J have been summarized in the environmenr.JJ statement
.:.wu the· I,oint S llf possible conflict resolved. It could well til' [h.illt\>d

out in L1IL' 8tatc'r.1Cnt that incrca~:;,ed \vater avai lability in the area l'l)uld
benefit lhc lninLr~11 lndustry \vbiclJ, in 1969, ranked SL'L"l)ncl as .1 S')lL1:ce of
Arizona incllil1"'.

Director
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United States Department of the Interior
BUREAU OF OliTDOOR RECREATION

WASHINGTON, D.C. 20240

IN REPLY REfER TO:

D6427-LCO
(Central Arizona Project)

Memorandum

To: Commissioner of Reclamation

From: Assistant Director for Federal Programs
Bureau of Outdoor Recreation

Subject: September 1971 Draft Environmental Statement, Central
Arizona Project, Arizona

We have reviewed the subject draft environmental statement as
requested in your memorandum of September 27, 1971.

We note that this statement applies to the Central Arizona Project
as a whole and that detailed statements for each individual unit or
feature will be provided for review at a later date. The statement
is generally adequate, from the standpoint of outdoor recreation,as
a broad, generalized appraisal, but would be improved with the
modifications discussed below.

Smfr~RY - We believe the Summary statement would be improved by
providing a more precise description of the proposed Federal action
in terms of the key features in the project. Also, the Summary of
environmental impacts should succinctly describe how the natural
environment will be affected by construction of the project. It is
not adequate to merely state that the natural environment will be
affected.

II. Description of the Authorized Project. This section as presented
provides a good description of the key features in the project, but
does not contain sufficient information to permit an assessment of
environmental impacts. The description of key features should be
augmented with a statement regarding the natural resource character
istics involved.

IV. Evaluation of Environmental Impact

A. Probable impact on the environment_. This section can be substan
tially improved by editorial revision ~nd recasting. Vague, general
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descriptions of impacts should be removed and replaced with specific
reference to the kind and quantity of natural resources involved under
both "with" and "without the project" conditions. Consideration should
be given to both direct and indirect changes in the environment and to
who and what is affected by the changes.

The Gila River from its source to Florence has been identified in the
Lower Colorado Cb~prehensive Framework Study as having potential for
inclusion in the Wild and Scenic River System established by Public Law
90-542. Since the Buttes and Hooker Reservoirs are proposed for this
reach of the Gila, a discussion of their impact on the River's potential
for designation should be included in this section.

B. Adverse environmental effects. The statement on Page 47, Item b,
concerning the adverse impact of impoundments on riparian vegetation
should be revised to more clearly and factually state that the riparian
vegetation, which constitutes an extremely rare and valuable resource
in Arizona, will be eliminated.

C. Alternatives to the proposed action. The alternative of partial
construction of the authorized project, on Page 52, should be explained
in greater depth. The statement should describe both the beneficial
and adverse environmental impacts of varying scales of development and
different sites for potential impoundments.

D. Relationship of Short-Term versus Long-Term needs. The statement
on Page 52, Item D, second paragraph concerning significant long-term
benefits that " .•.wil1 be accrued from mitigation •.. features ... " should
be corrected. We da not like to refer to benefits from mitigation as
the term actually refers to reducing or alleviating losses.

E. Irreversible commitments of resources. This section should include
the follo\dng commitments of resources: (1) loss of potential wild and
scenic river options, (2) loss to the Gila Hi1derness, (3) loss to
Indians of portions of Fort HcDowe11 Reservation,. and (4) loss over a
period of time of reservoir recreation and fishery due to siltation,'
especially at Buttes Reservoir.
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AODHt.!tS ONLY THt. OIHEeTOH,
eUREAU OF SPORT FISHERIES
AND WILDLIFE

United States Department of the Interior
FISH AND WILDLIFE SERVICE

BUREAU OF SPORT FISHERIES AND WILDLIFE

WASHI:\GTO:\, D.C. 20240

NOV 7 1971
Memorandum

To: Commissioner of Reclamation
.'- ·~t ir:··-:

From: Director, Bureau of Sport Fisheries and Wildlife

Subject: Central Arizona Project--Environmental St~tement, September 1971

We have reviewed the draft environmental statement on the Central Arizona
project, Arizona and New Mexico, as you re~uested by memorandum of
September 27 ~~d our comments ~e as follows:

General Co~ents. We note that the release date September 21, 1971, of
Chapter 2 of the DepartrJental Hanual, titled "Statement of Environmental
Impact" i;as near the distribution date of the subject statement, and it is
assumed the statenent will be redrafted in accordance with the guidelines
in Chapter 2 (516.2.6A-E) concerning the contents of environmental
statements.

Noticeably lackir~ in the 8~bject draft is a comprehensive description of
the existing and future environ~ent without and with the project, focusing
on the en7iror~ental details to be affected, the ecological interrelation
ships, and the present ~~d projected levels of economic development, la~d

use, and related. cultural factors.

Figure lh, bet,;een nages l~ and 16. The drawing depicts a gazebo-like
struct"l.ITe '.;[lic~ ',:cdd e.::::?S?::- to be more attractive to recreationists than
to wildlife. ';Je celieve if the te::nporary shade st::'UctU:C9 iJere deleted from
"ehe Q:cc:.iil-6 a:.·~cl 2. fS~1.ce S{-.LO',;:'1. c..::'Ol.Ul:l. ti.Le guzzler, ihe dra\ving would more
closely fo:"2.o'} t>.<; c.::.sc::-ipt::.on cf the ,;Hdlife 6.~:::;lers &.r.d oasis stations
as press:::ted .L"'.. ~::.e 3,:':::2::.:..: C :~::= o:!:'t Fisheries and \hldlife report of
lTovember 2l, 15'69, on G:!:'2..'1i -::e E.eef Aqueduct.

Pe?es 27-2C • 3-o')j"~-=:~}"~-.'--~--Z.:.~ 2. The discussio:l is a project 8uppo.?:'ting
state::lent 2:C. ci·=.::cr':':p~ic:,- r.::.:!:~:.:' than an environDsl1tal impact evaluation.

P=> ,":''3 <1. :::' ~~.~ ':::'~-:- ~~_~" ....}-1._=..":..::' :::~".~~S2. T:."le s ta. tE-J:l"'·.'} t Unt :ci!1''c:!:-ie.Y:. 'V0:];'2 1;? tioD.
clO',.:lJ.stre2.2l ].:c:::::, :.:'~ cl:::Y,S -;ill j,::::TG2.se ':ri thin t~c floocl:pl?i.n 2.3 2. r'":;;111 t of
:,'sbcl.lated. :;; ~-=- :.:::..~'~(;'.; .;....; I.,)t :lGc:::3su..l"ily true. Ul1.less modifications in proj-
ec-: pl.::..::.= :_:~ ... _ -_'.. ..:.. _=- ....:::.. ~~::..:.; l'l.'OLl ~_~:.: e:::t2J. ij v~:3.I·l~s cO~J. ~~c.36l"-v·0lI.~~ ".{ill
te into COr:.(:;1'2'~~-i.~::::::~::'. :.'.:":; :::..:..l offer no oppor' .:,i ty f02' 'c. :::~i -r'ir5.G?11't
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incr2~se in ripar:~~ vegetation. Releases from Buttes Reservoir will flow
throU6h a nar:-c-..,r cc...."'-Y0n already havi-11g a dense grm.-th of vegetation. And
an increase in ',·e;etation belo·"., Booker and the above reservoirs is doubtful
because of expected encroachBent on the floodplain by farming and other
land ~evelo?~en~s that will occur when streamflows are regulated and floods
are no longer a threat.

Paze 32. l~st ~~~-:-a~~. Tne statements that there will be a net gain in
: the ~~ality of ~plani-5aoe habitat and an increase in waterfowl habitat in
the peri~he::-al zones a..'1.d. alo~1g the stream. above a.."'1.c. below O:m.e Reservoir
car.t:.'1ot be s·~pported.. T'ne rese::"loir "'Till inundate some of the prime upland
habitat rou-'1.d i~ central .~izo~a. Also, general ::-screation aotivities a..~d

domestic ~d i~i~strial develo~~ents on adjacent :CTcds by the Indians, if
not carefully controlled, could negate the value of the limited amount of
habitat that will result fro~ the project.

The last cC:::lplete sentence on ::926e 32 states that 11 Habi tat fer non..game fauna
vTill also be altered by enviror'.:::cental chan;:;es wi th':'n the resen·oir area."
This state~ent and n~erous others of similar na~e in the text re~uire

further de~ails indicatL"lg whether the alterations will be beneficial or
adverse and. to ",hat degree.

Pages 33-35, c. Ch~leston ~"'1.d d. Hooker. L~ the case of these tVTo reservoirs
where a s~cs~a:_0ial nuooer of ~c,rnstre~ river ~;lss will be affected by the
project operation, the disc~ssion should be expa.~ded to include the total area
where the natural enviro~ent will be modified. L~ the Hooker discussion on
page 35', t:J.e ir-ference :11a-: do~·.:'lstream vegetation ·,,,.ill be enhanced by a
stabilized floN is ~~estionable because the pro~a€a~ion of riparian co~ton

wood-s:-c~ore 2.ssociation a:;rpe~s to be dependent :::ainly upon the infrs~ue:nt

fIco':' :-::':·,'-3. :=-.::.e floods rS2u.l ~ in deposit of a fs::-tile bed of sil t. ?r.J.s is
follo·,.;sc. b:r -:he spr0uting of seedlLTlgs that gro'.{ to ::latuI'ity, thus sustai!"ILA",.="
na~c.::'a::' ::;·J.ccess2.o:l. ';[i -:!-'.o·:l-:; ",Ls effects of flood':'::,...;;" t:t~e :lat'.i.I'3.l :?ro::,:c,.:;-at':':'l'.
of t:-.s :::-:or.:,.;:Jd-s::c.s.::.:::-e ass:,ciation vrill be l~=.: -:;sd 2:..2 ot:'.e~ species are
likely :0 ·ceco=.e dOrllnar~ l;, :,nus effecting a cha::~:s ::.:1. wLc.::.L::'..: :.; ~-.:..:::::.' '
~~-:':",:,,·-~;.:.:'=-:r -:~'_::2: :':'::,:.: ~::.=..L. :?.::'2 d9?2::_,~.ent on t~_:: :-r9s=~t ~12~9-:2.t.:.C:: ::.-'1d
:0·..:2::' ':~'~:.- ir;. -:~-:.e '..:~:;:sr 2.:.2-.= ?.: ,,-er ~2:2.~2.5e. ~-:._-~ lis -: of S;:~'2<:;~ 2G.
re:e::-e:ces p:-o~...ic.es a sO"..G:'ce of information abou 'c -:;~~e species t~'l~ -;; cOL'2cl
be p~fscl;ei a':'versely.

P2.~e J~ :--:-::'~:.::-:::.:s..:n~ 1. 'Je suggest that the par5.€r;::~:.~

0:: -.: __ ~._.~ ..:...._=-= ... ~ __ =-..:. _. -: ::... 2.3 -~ 2.l':"c~_ :.:~~--.:'" .~ 2:....... -'-
d.~ .-~ C:2...~~; T .i..OT.:.

::e':':-_._· -:-;:'~:-::.~. :....::-::-.: ~~:? ;.:;~ 2:'~':'C) ?i..-rc:.::. ;.E...rtiC:.ll22'~~,- :_:at ~OtL71.'G b:?i:·":.~ (:::<~_i~/c·i.:~~~~

:0 '_ .:._.:.::.:::-~:::.:.~. ?:::'-::::::'::' 7;:,:::::'e:.~-:ion is r..eeded. if :::~ f10\,;s du'\;,_-, ::':',, __:; "":..':---.
?a=k2r =::.::2 a.re to be r:!o':'::'f2.si 2.3 a result of .~:...=::.:_ t22.:i.::,,,; .:. -;; :"'.,_--:. : _2,0-'
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Page 40, 7. Sociological Impacts. Although sentences 3 and 6 of para
graph I are contradictory, other inferences in the statement indicate the
project will be in part responsible for continued economic growth and
increased human population. ~ne statement is re~uired to have description
of the effects such growth will have on the natural environment. Our main
concern for the purposes of this review is the effect that anticipated
economic and human expansion will have on the wildlife resources, such as
urban expansion and other land-use changes. Along this same line are the
effects on the wildlife resources as well as the human inhabitants that
will result from the expected impacts shoiin on the last three lines on page
40. A more detailed discussion of the expected impacts is needed in
Section E. Adverse Envi~ormental Effects. If the rate of impact is not
known, it should be included on page 45, 9. UnknOvffi Effects.

Page 41, 8. Eeneficial Impacts. In part b., it is questionable that the
Central Jl.rizona Project \'Till enhance rural life except for a diminishing
few. The trend is to incorporate m~~ farms into one and as a result,
many people are moving to metropolitan areas. In part c., the phrase
"more effective land use" should be explained. In the case of wildlife
resources, the flood control protection could be detrimental to natural
propagation of wildlife habitat.

In part d., the general inference that fish and wildlife habitat will
be improved around the reservoirs is questionable. Reference should be
made to our reports you listed on page 60 that explain the project effects,
particularly the net losses of i'lildlife habitat. The inferences in the
last sentences on page 41 and again in the last para.:,CTaph on page 52, that
mitigation proposa~s for fish and wildlife will add measurably to the overall
benefits of the project ~s not correct. The replace2ent and preservation
of fish ~~d wildlife resources destroyed by the project cannot be claimed
as a benefit.

P:,;;;G L2. '::',,'l~lS' 1. It should be explained that vri th expected modifications
i:'l projsst desigfl, the fisheEllan-use figures ,-rill require updating when
c~re de~ailed project information is available.

Pa~e L3. last nar2,~an~. It should be clearly stated that many of the rest
i'.5 2.!1d. '.:a ~2ri:r:.g e..reas ior i·,ildlife sho1J~d be separate from those for human
recreatic~l ·to as:3,:,::'e opt.L.:·~ '.:i1J.life use .::21d pv,bl.ic benefit.

Pe.!ie L6, L,;,. \Ie '.-{ere not ai·rare that the stream regi~'3 in the vicil1i-t,Y cf
Hooker 2.lld Charleston daJls had been altered b;y pre', '.'::lUS cO:lst:c-'.lction.

:,'::: 1.c7 ..:>~.~.,.".:~:.~-':~,,:,:, 12: ::.~~C;:.2(f'C: 1.~.6)_. Part b. should read, "Riparian
'!':'~:et3:tio~1 ,;·;ill be destroyed by inu.~c1ation 8..1'1d adversely affected dm"Jl1strea.m."
?:... ..:..."G c. ~~-J)L:l(1. ~·t.::;.J.,. 1(~--_~'...:l3.. :.. ~li('ll is d.~·~2Y?.d·:.::1~ 1.~.~;2~~ t11e ri-;:-:.....,~i~~_~ v:~:·:;t.-:: .. ti('n
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will be displaced, reduced in numbers, and the species comnosition
al tered wi thin the•••• " In part d., it should be emphasized that
some species dependent upon existing habitat may become extinct or
threatened, and replacement of these species by others typical of
reservoirs and regulated streams cannot be considered beneficial.

Page hI. 6. The impact of new reservoirs leading to increased permanent
residents, increased tCl~i2m plus industrial development in the case of
Orme ReserJ"oir, and expansion of 2.o"Ticul ture should be discussed in more
detail. The effects of these impacts on the downstream areas also should
be discussed.

Page h8, B-10. The phrase "will continue to grow" in sentence one is
contrad.icted by the begiw.ing of sentence two, "ll though this may be true
• • •• " .&Uso vie sug'€est the last line read, "and ifill definitely be
detrimental to the ne;;;"J.ral enviroI'..r::lent of the surrounding areas."

Pages h8-52. C. Altern~tives to ~he Prouosed Action. The alternatives
have not been evaluated envirorLcntally, and a comparison of the resultant
effects has not been made with those of the project.

Page uS, C-l. The phrase, "and improvement of man's '.fay of life," in
lines 6 and I has illar~ meanings ~o m~~ different entities ~~d therefore
should be deleted.

Page 52, D., nar~aDh 1, la3t :~~~~nce. If as indicated plmL~ir~ for
popluation dispersion in )xi30na is a recognized function of the project,
we w'Juld \·;eloo:::e fu::-t~er d.eb.ils. 7'.r~ere is consider2.o1e merit in the
populc..':;ic:~ d.~:;?ersio:';, c~ncept ::.:'1. ter=:: of irc.provir_S' opportuni ties for
public use of fish and wildlife resources.

~"'':.? S?. ~. ~_d ::~_:~.~.".~,::,:,=-.:,. L~ 2-d.i':' tion to other COL~·:·:1.ts above concernir..,;
Denafi ts 2.?:d ;:)i ti€a'tion, it is g'-_lestionable that the wilcilife r·~_,Yc'.rCO;:; .....:.12.
be a 1.c::_?;-- ~€::2.."::l o,.::::_ei.3.. ,:,':'2.="-j- 5 S :'2~.. :'~ C2, ~·::i C~ -:c\:;> of =- -:..5'8 53.

P2~e ~h. 2. Statements justifyi~ the project do not seem appropriate
this por~i~n of the enJironrren~al statement.

'Ple ,:,-~.,,,,:,-'-'.',,,-i.ty to revie·,·r the environmental statewent for the Ce~tr3.l
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GEOLOGICAL SURVEY
WASHINGTON, D.C. 20242

l"le:llOl'allcl um

OFFICE OF THE DIRECTOR

To:

FrOll1:

HOOMATIai..CXPl'F~J(;
United States Uepartm~rior

4/ '2."(

April () 1)(2

Direct)E) Bureau of Reclalnation
ThrouG~AssistantSecretary--Hineral Resources

Director) Geological Survey

Subject: Review of draft environmental statement on the
Central Arizona Project) Arizona and l'Iew Mexico

He have revievled the subject draft envirollinental statement Wi1ich
was referred to us informa.lly by B. E. M. Hartin on ~'larch 16.
(The original referral to the Geological Survey was not received.)

\·ie have noted that this is a general environmental statement.
Detailed environmental statement for eac11 individual unit or
feature of the project v/ill 'ue submitted prior to the start of
construction of tile respective components.

Survey hydrologists are fainilial' with the project; detailed dat-a)
upon which the environ:nental statement was based) were rade
available to the SUl~ey earlier.

This general statement contains no geologic information. The
inclusion of both surficial and bedrock geolOGic information
should be considered with a view of environmental impacts which
might result due to geologic conditions and the construction of
the components.

Director
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United States Department of the Interior
NATIONAL PARK SERVICE
WASHINGTON, D.C. 20240

IN REPLY REFER TO:

L7427-UF
r..,· ('.,' ~"'''''1!." . '. ( " .

Memorandum ,d ~

To: Commissioner of Reclamation \ ~\~ ~
Through: Assistant Secretary for Fish and Wildlife anJ~ks

From: Director, Office of Urban Programs and Environmental Policy

Subject: Draft Environmental Statement dated September 1971 on
Central Arizona'Project, Arizona, Pursuant to Section
l02(2)(c) of the National Environmental Policy Act of 1969

In accordance with Commissioner Armstrong's memorandum of September 27,
1971, we have reviewed the subject draft environmental impact statement.

Our comments on this broad and general statement are based on the intent
of the Bureau of Recla~tion to submit detailed statements for each
individual unit or feature of the project following site selection and
design but prior to the start of construction of the respective
components •

. Based on maps and text material in the .statement, the only possible
adverse effects noted at this time that the project might have on exist
ing or kno\~ potential units of the National Park System, or properties
eligible or under study for registration as National Historic, Natural,
or Environmental Educational Landmarks will be at Casa Grande National
Monument, and Lehner V~~oth-Kill and Hohokam-Pima Irrigation Sites
National Historic Landmarks.

This statement and future statements on individual units of the project
should show evidence of consultation with the State Liaison Officer of
Arizona (Director, State Parks Board, 1688 West Ada~s, Phoenix, Arizona
85007) for information regarding existing units on the National Register
and pro?erties bei~G co~siderEi for Natior-al Recister no~ination.

The st",~::·:,l~;;.t do'2s r;ct 8.dec;ue.-('·21y cor:sic.cr t1:e iap8.ct of the project on
archcolc,-;ic21 rescurcc:;. T~1e l'efe::-cnccs to arcr-,coloCY on pases 25 znj
54 ~~r. ~'-~~.'·:-,'r.J..p r,1· 0 +~'n .· ..'....,nct· 0'" r-1-c;·r..·~'r··l·c.,' rc'"'o':.l""""''' ,,'!,r.\"d<:.... _ ..... _.~ ......... ~ ..- .... ~_ ••• _1 • ..-, v ........... _.:_~\..... ~ •• '-.---'~J C:.:-J,.. .... __ ..... v L)J.\..JA._

have 'oeen covered under item Tv. B. "Adverse Environmental Effects."
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The cnviror~ental statements for individual project units should
cover this subject in more detail and the National Park Service can
assist in this endeavor.

The statement does not adequately discuss the effect of the project on
the flow and water quality of the Colorado River. For example,
quantity of water reaching Nexico and ultimately the Gulf of California
will be reduced u::1d its quali -.:.y environJ'nentally deGraded.

The discussions on endangered species are not specific and in some cases
misleading. Reference to ende:7lic biotic populations should be clarified
by quoting specific species ~ld noting which ones are rare or endangered.
The proj ect area llill probably affect the habitat of the Yuma clapper
rail, the Gila trout, and the Arizona trout, all of which are endangered
species.

The statement says on page 40, IIIncreasing the supply of water will
circumvent drastic curtailments of the present rate of population
growth and enha.'1ce aGricultural and industrial potential. II This state
ment is incorrect unless a li~~tless supply of water is available. In
reality, the project will not circwnvent, but only postpone, IIdrastic
curtailments. II

On page 45 the report states, liThe degree of economic and sociological
impacts resultil1G from the pro:ect is ul"Jmo·,.,rn at the present time."
This statement implies that the feasibility of the project cannot be
ascertained.

The stateTIent mentions facilit~es that have not been authorized or
funded, e.g., those for recrea-:ion and wildlife on pages 11, - 16. While
it may be appropriate to rr.el1tion these in the environnental statement
it is more important that they be fully explored in future planning and
arranGements made for funding includinG authorization, if appropriate.
Once they are part of the project they should be covered in depth in the
separate enviro~~ental state~c::1ts.

...... .. /-,
I <-

-:::.V~-~r
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Colorado
Division of Planning Department of Local Affairs

Subject: 3-150/120.01/Central
Arizona Project-Draft
Environmental Statement

.....~.

ne-/ (303) 892- 2178__
OFFICIAL _~iL~_~~p~_1

RECEIVED NOV 12 1971 .

Action:......................................................
Action Taken..............................(lnltlals)

Date Initials To I
I

Iii :t- ? J/:;f' l~-O I
;I.~ '" -t=;..ze..- IS-"-

Ale
----,.- •. ··r

Ph

November 10, 1971

89005

Dear Mr. Lundberg:

Mr. E. A. Lundberg, Regional Director
u. S. Department of the Interior
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada

700 State Capitol Annex / Denver, Colorado / 80203

This office has examined and discussed with various State agencies the
project mentioned above. It is thought that the project would not directly
effect anYthing in Colorado as far as the environment is concerned. We
have not considered the environmental impact in any of the other affected
states.

The use of water rights, of course, is another subject that is not
satisfactory with some Colorado agencies, but which is not the subject
of review in this report.

I am sorry for the delay in the return of this reply, but 30 days isn't
usually time enough to contact and to expect an answer from interested
State agencies.

Sincerely,

(~.~~
Richard L. Brown
Principal Planner

RLB:l
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January 18, 1972....
j/ ... ', <·v- . ij..;.+.--<---:.-~~..:>

Dear Mr. Creighton:

As you have requested. the State Planning Office has reviewed the
Draft of Environmental Statement. Central Arizona Project, specifically
Hooker Dam Site.

Mr. David Creighton
Bureau of Reclamation
Department of the Interior
Phoenix. Arizona 85236

r'

.,"':> ... J .• ~_..,
'~\~ -~

1-_, \ ? '"

.' FACSI1HLE TRANSMITTED TO
~> BOV,LDER CI"l'l' - Attn:

CODE 3-150 -- 1/24/72

First of all. we would question the construction of a dam in New Mexico
to "help regulate surface water for use in Arizona.. " If. in fact, this
will benefit the agricultural community of the area or provide some
other vital function in New Mexico. then our question may be answered.
You can certainly understand our concern. As is stated on page 47,
lIUnless an alternative is selected. or design criteria changed~

Hooker Reservoir at conservation pool level will infringe on 140 acres
of Gila Wilderness Area, or 165 acres at maximum elevation. II Irrmediately
prior to this statement, the point is made that "Impact from permanent
residents and increased tourism, commonly associated with development
of new reservoirs~'will further alter existing surroundings." The
State Planning Office would be very concerned about the possible "people ll

infringement as a result.

New Mexico is in the process of developing a State Wild and Scenic River
System. The Gila River is an integral part of this plan. Enclosed;s
a copy of Outdoor Recreation - A Comprehensive Plan for New Mexico. and
on page 162 the proposals are discussed. we would want assurance that
the dam ~ould not interfere with this proposal.
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Mr. David Creighton
January 18. 1912
Page 2

With reference to the Historic Preservation aspects, we would insist
that a clearance be received from the State Archeologist, George Ewing,
Mr. Ewing is Associate Director of the Museum of New Mexico. If such
a clearance can be obtained, our office would honor it.

The State Planning Office would appreciate being included on all future
mailing lists and we suggest the Museum of New Mexico ~lso be.

Sincerely.

David W. King
State Planning Officer

\

-By" - " ~;J~' \\
~.~ 1"-

0"\<::'---<>'''', "~-:.,~\---:.--..
Brao L. Hays" '"".. "-.J

Assistant Director
I~7ERGOVERNHENTAL SERVo
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i-'RO"llT" CO'; En OF R~E.2.tl

OUTDOOR RECREATION

A C01vfPREHENSIVE PLAN FOR NEW MEXICO

BRUCE KlNG
Governor

KEIrn M. DOTSON
State Planning Officer

The preparation of this plan was filianc~d in part
through a comprehensive planning assistance grant from
the United States Department of the Interior, Bureau of
Outdoor Recreation.

SD\TE "Pl-;ANNING OFFICE -SANTA FE ---1971
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SfATE WILD A.l"JD SCE:\IC nIVER SYSTEM

lncre<lf.ing demond for outdoor recr~ation. eSp<?c4'\lly in a water poor state such as New ~1c;d('(),

maKes it necf'. saJ)' to propose a stud)' to identi!)' and preserve riveN. or s<?'Ciions of rivers h«vil';
olltsk'lJl0ing scenic quality; to coordinate federal. st.lt.e tlnd local efforts in scenic river identifi\.';\
tion, and t.o formulate criteria for the selection, maflagem~nt..development and use of <UC~3 for ('m.:l;
d.s.;-Slf;c.. ,ion. Legislation was ptcscnt~d to the Thirtieth L<'gislatnre which, had it pas..o;<:d, would
han~ authol'j~('d a $40,000 Wild and Scenic River~ feasibility study. Tills legislation will he reintro·
duced.

Int~rim proposals for n\'cr classification under a State Wild and Scenic River S)'stem are set forth
undH the follOWing headings.

Upper Gila River, East Fork

The Gila River originates in the Mogollan and Pinos AltQS mountains in the Black and Diablo
R4lngl'-s west of the Continental Divide in Southwestern New ~~exico snd flows 'westerly through
New Mexico and Arizona to its confluence with the Colorado River at Yuma. The East Fork or t.he
river originates at. Wall Lake and Bea.'er CrL"tk just south of Beaverhead. New Mexico, and af[oId~

man)' natu~il resources for outdoor recreation.
About ninely.s(!\,cn pE'rcent of the land along the proposed wild river area is fcdera11ar.d ~d

ministered by the U.S. Forest Service. The remaining portion is privat-ely ownro.
Vegetation is predominantly juniper at the lower elevations, and commercial grade timbi.'r is

found at higher elevations, .
Present., recreational usc includes 'wilderness c-amping, big'game hunting, and excellclll cold Md

warm water fishing, Most of this area is accessible only by trails, either horscback or hiking.
The Gila Wildemess and Primitive Areas, which occupy about 600,000 acres of the Gila Xation:ll

Forest in the Mogollon and Black Mountains, offer good outdoor reci'('atior.al apportunili('s. Rands
,0 the Gila Cliff Dwellings ~ational Momunent and th,our.h the e3s1€rn portion of the Primitive
.-\r(>8 f>a~ access and are in keeping with the concept of priruJti\'e ;l1'E'as. P<lck t.rips may b~ <UTangcd
at 5-Cvcralloe.ations.

There are no known phy;;ic.al intrusions within the stud)' area exct'pt for some span<;) irrigation
along the east fork of the Gila River. The IntR.rstat~ Stream Commission report... th",l'e are no
p,opo~d water or related projects planned within t.he stuciy area. The Upper Gila Riv('T, F..ast Fork
is a prime candidate for inclu1>ion in the Sta~ Wild and Scenic River System whieh will hop£>fully be
adopted by New Mexico in the near future. The river si~ would be included in the scenic river
system.

......
~'O:--' ',- . t.- ..·•• .-" •••• ,. .•• --
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:ACS!!ULE TRA~SlHT,~ED TO
, 3-1 50 , 'Bo~lder City, Neysna.e·

li31/72

Mr. David Creighton
.Bureau. of .Reclamation
Department of Interior
Phoenix, Arizona 85236

Dear Ik. Crei9hton~

As an amendment to our statement of January 18, 1972. the State
Planning Office would like the following to be considered with
reference to the Hooker Dam; proposal.

In the general vicinity of the proposed dam, we are developing
a historic preservation project. The project, Woodrow Ruin,
includes the excavation and stabilization of a Mimbres Indian
site. Woodrow Ruin is on the National Register of Historic
Sites.

We object to any direct or indirect intrusion upon this site.
Thank you for-your consideration.

Sincerely,

David w. King
State Planning Officer

\
I'" j.
~" t... )!

...._;: _:~::::> " ..~ <. +\ c-

By ~,\,.~\:~. ~~~mal. Hays,
Assistant Director

- INTERGOVERlW£NTAL SERVICES
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October 28, 1971

Mr. F. Phillip Sharpe, Chairman
Central Arizona Project Environmental

Advisory Group
c/o Bureau of Reclamation
P. O. Box 427
Boulder City, Nevada 89005

Dear Phil:

206 S. 17 Ave. Phoenix Arilollo 85007 261·7322
~_=_::::__:::-_===::::...::::...=-~_::::__=-----=~-----_. ._. --1

As you can see from the attached letter, the topic of the Central Arizona Project will be
coming up in a Commission meeting soon.

I'm not sure how soon, but it's inevitable... so I wanted to let you know what's going on.

Yours sincerely,

VISORY COMMISSION ON ARIZONA ENVIRONMENT

F. J. MacDonald
Chairman

FJM:jfj
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THE PENNSYLVA0JIA STATE LT0JIVERSITY
C(.")U.I'GI: ,'I: 11\ I~I"N I)I:VI'I.,~I'~\I:NT

l1NIVI'''SITY I'''''''. l'I:NN::'YI.V,\NI.\ In:',) ~

Man~Environ,ncnt Rt.'I"lilHl::!

5·126 Human Devcll1fllllent iiullJinQ

October 22, 1971

Mr. F.J. MacDonald, Chairman
Arizona Commission on Arizona Environment
206 S. 17th Avenue
Phoenix, Arizona 85007'

Dear Mr. MacDonald:

No. 653844

Ar.. Cod. 814

865·1467

•I am the consulting planner for the Fort McDowell Indian Community and I wish to have raised a
matter in which the issues are not at all clearly spelt out either in economic, social or natural
terms. This is the matter of the Central Arizona Project, and in particular the lake which is
proposed to be created on two-thirds of the forty square miles of the Fort McDowell Community.

You will n; doubt recall that in 1968 and 1969 wht~n I was the Vice-Chairman of the Commission
I raised the matter of a "grand design" for the Central Arizona Project half hoping that compre
hensive studies and models not emanating from the Department of Interior and the u.s. Corps of
Engineers might be commenced to determine the values of such a system in all its vast implications.
I have followed the activities of the Commission and also reports from various sources regarding the
Central Arizona Project and find nothing which asKs the central question: Is CAP necessary.

I'hope that your Commission will· create and develop publicawareness for the need of a properly
conducted study which is weil funded and is not responsible in terms or its findings to any Federal
Agency involved in construction of the facil ity or to the State or Arizona whi ch has expressed it
self quite strongly in favor of the CAP. The responsibility is, as I know you are well aware, the
citizen of Arizona and the United States and accountability can be properly managed to meet
that responsibility.

Too much has happened in Arizona during the last twenty yearstb premit a project as large as CAP
to be planned and developed without the benefit of a study for the public interest being made and
considered. The findings of such a study would be beneficial to the Fort McDowell Indian Community
which needs to have well founded intelligence for decision making.

Yours sincerely,

, '\.- .

• _ ) l"'_~4 !.t f. I. \. \. . \,...

Harry S. Coblentz, AlP

cc Sam Hillard
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Dear Phil:

Mr. F. Phillip Sharpe, Chairman
Central Arizona Project Environmental

Advisory Group
c/o Bureau of Reclamation
P. O. Box 427
Boulder City, Nevada 89005

:N::'{)RMATION COPY FOR..._.../...e.(?,,,........_..__....
November 24, 1971

I

~,~=============2=O=6=S=.=17=A='!I=e=.=Ph=o=e=ni=x=A=ri=zo=n=o=8=5=O=O=7=2=6=1'=73=2=2=:i

I do not feel that I should critique the draft environmental statements in detail. You've al
ready had two good examples of that from Col. Zeller am Mr. Brecher.

However, I would offer this comment: An environmental statement, in order to do its job,
will have to be quite comprehensive and in considerable depth. All the basic environmental
disciplines should be covered. The names and degree of expertise of the consultants and/
or employees should be shown in the appendix.

Governmental agencies (am in particular the Bureau of Reclamation) do not enjoy any large
degree of credibility from the public. In addition, the Central Arizona Project is under con
stant and steady fire from all environmental groups.

I would recommem that the Tucson Gas & Electric Company environmental analysis of the
transmission line from San Juan to Tucson be used as a guideline, and a deeper and more
thorough impact statement be developed for each phase of the project.

It has been my painful experience that each environmental impact hearing is a ''whole new
ball game". As the statements are improved, the critics get more active in finding imag
ined or real problems (especially since there is no point at which they would say, "0. K. ,
go ahead.•. we approve").

As the Queen said in Alice in Wonderland, ''We have to go faster and faster, just to stay
even".

We need this proj ect.•. without undue delay. There should be no gambling with the environ
mental impact statement, since this is the one sure way it can be delayed immediately and
interminably.

Sl



Page 2 - 11/24/71
To: F. Phillip Sharpe, Chairman, Central

Arizona Project Enviromnental Ad
visory Group

Re: Enviromnental Impact Statements

It can be built without undue deleterious impact, aIrl the public needs to be informed as
to the details.

Best regards,

ORY COMMISSION ON ARIZONA ENVIRONMENT

//i""

FJM:jfj
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Mr. Edward A. Lundberg
Regional Director
Bureau of Recla:rnation
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg:

We have reviewed the Environ:mental Report on the
Central Arizona Project, Septe:mbe!-". 1971, drafted by your Agency
and are attaching co:m:ments on specific sections of the report.

Our reviewing personnel are concerned over the
lack of or insufficient data on the present in-depth evaluations of the
alternative solutions. In addition, the report repeatedly points out
that continued population growth is inevitable and environ:rnentally
degrading with or without the project. In other sections, the report
clai:ms credit for continued urban and industrial growth. In our
opinion, little or no inforn"lation is presented to substantiate these
findings.

We believe that the report :may be pre:mature since
no infor:mation was presented and/ or available as to who or for what
purpose the water will be appropriated. It is unlikely that an accept
able Environ:mental I:rnpact study can be acco:mplished without this
knowledge. The report considers the physical project features and
speculates on the i:mpact of use and pay:ment for the project co:m:modity,
water. It is quite likely that the environ:mental i:mpact of develop:ment
associated with use of the Central Arizona Project water will be
significantly greater than the i:mpact of the physical features of
the proj ect.

With these thoughts in :mind, we que s t ion the
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Mr. Edward A. Lundberg -2- November 19, 1971

scope, and adequacy of the reportto accomplish the objective of
determining the environmental impact of the Central Arizona Project.

Sincerely,

J / (I {
\r l '>." ':i,I,.>

Robert A. Jantzen, Director

RAJ:nm

cc: Mr. Russell Train, Chairman, Council on Environmental Quality
Mr. Robert G. Worden, Arizona State Department of Economic

Planning and Development
Bureau oiSport Fisheries and Wildlife, Albuquerque, New Mexico
Bureau of Sport Fisheries and Wildlife, Phoenix, Arizona

54



Surrunary

3. Summary of Environmental Impacts

We must disagree with the inference that all the human aspects
will always be benefited by the development. Without doubt those human
values associated to t he natural environment will be depreciated.

The last sentence does not reflect a positive or negative in
fluence of expanding populations on the natural environment. We would
recommend the following rewording for the second and third sentences
of the first paragraph.

The economic aspects of certain segments of the populace
will be benefited. The natural environment values will be depreciated
in quantity and quality by expanding agriculture and population.

The second paragraph should be modified to read "detrimen
tally affected" in place of "affected. "

Page 2, first full paragraph

A number of assumptions are made regarding the use of project
water. At the present time the ..specific uses and users of the water have
not been determined. In addition, the users have not committed them
selves by contract. It would appear reasonable to refer to the appli
cations for water to design a weighted probable service area and use
formula. We note that use for fish, wildlife and recreation is not
mentioned in this section.

Page 4, first paragraph

As 24.3 percent of the Navajo Power Project is a necessity
for CAP pumping requirements, the environmental impact of this
feature should be treated in this environmental impact statement.

Page 5, first paragraph, last sentence

Again the Navajo Generating Station is mentioned as a part
of the project yet there is no assessment of the impact of this facility
in the CAP Environmental Statement.

Page 10, No. 10

Same comment as that for page 5.
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Page 11, paragraph 1, sentences 6 and 7

These sentences infer that the ground water has been ex
hausted over large areas and that the remaining is nearing exhaustion.
This is not true. The ground water has been lowered in many areas
until it is no longer economically feasible to use for agriculture pur
poses only.

Page 12, paragraph 2

The paragraph is all inclusive and does not identify the
service area or use. As the water has not been appropriated to use
or user as yet, it seems the impact report is premature. Regardless,
more information on the approximate percentage of water to be used
for each specific us e should have been provided. If more current in
formation is not available the applications for water could have been
summarized.

Pages 14 - 19

We are surprised by the inference throughout this section
that the mitigation features and enhancement features are not a part of
the project. It is our understanding that mitigation accomplished under
The Fish and Wildlife Coordination Act, etc., and enhancement pro
vided under the provisions of P. L. 89 -72 are not to be treated in a
separate Congressional authorization. As you know, the features for
mitigation and enhancement were provided your agency by the Bureau
of Sport Fisheries and Wildlife and Arizona Game and Fish Department
in various reports from 1965-1968. We are aware that a feasibility
grade report on the CAP features by your agency was not available
at the time of authorization but we as surne you provided Congres s with
the fish and wildlife reports on the various proposed project features
as stipulated in the legislation cited above.

Although this section of the report is not a specific require
ment of the Environmental lInpact Statement, it appears appropriate
and a needed inclusion.

Page 22, C. Vegetation

As the most affected ecologic formation, riparian woodland,
is also the most limited type in the project area, additional information
on existing acreages should be provided in this section.

Page 24, last paragraph

These two statements are not supported in this section or
other parts of the report. The additional emphasis for channelization
and water salvage on the Colorado River because of the water shortage
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anticipated for Central Arizona Project purposes in the 1990' s could well
result in elimination of marsh habitat and Yuma Clapper Rail.

Page 26, G. paragraph 2

The sentence implies that the differences between the growth of
the Salt River Valley and Pinal County is due to the water supply. Apparently,
other factors are also in evidence as Ehrenberg, Parker and Yuma on the
Colorado River have always had a more reliable water supply than either
place indicated and yet they have not grown as Phoenix has. The inference
that economic and population growth at the present time is a direct reflection
of the volume of available water needs substantiation.

Page 27, IV, A, 1, paragraph 1

This paragraph does not contain material on the environmental
subject in question. This paragraph is only a project-supporting statement
rather than an environmental impact evaluation of the project facility.

Page 28, IV, A, 2

The material does not speak to the assigned section heading, to
wit: Evaluation of Environmental Impact. All of the dis cus sion is involved
in a project-supporting description of the different features.

Page 29, IV, A, 3

This section discusses the anticipated changes occurring with
lake construction. The material is accurate under certain conditions; how
ever, conditions are different in each reservoir of the Central Arizona
Project. For exarnple, on page 31, paragraph 1, line 7, the statement is
made that "Riparian vegetation downstream from the darn will eventually
increase within the flood plain as a result of a regulated streamflow. "
This is misleading as there will be no streamflow below two and probably
three of the darns. There will be a net loss of the existing riparian vege
tation and the wildlife downstream as a result.

Page 31, paragraph 2

This condition may exist below Hooker Lam but not below Orme,
Buttes and Charleston. The paragraph should list the acreage inundated and
dewatered within and below the reservoirs ..

Page 32, paragraph 2, a. Orme. Lines 11-14

There will not be a net gain in quantity or quality of riparian
habitat because of Orme Lam. The peripheral zones of widely fluctuating
reservoirs in Arizona do not support riparian vegetation species except in
the stream delta.

Page 32, paragraph 2, a. Orme. Line 14

Orme reservoir is not expected to increase the existing waterfowl
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habitat due to the adjacent land development and anticipated increase in
recreation use.

Page 32, paragraph 2, a. Orme. Lines 15 - 16

This sentence says nothing specific. It should be expanded to
elaborate on the extremely high value of the existing flood plain area for
nongame wildlife production and a s so ciated human us e.

Page 33, b. Buttes

The section contains no mention of the habitat volume or value
destroyed by inundation. No increase in wildlife habitat can be anticipated
along or below the reservoir.

Page 33, c. Charleston

The effect of removing the water from the River on the down
stream riparian ha bitat is not considered or evaluated. The effect of the
inevitable land speculation and subdivision on private land adjacent to the
reservoir is also not considered.

Pages 34 and 35, d. Hooker

The precedent setting factor of reservoir construction within a
designated wilderness area is not presented or evaluated .. This factor was
a major point of controversy in Congress during project authorization pro
cedures and, hence, must certainly deserve an in-depth evaluation.

In addition, the last sentence of this section states a net gain
in wildlife habitat will occur around the reservoir. With the additional
human use associated with the water sport activities considered in the
previous paragraph, this sentence is in need of supporting justification.

Page 36

There is need for evaluation in this section on the effects of
the CAP water salvage features on the environment. These features are
outlined in Congressional authorization testimony and also in Mr. Cliff
Pugh's presentation before the 12th Annual Arizona Watershed Symposium
in 1968.

Page 36, paragraph 2

The statement referring to a "slightly fresher state" is not
fully explained. The inference leads one to believe the "fresher" means
more productive. As high water temperatures are not a limiting factor
for reproduction or growth of warm or cold water fisheries in Mohave or
Havasu Lakes, the paragraph might mislead someone to believe this fac
tor would improve the existing fisheries.

Page 37, first paragraph

It is our understanding that part of the annual CAP diversion
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of 1. 1 Ulillion acre feet is presently being utilized by over delivery to
California above and below Parker raUl. It would follow that this
delivery would no longer be made below Parker raUl.

Page 37, second paragraph

The consuUlptive use of all river water froUl Charleston raUl
to Benson, Arizona would appear to obliterate existing flood flows in
the San Pedro below Benson. The effect of dewatering the lar ge exist
ing riparian area froUl Benson to WinkelUlan should be evaluated and
the findings presented.

Pages 37, 38 and 39. 5. Quality of Water

The report does not consider the long range iUlpact of build
ing up salts in Arizona I s ground water by iITlporting approxiITlately
1, 000, 000 tons of salt annually through the CAP canal. No method
of reUloval of this salt is presented in the report.

Page 39. 6. Herbicides and Pesticides

This section should cOUlpare the use of these cheUlicals with
and without the project. The iUlpact of their use on the environUlent
should be quantified with and without the project.

Page 40. 7. Sociological lITlpacts, paragraph 1

The third and sixth sentences are contradictory. In fact,
the reasoning in UlOSt of section 7 is rather hazy. The stateUlent is
Ulade that population increase will continue with or without the CAP.
The stateUlent is also Ulade that the project will enhance agricultural
and industrial potential. The Arizona Statistical Review, 1969, indi
cates iUlUligration is due largely to new jobs. The Statistical Abstract
of the United States, 1970, also indicated people don't Ulove to areas
with weak econOUlies. If the assessment is Ulade that the CAP will
enhance the agricultural and industrial developUlent, it follows the
resulting population increase and lower quality of life is also attri
buta ble to the project.

This feature of the CAP is in need of further investigation
and asseSSUlent. The Ulajor effect of the CAP on the environUlent
will probably be in the forUl of secondary or ind irect iUlpact and can
not be properly presented in a one page analysis.

Page 40, 7. Paragraph 2, first sentence

There is no deUlonstrable evidence that this is occurring
or will occur. The per capita consuUlptive use of renewable and non
renewable resources is increasing rapidly. The per capita pollution
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and solid waste is also increasing in a like manner. The development
of technology in utilization of natural resources is increasing the un
desirable environmental conditions listed in the second sentence of
this paragraph.

Page 41, 8. Beneficial Impacts. a.

This paragraph indicates water availability is a limiting
factor in municipal and industrial economic health. Our information
indicates this is not true. The existing pattern of municipal develop
ment in Central Arizona involves purchase of land with existing water
rights and transfer of agriculture water to a higher beneficial use.
This fact is alluded to on page 48 under "C. Alternatives to the Pro
posed Action. 11

Page 41, 8. b.

This subsection should be expanded.

Page 41, 8. c.

There are often side effects of flood control projects which
are detrimental to the environment. For example, in the western
portion of the Granite Reef Aqueduct, the collection of surface flows
will effectively eliminate much desert growth on the down drainage
side.

Page 41, 8. d.

Sentence three states fish and wildlife habitat will be im
proved around, above and below the reservoirs. The plans we have
seen thus far indicate a fish and wildlife loss will occur around and
downstream from the reservoirs in Arizona. Each reservoir is an
individual case; however, wildlife habitat will receive a net loss in
all cases in Arizona. The last sentence presumably refers to facili
ties discussed in subsection f. If so, that sentence should be in
serted in subsection f.

Page 42, e

The ta ble titled, Potential Fishermen Use on the Proposed
CAP Reservoir,was prepared in 1964 prior to passage of the authoriz
ing legislation. A large number of project changes have occurred
since that time which renders the information in this table invalid.
For example, the legislation provides recreation management of
Orme Reservoir by the Indian tribes as opposed to multiple use for
public purposes. It is highly unlikely the reservoir will provide the
public benefits in the form of recreation as originally envisioned.
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The fact that the reservoir will be managed for economic return to the
tribes as opposed to public purposes should be included in this report.

Page 43, f

The third paragraph deals with methods of lessening and
preventing damages to the environment by the Granite Reef Aqueduct.
The paragraph should be deleted as the information is presented else
where.

Page 44, g

Bureau of Reclamation personnel have stated safety policies
of the agency would not permit this type development. 1£ it is ac
ceptable it would be an urban environment asset.

Page 44, h

Appropriation of water to the users has not been made at
this time. This makes it difficult if not impossible to accurately assess
the environmental impact of the project. This point is made in the
following section, 9. Unknown Effects, on page 45 of the report.

Page 46, 4

The second sentence of this paragraph is not true of Hooker
or Charleston llim in the project areas involved.

Page 47, 5. c

This statement is very misleading, if not untrue. The state
ment should read as follows:

Wildlife populations depending upon riparian vegetation
will be obliterated within the reservoir sites and de
watered areas downstream.

Page 47, 6

This sub-section does not present a reasonable picture of
the environmental impact of reservoir developments such as Havasu
City or Fountain Hills. This section should be expanded to reflect
the impact of these developments on the surrounding natural environ
ments.

Page 47, 8

This statement refers primarily to aquatic species
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of the aquatic biota without identifying the group.

Page 48, 9

This effect on the riparian vegetation and wildlife species
of the San Pedro and Gila Rivers should be quantified and presented.

Page 48, 10

The effect of the project as a stimulus for economic and
industrial growth and development should be presented if this is the
case as claimed on page 41, a and b; page 40, paragraph 1, and page 48,
section C, subsection 1.

Page 48, C, 1

This paragraph is in need of substantiation or deletion.
The statements do not agree with subsection 10 on the same page. The
last sentence of the paragraph does not agree with the economic history
of Arizona I s use of water. Transfer of use for water from agricul
ture to municipal and industrial use provides a higher economic return
per acre foot. .It is difficult to understand how your report can assign
an economic depressing factor to this existing and historic practice.
The Phoenix area has developed economically, and is continuing to,
through transfer of land and water use from agriculture to municipal
and industrial use.

Page 49

This section of the report makes no attempt to evaluate the
impact on the environment of the no project alternative as required by
The Environmental Policy Act. The paragraph is composed simply
of a number of unsupported statements attesting to the lack of considera
tion given this alternative.

Page 49, first paragraph

The transfer of use as a water use pattern is in existence
now and has been used throughout the history of the development of
the Phoenix metropolitan area. Continued transfer of use would be no
more extreme than it has been in the past. The statement following (b)
in this paragraph should read: "continuation of the existing water use
pattern of transfer from agriculture to higher uses in the service area. "

Page 52, D, sentences 3 and 4

These sentences contradict the third sentence of subsection 7
on page 40 and subsection lOon page 48. If this section of the report
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is retained, then the adverse effects of continued urban and industrial
growth delineated in the second paragraph on page 40 should be included
in section B, Adverse Environmental Effects, as well as in this section.

Page 52, D, sentence 5

This sentence should be deleted. There is no information
contained elsewhere in the report to indicate this is being considered
or that it would be desirable.

Page 52, D, second paragraph, sentences 2 and 3

The project envisions a decreasing supply of water. The
CAP water is no more reliable than existing surface supplies and
certainly not as predictable as present ground water.

Page 53, paragraph one

Wildlife and riparian vegetation and associated terrestrial
wildlife will be reduced by the project, not increased.

Page 54, 2

The second sentence does not pertain to the subject heading
and is only a project-supporting statement which is out of place.

, ..
""
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Page 6 - Orme Dam and Reservoir

Following the statement on the capabilities of the reservoir to impound
Over 1,000,000 acre-feet of water, there needs to be some discussion on the
specifics of the management and coordination method of management of the
water levels if water recreation benefits are to be derived. Available
figures, though apparently not officially adopted, indicate that the reser
voir will fluctuate vertically about 63 feet and have surface acreages
ranging from 9,000 acres to 2,300 acres. This fluctuation and the water
management program will have a tremendous influence on the design of
recreation facilities and use of such facilities. The demand for irrigation
water and the demand for recreation water poses a serious problem in that
the demands are simultaneous. This problem indicates that if Orme Reservoir
is to be of significance recreationally, the water management program must
be coordinated with water users and appropriate recreation agencies. The
structure of this coordination procedure must be delineated now and imple
mented in the planning stages of the individual reservoir projects. There
should b~ discussion of the land ownership around the reservoir and access.
It is important to note that if this reservoir is to be available to the
ge~eral pUQlicthere should be a significant amount of public land ovmership
and access. It is not desirable that this reservoir be totally encompassed
by Indian reservations and private interests.

Page~ - Charles~on Dam and Reservoir

The same general considerations and recommendations should be applied to
this project as those of Orme Dam and Reservoir. Unofficial figures
indicate that this reservoir will fluctuate 35 vertical feet and have surface
acreages ranging from 3,700 acres to 1,250 acres. There should be discussion
of the land ownership around the reservoir and access.
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Page 9 - Buttes Dam and Reservoir

Unofficial figures on this project area indicate that the water levels
will fluctuate 125 vertical feet and the surface acreage will range from
4,000 acres to 200 acres. The potential for significant water recreation
at this site seems very questionable because of the potential of tremendous
lake fluctuation and the very inconsistent supply of water on the Gila River
and San Pedro River watershed. More facts should be presented regarding
the historical aspects of past water runoff at the project area in order to
make a more valid analysis of the water recreation potential of the proposed
Buttes Dam and Reservoir.

Pa~ - Hooker Dam and Reservoir

Unofficial figures indicate this reservoir is to be relatively small.
The surface acreage will range from 540 acres to 310 acres with a water level
fluctuation of 38 vertical feet. The reservoirs small size and remoteness
from concentrated areas of population lessen its significance as a water
recreation resource. Additional facts should be made available and discussed
concerning the need and desirability of Hooker Dam and Reservoir or a similar
facility elsewhere on the Gila River or on the San Francisco River. There
should be discussion of the land ownership around the reservoir and access.

Page 13 - The last sentence on this page indicates that alternatives to other
major features of the project are also being investigated. It would seem
appropriate that all of these alternatives should be discussed to some degree
to present the concepts involved.

Page 15 - The first paragraph on this page speaks to enhancement and mitigation
features along the aqueducts from Lake Havasu to Tucson and from Charleston
Dam to Tucson. It is indicated that gravitational flow-through side ponds of
five acres or less are envisioned at selected sites adjacent to the main
canals in order .to provide for recreational use and wildlife watering access.
These ponds would be of little recreational use because of their small size
and their distant location from the two metropolitan areas of Arizona. Their
only real benefit could be as wildlife watering areas.

!age 1£ - Funding for the construction of side ponds, wildlife guzzlers and back-
w~ter fingers would probably not be funded by L~nd and Water Conservation
funds because of the limited recreation use these facilities would provide on
a statewide and regional basis.

Pag~ - E. Recreation

This section needs to specifically delineate all the existing recreation
lands and uses and discuss the effects, adverse as well as beneficial, the
aqueducts and reservoirs have on these existing areas.

Page 28 - 2. Aqueducts and Canals

Implications in this section are that the system of watervlays traversing
seldom visited Arizona open spaces is of little consequence. Any develop
ment in open spaces is significant and should be so treated. It is there
fore necessary to delineate the total waterways system and effects it has
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on the open spaces over which it passes.

Page 32 - Orme

A physical description of the reservoir needs to be discussed. This
would include: minimum, maximum and average surface acreages; vertical
lake level fluctuations; etc. The potential of and benefit to water
oriented recreation will be solely dependent on the water level management
program and the land management programs of the Ft. McDowell and Salt River
Indian agencies.

Page 33 - Buttes

There will be little, if any, water-oriented recreation benefit provided
by this reservoir because of its small size and potential for tremendous
lake level fluctuation.

~34 - Charleston

This reservoir has water-oriented potential provided that its water
level management program is coordinated with the recreational needs of the
public.

Page 40 - 7. Sociological Impacts

Considering the apparent shortage of surface water and the continual
overdraft of ground water, it is' necessary to explain why are-evaluation
of water use priorities is not reasonable at this time, especially with the
statement that "the rate of growth can be expected to continue wi th or
without the project."

Page 41 - 8. Beneficial Factors

(d) Water-oriented recreation opportunities will be made available only
if concerted coordinated planning and water management programs are developed
and implemented by involving all federal, state and local agencies having
water-oriented recreation interests.

~e 43 (f) As stated before the five acre ponds will have little recreation
benefit and would probably be more significant to wildlife benefits.
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2/1/12

3-150, Boulder City, Uevada.

FACf.'.:O LE 'l'RAIIS1HTTED --

AT?E:i?IOli:

Dear ~x. Creighton:

I note that the Statement'!J S\l~"n;1.1.7 and lntroduc tion
make no mention of the National Historic Pres~rvation

Act of 1.966 or the need to corapl)' \OCiith the A<;:t; I S pro
tection sspects. The S~::;,.:xy a1eo o;:;-.its mention of
the potential adverse effect upon tho two historical
sites menti.oned within the tc.."'\t of the Stater.;cnt.
Specifically, I refer to Fort Y~Dowel1 and to the
to'i~11site of Churleston.

Mr. David Creighton t Jr.
Chief of Planning
U. S. Bureau of Reclamation·-:.t
135 North Second Avenue
~hoeni~7 Ari~ons 85003

In discussing the two historical sites named nbove,
Section III identifies Fort }~cDo\.,sel1 and Chnr-lcston S.g

the " •.. most pro.-ninent historical siten l
! likely to suffer

':~ an adverse eff~ct:. An hi.storical d<"scription or evalu-
! at5.on of s ignif:i.c8nce of th~,"se t,·co f·j.tcs is not given i,n
:~ the text. The alternatives to stte inundation (both sites

'>;

i arc within proposed reservoirs) are not discussed.
j

o aile site for ,.'hich my office feel:3 concern \o,'J,S not:
1 mentioned in the text of the Statement. I refer to the

five. chc.rC'oa.l. O\'(;iH: cr;se of ?l<.~t"c:c(:' <'Jii;] ,d tbj.n the
._: prOrO~i ,~d DUl te~ D,ir;\ rcsc!l.'VO),::. These 6 tnl(: ttti:CS represent

. ',;~

- ......./
. '..~..~
. :.=-;::

.~

'. :~j

~. .... .... 'C..' •• ':'" :t

..:,"1 .

• _ •••• ~: f

',' ~~. ~:

. ., ~. ",... . , ..' -,:....... .' ·.~r;-.l.• '.\' .• '~" ...'
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11r. David Creighton, Jr.
JtH1uary 31, .1972
Page 2

a period of frontier technology (ca. 1890) and should be
saved £o~ public interpretation.

'';

Reference is made in Section IrI to previously conducted
salvage~inventory surveys conducted by the National Park
Ser\tice and others ~'ithin the proposed impact areas. The
Statement, however~ fails to adequately su:~~~nsxize the
findings of these surveys. Any future re'\"rite of the
Statement shQuld capsulate this inforp~tion and incor
porate sw.;h into the text.

I feel that other cultural and historical sites ~~y exist
within the proposed project area~ but the lack of specific
proj ect. elEffitmt data tind the omiss.ion of Sl.lI'vey cia ta m~ke

auy definite statement fro~ roy office not feasible.

X appreciate the opportunity to com=.ent upon the draft
Env iron.mental IrJpilc t Statcxent. These remarks, in addition
to their concern for preserving historical resources, are
meant to be constructive in their criticism.

DM:ol
;' .. ..

t
" .

i \

.',.-'-" ":': ....- .... , ...-.
-_.'--_.•..:'•.. _0'·, :.. "; " •••. ~.,,:" ~.,.<..:-:··7·.,.,.·• ....,...,.,··~••""'.7"'.~.,..., , --'."'-"..
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1124 ARIZONA TITLE BLDG. - TEL. 253-2136 -

INFORMAnON COpy FOR....L~g-r,.:2~a .-
::::I!-7..izonu eState c:::f-(ec{anwt' c;/f , t'

Sept

Mr. F. Philli~ Sharpe
Znvirnomental Specialist
Bureau of Reclamation
P.O. Box 427
Boulder City, Nevada 89005

Dear Mr. Sharpe:

As a member of the Central Arizona Project Environmental
Advisory Group, I offer the following comments on the
Draft of Environmental Statement, Central Arizona
Project dated September 1971.

I should like first to compliment you and the Bureau
of Reclamation on the draft of statement, which I
understand to be general and to be followed with state
ments specifically covering segments of the project.

Comments

Summary - Item 2, line 4: I suggest deleting the word
"Yuma." This is mis leading because I know of no plan
for delivery of CAP water in Yuma County. This deletion
is also in line with the definition of the Project Area
as stated in "p," page 1, where the "Project Area" is
said to 'je "~::Jove Painted Rock Dam."

Item 3 - Summary of environmental iw)acts: I .suggest
t~at t:1e ?aragraD~ beginnin<] with "The allocation of

" '::Jc re'~,rittcn to clarify its meaning. Suggested
su~stitute language: The delivery of imported Colorado
~iver water within the service area of the Project will
affect the existing environment in a number of ways,
most of which will be beneficial to the human population
and some, which may be considered detrimental, may be
reasonably mitigated by proper planning.

Page 3, 2nd line of 2nd para.gra~h: Delete "1949" and
add "1947." The first congressional hearings on the
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- 2 - September 29, 1971

CAP were ;1e Id by t;1e Senate Subcornrni ttee on Irrigation
and Reclamation in 1947 on S.B. 1175.

Page 10-11 B - Needs: the words beginning at bottom of
9age 10 -- "and the agricultural economy in particular
has flourisned and declined in direct relationshin to
the adeauacy of the water avaIlable," may be challenged
on the oasis that the overall agricultural economy of
the State has not, in fact, "declined." It has declined
in Pinal County from an irrigated acreage of 264,300
acres in 1951 to 231,58~ acres in 1970.

I suggest the statement oe carefully reexamined to avoid
the possibility of successful c~allenge.

In this section on ":'Jeed" I think it should be pointed
out that the City of Tucson is totally dependent on
groundwater.

Page 14 - 1st paragraph: I suggest changing this para
graph to read as follows (underscored words added):
"The primary 0:' jective of the project is to bring Colorado
Ri ver water from Lake Havasu to central Ari zona" to
supplement the existing but inadequate supply "for
agriculture~unicipal, and industrial uses."

Page 18, last paragraph: I recommend deletion of the
1st sentence of this paragraph, t~at is, the words
"The Central Arizona Project is in part dependent upon
the potential of water salvage from the Lower Colorado
River." It is my understanding that practically all of
the potential for water salvage on the lower stretch of
the Colorado River has already been accomplished through
construction of Senator Wash Reservoir, charmel dredging,
drainage pumps which return water to the River for credit
to Arizona's total 2.8 million acre-foot allocation, and
the removal of riparian phreatophytic vegetation on the
Indian reservations as lands are brought under irrigation.

Page 38 - Quality of ~ater: I would like to see a state
ment here concerning the kinds of salts in Colorado River
water and in typical groundwater and surface water
presently used in central Arizona. I believe that is
environmentally significant.
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Mr. F. Phillip Sharpe - 3 - September 29, 1971

It is also worth noting in this section L~at there will
be no significant return flows to the Colorado River
from CAP diversions and therefore no degradation of
~ain3trearn water quality from that source.

Page 40 - Item 7 - Sociological Impacts - 1st paragraph,
2nd sentence: "The desert region of Arizona which
supports the bulk of the population is totally dependent
upon a plenti ful supply of water." I f the words
artilically provided were substituted for the word
":>lentiful" in this statement i ':: would make better sense.
There is no place on earth that isn't totally dependent
on a supply of water if life is to exist there. Central
Arizona is not unique in this respect.

Page 41 - 8, Beneficial Impacts - paragraph b: To para
graph b I suggest adding the following: ,and help to
maintain ~ green belt environment surroundIng urbanIZed
areas.

Page 45: After paragraph i add a new item - paragraph
j as follows: The flood control functions of the project's
delivery system darns, particularly Grrne Darn, will afford
protection for life and property in presently developed
areas, and germi t environmentally desirable uses of
",That are no'.., esthetically ugly sociologically blighted
and economically useless flood plain lands.

7a e 48 - C. 'ltcrnatives to the Pro~osed Action - Item
I, las t 3cnt~nce: "Sconomic gro\-,th and development in
t.he Slate 0-: '-:rizcna 'dould :Je severely ham;:)~red."

~'Tlllie I 'Jelieve this to be true at some point in time,
I doubt the ~isdom of making the flat, unqualified
statement. ;i:e have been saying it for the last 30 years
~hile our total economy continued to grow phenominally.
In several 9laces in this draft it is stated that
central Arizona will continue to grow whether or not
more ~ater is made available. The threat, I believe,
is to the balance of the economy which would result from
the gradual disappearance of the agricultural sector,
and the deterioration of the environment which would
accompany e1at disappearance of the farm green belt.
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~r. F. Phillie Sharpe - 4 - September 29, 1971

Page 49 - Item a. (1) - Cloud seeding: This statement
should include mention of the very formidable legal
questions which must be resolved before cloud seeding
can be generally applied.

Page 49 - Item a. (2) Desalting: This statement should
include mention of the so far unresolved environmental
problem of brine disposal. The residue from the desalting
process is a potential source of land and water pollution
no matter w~at method of disposal is used.

Please understand that ~he above comments and suggested
revisions are intended only to somewhat improve what is
already a very good draft statement. I am transmitting
them only to you, as Chairman, but I would like to
suggest that you consider sending copies of the comments
received from each member to the others. I think it
might help us to become oriented to the thinking of our
colleagues and provice a basis for future discussion.

Sincerely,

q~
President

RJc
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1124 ARIZONA TITLE BLDG.. TEL. 253·2136

Mr. F. Phillip Sharpe
Environmental Specialist
Bureau of Reclamation
P.O. Box 427
Boulder City, Nevada 89005

Dear Mr. Sharpe:

PHOENIX. ARIZONA 85003

,~---------.. -- -_ ..

I have sent my comments on the Draft of Environmental
Statement -- Central Arizona Project to you under
separate cover. Ho\-Jever, I feel compelled to make some
additional comment concerning the procedure and function
of the Advisory Group.

I do think the Advisory Group should have more input
opportunity relative to these environmental reports
before they are released for circulation among the many
agencies.

I have not talked about this wi th other members of the
GO?, but personally I would feel much more comfort-
ab Ie and better equipped to de fend the report if '.ve
:1ad been ab Ie to discuss it and have our comments
considered 0efore the draft was released for circulation.
Con,:,ared ·:Ii th the impression made by the body of a
re?ort, the value of ap?ended comments is, in my o?inion,
3ubstantiall v less .

.':n cOl~vers3ti(:n 'I,'ie, Commissioner TI.rmstronc:r some ti.me
ago I had the impression that the Advisory Group was
one way of gaining increased local participation in
project matters. To me, at least, that means partici
pation as an effective partnership.

There may be problems involved which I do not understand,
and I am writing only to raise a point for your consider
ation as we move forward into future segment reports.

Sincerely,

q:~
President
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~eQr Mr. Lundberg:

Mr. Edward A. Lundberg
ReGional Director
BureCl.u of Reclamation
Boulder City, Nevada 89005

GEORGE E. LEONARD
CHAIRMAN

JOHN S. HOOPES
VICE-CHAIRMAN

WESLEY E. STEINER
EXr::.CUTIVE DIRECTOR

AND
STATE WATER ENGINEER

/ )J:-J. / II
~

" ~

J\rizolt<t )lJlltcr (COllllnissiolt
S .. VlE~T MONROE STREET - 7TH rLOOR

.lJ1IOCuix, J\l'i.i!IHtIl 83003
.t' .

TELEPHONE (<>02) 25S·7!Jfil

December 3, 1971

MEMBERS

PETER BIANCO
LINTON CLARIDGE
DAVID R. GJPE
DOUGLAS J. WALL
WILLIAM H. WHI':CLCR

r::xon"ICIO MEMDERS

ANDREW L. IJETTWY
MAltSHAL~ HUMPHREY

- '-

OFFICIAL rILE COpy -

i
RECEIVED DEC ($ 1971
ActIoft,;____-...__.........."...... ,..•...•..

Ac&aorI Taken..•~..".".___•__.(Initi.ls)

~5 lnltla~ To
hJ,! -:;.....-;.<~ /--.:.,?J

/ I,

I
F~~-

The draft of the environmental statement on the
Central Arizona Project dated September 1971 has been revievred
by the staff of the Arizona Hater Comrnission. \'1hile vie find
that the draft meets the requirements established by the
Council on Environmental Quality, we believe that the state
ment should be materially expanded and that description of
the Project and of the environment at each feature of the
Pro ~ eet should be made consicleYClbly more cO:lipreilensi ve.

The staff of the t\rizona ':,Tater CO::'urdssion will be
pleased to assist you to~ard that end.

Sincerely,
, I ;,

/:

~!esJ.ej F:. Stcin~r

Executive Director
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Central Arizona Project Environmental Statement Dated September

OFFICIAL fiLE COpy

RECEIVED NOV 8 1971 \
AtUon:..., _ • ..,
Ac;UOA T'Mn_..__.(I~ I

cw. • •

'---------i!.t.'..,
1971 . f' '.~

BOB STARK
District 3

B. W. "BARNEY" BURNS
District 2

October 21, 1971

. . (I.,)

HENRY H. HAWS
District 1

Re:

MARICOPA COUNTY
602 County Administration Bldg. 111 S. 3rd Avenue, Phoenix, Arizona 85003

Mr. E. A. Lundberg, Regional Director
U. • De?t. of Interior
,lu-c'eau of Reclamation-Regional Office-Rgn.3
P, O. Box 427
Boulder City, Nevada 89005

Dear Mr. L ndberg:

This acknowledges receipt of your letter dated September 24, 1971. In
connection with the September 1971 Environmental Statement for the Central
Arizona Project, I appreciate very much the opportunity which you have
given Maricopa County to study this report and to comment upon it. The
departments of the County most concerned are the Flood Control District,
the Parks and Recreation Department, the Health Department, and the County
Highway Department. The departments contacted have expressed their opinion
that the plans brought forth in your environmenta report will have a
beneficial impact upon Maricopa County.

}.

The Flood Control District staff have made a rather detailed study of
your report, are most familiar with the flood control and water conserva
tion problems of the County, and I am attaching herewith a copy of the
letter whi.ch was forwarded to your office by the Chief Engineer of the
Flood Control District on October 21, 1971.

Respectfully,

~\l~~ ..~C~~~('tv-<-."
Henry H. Haws
Chairman, Board of Supervisors

HH/jm
Encl.
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RECEIVED OCT 26 1971
-

Action: ......................................................
Action Taken............................../lnitials)

pate In~!s To
I\)\VO nr /.6:-=1
/O};7 -.:¥J1' \ -.0-0

...L/017 '--.nt, / .:-J-."'-

Fila
--- --

Flood Control District
of

Maricopa County
3325 WEST DURANGO STREET

PHOENIX, ARIZONA 85009

Mr. E. A. Lundberg
Regional Director
U. S. Dept. of Interior
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada 89005

/ . f j

October 21, 1971

Dear Mr. Lundberg:

Re: Centra! Arizona Project Environmental Statement Dated Sept. 1971

This office has studied your report submitted by your letter dated
September 24, 1971. This office finds nothing objectionable to the
contents of this report and, in fact, is of the opinion that the
report itself will prove of great value in the future.

Reference is made, however, to Page 17, the second paragraph, covering
a statement with reference to the consumptive use of water for the
gravitational-flow structures. It is assumed that the amount of acre
feet of water per year required for this purpose does take into consider-
tion ee age which will no doubt occur within the bas' s f these

contemplated structures.

Sincerely,.,
,.

/.',.)./ I
I; ", I t_

f,,':", /1 ", I. ' /

John -C. Lowry-"-

Chief~,ngi'er &

JCL/jm

,

.- ....'\

General Manager
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ALBERT MOTLEY. CLERK

Flit

RECEIVED OCT 22 9 1

OFFICE OF THE

BOARD OF SUPERVISORS
VlUlMA ~~l!1IJlWiV

>A,~ ~L~

·.Action: ~ _ .

_:~-...:~~ :au ~---~·::~~=rAetionTaken ..llnitl.ls)

./ ... ~•• c. ..

A. E. GRAHAM. CHAIRMAN

r<AMON AVILA. MEMBER

GLEN H. STROHM. MEMBER

October 12, 1971

Mr. E. A. Lundberg
Regional Director
U.S. Dept. of the Interior
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg:

Reference: 3-150/120.01

The Draft, Environmental Statement for the Central Arizona
Project, has been reviewed with interest.

The Yuma County Board of Supervisors has no substantial
comments to offer at this time.

Sincerely yours,
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RAVMOND R. RUMMONOII
C~.IItMAN ANI' Cf,JbOJUIH}
"I\lU' eOMMlttliIONli"

O,llCMnbA V",,""C1 COUH'tV
WI\"IHlOIITrueT

RAVMOND E. IIADGER

IAN 01100 COUNT'"
WI\TER AUTHORITY

;EPH JENSEN
(HE MFTROP~LlTANWATER DISTRICT

OF SOUTHERN CALIFORNIA.

HAROLD F. PEL!...EGRi~

EXECUTIVE SeCReTARY

STATE OF CALIFORNIA

Colorado ~iver Board of California
302 CALIFORNIA STATE BUILDING

217 WEST FIRST STREET

LOS ANGELES. CALIFORNIA 90012

VIJlQII. I.. JONII
ItAbO VlilUHi IIHWUftON QtnMlCf

loaAR I.. KANOUllt
DIIJAltfMIiNf C, WATIUli ANO
"Ow In. CIT V0' La• .4NQII.I'

CARl. C. BEVINS
IMPERIAL IRIltIOATION DIITRICT

MVRON B. HOLBURT
CHIEF ENGINEER

October 18, 1971

Ref. No. 3-150/120.01
,----_.~--~-_.

r- ..
1..), . "_ II \... • _,

RECEIVE[) OCT 20 1971
Acliofl: .........•.... "" " .
Action Taken {Initial~l

Date Initials --fO·-..-j

Mr. E. A. Lundberg, Regional Director
Uo S. Bureau of Reclamation, Region 3
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg:

Thank you very much for sending us a copy of
September 1971 Draft of Environmental Statement fo~-~~-------+-------I
Central Arizona Project, Arizona-New Mexico. Our ~~om~~~~----~--------I
will be coordinated with and included in the comments of
the State of California.

Sincerely yours,

f~V~

MYRON B. HOLBURT
Chief Engineer
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....., VORTY

,AVQR
DEPARTMENT

OF

"WATER AND POWER
THE CITY OF LOS ANGELES

WATER AND POWER SQUARE

EDGAR L. KANOUSE
GENERAL MANAGER

AND CHIEF ENGINEER

JOHN G COWAN
ASSISTANT GENERAL MANAGER

AND CHIEF ENGINEER

FLOYD L GOSS
CHIEF" ELECTRICAL ENGINEER

AND ASSISTANT MANAGER

WILLIAM D. SACHAU
CHIEF FINANCIAL OFFICER

RECEi~(l'i') OCT 7

COMMISSION

MIKE HOLLANDER. PRESIO!:NT

HENRY G. BODKIN

NATHAN O. FREEOMAN

JOHN W. LUHRING

FRANK R. PALMIERI

MARY J. BORN. SECRETARY

I •

III NORTH HOPE STREET

MAILING ADDRESS: P.O. BOX 111

LOS ANGELES. CALIFORNIA 900S1

TELEPHONE (213) 481·4211

CABLE ADDRESS· DEW.APOLA

October 5, 1971
Of:

ROBERT V. PHILLIPS
CHIEF ENGINEER OF

WATER WORKS AND

ASSISTANT MANAGER

1971
Action· ......................................
Action 1akcn (Initials)

----'--.-.. - ._----+-----1
fiTe;-~-----L----J

i

1__D_a_te--l__'ni!iaIS - -I---T-O--/
';'-/F~ I ,S-D i

-...-,...-----._-- -- ~- -------Lundberg:

This is in answer to your letter of September 24, 1971,
requesting a review and comments on the September 1971 Draft of
Environmental Statement for the Central Arizona Project.

Dear Mr.

Mr. E. A. Lundberg
Regional Director
United States Department of the

Interior
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada 89005

We have reviewed this draft and find it generally
acceptable and have no further comments to make.

Very truly yours,

J. L. MULLOY
Engineer of

Design and Construction

By

LS:pn
L. Schneider

Navajo Project Manager
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NORMAN B. LJVERMORE, JR.
SECRETARY

OepOf'l"lenl of Conurryotion
Deportment ~f F,sh and Gome
Dep.,rtm • ." of oy,golion and

Oceon Developmont
Deportment of Porks and Recreot,on
Depoftme", of Waler Resources

RONALD REAGAN
GOVERNOR OF

CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA

OFFICE OF THE SECRETARY
RESOURCES BUILDING
1416 NINTH STREET

95BI.

Au R.sources Boold
Colorado Rivet Boord
Scm FronclSCo Boy Cons.,vol'on and

D.velopment Co",nllssion
Sfgle Lands Comm' ulan
Stol. Reclamation Boord
StOle WOle, Resol,l,ces Conlrol Boord
RegIonal WOl er Ouollty Conlrol Boords

SACRAMENTO, CALIFORNIA

I

! ( JAN 2 4 1972

Mr. ~. A. Lundberg, Regional Director
Reg:1..on 3
Bureau of R2Cli.ll1lation
U. S. Department of the Interior
P.O. Box l}[(

Boulder City, Nevada 89005

OFFi(i,:':'. ,.)~y~ \

RECEIVED JAN 26 1912
I--,

Action: !

Action T~~~~·.·.·.·".·.·.·.·".·"".·".·.·.·".:·.·.·.·.·.·""".· .·ii~~;i I
Date Initials To ' ··i

--~ ....- '.

flit
'-----~-~-._-------~".~

Denr Mr. Lundberg:

The state of California has revie\':cd the ; Draft of :':';nvironmental
statement Central _~ri~ona Project " dated September 1971, which
you submi t'cecC-Eo the Office of Intergov2rncilcnt<.:.1 j\;anagelnent
(state Clearinghouse) uithin the Lieutenant Governor's Office.
The review accomplished by the state fulfills the reqUirements
under Part II of the U. S. Office of NanuBement and Budget
Circular A-95 and the National Environmental Policy ~ct of 1969.

The subject dr8.?t 3tateuent \JdS revie:!oJ ;:;y the Jt2te Departments
of .~griculture, Conservation, Fish and Game, Nav 19;.;: tion and Ocean
uevebpment, P:lrks and Re(;rca tion, Puolic 11eal th, Public .'forks
(Division of :Iigh\1c;.ys), ,md '.h.t2r Resources; the ::it:lte ,J:lL~r

l{2sourc:;s Control Doc.rll; ~:.i1(.l the Colorado River Board o~· Co.lifornL.l.
?he state 's cOTI',ments are i.lS follo\1s:

1. The dis~u0sion of Legislative history of Pages 2 and 3
of the report should ~e revised to make it factually correct.
{fhe report should 3tate that the Colorado River Compact cUd not
b~come effective until June 25, 1929, after being ratified by
six 0: the seven basin states, and after ~crtnin cond~.tlons

i~posed by the Boulder Canyon Project ~ct were D~tisfled. ~s

nritten, the report implies that ~ri~ona was allocated 2,300,000
acre-feet per year of Colorado River ~ater by the Colorado River
Cor.!pact. The Compe.ct did not allocate a specific quantity of
hater to Arizona. The decree in Ari~ona v. California did
apportion 2,800,000 acre-feet of consumptive use to ~ri~ona when
sufficient rainstrcam ';J:.lter is available for rele3.se to satisfy
7,jOO,000 acre-feet of consumptive use in ~ri~ona, California,
and Hevada.
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INFORMATION COPY FOR.._~.....2q.q, OJ ,. ,.,.

Comprehensive Health Planning
~5 SHADOW LANE • P. O. BOX 4426 • LAS VEGAS. NEVADA 89106

Clark County
(702) 385-1291

September 30, 1971

Mr. E. A. Lundberg, Reeional Director
Region 3-U.S. Dept. of the Interior
Bureau of Reclamation
Post Office Box 427
Boulder city, Nevada 89005

Dear Mr. Lundberg:

RECEIVED OCT 4 1971
1-------·-·· _ ...

Action: .

Action 1aken (lnltlals)

Date Initials --1'-0--

1---1-----1-----

File

Thenk you very much for your request for review and comment
on the ~ft Environmental Statement for the Central Arizona
Project The Environmental Health Task Force of Clark County
Compr;hensive Health Plannjng does not wish to con@ent on this
particular statement at this time.

We thank you for your consideration.

Sincerely

Richard V. Nutley, Plan
For: D. H. Forrester, Chairman
ENVIRONMENTAL HEALTH TASK FORCE

mh
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MIKE O'CALLAGHAN
GOVERNOR

JACK LEHMAN. CHAIRMAN
LAS VEGAS, NEVADA

-HEODORE R. LAWSON, VICE CHAIRMAN

LAS VEGAS, NEVADA

JONALO L. PAFF. ADMINISTRATOR

L.AS VEGAS. NEVAOA

M. WILLIAM DEUTSCH. MEMBER

LAS VEGAS. NEVADA

MRS. MARY KOZLOWSKI, MEMBER
L.AS VEGAS. NEVADA

FRANK M. SCOTT. MEMBER
CALIENTE. NEVADA

RECEIVE"! OCT 1 1971
---- ----

TELEPHONE 384·!51 SIS

September 30, 1971

P.O. Box 1748

LAS VEGAS. NEVADA 89101

COLORADO RIVER COMMISSION
OF NEVADA

Mr. E. A. Lundberg
Regional Director
Region 3
u. S. Bureau of Reclamation
P. O. Box 427
Boulder City, Nevada 89005

Dear~~~
Reference is made to your letter of September 24,
1971 requesting a review and comments on the Draft
of Environmental Statement for the Central Arizona
Project. We plan to coordinate our review of the
statement with the Governor's office and other State
agencies. Therefore, we will not be responding
direct to your request for review.

Reference:
3-150/120.01

Sincerely,

Donald L. Paff
Administrator

cc: Mr. Chris Schaller
Executive Administrative

Assistant to Governor
State Capitol Building
Carson City, Nevada 89701
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314-700
120.1

.'

Mr. C. 1. Pugh, projects Manager
hrizona -'rojQct~; Off-i ct',

Phoenix ,evelop.11.8nt: Off'j ClOt Region :}
BurenU o· Reclamation
135 N. S.cond ~venue

Phoenix, Arizona 85003

The ur;:'\.ft of the Envi,onmental Sti"itement. Central Arizonu project,
concerning t.h~ prO~)Bed Hooker Dam alonq the Gila River in New
Mexico, has ~~~n reviewed by this office with respect to imp~ct

on the dLcheolol]ical reSOlU(_~i.;~. Rcfiid. t~ of t.h] f"; rcv~ cW tire i h=

cluded in the enclosBd ~tat~m~nt prep~red by Mr. SteW~rt L.
peckh~m, chief archeologist of the< MU~~8uril of N8W Mexico. If wc.:

Ci:'\t'l be of further aSBistance. plel\(B c~lL

We apprQcji.'l.tt·~ the tYPiX)rlunity to cornrnent on

S~ncerelys

Enclosure

GHE/mJ:;-o

G~(:;t'ge IT. E".-'ing
State Archeologist

I

~



Draft. of

Hook~r Dam

in Its Vicinity

February lit. 1972

I:
I
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Introduction

the aIivlronmen~al Btata~ent whioh follows was pre

parou &t th~ r-eque3t or the Phoenix Development Otr1c~,

Region 3, BU~au of ~Cl&m&tlon, U. S. Department of th0

Interior, acting in accordance with recommendatiODB of the

Advisory Gounc1l on H16tQrio Pr~aervat1on. Bnd in oompl~anoa

With Section 106 of the Natlon~l H1ator10 Preservation Act

of 1966 (80 Stat. 9 15).

UPOD consulting with David W. King, 3tate Plunnlng

Oftloer. Qf the New Mex100 State Plannln~ Office. the

Archaeologist, of the Museum of New Nuxlco? for his COIDm8nt3

uTI the posaibla ~ff~cts of the CDDetFdction of Hooker ~m on

The statement w&s prepared by 3t~wart L. Peckham! Chief

dooumentatlon in the fil~a of the Division of Anth~pology

and the Division of V~numant8. of the Museum of Naw ~ex1oo:

Ohio; aa wall as hie fa~iliarity with with the archaeology of

~outh~eHt~rn N~w M~xlgo•
.. ~'.. ,: .... ";-:," :,:.,,;,.-'-;--.. -,':1- :r-.......
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Deserit>tlon

the creat.

lnduGtrlal purposss. conBer1~tion, flood control. 38d1-

eeven miles south of Cli1·t~ New Mexioo.
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....

b.

~3-

In terms of arChaeological ~nd hlsto~lcal valu98 in

•
a,dvarsa aud beneficial impacts.

1* What tl.t"e 'the iU"ohaeo10
in the vicinitv of ~he

.i ..

Tne are~ waa oocupied by prahiator-io Indians of

Culture from circ& 40JO to 500 B.G, ?ne economy

of the Cochisa Culture was OBBed primarily on

huntlng and ga tharlng of wHd pla.1'1t and anime-l

Toods. although tow~r~ the and of ita time range

they We~ ~pp~rsntly cultlvatlng Gorn which had

bean introduced into the Southwest from Mexioo.

With the ~xp~lld~d reliance on agriculture for

subsistence. the Indians of tha Coohise Culture

gave up th.eir seasonally nomadio wayot 11fe and

took on a sedentary life. As Badartt~ry agrloultu~al1BtBy

other aGpaetg of their cultu~ changed t and with the

the1~ oulture bec~a aufflclently distinctive to
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~aolated urtlto or in vl11ag~a COmpQ88d of a~ many

~R firty pit houses. Habitation aitsR w~~ usually

and the1L" major' tri.butar>ie s , or on the tOpfi of highe!"

meSas some distance back from p~rmanent flowing

Population inCf'a~aas during the tenth century,

coupled with th~ 1nt~oductlon of masonry 5UrrSC~

~long both 91da8 of the rlver3 bQt~aan the major

settlements.

FrOm ~bout A.D. 950 to 1150 the arts and or-atts of

other Indian groupe, ~Gpeclally to the west and

Routh, 18 (tvl1ant in tht:i QUantities of Bhell orna~

mants, turquois. c~~vad etonu, and the like, Of

I
!

i
I
i

I
I

I
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.... :~: . ..:~.~.' ,. .-: J~ .--'

of tho everyday lifa of tnti p~hiBtoric Indtana

The Gila Vallay in the vicinity of the proposed

darn vas ~t leaat purt1ally abandoned d~rtng the

Dcoupation of the arG~ by a grvup of !ndlang Who

dlst1nctiv~ polyohrome pottery characteristic of

the Go-called "Salado CuJ. tura j
, of eaat-centMl

The ~~l~do Villages Ye~e abandoned by the mid~

fifta9n~~ ~un~ury~ and the area was probably vacant

tn ~ddltlon to the numero~s prehi8toric sitas ~long
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KWl11eylG~la RuinB Monument. has been partially

On the waat bani{ or tn;::; GUs. Iilv\H'~ about two and

~he ~oodrow Ruin, B Mogollon site cQnslBt1n~ of over

thlrty-flve pit hoUOuO, at 1988t 100 masonry Aurraoe

dwellings. and t~o very l~~~~ oommunity ceremonial

The gnti~B Bite CDvers approx1mately ten BerGS, and

,
. I
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both the N~tlonal R$gistap of Hlatorlc Sites and

thr;+ State Rap;:i,ster of CuJ, iura). Properties ••

by th@ Museum of NeW Mexico. A visitor center ~111

land will be purQhaaed to provide pienjckLng and

pa~klng a~ea8 ~rtd to ~nsu~a the ~nvl~onmental an~

A spaolal effort was made by the State of Naw MeXico

to aCQulro an arQhaeolog1c~1 slt~ or the cultural

Th~ 6p~ctacular Mlmbr66 pott~~ ~lth the pictorial

decoration 18 widGly known and 30U~t after by psllo

primitive art. thle int~re~t h&s led to the pilla~e

ot Moat of the major Mogollon sites in 80uthweatarn

in oearoh of thv dlBt.inotive pottory VOtu,~l!3 Which

tne 3ila and Mimbres V«.119Y8 have been syat-ems tlctilly

mined, both on prl~ate and pUblic lands; to th6 point
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ll'Hh suoh altea in ~,n.renlelY Bh()rt eupply Fl.ml of

gNat pU1Htl,i intGr-Jl,t J it waR felt that it Wi.\S

eHsentlal th8·t ~t least one ~BjO~ alta of thlA

elisa within ouo-quarter of a mile of ths daID81t~f

BS woll an thooe along Mogollon Creok, are jnQo~platBt

but ind10ata the lik~ly presence of ot~Br ~rch~eo-

logical 51tea within a thrvO ml1u r~41uR of tha

a¢o~sa roads. 8Btgbl18hm~rtt of temporary housing
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L~adiataly ~dJacont to the north boundary of the

of earth fill for tho aam. S1mlla~ fUtlctl0tl6 mi~ht

be cont6mplated for the lov gvaval ridges to the

north and ~aBt or th9 Monument on the west 61d~

of Sts.te Highway 29'. R9~oval or fill from aliY

of th6U~ areas would be saveraly detrimental to tho

da~elopm~nt of ~ha Monument, since one of the m~L~

attributes of thu ~ra~ that led to the aeleotlon of

th6 ~ood~Gw Ruin for a Bu~ta monum~nt wao ~Gl~tlvely

undisturbed natu~9 of the lands adjacent io it und

the views to the north and northeast towa~a the

It 16 obviou.B tha t c\)nBt~'uctlon of the proposed dam

will require 6Ub6~qntial modification of the topog~a

phy 1n the vtclnity of the d~mslta. and at least

aome of this disturbance would be vlBlble from the

Monumsnt, even as the terrain exists today_ Howeve~t

removal or eart.h fUI froID e1the!' the adjaoent

meadow or th~ gravel ~idg09 to the no~th and W~Bt

would not only expo~Q ~ora of the main co»at~~ction

~~6a and dlaturved lands to the view of visitors to

the MOnt~ent~ It wou.ld also leave huge acara in tha

landacap~ olo6~ to th~ ~~nt~~nt 1rt pl~c~ of the

undisturbed natural enVironmant WhIch 15 lntggral tD

.Ij '~',
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to the effeotive display and 1nturp~t~tion af the

north [md Baa t of the Monu.went 'wl)Uld itlvol VI) 8.

~. Will a~chaaOlOBlyal a1~u~ b@ ~d~r~f8ct8d

illeu:~tha CO!llfll.!ltion of the danj'?

At lqast throo arChaoolo~ical sitss ape known to

exlat within the pool limits of tl19 r-l18~rvoir h~!}t)

F6reot 58rvlc~ archaeolo~i8tB have reoorded additional

sites upl:<trean; "Within or clo6t) to thl} withdrawCil

area of the ~eservoir. J'heli' JH·(H~186 locBtiQnB~

the incomplote eurvsy co~du~ted.

In ~l~w of tho f~ct that one of the important

functions of the ras~rvoip will be ~creatlon, other

via boat8. R~latlve inaoOegSibllity nus helped to

"
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(
r,ubj~cted to pot hunting by unav.thor12cd people

and lmulverumt disturbance by those wl thaut ElicH.

intentions who are simply 6T.plorlng. Othsr sites

A posaibla latu~ adjunct of tha dam 18 the propogvd

cold W«ter trout hatchery whose location uo~nstream

may involve tha dlBtUf'oanoe of oth~r ar>chaeologioal

altee.

A concomitant impact bOUl dUJ'lng and aft~r' tha con-

Htructlon of the dam iG th0 1ncr~~Bad land U5e tor

New home~ ~to~~~, and other SarViCG3 built On vucant

land Q-loug th<t Glla ~lvor may involve the de13tl'uction

or diaturbancB of archaeological valueR In the ~ro~.

c. Prob~ble Adver6e £n~lrOnmon~~l Effocts ~nich Cannot Be
,~V{) i,ded.

in {!onatruction iHH'vice areas w111 b~ alther totallY



d.

An a1 terrl1& tB d&TIi IDeation, ijDuth of Cl iff, New Mex ico,

~ide~ed~ Seleotion of thlH alta~~ate would totally

negate the adverse impact that would h~va Bxiutvu ~t

siteg of Vai"lollS Biz-eft wOlJ.ld lie \ii·~th1n lts conetruction

areas and pool~ One woUld ~xpeot that thure are tew,

If any, lucations along the Gila River which were not

I

s. RelationBhlp Between Looal Sno~t-T~rm USBa o~ ~~n'R

Env1ro~~ent aDd the ¥~lnt8naDC9 and 2nhtiTIcu~ant of
LQng~Tarm Productivity~

The r-t!1tlJ ID.\H t.iplt;i usee Of tile p;'Oposed durn and resGPvolI'

include SOlle Which will b9 of looal ben~f1tG Thes8 apa

conBarvat1oni flood CDnt~olf Bnd nOme l~pro~ement of

aconomic condltlona. Rjva~ ~agulation will datBrrrlne the
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Maintenance or a N6ervoll' lev~n that will pt'omot~ con-

wl11 also enhance the cultural ~~ltie9 of th0 pre=

bistoric and historic sitee i~ L~e vicinity. Greater

public ua~ of the raoar~olr will certainly mean iuc~eaBad

Vlal~tlon at H1mb~6 S~t~ Monum~ntf Kw111eylek1a Ru1ne

Mon.ument, and the L.e. Rftnch. Hopafully~ this will

reBUlt 1n s greater appreciation of our oultural her1taga

on the part of th& peopl& .ho vlew the 61t~~.

t. Irreversible and Irretrievuble Coromit~ants of Rssources
Which Would be Involved in the PropoBsd l~m jhould It
Be COhfJtruet~d.

nle removal of natural earth deposits. and the fragile

pl~nt environment whioh CQvers tham f for usa ~l the

con6truot1on of the earth-fill dB~ will leave un-r~tural

volda 1n the landa~apa within view of Mimbres State Konu-

!!lent. 5.1nce t.he natur-a.l on\flronmunt flgl11:"Of) DO prom1n~

ent.ly 1P tna dascription and interp~et.atlon of the pre

historic Indiana and their uao of th~ Gila VRlloy. th68~

voids would CQnatltute gapo in. or ialGirlcatlon of tho

"fQSB1l11 enVironment and l1f6wayB of tho oarllel' 1..tl-

h~bltanta of the Gila Valley wnich the several monu~antB

arG striving SQ diligently t~ rec~nBtruQt or prassrV6 e

C10a~1Iig of vegot~tion Within tho Construction ~r6aa

whtoh will be vaoated when tha d~ ia completed may be

OOmp6tl6ated for by replanting. How~ver. vegetation

:... :.: "··9<1···' ,-,



roads; concessions. etG.~ which will intrude upon

facilitlsa~ will not bs dRm~~ed or uestroyod by

a~tltact~ that would Oth8rwlSu bo lo~t.

I

:-::'... .::~. ... :...:...... ~ ::: ,..... ".:"
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they will be held respon~ib19 for dlstu~banoe to.

Or' illegal d1tt.g1.ng of .. arollaeologioai ait.es b:;"

their $mployees, 6Ub-contractoro, and their t~ml1ie6

within the oopstruotion and reservoir araaB~ SR wall

ant1quit1ea la.ws apply.

struction contractors shall be ~ap8onslbla for pra-

aesthetically dGtrimenL~l aa vlewad from Mlmbra3

State MOUUl!lent ..

8.. PlaMiing ~nd cunetructlon of r~creation faCIlIties,

f'ish haten:}ry, road:)~ and the like ahall be coo!"'Jinated

with the ~{lm1nlst~torJ of thu Sever~l cultural monu-
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APPENDIX A

The ~oodrow Ruin

Locat1on- As per Recorda of Deeds. Grant County,
New Mexlco, Dook 176, Page 281. Octobe~ 22, 1971.

A part of the 30uthwest Quarter (SWti of
Seotion Six (6). Township Fifteen (15) South.
Range Sixteen (16) west, N.M.P.M., Grant County,
New Mexico, mora particularly described as follows:

BEGINNING at a point 3804.00 feet South and 212.02
feet East of the Northwest Corner of Section 6.
T. 15 ~., R. 16 R., of the N.M.P.M. 1n Grant County,
New Mexico; runnln§ thence S. 30°55' E•• 151.80
teet; thence S. 88 21'06" E., 296.80 feet; thence
N. 590 58'06" E., 119.02 feet; thence N. 11 0 1}'30"
E., 552.30 feet; thence N. 80026' 18" ri., 241.08
feet; thence S. 64°41'06" W., 228.60 feat; th~nce
S. 19°08'12" fi., 428.53 feet to the point of
beslnnlng. Containing 6.26 acres more or less.

"Referred to as Woodrow Ruin"

The Woodrow Ruin is the property of the State of New Mexioo,
specifically the Museum of New Mexico. It has been designated
Mimbres State Monument. Additional lands are being sought to
provide for a visitor center, picnicking areas. service areas,
and sufficient lands to maintain the visual integrity of the A.-.T.fL-' I

.::.,,' ~";::,:*,: ~; ·~'~:~;:·.:~.t:~;:t~;:?~~;.::::?~~·.:~:;,' :~.;:~~~ ..~ :~;.. :-;': ..:-; :\."-. -:~"·;·i...~-·..:"~·~.?:·';-~-?::.;'·~;'\;.~."(Jr.-:.-T· .:.. :-. .. .7 ""'''':-:~C'~ :~':.<"~i~"",·~;,:",,,,;·-·J:'.::.\t;~· ....·f~C:I~;'·!.; ~"",-:' :':":i'}':;,':~""::;"':;; •.~~ ~..:f~~:·~
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March 7, 1972

Mr. E. A. Lundberg
U. S. Department of the Interior
Bureau of Reclamation
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg:

The contents of your draft publication, Environmental Statement Central
Arizona Project, appear to be this statement: "Significant long-term
benefits will be accrued from mitigation and enhancement features asso
ciated with the four reservoirs, certain sections of stream, and along
the aqueduct route. Primarily, there will be available a dependable
source of water. At the present time, no dependable supply of water
is available. Long-term primary benefits derived from agricultural,
industrial and domestic use of project water will be significant."

"Significant" within New Mexico refers to 18,000 acre feet of water to
be divided according to preference assigned by the Inter-State Stream
Commission. In light of the total water derived from the Central Ari
zona Project to down stream users this 18,000 acre share does not appear
as significant as it might.

The New Mexico Department of Game and Fish wishes to acknowledge that
congressional action has alloted 18,000 acre feet of water for municipal,
agricultural and wildlife uses. Further acknowledged action involves
rate sharing among interested parties as tentatively allocated. In this
Environmental Statement review the New Mexico Department of Game and Fish
wishes to relay the need for a mitigation allotment review by the C.A.P.
water-sharing authorizing authority. This department would further state
that the need for 20,000 acre feet of water in the Gila Watershed for
future wildlife and recreational projects would contribute to the state's
economy as a whole and to the Gila Valley in particular benefits which
one thought deserving within the scope of this project. To strive for
less would be an injustice to the potential resource development within
this portion of New Mexico.

Since the Gila River serves as a watershed whose downstream users will
now have available supplemental resources, a timely reservation of Gila
waters should be reserved in the area where the most good will be derived
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from the Gila waters; that is, in the Upper Gila watershed itself.

During the remaining portion of this statement areas where a justifi
able mitigation program appears to be most desirable will be pointed
out. Also some questions of the text's accuracy will be discussed.

It is felt that the C.A.P. project will bring to the economy of New
Mexico a short term constructional benefit followed by a long term
fishery benefit. Careful location of the Upper Gila dam site will
establish a valuable fishery and recreational facility. Alternate
site locations to the Hooker site could be destructive of habitat
of wildlife species rare in New Mexico. These species we feel
should be included on your list of birds on page 24, even though they
are not considered rare and endangered species. The following 15
species we would like included on your list.

1. Great Blue Heron
2. Green Heron
3. Black-crowned Night Heron
4. Yellow-crowned Night Heron
5. Grey Hawk
6. Mexican Black Hawk
7. White-winged Dove
8. Yellow-billed Cuckoo
9. Elk Owl

10. Gila Woodpecker
11. Wied's Crested Flycatcher
12. Lucy's Warbler
13. Cardinal
14. Indigo Bunting
15. Abert's Towhee

Ardea herodias
Butorides virescens
Nycticorax nycticorax
Nyctan?ssa violacea
Buteo nitidus
Buteogallus anthracinus
Zenaida asiatica
Coccyzus americanus
Micrathene whitneyi
Centurus uropygialis
Myiarchus tyrannulus
Vermivora luciae
Richmondena cardinalis
Passerina cyanea
Pipilo aberti

A dam located at either of two proposed alternative sites could inundate
a portion of already scarce habitat now occupied partially or totally by
these species in New Mexico. One important big game species, bighorn
sheep, could also be adversely affected by dam site selection. There
fore, until site selection is definite, reservations must be made as to
validity of your statement on page 24 that, "construction of the project
is expected to have only minimal effect on rare and endangered forms."

The New Mexico Department of Game and Fish would like to request that
any consideration of dam site locations other than the Hooker site be
fully discussed. The site selection may prove critical to continued
existence of certain indigenous species and their habitat. The project
engineer, in a meeting at Silver City on May 4, 1971, intimated that
several alternative sites were real possibilities, whereas this proposi
tion is given only passing mention in the report.

Attention is now directed to the statements of doubtful accuracy within
your publication.

Page 24, It 4.: "The flow of these rivers (Salt, Gila, and San Pedro)
in the vicinity of the four proposed dams has already been altered
by previous construction."
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The Gila River upstream from Cliff, New Mexico has three small struc
tures and some irrigation which we feel does little to regulate stream
flow. Your statement tends to denote major stream regulatory struc
tures which we feel is not apropos of the true situation. Assuming 600
surface acres evaporation per year from impoundment and irrigation then
this would amount to 0.828 average flow reduction per day passing the
Hooker site.

Page 41, If 8.d.: "Fish and wildlife habitat will be improved
around the reservoir and on the streams above and below the
impoundments."

This statement must be challenged. The opposite will surely occur with
the reservoir construction, excepting the fishery itself. First, as
you noted, riparian vegetation within the lake will be inundated. Along
with this, a flood plain of silt will occur in the upper lake and fluc
tuate in size with the lake level. This plain will have little wildlife
value and will replace existing habitat. Wildlife habitat farther up
stream will not be influenced by the lake's existence; it will remain
static. This area will, however, be adversely affected by the physical
disturbance factor of the additional 69,400 man-days' use concentrated
along the reservoir site.

Below the dam a regulated stream flow will tend to concentrate the ripa
rian vegetation adjacent to the established stream side. Natural flood
ing of an unregulated stream disperses seeds and waters plants along the
entire stream bottom. A regulated stream flow would prevent this. Also,
no riparian vegetation will become established around the reservoir slopes
as the soil and terrain do not lend themselves to this ecosystem encroach
ment. For the reasons stated above, your statement regarding beneficial
factors to the habitat appear to be in error. Without question the ripa
rian ecosystem will be adversely affected.

Mitigation features for expected losses and degradation of habitat to the
inundated area and upstream and down from the impoundment should be noted
in your statement. As pointed out previously, damages are expected and
your cooperation will be sought in alleviating these. Several considera
tions as possible mitigation features are hereby provided but do not exclude
others:

1) Pot hole and marsh development along the Cliff-Gila area as
a habitat enhancement for this area. The Cliff-Gila area is
considered extremely important to survival in New Mexico of
the birds listed previously in this paper.

2)

3)

A gravitational flow structure to divert water from the Gila
River through the Red Rock game pastures and back to the
river to enhance upland and migratory bird habitat on state
and federally owned lands.

Development of small fishing and recreational reservoirs or
enlargement of existing structures. Besides providing recrea
tional use, these structures would further reduce small stream
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flooding and improve water quality and stability along
the Upper Gila River tributaries at no additional cost
to the project.

Hopefully these several points will be given consideration in the final
C.A.P. program, especially the proposed mitigation factors. By these
factors, New Mexico will receive consideration through a more equitable
water sharing plan than has been proposed and thereby bring into force
in the Gila Watershed the stated national policy to "--encourage produc
tive and enjoyable harmony between man and his environment-- and to pro
mote efforts which will prevent or eliminate damage to the environment
and the biosphere." Or at least your efforts will then show good faith
toward their objective.

Perhaps it has been overlooked, but no mention is made in the report of
plans for channelization, channel modification, or phreatophyte control
along the Gila in New Mexico. These activities, if contemplated, would
be so damaging to wildlife habitat in New Mexico that they would negate
any expected benefits of the project. This point should be throughly
understood at this time and commitments guaranteeing no work of this
kind will be made in the Gila main stern should be incorporated in your
final draft.

Thank you for the opportunity to review and comment on this project
proposal.

Very truly y~:L4~rs

//

/ 7

'/ / f>-
/' ~ __:.. .' . . . .AA

c- .~{/- I. 7'~

~'Ladd S. Gordon
Director
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NEW MEXICO INTERSTATE STREAM COMMISSION
BATAAN MEMORIAL BUILDINC.

STATE CAPITOL
SANTA FE, NEW MEXICO 87501

COMMISSIONERS

I. J. COURY. Chairman. Farmington
S. E. REYNOLDS. Secretary. Santa Fe
J. P. WHITE. JR .• Roswell
DRAPER BRANTLEY. Carlsbad
ALVIN M. STOCKTON, Raton
BENJAMIN M. SHERMAN, Deming
WALTER BAMERT, Las Cruces
EDWARD J. APODACA. Albuquerque
RICHARD P. COOK, Espanola

Mr. E. A. Lundberg
Regional Director
Region 3
Bureau of Reclamation
POBox 427
Boulder City, Nevada 89005

Dear Ed:

LEGAL ADVISERS

CLAUD S. MANN, Albuquerque
CHARLES M. TANSEY, Farmington

OFfl~~01~~.COpy 1
RECEIVED OCl26 1971

( 7Abion: ...................................................... I
Action Taken..............................(Initlals)

Dete Initials To

HJk(" IC.U /S_~
1072.'7 ~'A \-5'0
/c/.J7 L.:?? (v /5-")-
~..-

fill
--.-,

October 21, 1

Your September 24, letter transmitted for our review
and comment a copy of your September 1971 Draft of Environmental
Statement for the Central Arizona Project, Arizona-New Mexico.
Following are our comments:

Page 3, first sentence. This sentence, read in context with the
preceding paragraph on page 2, could allow the inference that
the State of Arizona was allocated 2,800,000 acre feet of water
annually by the Colorado River Compact. I suggest the sentence
be deleted.

Page 13, next to the last sentence. The report states that
two dam sites on the San Francisco River are being investigated
as possible alternatives to the proposed Hooker Dam. It is
our view that, for the first state development in New Mexico
authorized by P L 90-537, dam sites on the San Francisco River
are not suitable alternatives to the proposed Hooker Dam because
of several factors, including reservoir yeild and the additional
conveyance facilities including additional pump lift required to
deliver water to the prospective M & I uses located in the Tyrone
Silver City-Bayard area. Investigation of the two dam sites as
a part of the feasibility investigations of comprehensive develop
ment proposed in the Upper Gila River Project, Arizona and New
Mexico is appropriate.

We appreciate very much the opportunity to review and
comment on this environmental statement.

SER:PBI1:b
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P. O. Box 2348, Santa Fe, New Me

. I STATE ·OF NEW MEXICO

January 19, 1972

• SPECIAL PROJECTS SECTION

'\--------------,Environmental
ImprovementJ--------------.Agency

'c·o· 20.7. ,s 9,1.op· '... ,,, '::~I:

Mr. A. E. Lundberg
Regional Director, Region 3
U. S. Bureau of Reclamation
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg: File

We have reviewed the September 1971 Draft Environmental Statement on the Central
Arizona Project and offer the following comments.

The project feature of principal concern to New Mexico is Hooker Darn on the Gila
River.

a. We note the reference (pp. 46-48) to the anticipated impact from permanent
residents and increased tourism, commonly associated with the development of new
reservoirs, in altering existing surroundings. Although the expected infringement
of the maximum pool upon the Gila Wilderness area is only 165 acres, construction
and public use areas will involve additional acreage. In principle, we favor the
preservation of wilderness areas and resist encroachment thereon. We believe
that the traditional limitations on allowable travel modes within wilderness areas
should be maintained, and we question the advisability of providing such easy access
as will promote significant additional public use, pressures for development, and
generation of additional solid and liquid waste.

b. We are concerned over the ultimate impact (in terms of permanent scars
and drainage and erosion problems) of excavation of material for the darn construc
tion, and of the construction of additional roads and trails.

c. The Agency has strong reservations in regard to the use of herbicides and
pesticides (p. 39). Pesticides are toxicants and may therefore have an impact on
terrestrial as well as aquatic organisms which are exposed to the material. It is
important to realize that pesticides do not stay where they are initially applied.
Pe sticide s move through drift, volatilization, movement of air or water borne soil
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particles and runoff. It is impossible to judge the impact of unspecified maintenance
activity. Therefore, we are concerned over the possible usage of pesticides for

(1) mosquito control
(2) control of aquatic weeds
(3) rough fish removal
(4) control of terrestrial vegetation
(5) control of unwanted animal population which may develop in the area.

The Agency recommends, in general, that herbicides be prohibited for clearing,
thinning, or maintenance. If herbicides or pesticides are to be used within
New Mexico, the Agency, based upon the results of use of herbicides in 1971 in
phreatophyte removal in the Middle Rio Grande Valley, requests advance notifica
tion of the following items:

(1) specific types of herbicides or pesticides to be used
(2) areas of application
(3) volumes of active ingredients
(4) method of application
(5) proposed dates of use
(6) techniques for storage and safe disposal of containers
(7) measures for supervision and control of the foregoing operations.

d. In addition to the specific expected impact of Hooker Darn and Reservoir cited
on pp. 34-35, we would anticipate:

(1) Probable increased production of mosquitoes (disease-carrying and
nuisance varieties), unless proper slopes and pre-fill clearance of
bank vegetation are provided and water management practiced to avoid
stagnant breeding areas.

(2) Additional solid and liquid waste problems from increased recreational
use, unless suitable facilities are provided.

(3) Sedimentation within the reservoir with possible pesticide /herbicide
retention and shallow mosquito ponds at certain operational stages.

e. In regard to the possible establishment of a trout fishery below the darn, we
believe that special care will have to be given to the design and operation of the darn
to provide adequate flow of water of suitable temperature.

We offer the following comments in regard to the entire project:

a. We are unable to share the optimistic view set forth on page 40 that 'The
development of technology, hopefully, will allow areas in the future to support
larger population~ with minimal detrimental impacts on the environment while
still maintaining a high quality of life. I We believe that advanced technology
combined with a high standard of living tends to aggravate rather than to reduce
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detrimental environmental impacts. In any case, even though technology may cope
with air and water pollution, it does not respond to the psychological human needs
for open space, privacy, and freedom from noise and other environmental stresses.

Consequently, we believe that the alternatives suggested in pp. 48-51, and others,
need to be seriously considered. We believe that the full social costs (including
an appreciation of the environmental degradation and of the cost of pollution abate
ment from power generation as sociated with the project) should be assessed and
weighed against further agricultural growth and industrial development of the project
area. We believe that the political premise that water for use in the project area
must be taken from below Lee Ferry should be reopened and reviewed without
prejudice. If water were diverted at an elevation which would allow gravity flow
through a tunnel, (instead of requiring a total lift of 1200 feet (p. 6) the power
requirements for pumping (561 megawatts, p. 10), could be drastically reduced,
thus allowing power from the Navajo Generating Plant to be used to meet other
requirements. This action would postpone the need for additional power generating
capacity and extend the life of coal reserves in the region. Use of a tunnel would
have the further advantage of eliminating evaporative losses in transit. We can
provide additional information upon one such alternative plan upon reque st.

b. We believe that the adequacy of the water allocation for electric generating
plant(s) should be reviewed in the light of needs for cooling water and for possible
use for pollution control (especially for wet scrubber s for sulfur oxide removal).
We believe that wet scrubber s are the most effective means of such control, and
we feel strongly that their use should not be foreclosed because of a locked-in
water allocation.

c. We believe that in this and other projects the possibility of ground and water
contamination by salt or chromate (used for control of algae in cooling towers)
carried by drift needs to be considered and preventive measures taken.

We appreciate the opportunity to comment upon this statement, and we regret the
untimeliness of this response.

Sincerely your s,

./ith/)/?i;/l
f~''-J)/~~ttenroth, P. E.

Chief
Special Projects Section

ccs: State Planning Office, Attn: Mr. A. J. Lobato
Department of Game and Fish, Attn: Mr. Ladd S. Gordon
State Engineer, Mr. S. E. Reynolds
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October 20, 1971

fD!:;'") .?-leA IS'v I

Regional Office - Region 3
Bureau of Reclamation
P. O. Box 427
Boulder City, Nevada 89005

Attention Mr. E. A. Lundberg, Regional Director

Ref: 3-150/120.01

Gentlemen:

Enclosed are comments of Arizona Water Sports Council concerning the draft of
"EnviroIilllental Statement for the Central Arizona Project. 11 These comments are
"unofficial" pending ratification by the Council at our meeting to be held October
27. In brief, these comments recommend:

Relocation of Lake Havasu Pumping Plant, and elimination of the intake
channel.

Elimination of Charleston Dam and Hooker Dam from the Project unless it
can be conclusively shown that sufficient runoff exists on the Gila-San
Pedro system to maintain these reservoirs and San Carlos reservoir and
Buttes reservoir, at reasonable levels.

Elimination of proposed side ponds, back-water fingers, and 50 new fishing
lakes, and substitution with fewer but larger multi-purpose recreational
reservoirs, holding lakes, and terminal storage lakes.

Construction of an extensive system of peaking power pumped storage gener
ating plants.

Encourage the planting of crops whose growing season does not include
the summer months.

III

The Voiu oj Arizona Boating Public
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Mr. E. A. Lundberg October 20, 1971

We appreciate the opportunity to comment on this Project, and request the oppor
tunity to further comment on its specific elements as they progress into more
definitive plans.

Sincerely, j"'-_..

( /
.~ )..I.\.v,~,-I-- ..~.
Clive N.~;rdan, President
Arizona&k{ter Sports Council

Encl.
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ARIZONA WATER SPORTS COUNCIL COMMENTS

CONCERNING

DRAFT OF ENVIRONMENTAL STATEMENT

CENTRAL ARIZONA PROJECT

I. INTAKE CHANNEL, lAKE HAVASU

The channel as proposed will require cuts through four peninsulas
projecting into Lake Havasu, and rock fill between the lake proper
and the intake channel. Despite some scars created by exploratory
work and by owners of private land, this is still one of the more
spectacular scenic areas of Lake Havasu. As proposed, the intake
channel and pumping plant will detract materially from existing scenic
values.

We suggest relocation of the pumping plant to the area west of Havasu
Springs resort. This location should eliminate the need for the in
take channel. In addition, the pumping plant and switch yard would
be in an area of existing man-made structures.

The construction of a public launching ramp and parking area in con
junction with the pumping plant and switch yard at this location could
be considered. The existing ramp and parking area are wholly inade
quate.

II. ORME DAM

We support the construction of Orme Dam, but we wish to defer comment
pending more detailed statement of the project features. Recreational
features, including launching ramps, parking areas, day use areas,
overnight areas and areas designed specifically for competitive boat
racing and water skiing should be considered J'

/
III. CHARLESTON DAM AND HOOKER DAM

There is now one major reservoir on the Gila which has never filled.
Now three new major reservoirs (including Bu~tes) are proposed. With
insufficient water to fill one reservoir, how is it proposed to obtain
water for four reservoirs? We recognize the shortage of water-oriented
recreational development in the vicinity of Tucson. We believe, however,
that the construction of major dams at the Charleston and Hooker sites
is unwarranted unless it can be demonstrated that their reservoirs can
be maintained at reasonable levels. We will herein subsequently propose
alternatives to the recreation and water storage benefits of these dams.

IV. BUTTES DAM

We support the construction of Buttes Dam, but defer further comment
pending a more detailed statement of project features.

V. GREENBELT PARKS, WILDLIFE WATERING SITES

We support the incorporation of these features. Park sites at major
highway crossings should be considered, as well as sites in proximity
to urban areas. Selection of these sites should be coordinated with
the Arizona Highway Department and appropriate state, county, and muni
cipal parks departments. Selection of wildlife watering sites should be
by the Arizona Game and Fish Department.
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VI. FLOW THROUGH SIDE PONDS AND BACK-WATER FINGERS

We cannot support the construction of these features. We will subse
quently propose alternatives. We object to these structures on the
basis of size. They are too small for use of powered water craft and
too large for safe use as swimming areas unless highly regulated. Con
ventional swimming pools in conjunction with greenbelt parks would seem
more appropriate.

VII. SO NEW FISHING LAKES

We generally support this concept, but suggest fewer lakes be constructed
and that where feasible they be larger and multi-purpose. As with the
side ponds and back-water fingers, the large number involved combined
with their small size may make effective economical management difficult.

VIII. EVAPORATION RATE

An evaporation rate of 4 acre feet of water per surface acre of aqueduct
or reservoir is contemplated. This is lower than generally used, and
especially lower than used when water salvage projects are being con
sidered. Elimination of Charleston and Hooker Dams would reduce this
figure.

IX. ALTERNATIVE SUGGESTIONS TO CHARIESTON AND HOOKER DAMS: FLOW THROUGH SIDE
PONDS: AND SO NEW FISHING LAKES.

ASSUMPTIONS:

A. The need for water recreation in close proximity to metropolitan
areas will increase.

B. There is not sufficient natural flow in the Upper Gila system to
maintain adequate minimum pools for recreational use in Charleston,
Hooker, Buttes and San Carlos reservoirs.

C. Since the C.A.P. Aqueduct system will be operated year around
and the heaviest water usage is April through September, there
must be adequate storage for C.A.P. water transported during
October through March, plus adequate storage for natural runoffs
which are usually heaviest in April and May.

D. The demand for electrical power, particularly "peaking" demand
power, will continue to increase in Arizona and the Southwest.

E. Planning lead-time of new electrical generating facilities will
increase due to opposition of well-meaning but misinformed en
vironmentalists.

F. Arizona water deficit will continue, even with the C.A.P. and
heavy runoff from Arizona's water sheds.

SUGGESTIONS:

A. Construct fewer but larger side ponds; or mainstream wide areas
for general recreation and boating use. These could be on the
order of the Sun Valley Marina south of Phoenix.
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SUGGESTIONS (CONTINUED):

B. Construct a holding reservoir on the Agua Fria River below
Lake Pleasant with pumped-storage power generation at Waddell
Darn.

C. Construct a pumped-storage power generation system in Stewart
Mountain Darn, between Orme reservoir and Saguaro Lake.

D. Construct a pumped-storage power generation system in Roosevelt
Darn between Apache Lake and Roosevelt Lake.

E. Consider construction of an additional darn on the Verde River
at the upper end of Crme reservoir with two pumped storage power
generator systems, on.e in the new darn and one in Bartlett Dam.

F. Consider raising the elevation of Roosevelt Darn if it is deter
mined additional storage is necessary on the Salt-Verde System.

G. Install a pumping plant at Buttes Darn and use Buttes reservoir
as a terminal storage facility.

H. Enlarge and deepen Picacho reservoir as a holding reservoir and
major diversion point.

I. Construct a holding reservoir at Tucson as a terminal reservoir
and recreation site.

J. Encourage agricultural crops whose growing season does not in
clude the summer months.

K. The lakes described in "A" cuuld be in fore-bay and after-bay
of pumping plants. Pumping plants would be turned off 6 to 8
hours per day during peak power usage. With fore-bay lakes at
low level and after-bay lakes at high level, there would be suf
ficient water to maintain aqueduct flow.

L. In the event of "spills" from Buttes Darn, the Salt-Gila Aqueduct
should be designed to flow backwards with surplus being stored in
Orme reservoir.

M. Consider dredging behind Granite Reef Darn with maintenance of an
intensively managed trout fishery.

N. Consider raising Granite Reef Darn, using it as a regulatory after
bay for peaking power generation at Orme Darn.

O. Consider dredging behind diversion darn near Coolidge with main
tenance of an intensively managed trout fishery.

P. Consider raising diversion darn near Coolidge, using it as a
regulatory after-bay for peaking power generation at Buttes Darn.
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Ref: 3-150/120.01

Gentlemen:

At our meeting of October 27, our comments concerning the Central
Arizona Project environmental statement (sent to you with our
letter of October 20), were approved by the Arizona Water Sports
Council.

Very truly yours,

-cf{f;N~i;;.</~--
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Mr. F. Phillip Sharpe,
Environmental Specialist
BUREAU OF RECLAMATION
P.O. Box 427
Boulder City, Nevada 89005

Dear Phil:

I'm going to wrap up a number of responses in this one letter to
get back even with the Group after missing the first meeting.

First off, the Bureau must be commended for its approach in
setting up the Advisory Group. Complete and honest disclosure
of all aspects of the project will, in the long run, be most
beneficial. A resolution to this effect was passed by the
Arizona Wildlife Federation last January, as you probably know.
Not wishing to categorize jndividuals, for I'm sure we are all
interested in the welfare of Arizona and its environmental
protection, it appears to me the Group is well balanced.

Secondly, with respect to the General Environmental impact state
of the CAP, it is just that, general. It would be difficult to
comment on specifics, however, as a starting place, fundamentally,
it's good.

Thirdly, with respect to the Draft Environmental Statement, Havasu
Intake Channel and Havasu Pumping Plant Site, my limited comments
are wrItten In the enclosed copy. I particularly like the change
from a straight form enbankment to a more natural free flow design,
preservation of Heron Island, and safeguard against fish losses,
should they occur.

In closing, thank you for the opportunity to fly the proposed route
of the Central Arizona Project last week. For the record, I envision
the major obstacle to the CAP being certain ambiguous provisions in
the Colorado River Basin Project which calls, or at least alludes to
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possible water salvage or vegetation manipulation projects
which will most certainly be challanged on their economic,
social and environmental impact.

Representing the Arizona Wildlife Federation, I look forward
to working with the Group in the coming years.

Cordially,

~Thomas J. Sullivan,
President
ARIZONA WILDLIFE FEDERATION

TJS : is

encl.

cc: Mr. Ellis Armstrong
Mr. E.A. Lundberg
Mr. Robert A. Jantzen
Mr. Joe Clifford, III
Mr. Ray Killian
Mr. F. J. MacDonald
Mrs. Stephen Detzer
Mr. Rich Johnson
Mr. Robert G. Worden
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Mr. E. A. Lundberg
Regional Director
United States Department of tne Interior
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg:

1-- 1n:.' , .1" _. 'J---

I~_ t- _>'~ ,~--I- ~;-~;)--_[~~
,

'~.c~=\
Re: bI3'-f"="'---'--.,..l-,~~~-.-l- --- J

'------- -- .

In response to your 24 September 71 letter and copy of the Draft of
the Environmental Statement for the Central Arizona Project (CAP)
here are my comments.

Overall, CAP will not produce any direct adverse health effect ex
cept as it depends on 24.3% of the generation of the Navajo Genera
ting Station which emits air pollutants.

First of all, the Environmental Statement (E.S.) should compare the
relative merits of a~ open aqueduct and a closed under3round pipe
line. The latter alternative leaves a scar which slowly heals with
revegatation, but an open aqueduct produces an everlasting aesthetic
change on the landscape. Evaporative loss is much higher with an
open aqueduct.

In the prefacing summary of environmental impacts, the statement
that "The human aspects will be benefited by the development" is an
economic conclusion, and the next sentence mentions " .. an expanding
population ll which is guaranteed to stress the e,wironment further.

The discussion of the various reservoirs in CAP should include an
analyuis of the water lost by evaporation in these impoundments.
The use of before and after (by artists' conception) pictures is a
good procedure to show aesthetic impact on the environment.

The discussion of wildlife watering ponds, guzzlers, and fingers
does not mention the extent that wildlife urine and feces might con
taminate the main canal water. Also, if such wildlife watering
facilities should be included, then CAP should fund their construc
tion. Placing the expense of these features on other agencies would
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be like asking the Sierra Club to pay for air pollution control
devices of the Navajo Generating Station.

The E.S. should analyze the possibility of placing the powerlines
underground within the right-of-way.

There should be discussion of revegetation of the excavated mater
ial placed away from the canal.

On page 34, there is mention that "Further positive or negative en
vironmental changes may result from the impact of the predicted
heavy recreation use that will develop at this new facility." I
would like to know of any possible positive environmental change
that can come from heavy recreation use.

On page 40, it is true that population will continue to increase in
the foreseeable future with or without CAP, but the rate of increase
will probably be higher with CAP than without it. The present over
drafting of ground water is an artificial support of Phoenix and
Tucson and the agriculture of that area. CAP will be a new artifi
cial support that will encourage further growth of these entities,
increasing the various stresses on central Arizona's environment.

On page 41, CAP will supposedly enhance the quality of the environ
ment through " .. continued economic health." and "Water-oriented
recreation opportunities ... " Both of these things lead to the des
tructive pollution of air and water, through industry and motor boats,
respectively.

S~~relY'ru~

~u:.. alther
Coord' ator of Environmental Studies
Museum of Northern Arizona

EGW/bf
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®

Mr E A Lundberg, Resional Jirector
.-{egion 3, U S 3ureau of lieclar.. 2.tiun
Post Office Box 427
Doulder City, Nevada 89005

Dear ~tr Lundberg:

Than< you for your letter of vctober 4th (ref: 3-720/123.8b) an~ for the
copies of tha Jraft environmental state~~nt for t'_e Central !~izona Iroject which
you have sent us for co~~ent. ~eference is also made to the exchanJe of corres
pondence bet"'le0n your office and myself vTi th re':;Cl.rd to Hooker Dam and Reservoir,
which includes your letter of 10 August 1970 (ref: 3-700/010.3), and mine of 15
September 1971, with which I sent a copy of Dr John f hubbard's "The Summer Birds
of the Gila Valley, ::':JevT 1,~e:cico.1I

~his letter is a coordinated stutenent of the Sierra Club position concern
in€:; the CAl) draft environmental statement.

Our basic reaction to the draft is that it is i~adeQu~te in the information
presented and does not meet the re~uirements or the intent of the ~ational _nvir
onmental Policy Act of 1969. It is re?lete with statements which are obviously
subjectivG and are not justified by data given anywhere in the doc~ent. As it now
reads the statement cannot be used as the basis for valid decisions with re~ard to
the environmental impact of the CAF. Of course, we realize that it is now only in
draft form and that it will undoubtedly be much a~tcred in the rewriting for the
fii1al version. -de hope that you will find our comments usefuL

:Ie concur in y()ur plan to ~repare and submit separate environ-:Je:ltal statements
fur each individual unit or feature of the project. vn t~e ~t~er hund, we are n~t

certain of the i;:eanin.; ui' your sta.tement that the suumit~al of these Seljarate stud
ies will follow site selection and. design, for in order to com:;:ly ,ii th the ~Tational

Environmental ?olicy Act these statements shoul~ be submitted prio~ to any decision
with regard to site selection and design.

Important also is the fact that the environmental impact of the ~rcject can
not be effectively considered fragmentarily. ~h~ pr~ject as a whol~ h~s an envir
unmental impact of its own which must not b0 neglected, ami this cannot be assessed
until the individual impact of tlle component units is known.

The Xational ....nviron:Jental :t'olicy Act of 1969, as int.~,L'.;reted and expanded u
pon by the Guidelines publishea by the Council on Snvironmental ~uality, requires
th2 preparation and processing of environmental statements for projects which were
authorized prior to the passa&;-e of' the Act but have not been implemented. This
ffie~1S that the consideration of such projects, both as a ~hole and with respect to
their components, is reopened, ami. they must in e£'f()ct be revalidilted. A cOi':!)lete
rethi!'U:inb' 0':" the choice of' alt8rnc:.tives is an i:n:;:crt.:.:.nt ,;cart of' this process.

The facts of this situation are &t v~riance with faints m.:.:.de by you and your
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predecessor in the correspondence referred tv above. The fact that (;onGress, "in
its wisdom" to quote your letter of 4 October 1971, has authorized a certain proj
ect p~ior to the passage of the National Environ~ental lolicy Act in nu way con
tradicts the requirement for revalidation.

1.loreover, tllG CAT vras authorized in 1968, three years ago. Durin.:., this period.
there has been steady inflation to the extent that the appropriation authorized by
?ublic Law 90-537, which was ~B32,180,000, is no 10n~Br realistic as an index to
what constructiun of the project may cost. In view of the great increase in costs
which can be expected, we feel that there is no way to bE:: fail' to the taxpayer ex
cept by reopening the consideration of the CAP to SLe if the people of Arizona ac
tually want it under present conditions. Furthermore, you will remember that it
was the Con~Tessional deliberation concerning the CAP that had a lot to do with
the present surge of concern for the environment, yet at that time the evaluation
of the CA? proper was somewhat beclouded by the overriding issue of the proposed
Gran~ Canyon dams. Takin~ these facts into account, tOGether with the important
one that therE:: has been a phenomenal increase in enviroru~ental concern since that
time, it is iml'ortant to learn just how this concern has affected public opinion
of the CAF'.

Considerine together all the points brought out above, we feel that tht sep
arate environmental 'statements for the individual units an~ features of the CAr
should be completed before any of the following: 1) final assessment of the en
vironmental impact of the CAP as a whole; 2) decisions with regard to site selec
tion and design of the several features and units; 3) any request on Congress for
appropriations except for studies having to do with site selection and design and
environmental impact.

Since it is the people who will have to pay for the project if it is built,
he think you must agree that public opinion shoulc be sought out, all expressions
from pressure groups such as the Central Arizona l'roject Association to the con
trary notwithstanding. The situation justifies your holdin~ public he&rings under
the p~ovisions of the CEQ Guidelines, as suggested in my letter of 14 September
1971. Hearings should. be so ore;anized as to invite the expression of public opin
ion on both the Arizona and the national levels. The a~propriate time would be af
ter preparation of draft environmental statements for the units and features of the
project and a secon~ draft statement for the CAr as a whole.

In the paragraphs following, we comwent specifically on various portions of
your draft envircnmental statement.

;:iummary, Section 3: There is the statement, "The human aspects ,..ill be bene
fi ttei by the development." This is a subjective jud.:;em~nt and extremel;)! contro
versial.

Summary, Section 3: Under "Adverse environmental effects", it. shoulll be noted
that it is not only the biota and esthetics that will be affected adversely by the
factors iaentioned, but the entire natural regime in the arca of the project. At
thi::.; time ,ie dc., not actually knml all the effects of the :;-roject if built (see Sec
tion 9, UnKnown Effects, Page 45).

S~,ary, Section 4: To the two alternatives listed as h~vine been considered
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tne following should be added:

"c. Several technoloGical ar:plic~tions which offer at least
partial altzrn~tives to the authorized project.

"d. USG of an alternate project area.

"All of the alternatives considered offer net advantages super
to the authorized project. The choice b~tween it and any of
alternatives or between the alternatives themselves is outside
scope of the Bureau of neclawation."

(DfllRODUCTION)

Fage 1: iiith regard to the submittal of detailed statements for each unit or
feature of the CAP, please refer to the fourth and following paragraphs of this
letter.

(D~SCRIF~ION OF THh AUTHORIZE~ PROJDCT)

?age 6: It is noted that the Granite Reef A~ueduct is to have a desi6l1ed ca
pacity of 3,000 cfs. Tnis c~pacity exceeds by 500 cfs that authorized by law un
less Arizona a~ees to pay for the increased capacity under the terms of :ublic
Law 90-537. The increased capacity seems wasteful in view of the poor prospect
for Colorado River water available to be diverted, and it is not a safe assumption
that the River will ever be augmented sufficiently to warrant even the lesser ca
pacity for the a~ueduct.

7ages 6 through 9: In the description of the several reservoirs which are
units of the CAP, both on these pages and elsewhere, flat statements are made con
cerning what is expected of each one, for example, the (mne Dam and Reservoir "will
provide flood control, sediment control, conservation capacity, and outdoor rec
reation." These enumerated elements of the function of these units need justifi
cation, some beinG hard to comprehend. In view of the several reservoirs upstream
of Orme on both the Salt an~ Verde Rivers, how can it have any genuine value for
flood or sediment control'? Can it have any benefit for recreation? It appears more
that it will be uestructive of recreational diversity through mere duplication of
facilities already available. The functions of each unit should be explained and
justified. In addition, it should be brought out whether each unit has any rela
tionship to the CAF in its primary function of delivering Colorado River water to
Cen~ral Arizona.

Fage 7: It is stated that the Salt-Gila A~ueduct "will carry project water
southward into the agricultural areas of southeastern ~~ricopa County, and to
the agricultural areas bordering the lower Gila and Santa Cruz Rivers in Fima
and Pinal Counties." How is the aq,ueduct to accomplish this unless its entire
flow is to be used directly from the ditch? In view of the faot that it passes
the Gila River downstream of the Buttes Reservoir, the latter cannot be used for
the regul&tion of flow. J:es this mean that an additional reservoir must be con
strue t·".i cy FedeL':::.l wI' St~te authorities for thi s purpose, including the contro:::"
0:: ruleases into the Tt,;cson Aque_~uct? Thi" is d: im~"lortant ::;.uestion from an en
vironmental point cf view, since trl2. construction of an additional f~cility to
control ths d.elivery or" water wcul'.l mean aa.":'i -cional clutter 0-,: tho L:ndscape.

_ages 7 ~nd 8: Similar q,uestions arise concernin~ tae Tucson A~ueduct, which
must ::;.;.;parent2.y t,t:(t) all water b::'::;ubht south 0:; tile Salt-Gila Aqueduct whether it
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is neeued or not in the Tucson al'ea, and then has no place to put the water at
its dmmstrea;.l end. :,:ust un ad:ii tional reservoir b-' constructed?

?age 3: BesiQes the need for elaboration of function~ already brought out,
there is a need to show whether there is any call at all for the Charlestcn Dam
anl ]eservoir. It will impounJ a certain awount of water according to the state
ment, but one wonders if this quantity is available from the San iedro River.
How long will it take the reservoir to fill? Is it not likely to suffer the same
fate as the Coolidge Reservoir, never to receive enough water to fill it? Just a
glance at the photograph in ?igure 7 shows an interesting riparian area that will
be uestroycd by the reservoir. ~hat are the chances that the unit will deliver
the ~lanned performance, and that the benefits provided will outweigh the cost of
its construction and operation together with that of the San Pedro Aqueduct and of
the environmental damage the two units will do?

fage 9: Yrom whence will come the water to justify the Buttes Dam and Reser
voir? We understand that the Coolidge Dam and Reservoir has never performed as
planned, since the reservoir has never been filled. What then is the justifica
tior. for another dam on the same small stream? Furthermore, it apparently has
no true function in the CAP, because being upstream of the junction of the Salt
Gila and ~ucson Aqueducts it cannot act to regulate flow.

Page 9: It is well known that the Hooker D&~ and Reservoir has no actual
function in the CAP and that the relationship consists only of a tenuous politi
oal tie. The statement should bring out its relationship to the CAP and the de
tails of it. These factors are important to a decision as to whether its bene
fits, if any, are sufficient to counterbalance its Gnvironmental effect ani its
violation of the Wilderness Act.

(Needs)

:ages 10 and 11: The description of Arizona's water supply troubles does
not tell the whole truth, the: basic heart of which in that tlls wonderful ground
water resource which has been and is still available has been and still is being
callously mined for private profit. This has been possible because Arizona has
never had ade~uate law based on modern hydrological knowledge and sufficient to
control and conserve the use of ground water and the resourc~ itself. Cer~ainly

the situation hes been such that the farmers do not deserve to be rescued by receiv
ing a subsidized augmentation of the water supply available for irrigation, if tois
is a purpose of the CAF. If the decision is that they must be rescued, then they
should be re~uired to pay the full cost of that part of the CAr which is for their
benefit.

Page 11, Lines 11-12: 'l'he statement is made, "iortions of the ground water
reservoir have been completely aewatereQ in some ac~uifers." Since this is an
important point, the specific aquifers, their size, an_ their former proauotiv
ity 3hould be specified.

:age 11, Lines 12-13-14: There is the sti1.teJ:Jent, "Ground water resei.'Ves as
yet h::..v,c not bl'len tota.lly exhausted throughout the entire project area." This
sentenco is v0ry rnisleadin6' It sUGgests that such reserves are on the ver~e of
'o,,,inl;; exhausted, which is utterly untrue. The estima.tes of existin.;' reserves in
the hundre'is of millions of ac~~ feet of water, which have been published by the
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U S Geological Survey, should be brouebt Qut. Otherwise this sentence is a gross
distortivD of facts, distortin~ the document in favor of the project.

Page 11, Lines 14-15-16: The last sentence in the paragraph is ambie,uous,
suggesting imminent danb'6r in tbe IJroject area with regard to both watel' quality
and supply. This is ~ mest controversial claim.

Fage 11, Lines 18-19: There is the statement, "A hiGh capacity well in the
project area typically produces water of about 900 :;:pm TvS." This is an ambigu
ous statement which can be interpreted in either one of two ways. It could mean,
"Any given high capacity well in the area .Till usually produce water with about
900 ppm T:DS." Or, what is more likely the case, "There io a hit,h capacity well
in the area l'1hich ordinarily produces water with about 900 ppm TDS." The former
reading suggests that such a concentration of solids is typical of the area, al
though this woule contradict the statement on Pag'S 35 which states that such con
centrations are not avera5~' Of course, tbe statement on Page 38 also contradicts
itself internally. It woulJ be far less misleading to give some idea of the aver
a6~ concentration of dissolved solids in the area as a whole rather than to sub
mit ambiguous statements which seem to favor tno project.

Fage 11, Lines 18-19: Rather than state gross values for TDS in ppm, it would
be more informative and helpful to list the concentrations of various specific min
erals as opposed to the unsupported figure which is virtually meanine;less.

Fage 12: There is the statement: 'The rapidly expanding Fhoenix and Tucson
metropolitan areas and many smaller communities which have municipal and industri
al water needs will also benefit." This is eitner misleading or simply false. Wa
ter nOn usei in both Phoenix and Tucson is of better quality (far better in Tucson)
than any CAP water will be, and far cheaper. It is not clear to what smaller oom
munities reference is made. It must be shown how the cities and towns can possibly
benefit from CAP water.

Pages 12 and 13, split paragraph: The statement with respect to the comple
tion of erme, Buttes, Charleston, an~ Hooker Reservoirs are broad and unjustified
as already brought out above. The real reason for the inclusion of the Buttes,
Charleston, and Hooker units in the CAF is apparently political. They have very
little, if anythin~, to do with the real purpose of the CAP to deliver Colorado
River water to the Central .~izona area.

(Project Environmental Frotection
Aspects Including r,litigation Features)

Fage 13, ena paragraph: In speakino of the fact that alternatives are being
analysed for all the CAP features, reference is made to possible alternatives for
Hooker Dam and neservoir. It is said that four damsites on the Gila River and two
on the San Francisco are being considered. The implication is that only alternative
sites for c. dam a"'e bein,~ considered, rather th::m seGking an alternc.tive in the full
sense of rublic Law jO-531, whiQh authoI'izes HooK~r ~am or suitable alternative ca
p~;.ble of facilik.tin.o the water exchange perr.iitte.i by the: law. i;e bolieve that it
is possible tc desien an alternative th~t will avoid violation of tfe Gil~ iilder
ness and the; Gila Frimitive Area and also will avoi..... ciaDae;ine; th~'1-~~r~% areas
alor;s t~6 G:.la m:::.iH streac anG. the San Francisco. 'tie believe ttis can be done wi th
cut f~;reGoin6 any of the claimeJ. benefits of the Eooker ',"roposal, includin~s' water
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exchange, recr.:>ation, upstream reciulatory storaGe, Lnd. the rest. The concept
ana evaluation of such an alternative would appear not to be inconsistent with
tile opinic.,ns expressea. in the let-;;er from your office to me dated 18 August 1970.
Your attelltiun is invited tc my letter to you dated 15 Sept8mber 1971, with which
I enclosed a copy of Dr John F Hubbard's "The Summer Birds of the Gila Valley,
New h:exico." 'rhit1 l)aper deals onl;y with birds, but the biota of the Gila Valley
include species Oi' other faunal classes which a~e unique in the United States,
and. the plants are interGsting too. ?erhe.ps most iLl1'0rtant is that the biotic
cOITGlunities as a whole are interestin6 and uni~ue. The San Francisco, a tribu~ary

of ti~e Gila, has generally the same biotic characteristics. If you wish informa
tion of the Gila and San Francisco that is authoritative, we ur~,e that you cJntact
any or all of the following:

Dr John :t Hubbard, Delaware !>~useum of Natural History,
~ennett fike, Greenville, Delaware - 19807;

Dr Lowell Sumner (retired biologist, National ?ark Service),
1 C Box 273, Glenwood, New ~~xico - 88039;

~r TIale A limffierman, ?rofessor and Chairman, Department of
Biological Sciences, Western New We~ico University,
Silver City, i~ew ],:exico - 88061.

ne hope that you will contact all of these scientists personally.

Page 14: :rospective multiple use characteristics of the CAl are predicted
to be of benefit to fish, wildlife, and recreation. This is a doubtful statement,
at least partly false. Fish and wildlife now existinti in the area are more like
ly to be dam~ged or destroyed rather than helped. The recreational aspects are
discussed elsewhere in our comments.

1'age 14: It is not clear just what mitigation features for wildlife can be
included in the CAl plan authorized by rublic Law 90-537. This question should
be clarified at once, ana the construction of the project shoul~ not proceed un
til the eenuinc mitigation features have been included as an int€gTa~ part. Ap
propriations fer the features should be sought simultaneously with those for the
CAP in general. As a matter of fact, we believe that authorization for the mit
igation features is probably implied in the law. Surely CongTesa should not be
charged with the implied intent to destroy wildlife, so the reverse implication
is more logical. ':ihy not go ahead and ask for the necessary funds?

Page 16, 2nd. Line: '!'he phrase "upland birds" is meanin:;less.

~age 16: The central paragTaph is unintelligible.

_'age 16: iii th res?ect to the fur..:.ing of genuine mitigation features, please
refer to our co~~ent above.

l'age 18: 'i'here is the statement, "'i'he CAL i::: in IJar·t cie~)<:ndent u:pon the po
tential ai:' water salvage from the lower Colorado River." Salva€e projects in the
area have proved encrmously destructive of wildlife and of scenic ~U recreation-
al ch~racteristics, un~ they have been widely condemned for that reason. Moreover,
thcrG is considerabie douot tha" any ~uceri~.l water salvage is obt~ined by the meth
ods used. lf the C~ is in any si~ificant degree de~endent on water salvage, this
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woul,; be an excellent reason for reevaluation of the whole project. (Accordin£
to a r8~0rt from the Bureau of ::<eclamation ?hoenix Flanning Cffice, one half of
the water for the CAF is to c:>me from this source.)

}at;e 19: The central paragraph discusses the establishment of a cold water
fishery on the Gila River belo~ Hooker Dam, a~d it is saiQ that a fish hatchery
will be provided. ~e feel that such action woula represent a callous disregard
of the ~ualities that are natural to the lower Gila Valley in New ::exico which
are known to be valuable scientifically in their own right, not to mention the
pleasure an increasing number of visitors is g~ining from nature observation there.
As already brought out, the biota of the Gila and San Francisco Valleys in Kew
~exico are interesting and uni~ue in the United ~tates. These ~ualities are not
limited to birds, but include a~uatic and other biota as well. Many 0f the a~uat

ic animals woula probably be destroyed by the introduction of exotic fish, for this
has happ~ned over and over again through the unenlightened disregard of all natural
Qualities of bodies of water except those related to fishing. As a matter of fact,
there is also danger in the indirect introQuction of exotic fish through the arti
ficial stocking of Hooker Reservoir, because of their probable escape to the stream
belo..; the dam.

fage 19: Unfortunately, we don't believe that the aquatic biota of the Gila
in New '~erico have beE:n ade~uately studied, but we urgently re~uest that you ob
tain competent scientific advice on this subject. ~ven so, we do have at hand a
copy of a letter from Dr Robert R ~liller (see address below) to Dr John P Hubbard,
dated 5 January 1968, in which Dr I,tiller tells of collecting in 1938, but also con
firDed later, the following fishes from the Gila River at Cliff, New Mexico:

Suckers:
Catostomus insienis (Gila sucker)
Catostomus clarki

(1)
(2)
(2 )

Kinnows:
Agosia chrysogaster
Gila robusta
Tiaroga cobitis
Meda fulgida

(Colorado chub)
(Loach minn01'T)
(il-leda spindace)

(1) A disappearing species.
(2) These are generic endemics in the Gila River

basin; both are now threatened species.

:Dr Roberts says in his letter, "The gravest threat from the dam LIDeaning Hooker
Da!7 would be (1 the likely elimination of ~iaroga and ~eda from the Gila basin
in New Mexico (Que to habitat destruction and competition from aggressive exotics),
and (2) elimination of the possibility of re-establishing Salmo gilae Lthe Gila
trout - nOH foun~ only in Diamond Creek and ~.~cKnight Canyon, where a small popu
latil:n was moved from Diamond Creek by the Forest Servici} in the streams where
it unce was comr:icn (for the same reasons)." If you wish information from compe
tent ichthyologists whu are familiar with the lo~er Colorado basin and the prob
lem of vanishing native biota, accordin6 to Dr Miller, the following should be
consulted (in a~dition to the biologists already listed - Hubbard, 3umner, and
ZiliL:.erman - '1he,; }:rWH E. i..,Te;·"t C::.eal about the biota in (jeneral in the immediate
Gila - 3an Francisco area):

(s~e list next pabe)
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.Dr James i _,€accm, :Ce~,t of Diological ;3cie:lcr:.s, 2~eVal;l'.

.;mlt:lc·::"L l'r.iversity, Las VeGas, :·;evad.a - 89109;

J1' ,;illiam J i.oster, Jept oJ:' 13iology, university of
:.evr :.:exico, AlbuQuerq,ue, ::;8" _·:exj C0 - 37106;

Dr 0' L Itinckley, :)ept of ~oology, Arizor..a State Univer
cit;y, Tempe, Ari ~3"nH - 852i"1 i

,jl' _,,Juert Ii ,.:iller, Curator of Fishes, ,·:useum of '::'0(;10&,
Universi t~r of "J.chigan, Ann Arbor, !':ichiCcm - 48104.

Very important to remoI:iber is thc.t s:r;ort or pan fish are by no means the unly fish
nor are fish the only aquatic animals.

?ab6 l~: L~S0 with re;ard to the central 9ar~~6Taph, the inclusion of the i
dea of ~n artificial cold water fishery in the Gila in conr.ection with the C.~· un
der the tupic rroject Environmental ?rotection Aspects Includin5 .~tigation Fea
tures shows very confused thinking. To int::.'oduce exotic sport fish fro: I a hatchery
is very definitely not "environmental protection" or a "mitiGation feature". Such
an action is in fact. the precise reverse, an~ is highly destructive of natural en
vircnmental or ecological conditions. This is one of the main reasons why native
fish have su~fered more at th~ hands of man than any other faunal class. (A kin
dred confusion in thought resides in th~ Bureau of Reclamation concept of "envir
or~ental enh~ncement". Generally, it is not possible by artificial Deans actual
ly to enh~nce the environment in a total ecological sense, for something thought
to represent enhancewent may well prove to be a moru,cy wrench thrown into the ma
chinery. )

(El~VIRONI,;:ENT IN THE FROJEC'l' MEA)

rages 22,23, and 24: The discussion of biota is useless, for there is no
description or evaluation of biotic c;,:.rr,muni ties, and. it is only by bG(,:i.nning one's
line of thou.;ht in this way that it is :possible to derive a conclusion as to the
environmental impact of the CAl: on this living part of the environment. ?articu
larly needed is consideration of the iw;ortance of the remainin6 unspoiled ripari
an ~reas in the arid surroundings of the project area.

l-age 24: Bottom of the page there is the statement, "~'litigation and enhancement
features sh0uld result in a net gain in the quality of habitat for many species."
If there is any truth in this state~ent it badly needs to be brou5ht out. Jithout
strong supporting evidence, it is })ossible at best to classify it as dangerously
n~ive, for, discountin5 st0c~ed sport species, the pr~bability of its being cor-
::.'ect. are re::;ote. If the staternent is intended to a~'lJly to rare and endanGered spe
cius, it is even more d~Gerous than if the ap~lic~tion is intended to be ~~neral.

:i'ages 25 an,;. 26: The possibility of dama.;e to archeological va.lues by con
struction of' the Hooker Jam anQ Reservcir or of a dam and reservoir at an alternate
site is uverlo:.iked. ?efer<:mcc is maci.e to th.... i'orest Service "I.~ulti:ple Use Ir:1pact
:-lirvey rtsport, hooker .Jam and. L~8servoir lJroject, Gila National ."'orest" of 1963.
i~l thOUGh this re})ort covered. onl;,- the Hooker si te itself, the likelihood cf d:lwa,ge
is at least tile S2:;e for 2.[Iy alternate d.am site on either the Gil2. or the San ?::-an
cisco •

.cage 26: 'l'he first i~C.rabraph under Land Use ~:atterns und ~c_nomic .Jevelopment
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is in error and should be rewritten as follows:

"Land use patterns and economic developl:1ent in Ari~ona

were at first largely decided by the opportunity to exploit
natural resources such as grazing range, mineral deposits,
and irrigable land. Latterly urban uses and tourism have
become important in several counties, particularly }~ricopa

and Pima, and finally land speculation hc:.s spread phenomenally
in both the extent of the activity and of the lana. areas ex
ploited. The availability of water has never been a limiting
factor."

Fage 26: ~he second para~raph is misleading and should be rewritten as
follows:

"Th.:: Salt River Valley, with a considerable 3urface water
supply, attracted agricultural development in the early days
before deep pumping was possible. Now ground water is used ex
tensively. In Pinal County agriculture has utilized ground wa
ter a great deal, since the surface supply is more limited, and
consequently the county has a shorter agricultural history. Pi-

,ma County bsgan with surface water from the Santa Cruz River,
but as time went on, the use of gruund water became paramount
and the surface supply disappeared as the water table was low
ered and the native ve5~tation deteriorated. There has been a
great deal of unwise ground water mining by farmers, particu
larly in l'inal County, which has been permissible under weak
regulatory law which has never been adequately reformed. Like
wise, the city of Tucson is guilty of this practice, the caus-
es being poor water law coupled with bad management and a prac
tice of underpricing the water supplied from wells. On account
of the development of water resources carried out in the name of
agriculture, there has always been a goud supply of water avail
able for urban uses and mining. There now appears to be an ade
quate supply available for the foreseeable future for all reason
able uses with good management, and provided agriculture is re
duced to that which makes economic sense. Maximum reclamation
and use of waste water would be helpful as well as the conserva
tion of flood waters and the rastoration of native vegetation to
the watersheds. Surplus water at any given time should be used
for aqUifer recharge to obtEdn evaporation-free storage."

Page 27: After Line 3 a ~~ragraph shoulJ be inserted as follows:

"'l'he erme :E:eservoir will inundate from twu-thirds to three
quarters of tha Fort ~cJowell Reservation at high water. This
reservation is the home oi' the Yavapai-Apache people and. the part
0 ..' the~r lan...i. which will be flo~deci 1<; tbe main resi;lential area.
It is ~lso the best 12nd from an agricultural point of view. It
[;.ppears that the likely effect of the vrme unit will be to dis
place these rGL.tiv~,ly affluent Indians from their hor.:es an.~ to
deprive them o~ their' means of livelihood 1ii thout proper repara
tion."
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(SVr....,Ui>'l'ICI\ UP illJVIRlJL,j.:;lh'l.L n~);..C'l')

(lrobaole Impact on the fuvironment)

_age 2'(, Section IV: ~u:, ccn.ments ab;;ve have considerable content a:s;plica
ble to the subject 0:;:' environmental im:;i'"-ct.

}age 23: The discussion of the environmental impact of aqueducts ani canals
is inaciequate, since those that a.-:'e 0IKm ;resent impassable obstacles to the move
ment of wildlife, not tv mention the dan~er to humans in the m0re thickly popula
ted areas. The realization of an effect is evident in the previous discussion of
mitigation features in the statement, bu~ still needed is a good study of the im
pact so that toe full need for the mitigation of impact can be judged.

l;(;.ge 29: Fower lines alorlg the rights of way of the aqueducts an~~ canals
should be placed underground. SOr.l .. thought should be; given to obtaining power
from a source neer each point of need, thus obviating the need for power lines
in the rights of way. ~ower obtained in this way might be repaii by e~change.

The :;.ropos~l tu place a maintenance road along most stretche3 of canal and aque
duct should be Carefully reviewed tc determine how r.luch travel is really needed
along rights of way. iihat good will a road do alon~ the stretche~ of buried pipe
line'?

lage 30: In terms of environmental impact, the most important ef~.:ect of a
reservoir is the complete destruction of natural conditions, including the na
tive biotic cOr.l:auni ties. Another important point is the temporary nature of a
reservoir, for by virtue of this characteristic a reservoir can be no more than
a weans of obtaining short-term gains at the expense of enduring values.

Fage 31: The statement is made in the top paragraph that the riparian vege
tation downstream from a dam will eventually increase as a result of regulated
stream flow. This is not strictly true, for the fate of the downstream ve6~ta

tion depend.s completely on the releases from the reservoir in terms ,;;f frequency
and. rate of release, and variations in their mana6'elIlent according to the season
and the time of day. There may also be other consideratior-s. To prevent adverse
environmental impact, assuming that the preservation of natural concitions is de
sired, a very ca:L~E:ful plan for releases is necessary to ensure t~)at there is no
chanb6 in the downstream riparian ve6~tation. Even more care is required if it
is desiree to preserve the native aquatic animals, which are extremely vulnerable.

i·-age 31: In the center paragraph the idea of "enh(;.ncement II is brought up.
This is a dangerous tr_ou~ht, see above. In any event, the situation descri'::)ed
representz change, and this is in fact damab~, i: the idea i~ to preserve nctural
conditions.

:t'aB~ 32: Th'3 discussion of the envi1'0nmel'~tal effect of Jrme Dam and Reservoir
is v~ry insensitive and incomplete frati several point3 of view, and contains unjus
tifie~ statements. T.le full iop~ct shoul~ be mac0 clear to the readers of the state
ment. i:lease I'ef8r to t!:e applicable COl~;;~ents elsewheri:- herein. .he; "am and reser
voi:l: ili1.1 be destructive of the present biota, includ.in~ what is perhaps the o~st

i:l-.itE.~o"ing dcve habitat iXl ..'i.rizuna. r.:'ho tote.l impact on the Y;:v,,-pai-A~ache peu;le
is not even illentiuned. The reservuir will inundate and destroy a very heavily
usee recreation a.·ea ana. sucstitute ne,T f(;rm3 of recreation ·..hich are already a
vailable at ;~any nearby places. Actually, the fluctuating reservoir will have
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disadvantag~s for any fonl of recreation. A thorcugh study will probably demon
strate a nGt environl'nental effect ;{hicn is harmful.

:ta~;'e 33: See our remarks elSeW[lere \ihicn are applic2.ble to Buttes Dam and
Reservoir. The discussion .iith r,cbard to Buttes is insensitive, incomplete, and
contains unjustified statements.

See our remarks eIsel-There 'ihic. ere ap:t:licable to Charles
Cur comment 'lith regard to Buttes is also ap;licable here.
any justification for th~ sUbgestion that Charleston will

:!here Hill it g-et the water?

Far;es 34 and 35: The discussion of the environmental ii;ipact of the Hooker
Dar.1 and rteservoir is very poor. 80S our detailed com':lents elsewhere. Both the
Gila River in i~ew ltlexico and its tributary the San Francisco are true natural
treasures, and unless the caliber of thinking represented. here is much improved
they are in real danger. rie urge you to obtain scientific advice rege.rding the
Gila watershec in New l·~y.ico and to make your study of alternatives to Hooker
complete in the full sense of Fublic Law 90-537.

Fage 37: In the center pa:cae;raph it is said that there will be a small in
crease in usable yiel~, presumably referring to water. The statement is unintel
ligible.

Pages 38 and 39: The entire discussion on ~uality of tiater in the ~roject

area is misleading. It im91ies that Colora~o River water is o~ better ~uality

than water now available in the project area. Except for minor instances, this
is patently false. The figure of 2,000 ppm TDS cited as an example, probably
from the Buckeye area, is 60 exceptional that it shoulQ not be used in evaluating
water qULlity in the project area. As noted earlier, all figures for TDS are mean
ingless without accompanyin5 explanation as to how they effect water ~uality for
various uses, and how the various solids affect water ~uality differently. Fur
"hermore, the 774 ppm TDS figure for Colorado River water is misleadinc in that it
does not reflect the actual quality of water as it .oula be delivered, for evapo
ration will probably raise this figure to over 850 ppm. It shoul~ be noted, too,
that water quality in the Colorado River also varies noticeably. Consequently,
the conclusion that water quality in the project area will be improved rather than
debTaded is seriously ~uestionable. The subject must be more thoroughly analysed.

~aJe 40: The discussion of Sociological Impacts contains statements that
deserve comment. It is sai~ that "the desert region of Arizona which supports the
bulk of the population is completely dependent upon a plentiful su:;:.ply of water."
Obviously water is required for human life, but 'Tnat is a "plentiful SUi.Ply"?
Cur conclusion is that the statement is based on misconception. Here in Arizona
wo begin by finding a high requirement for irrigation water. ~his is based on
-..hat Dr Nt :.: Kelso of the University of Arizona calls "tho image of irrigetion
fundamentaiism", which holds that irribete~ farming is an absolute r8quirement
f~~ a scci~l~y viable society in the semi-desert Southwest. This is jure myth
~see additional discussion below). Th0n we compoun:~ this Extravagant demand by
maint~ining ineffective law for the control of the use of gTound water, follow
in~ up with ~oor man~Gement which refuses to recobnize the t7U8 value of water as
a rcscurco. '~l[W r.:: ason HG nee':' a ,f:lentiful su;,,,.·ly is that ws cia not knoo. ho-,; to
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use ~ater pr~ferly.

Page 40: Also in the Sociological Impacts can bo detected tho idea that
;srowth ic desirable, &l1Ll. thi'-l i::> couple_ ';;i th ~ nisconception or taO. It ic
truo that in the absence of other measures tu curtail imwigration a f~ilurc to
brinG in ne,i sup~lies of water will not alono act to control population increase.
It is also true that continued grouth of popub.tion 2.nu economy ,Till "ultimately
require r0-evuluation of ~ater U38 priorities", wei~hing municipal and inuustrial
uses which are of hiGh economic value aGainst abTicultural uses which contribute
r~l~tively little to overall state income, but the discussion is in error in stat
in~ that the jU~6B~0nt must be made between domestic needs on tr-c one hand ag~inst

abricultural and industrial ne~ds on the other. Thi2 idea i3 misleading. ~omestic

ani iniustrial, more 9roperly municipal and industrial, uses are compatible and
brin5 high returns throuGh the conjunction of labor and industry to produce in
co~e. But a;riculture flies false colors (see discussion below), fer it is not
v,:ry important to the economy of the state, even thcugh it uses about 90,.; 0-:: the
annual "l'lithdra'l'Tal of water. ;'Ie need to realize that our r.;rcblem in Arizona is
not a nater shortage, but a failure to allocate our water supplies t~ t:le econom
ically batter uses. Hence i~ is that a re-ev~luaticn of ~ater use priorities is
the obvious thing to do for sensible management. Yet ae do noo now need an in
creased sup;ly of water even if we admire population growth.

Fage 40: lhere is confused thi~~inD in the Sociological Impacts discussion.
In Lines 5 ana. 6, there is the statement, "The rate of population gronth can be
e:~pected to continue • • • without the project." i''urther on in Lines 10-11-12,
it is saia., "Increasing the supply of water will circumvent drastic curtailments
of the present rate of population gro'ith •••• " ;:hat is your theory, dces water
supply control population growth or not?

Fage 41: (Beneficial Impacts)

Item a: Additional water supply is not !l(;;cessa::-y to the pur:poses me_:tioned.

Item b: rlease refer to the discussion of irrigated abTiculture below. The
statement is meaningless, fer it is not clear how additional water supply will
prcvide "the advantages of rural life". There is little tru3 rural life coru:ected
uith modern irrigated a[,rriculture conducted on a cODllIercial basis in the Southwest.

Itew c: The necessity of the flood oontrol said to be provided by the major
reservoirs is open to q,uestion. 'I'he secund clause about "crcs8-(;.rainage" struc
tures is unintelligible.

Item d: ~o water-Griented op}ortunitie3 for recreation not ;reviously a
vai~able wiil be provided by the reservoirs an~ t~e adjacent lands, in fact, the
reverse ap~cars to be true. The reservoirs will iestroy rec::-cational uiversity
c.ne.:. simply provic.e marc of the sc.me opportu:J.ities of wllicn there is already a
sufficiency available. Natural fish and wil~life h~bit~t ,~ill be destroyed and
::-eplac0u by c.rtificiality. 1hese pointb ~enerally are true even thou~h some of
th~ ideas fur variou~ facilities in connection with tho aqueduct~ and canals are
b'ood.

Page 42, Ite:,i e: 'l'he idea of a cold. 'Iiater fishery belm·, Hooker jam is com
pletel,y unaccepte.ble as already pointed out. So is the "two-stor;l" fisher;:,' with
in the reser.roir unle::;s SOLi1e 'Iw.y cC.n be fcunJ. to keep the planted fish from es-
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caping to the river below the dam.

Fage 42, Table 1: To present a table such as this is misleading and ill
conceivG~. For one thin~ thG reliability of the figures is open to question,
for another a drastic increase in fisher~an use indic~tes adverse environmental
impact, the basis for the increase being the introduction of unnatural conditions
and the extinction of the native biota. Thus, especially if considered in the
light of the fact that the people 01 the ~hoenix area already have easy access
to fishing sites unmatcheo. by any other inland city, the large increase in "put
an~ take ll fishino ascribed tc Grme Jeservoir can be evaluated only as a social
cost, B£1 a benefit. Exacerbating this adverse effect is that the artificial
fishing would be obtained at the expense of water-oriented recreation of types
whioh c~~not be replaced by the project. Tens of thousands of people will be
deFrive~ o~ ~hese opportunities ~lon~ the Salt and Verde Rivers. We have already
pointed out what will be the trugic consequences of the contrivance of artificial
fishing at the Hooker Reservoir, and the net effect of the Buttes cnd Charleston
neservoirs in this respect needs further study.

rage 44, Item h: Here again is effiphasis on the artificial which verges on
the ridiculous. 'lmat logic is it that impels a state agency such as the Arizona
Fish and .Game Department to consider the construction of 50 new lakes in this
arid region? Small ilOnder we have ''later problems. It is time for the public
agencies to begin the education of iwnigrants coming to Arizona in the necessi
ty for the acce;tance of the environmental conditicns to be found naturally. It
is the claims for "benefits" such as this one which add materially to the doubt
that there is any real need for the CAP.

Page 45, Item
under "benefits".

i: This item is unintelligible but apparently does not belon~

Is the reference here to easy drownings?

rage 45: The short discussion of Unknown Effects casts doubt on the CAP as
a whole. The final paragraph should oertainly be taken seriously. Until all such
impacts can be describeu in detail and evaluated the project should not be initiat
ed.

(Adverse Envirolli~ental Effects)

Page 46, Item 2: Power lines shoul~ be ouried in the rights of way, but
neither power lines nor roads shoult be built to follow the right of way unless
they are really required. Roads shoul1 not be needed along the buried pipelines.

Page 46, hem 3: As already noted, the ecological effect of the long open
aqueduct shoulJ be studied thoroughly. If sufficiently adverse it might suggest
abandorunent of the CA?

i'age 46, Item 4: The word. "further" near the end of the first sentence
shouL:. bt:. G.eleted. The Gila P.iver in New Jexico has not yet been substantially
altered. 'l'he San fec.ro has suffered only from decli~le in the 'tTater table. The
sec<;n..l sentence shauL. read, "The flow of the Gila itiver in Arizona and. of the
Salt itiver has already been altere:: by previow:> cor:.struction."

Page 47, Item a: Actually the endemic s~eci08 Eay be rendered extinct.
This is eci~ecially the case in New Mexico, the Gila River not even being consid-
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ereU. i::. the state:::ent, nor i.:::; tl1e San ?rancisco.

i aGe 47, item d: 'i'hc unique biotic co:rlUr:.i ties of th·," Gila RivGr and pos
sibly the San Francisco will be destroyed an~ lost to the United States (unless
a suitable alternative is found lor liooker Dam and Reservoi=). This is possibly
true 1Yith recard to the other rivers affected, although we are not certain of the
iebTee to which their com~unities are unique under the conditions nrevailinc at
present. At any rate damage i.ill no doubt occur, anc. the seri(;usn~ss of this
d~TlUb~ in terms of both quality end qu~ntity needs to be determined. Scientif
ic stu~y is needed.

Page 47, Item 7: This statement r,,1'ers to a condition "hich will violate
the ~ilderness Act on account of lack of enforcement by the COn6~GSS and the :rc6
ident. ~his violation 0: law can be avoided by finding a suitable alternative
f:.>r the Hooker unit.

Fage 47, IteL; 8: The destruction described will be further agGravated, or
even cau3ed primarily, by the introduction of exotic fish for sport fishing. This
iestructic~ can be avoided simply by just not planting the fish.

Fage 48, Item 10: Please refbr to our corr~encs elsewhere on the subject of
water supply as it is related to population growth.

Fage 48: A number of additi~ns to the list of adverse environmental effects
should be heeded unless the project is corrected to eliminate them; please refer
to our cOillments elsewhere. TWQ which are important as lcne as Orme ~am and Res
ervoi~ remain in the project are:

"1) The destruction of intensely used recreation areas
on the Salt and Verae Rivers;

" 2) The adver. effect on the Yavapai-Apache people of
the Fort :.lciJowell Reservation."

~~ternatives to the ?roposed Action

FagE: 48, Item 1: This discussion of the alternative No Cc..nstruction of Au
thorized Project is entirely subjective and largely false. 3ince agriculture con
tributes only about 8~ of Arizona's overall income, the economy is little effected
by anythinb that happens to agriculture, certainly not severely. Ever since the
CA} was first proposed to Congress in the late 1940's the same claim has been made:
without supple~entary water the economy of the state would collapse. The inter
veninb years have shown ho~ false this claim is, anu inventori0s of available wa
ter by the USGS have shown that Arizena has enormous ~n~er5Toenu reserves which
are economically recoverable. Please refer t~ cur remarks el~ewhere on this sub
ject. The transfer of water to higher econo=ic uses will benefit the economy of
the state. Such action certainly ..ill noc affect the "ii,lprover.Jent of man t sway
0:' lifo in the px'oject area".

?age 49: The ctc.tewent at th_ top of the pab"C is false. r.do::)ticn of the "no
con~"ruction" alternative wouli not re~uire cbtuininb another coerce of water, nor
wcul~ i~ rG~~ir0 cAtreme adjuztm3nts in th~ water u~e p~ttern. On tho ether hand,
t,.C tra.nsfer or' nat",r to hiEher economic use£; cceld take place :_,raduclly, smocth
ly, an~ beneficially.
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?aees 49,50,anQ 51: The items listed in a(l), a(2), and a(3) are all at
least parti~l alternatives in their own right to the Cl~. ~ll are developing
technological applications which have their own advcntages and disadvantages but
'ihich some day may add increments to the water sup.;.ly 0:' Arizona and the South
west.

Page 51, Items bel) and b(2): The adjustments described are generally prac
ticable, althou6h it woula be difficult in the near future to achieve a complete
ly stable population. This i~ not eS;3ential, however. \ihat is essential is to
avoidenoo~aging in-migration. The efficient utilization of existin~ water sup
plies, which would include obvious adjustments in the name of economic common
sense, woul~ not limit industrial growth in the central Arizona area. Good man
agement would sto~ the depletion of ground water resources by various means such
as the reform of water law, the pricing of water at a scale commensurate with its
true worth, and the cessation of the subsidization of irrigation water.

?age52, Item 2: The statement under Fartial Construction of Authorized Proj
ect is false. Assuming that Colorado River water is needed in central Arizona,
which W8 do not, it would be both economically sound and environmentally less de
structive to limit construction to those units and features of the CAF that have
something to do with the actual function of the project, which is to deliver Colo
rado River water to central Arizona. In this way, the Buttes, Charleston, and
Hooker units would not be built. Their adverse enviroru;lental effects ~-roulCl. go
with them as woulu their costs. Nowhere in the statement is any acce;table justi
fication given for the construction of these dam and reservoir units, which can
be assumed to be more political in nature than ~"ythinb else.

Fage 52: An additional alternative should be considered, see below.

Pages 48,49,50,5l,and 52: The Alternatives to the Proposed Action section
shouli be rewritten a~ follows:

"The following are alternatives to the proposed project
as authorized by Public Law 90-537:

"1. No Construction of Authorized Project: Hith good
management, no additivnal water supplies are needed in the central
Arizona area which it is the function of the CAP to serve, at least
for the foreseeable future. The available water is ample for all
uses that are able to pay their own way, including the irrigation
of high value crops for which Arizona conditibns are especially suit
ed and allowing for considerable population increase and economic
growth. Good mancgement should include t~le following: a) no subsidy of
irrigation water; b) facilitatin3 the transfer of agricultural water
to municipal and industrial uses, gTadually, smoothly, and beneficial
ly under market conditions; c) refurm of law controlling water rights
ani the use of both surface and &;round water, recognizinG that all
water' .resources are the property of the people of t'le ztate; d) a
pricinG" system for ',Tater <Thieh ',o/ill reflect its true value, encourage
conservation measures by all water users, including f2rmers, and pe
nalize heavy or o,asteful users; e) maximum reclaiiiation and use of
waste water; f) salvage of flood waters; g) use of any currently sur
plus water for aquifer recharge to obtain evaporation-free storage,
h) restoration of native vegetation to watersheds.
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"2. :?artial Construction of Authorized l'roject: Con
struct the CAP as planned, exoept omit the Buttes, Charles
ton, and Hooker dam and reservoir units. This altern~tive

woulu liuit the CAP to the perfonnance 0: its primary func
tion, tae delivery of Colcrado River water to central Ari
zona. ~he justification of the project has all been aiued
at the perfonmnce of this primary function. The three
dam and reservoir units ::lentioned appear (this is certain
in the c~se of Hooker) to have been tacked onto the project
to c~ter to local desires and to meet political considerations.
At no time, as far as we knOlf, has there been any real jus
tification for these three units in either econo~ic or design
terms and the arguments fer the ~roject as a whole do not
deal with them. To omit theu from construction of the proj
ect would save a great deal of money and prevent much envir
onmental damage.

"3. Obtain Increments of New ':iater as Needed in Future
Through the A~plication of New Technologies: If the first
alternative should be adopted and the ClG- should not be built,
it might turn out that supplies of new water would b8 needed
sooner than contemplated. Such new supplies could be obtained
in increments through weather modification, desaltin~ of sea,
brackish, or other chemically chargeQ waters, or cs one pro
duct of the exploitction of geothermal resources, provided
these new tech.."lologies turn out to be productive and. are not
environmentally harmful as applied. All appear to have some
promise, anJ even thouGh one should fail, another pe~ha;s will
not. Their future development appears to offer a reserve a
g~inst need in the caso that the CAf is not built.

"4. Use of an Alternate Project Area: There are large
areas in western Arizona near the Colorado River which could
cheaply and effectively be opened to irrigated farming in
orier to put to use Arizona's remainine entitlement to Colo
rado River water. Since the real need for aduition~l water
in central Arizona is doubtful and since perhaFs the most co
gent argum~nt for the CAr appears to be that Arizona must put
its entitlement to use in order to prevent it:3 pre-emption by
California, the employment of the water near the River would
seem to be a relatively cheap and effective way for the state
to assume beneficial use of the water, which would be ava:lable
for higher economic uses later as needed. Adoption of this al
ternative might require phasinb out SOQ~ irrigated farming in
oentral Arizona, the farmers beinb absorbed there or reloc~ted

to the newly irrig~ted land. All expenses considereci, this
alternative WQulJ, be much cheaper than the CAr as planned..

".All of these alternatives a;;pear to be preferable from
cdther an economic or an environmenta.l point of view to the
a.utnorized project. The first, Xo Construction of Author
ized rroject, supplemented by the third, ap~ears tc ue the
most acceptable when jud6~d on eitaer an envirolli~ental or a
benefit/cost basis. The adoption of the first alternative
~1Cul;':' require a gTeat deal of action by the state to i;:..;rove
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water mana3eQent, anJ this may be difficult to obtain po
litically. At any rate, better water m~~age~0nt should be
made a prere~uisite for the investment of any Federal funds
in reclamation projuets designed to benefit the state. 'l'hus,
evidence of better manaGement for the future shoul~ be shown
before either the C.L- or any of the alternatives is imple
I::ented.

"If the first alternative .,ere adopted there wc;uld still
r·i";i,.ain the possible danGer that Arizona might lose her re
~ainin6 entitlement to Colorado River water to California
in spite of the :present "La~, of the :.=tiver". If thero be suf
ficient evidence of this and a convincin~ argument could be
mustered, then perhaps the fourth altern~tive for what might
be called a "I'lestcrn Arizona Project" should be adopted in
a~ditien to the first. ~f cours8 1 a full evaluation of the
environmental impact woull precede any authorization of the
project.

"If it can be shorm that central Arizona really needs
an additional water supply, it being shown that the existing
sUPfly is inade~uate even with good management, then the
second alternative, eliminating all the parasitic units from
the CAr, would be preferable to the construction of the au
thorized project. There woul~ be considerable s~vings in
both costs and environmental damage.

"It is not within the scope of the Bureau of Reclama-
tion to choose bet.veen the authorized project ane. the alter
natives. The best course of action is te open up the whole
situation to public review, a plan for which will be announced
in the near future. Finally, the full case, includine all the
alternatives an~ the results of public hearinGs, will be pre
sented to Congress for decision. Int~rrncdiate between the
public hearings anl presentation to Congress, it would be
valuable to obtain a ccmprehensive review of the CA: an~ the
alt0rnativcs by a ~ualified, non-political agency or group
of consultants havin~ ne vested interest in the project. It
shoul~ be possible to arran€>'e for- such a review throu,,;h the
Office of Nanagement and Budget. The results woul~ be referred
to Congress to help in coming to a decision."

(Relationship of Short-~e~ Versus Long-Term Needs)

}abe 52: The topic of this section is a uistortion of the corresponding
item in Section 102(C)(iv) of ?ublic Law 91-190, the National Environmental
Policy Act, whicn reads, "th6 relationship between local short-term uses of
manls environment and the maintenance and enhancement of long-term productiv-
i ty." 'l'he distorti<;TI of the topic possibly accounts for the failure of the dis
cussion to meet the intent of the Act. Long-tenT. productivity depends on the pres
ervation of resources ani enviroTh~ent so as to keep them available fer future op
tions. ..;f course, the; word "future" is indefinite, but we are certain that the
meaninb intended in the Act refers to a perio~ beyond the expected life of the
project under consideration. Otherwise there can be no comparison. If the ex
pccte~ life of the CAi is 100 years, then the future lies oeyond.

As a matter of fact, no man-~~de structure can qualify to claim long-
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teri:: bOlle::'i ts, fo:.: the,)' sim~ly do not L.st lon,; enout;h when sized up ao:;uinst
the evolutionary time-table ',;hieh governs the d;Y'1K,mics of nature. One hund::'e~

yea2s is an o~jtimistic estimate of the fully u3eful life of a reservoir. .~ven

tn:Jugh 1fC: heWS been build-inc; major dams for onl,!, a rclativ01.y feli years we hav,",
learne~ that they are useful for their planne~ functions for only a shert time
an~~ We. are left ;li th a shallo,; bod,j' of ;;ater ;lhieh Gv.mtually becomes smalier
£.l'l.i. sr.laller an,,- finall,Y en,~s up as a mud flat. It i~ noteci that a function oen
tionec. for each of the proposed Ck" reservoirs is sediment storage. 'l'hus, we
:lave accepted their fate and adopted the cause of that fute as a benefit. The
soils of the project al'ea bciniS as erosive as ths,; are, the CAf reservoirs are
lik,,,ly to get short shrift indeed, so it is good to be roady with a rationaliza
tion if we are ~on~ thos~ who put their faith in dams to the exclusion of their
alt~rnatives. The vulnerability of the reservoirs must have an effect in reduc
ing the life eXj?ecte.ncy of the authorized ::.roject as a whole.

The adverse illl!iaot of the CAP will have the ef:t'ect of destroying habi
tat for b~th man ~~d other animals, and further degraQin0 our rivers. The damage
to be done will oe largely irrev6::,sible. Thus, while it3 life ex;ectancy ce.nnot
be very long, it will have a wide an~ 10ng-tGr~, but partly unknown adverse G~:vir

vnmental im;act, as we have indicated heretofore.
This mucn follows from our pr8vious discussion, but we must no.. give

considerution to an impact which, though to a certain extent intangible, may nev
ertheless be more seriously damaging than any other.

The CAF is a dubious project, beinG questioned by reputable economists
who have stUdiea it thoroughly. Keanwhile, it is difficult to identify the roots
of its su~port. It is not apparent that individual farmers want it liith any en
thusiasm, because even though subsidized the water will be too expensive for most
farmers wh~n delivery costs are added. It is net the cities, because theJ have
watel· for the next few decades, the CAF water will be comparitively toe expensive,
and when increments of supply are needed they have a readily available source in
IJerely buyin; up water rights now useQ for irri6ation.

We are forced to conclude that the basis for the sup;ort of the CAr' re
sio.es in thd interests that are 'forking for the unrestrained economic g-rovrth of
~rizona. A glance at the list of members of the board of directors of the Central
Arizona ~roject Association gives evidence of the identity of these interests, which
receive considerable aid from the promotion activities of the Bureau of Reclamation.

This is not to say that a fai~ure to augnent the currently available wa
ter su~~lies in the state will actually inhibit 5Towth, but these interests think
that a~-additional water sup;ly will facilitate it. Their thinking is completely
subjective in their desire for short-term monetary gain. They have no worries a
bout the dollar cost of the CAF, which will be borne on their behalf by the -.vater
users and taxpayers of the project service area, backed up by the Ame~ican taxpayer
at l,"ree. Thus, aver;; expellsive social cost of the Cll.? will origi:1ate in its en
coura3em8nt of a psychology that drastically threatens the: quality and pleasure of
livine;; in Arizona, for even though it -,lill not in i tsel±' be essential to growth it
1Vill abet the growth idea and stimulate the urge for growth. In this way it be
comes a s0rt of multiplier for the growth that would tak8 plnce anyhow, withcut it.

On the groun~,economic growth in the Southwestern style is 3~en as in
duce.:i g:-m;th of population thrOUGh in-migration. 0no has only to live in l.'h.)~mix

or rrucson to SGe anc. feel the efftOcts of runaway population growth, which is al
ready ;rell past the p:.;·int a,;:' diminishing returns to th:: extent that the:; inability
of local governJJ~nt to me.intain the desirable levels 01:' public service", is clear
ly Visible, even thou,;h taxes are hii$h anci gGtting higher.
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There is no factor more destructive of the enviro~~ent than uncontrolled
ani unwarrante,. urban growth. It has a long-term effect on the countryside <Thich
is uevastated by the lan~ speculators, and the cities affected by it never fully
recover. The destruction is irx·eversible.

Tae draft enVirOnLlental statement very aptly brings out the adverse ef
fects of too rapi~ growth of population on Page 40 un~er Sociological Impacts, and
also on Pa~'"€ 48 under Adverse Environmental Effects. Ye-t the Bureau of Reclamation
continu·.. s to promote tha 0A? despi tl3 the high social cost of this a.~verse effect.

If tne project is constructed, "Te must accept it f01' what it is, a means
of' obt.:;.ininb short-ter.i, gc:.ins at the expense of endurint; values. In the language
of' the l~ativnal Environmental Folicy Act, we will be placing a priority on local,
snort-term uses of tae environment over tne maintenance of long-term productivi
ty, thus violatinG the policy eApressed in the Act.

(Irreversible COlJlmi tments of Resourc~~)

Page 53: An important irreversible commitment of resources lies in the psy
ch010gical co,;:mi tment of Arizona to "LosAngelesization" I to uncontrolled and un
warrantet.:. growth. Please r0fer to the discussion on short-term uses versus long
term productivity i~neuiately above.

Page 54, Ita:!l 3: 'l'he estimate.l evaporation rate of' 72,000 acre feet per year
from 287'miles of open aqueduct and 18,000 surface acre3 of reservoir appears
somewhat low. ihile we are not in a position to make critical analysis of these
fibyreS, a quantity closer to 100,000 acre feet per annum or more would seem re
alistic. At any rate, the derivation of tae estimate should be explained.

Pab"G 54, Item 4: We again ",ish to ,,:ention the possibili ty of damacse to ar
cheolosical values by the Hooker unit.

?age 54: To the list of irreversible commitments should be added the des
truction of lluman habitcl.t by the Orme unit, both tnrough its effect on the Fort
McDowell Indian Reservation and the Yavapai-Apache people and through the des
truction of recreation areas along the Salt and Verde Rivers.

Pages 53 and 54: ~e are concerned t:lat the matter of irreversible commit
ments has not been adequately studied. In the environmental statement the ten
dency appears to be to play them down. For example, the discussion in Item 1
on Page 53 and 54 is understated. The damage caused by the dam/reservoir units
to the biota will be serious. Some species could be rendered extinct. We have
discussel this earlier. A more complete study might uncover irreversible ef-
fect~ that have not yet been identifi8d. .

In conclusion, we woul~ like to discuss two subjects which are not adequate
ly dealt with in the draft environmental statement or in our co,~.ments so far.

On the subject of ir~igated aeTiculture, W0 woulu like to call your atten
tion to a study done recently for the National ~ater Commission by Resources for
the Future, Inc. The short title of tae report is Future i}ater Demands. The ac
cession nur"ber is F3 197 877, an.':' it is obtainable from the National Technical
Information Survice. ih0 part of the study on irrigated agriculture is very in
ter2stin61 especially since the central Arizona area is one oi' tho~e studi8d in
detail. The study warrants your thorough perusal, but we would like to quote one
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"In 3W , thc3e throe tileses assert tllat, intentionally or
otiler'lI'ise, pu'o:;'ic polic.)' has not been neutral with resnect to
cro~ irrigation. Bach of several ma~or classes of policies has
distorte~ ~roQucGr incentives in such a way as to lead to and
maint~in an ov~rcapacity in irrigation water supplies. The
sometimes urgent expressions of "need." for additiunnl water sUP
plies in the ari..;, .Ic;st stem not from actual n.:;,tional economic 
ben~fit3 which would accrue to the ~ev01opm~nt of mer~ water,
hUe frolli potential local anci rebional gains whicn h&ve co~e to
b..-: expected as a conseq,uence of j::ast and present public policy."

In tn" liieantime we can hec.r no outcry for CJ.2 water froi:: individual farmers.
'l'':,8:; know the p::'oject water ;·;ill be too expen~~ive for theiJ. Sp\.;rred, one supposes,
by "l-arkinscn I sLaw" it is the irrigation districts, besides a ferT large corporate
f~rms, that cry for water. vf courS8 they are joined and possibly surpassed by
tte gr~wth advocates who wish to devLlop a water surplus to be drawn on to su~

ply urban sprawl. In any event, we do not believe that the provision of addi:
tional irrigation water can be taken as a true benefit of the CAP.

;~other subject that ~ierits special notice is the lack of water available for
divel'sion fro;;. the Colorado River for the CAi. The average annual flow of the Col
orado ~iver was once over-optimistically estimated at 15 million acre feet per year,
and this water was diviued. half and half between the Up~er and Lower Basins. In
cluding the Lower Basin snare of the ~~xicun treaty obligation an~ an allowance
for evaporation ana other losses, the Low_r Basin entitlement of 7.5 maf has been
over-allocated by about 1.5 maf per year.

Lv~r. so, Congress has ectimated that 1.2 maf annually will be available for
the CAl until some time Jurin6 the decade 1985-1995, due to the fact that th~ Up
per Basin, a~cording to estimates, will not be using all of its entitle~ent until
that ti~e. But by 2030 thu wcter aVuilable for the CAF will have shrunk to per
haps 67:;,000 maf. Part of t~.G basis for this estimate is a new b'Uess, less opti
Dlistic than before, of 13 maf as the total annual flow of the river. That the
new fibUr~ is still optimistic is shown by thG fact that th0 actual flew hus shown
deficits of tilree to five !Jillion several times in recent ,years. It must be kept
in mind that the reliability of the supply for the CAl will never be any more pre
dictable than the flow of the Colorado River.

Arizona's share of the Lower .casin entitlement is 2.8 maf per year, of which
~nount the st~te is alreauy using some 1 maf, leavinb a balance of about 1.8 maf.
Accor::..ino to the draft environm~ntal sktement, the Granite Reef Aq,ueduct is be
inb uesibUed for a capscity 0: 3,000 cfs or 2.2 maf per year. This ca~acity will
e),ceed Arizona IS remaininb enti tlsilient by 400,000 acre feet, and i"t will exceed
tile mazilJum amoune estimated to be aveilable for the CAl by 1 maf, not to mention
the shrunken [.vailability of' the later years and the undependability of the Colo
rad.J River.

hprupos the remark on ~age 52 of the envirunmental st~te~ent that the project
',/ill mc.kG "c.vailabh, a dependable scurce of ifatcr", it a;... pears to u:.: that thr; CAt'
will ~rjvide a capacity which is cxce~sive ana will increase costs, but the pres
ence of benefits in t~e form 0: a de;endable su;ply of water will rsmain doubtful.
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'.L:hi~3 doubt, and others already expressed, raises the question as to ,·;hether
the CA? can m.... et a three-fold test of feasibility. Can it deliver (1) a suf~'ic

ient quantity (2) oi' good water (~) at a reasonable price? To this must be add
ee. another cogent question. .Joes the dubious nature of t',e project warrant its
construction in the face of its a.;vc.rse environmental impact;'

Je ;articul~rly invite yvu:' atten~io;. to our discussion of alternatives (pp
14, 1:;, 10, and 17, above), short-term uses versus lon.:;:-terrr. -;:;roductivity (pp 17,
18, and l~), irri-ate~ a iculture pp 19 and 20 , and water availability for the
c;~~ (pp 20 and 21. We also wish to emphasize our remarks on pp 1 and 2.

~-le o.ppreciate the opportunity to comr.:ent on the draft environmental state
ment for the Central Arizona Froject. Weill be grateful if you will inform us
of all develo:',)t1ents affectine; the project. ~'lease senU. copies of all important
doct;L,ents 7aela~.d to. that/prOject to each of the unciersigned. /

-~inoerely yours
/) ..-r ((.,.<. -J "'c" (

__ • .1
David Yetman C n:snry jM ZelleT
Conservation Vic~Chuiroan

Grand Canyon Southwest Regional
SIE?~ CLUB Conservation Committee

SIElLi.A CLUB
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LEAGUE OF WOMEN VOTERS OF ARIZONA

Box 1127
Sedona~izona 86330.- _
Janualy to -i9j~\L C.i...t COpy

RECCIC·' JAN 7 1972

Action: " .,...,.." .••• ,..n"trtrt

ToInitialsDate

I ,~

Action Taken (lnlll.I.)Mr. F. Phillip Sharpe
Environmental Specialist
Bureau of Reclamation
P. O. Box 247
Boulder City, Nevada 89005

1---+------+-------,-. ~-o-I
I l' .A L-. /..,. L I

Dear Mr. Sharpe: i ~'--=l

I am being diligent in reading all the material which b£l~ ~~~~ " I·~--·--:j-
sent me as a member of the Central Arizona Project Environmental
Advisory Group: the Preliminary Environmental Impact Statement
on CAP, the copies of all statements and letters submitted to the
Bureau by governmental agencies, environmental organizations, and
individuals commenting on the Impact Statement; the Preliminary
Draft Statement on the Lake Havasu Intake Channel and Pumping
Plant Site, and the copies of the letters of other members of
CAPEAG to you. I have hesitated to add my own comments because
I have felt I did not qualify as one with technical expertise in
the field.

However, I would like to express the League's approval of the ini
tiative taken by Region III of the Bureau of Reclamation in es
tablishing this representative citizen's group. I am sure the
Bureau will benefit by involving them early in open discussion of
proposals, criticisms and counter-proposals.

The fact that comments on the Environmental Impact $ta tements are
read by members of a citizen's advisory group should increase con
fidence among citizens that there is an honest attempt for full pub
lication of information and shvuld give agency representatives in
creased objectivity in having non-agency assessment of the responses
to the Impact Statements.

The League of Women Voters works constantly for more public under
standing of important issues and for greater involvement of citi
zens in the decision-making process. Therefore, we appreciate the
present opportunity (1) to become informed of the environmental
pro's and con's of the plans for the CAP, (2) to be able to raise
the question that our members ask and that we hear from concerned
citizens, and (3) to be a part of your public opinion sounding
board.
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I wish, also, to express my personal appreciation of the heli
copter tour over the proposed route from Lake Havasu to Phoenix.
To have seen the area by air has made the maps and project pro
posals much clearer. I hope to visit the southern portion by road
be fore long.

You and your staff have been most helpful in making available in
formation, in answering questions and in being ready to admit the
areas that need further research. The free and open discussion in
the first two meetings of the CAPEAG has been encouraging as evi
dence of the way in which citizens and agency representatives may
be able to exchange views on how to achieve the specific goal of
water delivery with adequate protection of the public's interest in
the total environment.

With my sincere hope that this experiment in involving citizens in
the beginning stages of project development will prove beneficial
to the Bureau and to the citizens of Arizona, I am

Sincere ly,

~£Z;{ ./~~~i-
Mrs. Stephen Detzer
State Chairman of Environmental
Program
League of Women Voters of Arizona

cc: Mr. Ellis Armstrong
Mr. E. A. Lundberg
Mr. Ray Killian
Mr. F. J. MacDonald
Mr. Rich Johnson
Mr. Robert G. Worden
Mr. Thomas J. Sullivan
Mrs. Donald Clusen, National LWV Chairman, Environmental Program
Mrs. Clement Zandler, State President, Arizona LWV

A NON-PARTISAN ORGANIZATION DEVOTED TO PUBLIC SERVICE IN THK FIELD OF GOVERNMENT
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RESEARCH ASSISTANTS

Reid Peyton Chambers
OF COUNSEL

D.e a r ~Il r. Lundberg :

I represent the Chemehuevi Tribe of Indians and
the Natural Resources Defense Council, both of which
groups have a vital interest in the proposal to construct
the Central Arizona Project. I understand tilat your office
mailed out copies of a draft environi;;";Ical s-::~:tement for
that Project on Serte!liber 24,1971, uskinq '.:::it all comments
be submitted within thirty days of the f" ~l ;ng out of that
statement.

My clients L~li:ve that a project as large and
c 0 III P1e Yo a s the Ce nt r~: 1 '. i z 0 naP r 0 j e c t r e qui res m0 ret i me
to prepare a detaile! s~t of comments. I, therefore,
r e q u t: s t t II a t the y be ~; j' " y~ r: dan ad d i '~j 0 na 1 t hi r t y day s to
SUb;llit comments, or uncil ?k'/ember 23,1971. I am sure
t Ii a t you (l r e 2 a 9 2 r toe C::'1 ~1 I Y VJ i t h the r e qui rem en t s 0 f Sec 
tion l02(2)(G) that you "initi:lte and utilize ecological
information in the planning and development of resource-
oriented projects." My clients .~I>1ve such inforrtlation and
will be in a position to submit i' to you on or before
November 23.

Thank you for your' C(JopE:r,~i .,.

You r' s t r ;j 1 y ,
l , . ~

"~.jI! (l ) luc(if 7
Joseph J. Brecher

JJB:fpp

cc: Dick Hall
Russell Train
Ralph Esquerra
William Veeder
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l nited States Department of the Interior
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RFHR ro: 3-150/120.01

Io-:CIO'\,\I. OFFICE - RECIO, j

P.O. 130.\ ·127
liOl'\ DI.R U I Y. '\E\'.\I).\ ~900'i

October 21, 1971

Mr. Joseph J. Brecher
Native American Rights Fund
1506 Broadway
Boulder, Colorado 80302

Dear Mr. Brecher:

This is in response to your letter of October 7, 1971, request
ing a 30-day time extension for your clients to comment on the
Central Arizona Project draft environmental statement.

We appreciate your clients' interest and concern in the Project
in developing comments and the need for an extension. However,
in accordance with the Council on Environmental Quality
Guidelines of April 23, 1971, Section 7, the initial 30 days,
plus an extension of 15 days, should be adequate for review
purposes. We would, therefore, appreciate receiving your
clients' comments no later than November 10, 1971 0

We hope this extension will be satisfactory in providing comments
on this most important Project.

Sincerely yours,

/s/ E. Ao Lundberg

E. A. Lundberg
Regional Director

:.4';



Native American Rights Fund
1506 Broauway

D:lvid H. Getehes
DIRECTOR

Pl'l('r .1. Aschenbrenner
.I"\\'l'h .I. Brc~her

Ihun' R. Greene
Yvonne T. Knight
Robert S. Pelcyger
Daniel J. Taaffe
Ch:lrlcs F. Wilkinson

ATTORNEYS

John E. Echohawk
lcl:lnd J. Pond

RESEARCH ASSISTANTS

~1r. E. A. Lundberg
Regional Director
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg:

1(,ld ""}Illil ( 1\JlIll,,'r,
OJ COU SI I

l~);lll I . C:lrp~'litl'f

·\';SISTAN I ro rill"
nlRJ CIOlt

I=~~F~C~L _FI_L~ _C~~~-=]

10 November 1971 RECEIVED NOV 121971 ~

ACtiOn: .•........•......•==:..~.=,~ "I
Action Taken _._ (,IIItltIt, )

Date InIt/lls '-10_.. .:_ ./

The following comments on the Draft Environmental
Statement: Central Arizona Project are submitted on behalf
of the Chemehuevi Tribe of Indians and the Natural Resources
Defense Council. The Supreme Court, in Arizona v. California,
376 U.S. 340, awarded the Chemehuevi Tribe 11,340 acre feet
of Colorado River water. The Chemehuevi Tribe believes that
construction of the Central Arizona Project will threaten the
quality and quantity of Colorado River water available to them
and that the adverse environmental impacts associated with
that construction will affect their health, welfare, and live
lihood.

The data presented in the draft statement is totally
inadequate. As the court said in Environmental Defense Fund
v. Corps of Engineers, 325 F.Supp. 725, 759, an impact state
ment must "contain such information as will alert the Presi
dent, the Council on Environmental Quality, the public, and
indeed the Congress, to all known possible environmental con
sequences of proposed agency action." The Council on Environ
mental Qualityls Guidelines for federal agencies under the
National Environmental Policy Act, 36 F. Reg. 7724, ~~.,
paragraph 6(a)(i), says a draft statement must include "a
description of the proposed action including information and
technical data adequate to permit a careful assessment of
environmental impact by commenting agencies." Also, under
paragraph 10(e) of the Guidelines, the public must be provided
with "relevant information, including information on alternative
courses of action." Obviously, the public is not "informed" at
all, when relevant data is missinq from the statement. Almost



Native AInerican Rights Ftmd

Mr. E. A. Lundberg -2- 10 November 1971

every page of the draft statement contains admissions that
data is lacking, that information is "unknown," or that tests
are presently being conducted, the results to be determined
in the future.

Another basic flaw in the draft statement is the un
challenged acceptance of the proposition that growth must
continue unabated in Phoenix and Tucson and that it is the
duty of the government to supply the wherewithal for that con
tinued growth. The Council on Environmental Quality has
recognized that "population growth threatens the nation's store
of natural resources" and that in some rapidly growing areas,
"there was now a need to de-emphasize growth as a social goal
... ,,1 Instead of invoking the need for growth in Phoenix and
Tucson as an imperitive reason to build the C.A.P., the state
ment should have been considering seriously the possibility
that such growth is a reason to halt construction.

The following is a list of specific comments on various
aspects of the draft statement:

Page No. Defect

The statement does not cover the effects of the
Navajo Power plant, even though 25% of its power
(and hence, its pollution) is attributable to the
requirements of the C.A.P.

6 There will be four relift pumping stations along
the Granite Reef Aqueduct. There is no discussion
regarding the impact of these stations.

7 There will be a pumping plant on the Salt-Gila aque
duct. No mention is made of its environmental impact.

8 There will be two pumping plants along the Tucson
aqueduct. No mention is made of their environmental
impact.

10 Plans for the distribution system for delivered water
are not finalized yet. The statement admits that "an
accurate estimate of miles of main and lateral canals
cannot be made at this time." This information should
be available to the decision-makers before a decision
is reached.

1
First Annual Report, pp. 13-14 (1970).
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Page No. Defect

13 The statement alleges that as an alternative to the
Hooker Dam, four dam sites on the Gila River and
two on the San Francisco River are being investigated.
The statement does not indicate the location of those
six dam sites or even whether they are in the Blue
Range Primitive Area or the Gila Wilderness Area. The
statement also says: "alternatives to other major
features of the project are also being investigated."
Those alternatives are not described with particu
larity.

Hugh information gaps such as this are impermissible
in a NEPA statement. In D.C. Federation of Civic
Associations v. Volpe, F.2d , 3 E.R.C. 1143,
1146-47 (D.C. Cir., October 12,1971, No. 24,843),
the plaintiffs called into question whether the
Secretary of Transportation, in approving the design
for a set of highway ramps and interchanges, followed
the statutory requirement that "the project includes
all possible planning to minimize harm to such park
... or historic sites."2 The court noted that such
planning could not possibly have taken place, since
the final design of the ramps and interchanges was
not yet complete at the time the planning allegedly
was done. The court commented: "absent a finalized
plan for the bridge, it is hard to see how the
Department could make a meaningful evaluation of
I harm. I " Si mil a r 1y, i nth i s dr aft s tat emen t, the
Bureau of Reclamation could not possibly have
assessed the environmental impact of the Hooker Dam,
when it is not even sure of its ultimate location.

14 Some parts of the aqueduct will be fenced to protect
wildlife. Other parts, that are not "wildlife
crossings and natural migration routes," will not be
fenced. What will happen to game in those areas?

2 23 U.S.C. § 138.
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Page No. Defect

14-17 The report analyzes in great depth various types of
wildlife drinking facilities, but admits that the
project as presently funded does not contemplate
construction of such facilities. It is indicative
of the one-sided orientation of the statement's drafters
that they devote three pages to an elaborate descrip
tion of "wildlife benefits" that are almost sure not
to come about, while the potentially disastrous in
crease in lower Colorado River salinity that will
result from the C.A.P. operation is totally ignored.

18 The statement says that disposal areas will be reve
getated. It does not say how this can be accomplished,
especially under the sever~arid desert conditions
prevailing in the area.

18 Quarry sites will be in "remote areas" and will be
left in a condition that will "minimize the impact
on aesthetics and will not endanger wildlife." The
location of these sites is not specified, nor is the
method for restoration.

19 There' will be a great deal of additional fishing at
the reservoir along the stream. There is no mention
of the potential environmental dislocation to be
caused by more people and their cars.

19 The Bureau admits that there may be "many other possi
bilities of environmental enhancement, protection,
and mitigation features" that may be appropriate.
These features will be considered "as they become
more specificly identified and evaluated." Obviously,
there is no way for a reader to assess the effective
ness of these measures at this time.

22 Instead of describing the vegetation found along the
right-of-way, the statement refers the reader to
various scholdrly papers. The same is true for
fauna. Thcse pa~prs are not readily accessible to
the general public. The infol'rnation contained in
them should be set forth in the stat2ment, itself.

24 Several rare and endangered species of animals are
listed and the conclusion that "construction of the
project is expected to have only minimal effect on
rare and endangered forms" is expressed. There is
no data supporting this conclusion.

149



·Native American Rights Fund

Mr. E. A. Lundberg -5- 10 November 1971

Page No. Defect

25 Unspecified recreation facilities are to be considered
later. This is another example of the drafters'
claiming benefits for the C.A.P. that may never
materialize.

27 There is no discussion of the effect of the Lake
Havasu water intake facilities on fish in the lake.

29 The statement admits that most of the canal right
of-way will contain a power line and maintenance
road. There is no discussion regarding how these
facilities will affect aesthetic values in the
area.

29-30 The statement admits that there will be "major ecolo
gical changes" resulting from the construction of the
reservoir. It also mentions "alteration of the ori
ginal stream species." For "alteration" one should
read "obliteration." Cf. Environmental Defense Fund
v. Corps of Engineers, 325 F.Supp. 728, 749. The
statement admits that the Bureau has no information
regarding fishing along the Gila River. It also
indicates that there will be some "alteration" of
fauna. There also will be a reduction in habitat.
But the extent and nature of such alternations and
reductions is not specified.

33 The statement indicates that there will be a net
gain in recreation because of the Charleston Reser
voir, since there is a scarcity of "large recrea
tional lakes" in the area. It does not mention the
corresponding loss of recreation in the free-flowing
streams there.

34 The Charleston Reservoir "will have the greatest
impact on archaeological values of the four project
reservoirs." That impact is not specified.

34-35 It is impossible to learn anything about the effects
of the Hooker Dam Project, since its exact location
is not specified.
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Page No. Defect

37 The statement maintains that "the stream flow regimen
of the Colorado River below Parker Dam will be un
altered by the diversion of C.A.P. water." Certainly,
there will be an increase in salinity and a decrease
in the amount of water available downstream. In the
draft impact statement for the Navajo Project, it is
admitted (page 48) that withdrawals from the Colorado
River of about 100,000 acre feet by five power plants
would increase downstream salinity by "less than 1/2
percent." Since the C.A.P. will withdraw about twelve
times that amount, we can expect an increase of about
5-6%. This could prove disastrous to downstream users.
The statement does not even mention the inevitable
salinity problem.

38 The. statement admits it is not possible at this time
"to assess in detail the effect that Colorado River
import water will have on the beneficial use of exis
ting supplies in the service area of the project."
This data should be supplied in the statement.

39 The policy
ambiguous.
cides will
involved.

on use of pesticides and herbicides is
The reader is unable to learn if pesti

be used and, if so, the exact quantities

40 The statement indicates "the rate of population growth
can be expected to continue with or without the
(C.A.P.) project." It also says "increasing the
supply of water will circumvent drastic curtailments
of the present rate of population growth ... " The
former assertion is absurd; obviously, the availability
of a huge new influx of cheap water will serve to
attract additional population and industry. The latter
statement indicates that the Bureau of Reclamation is
committed to maintaining the present cancerous growth
of population in Phoenix and Tucson.

40 The statement claims flood control benefits for the
project. I doubt that there are many floods of severe
magnitude in the Salt and Gila Rivers.
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Page No. Defect

43 The statement admits that there are wildlife "hazards
associated with high volume canals." It proposes
to neutralize these hazards by drawing wildlife away
from the canals with ponds, "back water fingers,"
and "guzzlers," although there is no money to build
any of these facilities. Therefore, this proposed
solution is chimerical.

44 The statement notes that the Arizona Game and Fish
Department wants up to 60,000 acre feet to develop
50 new fishing lakes in the mountains. What would
be the environmental effects if these lakes are con
structed?

45 The statement admits that there is no data concerning
the effects of increased accessibility to the aqueduct
area and also admits, "it must be recognized that other
beneficial or detrimental effects, not presented in
this statement, will occur."· Finally, it admits
that there is absolutely no knowledge concerning
"economic and sociological impacts resulting from
the project." These are all serious omissions.

46 The statement admits the aqueducts may have an effect
on the migration of big game, but does not specify
those effects.

47 The statement admits that certain species may be eli
minated altogether. Which species are these?

47 New species may be admitted into the Salt River-Gila
River system from the Colorado River and may affect
the ecological balance there. No specifics are given.

48 It is indicated that ground-water recharge may be
reduced downstream. Where, and by how much?

48 At the top of the page, the statement admits that
increase in population density may have an adverse
environmental impact. Yet at the bottom of the page,
the alternative of not building the project is dis
missed because it would hamper increases in population,
standard of living, agriculture, and industry.

52 The statement admits "the long-term effects of the
project will be to provide for continued urban and

1)2
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industrial growth ... " Notice that the statement
does not mention the long-term needs of preserving
stream flow in the Colorado River or of the need to
discourage the continued in-migration to the desert
southwest, a fragile area that cannot support in
definite growth.

54 Again, the statement indicates that existing and
endemic biological populations will be changed.
These changes are not elaborated. Note also that
72,000 acre feet of water a year will be evaporated.
It should be noted that the statement does not even
mention how much water the C.A.P. will divert from
the Colorado, and does not mention this hugh diver
sion as an irretrievable commitment of resources.

The final and most serious defect in the statement from
the Chemehuevis' point of view is its complete disregard of the
devastating effect the C.A.P. will have on the environment of
the Indians. The statement does not even mention that the Orme
reservoir will wipe out almost 2/3 of the Fort McDowell Reserva
tion. Nor is any concern expressed for the effects of the C.A.P.
on the water rights of downstream Indian reservations. The
Supreme Court recognized in Arizona v. California, 373 U.S. 546
that Indian lands are essentially "useless" without water and,
therefore, the Colorado River tribes were entitled to enough
water "to satisfy the future as well as the present needs of
the Indian Reservations ... and to irrigate all the practicably
irrigable acreage on the reservations." (373 U.S. at 600). The
five Colorado tribes were awarded a priority right to 905,496
acre/feet by the Supreme Court, almost 783,000 of those acre/feet
to reservations downstream from the C.A.P.

The Colorado River is already overdrafted. Existing
water uses without the C.A.P., for the years 1961-65 for Cali
fornia, Nevada, Arizona, and Mexic~, plus losses from evapora
tion totalled 9,628,600 acre/feet, more than 2 million acre/feet
more than the entitlement of the Lower Basin states under the

3
Senator Clifford Hansen in Congressional Record, vol. 113,

p. 21375, August 3, 1967.
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Colorado River Compact of 1922. When the Upper Basin states
use their full entitlement, as they soon will, there simply
will not be enough water for the C.A.p.4 At that point, the
government will be faced with two possible alternatives. It
could shut down the project, thereby sacrificing several billion
dollars' investment and suddenly cutting off from Phoenix and
Tucson a source of water on which their expanding populations
will have come to depend. Or, as appears more likely, the
government could appropriate Indian-quaranteed water to make
up the difference. The first choice is politically and ec
onomically unthinkable; the second is illegal and immoral.

The Colorado River tribes' water is threatened not only
in quantity, but also in quality. The Colorado River already
contains 1,000 parts of salt per million. That figure will
expand to 1,400 parts per million, nearly three times the amount
considered tolerable by the Public Health Service, unless 2-2 1/2
million acre/feet of r5lativel y pure upstream water is available
for dilution purposes. Construction of the C.A.P. will eliminate
one-half this needed margin. According to the criteria for
irrigation accepted by the State of California,6 water of 1,000
p.p.m. is marginal, and at 1,200 p.p.m., it enters into the realm
of "injurious to plants." Thus, the Central Arizona Project
threatens to nullify the Indian entitlement to water decreed
by the Supreme Court, even if the requisite number of acre/feet
are available, since that water will be unusable for irrigation.
It is almost inconceivable that a potential environmental effect
of such grave magnitude could have been overlooked entirely in
the draft statement.

I hope these comments prove useful. I assume that com
mencement of construction on the C.A.P. will be delayed until
the questions raised in this letter are answered.

JJB:fpp

Yours truly, ~

--ds~~ec~ . C
4See article by Edwin C. Johnson, Congressional Record, vol. 113,
p~. 21657-60, Aug. 7, 1967.

5Congressional Record, vel. 114, p. 13426, May 15,1968. This
dilution effect has already been recognized by your Division.
See Environmental Statement, Navajo Project, p. 48.

6Criteria established by Dr. L.D. Doneen.
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3535 EAST 30TH STREET
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AREA CODE 505·327·9626

ARIZONA NEW MEXICO

Mr. E. A. Lundberg
Regional Director
U. S. Department of the Interior
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada 89005

Dear Mr. Lundberg:

OFFICE OF THE EXECUTIVE DIRECTOR

0, ..
October 1, 19 .L-.__

RECElh:!) OCT 4 B71

Action: .

Action T.ken ('r,i ,~:sj

Thank you for the opportunity to review the draft of your
Environmental Statement for the Central Arizona Proj ect.

We are very interested in the progress of this project
and realize the great social and economic impact its com
pletion will have on central Arizona.

I do not believe that this office has any further comments
on this statement.

Si:ocerely,

Allan T. Howe
Executive Director

155



Natur~l Resources Defense Council, Inc.
I Goo l'WFNTIl: rli STltr. ET, N.\\'.

WASHli\GTON, D.C. H)OU~)

Nt'" ru,k O[fic-.

56 \HST H1'II STI>.tTf

NICW YORK, N.Y. 1°°36
II~ 986-8310

COMMENTS OF NATURAL RESOURCES
DEFENSE COUNCIL ON THE

DRAFT ENVIRONMENTAL IMPACT STATEMENT
FOR THE CENTRAL ARIZONA PROJECT

Submitted by:

John E. Bryson
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The Natural Resources Defense Council (NRDC) finds

this Draft Environmental Irr,pact StC'.teracnt highly inadequate.

With respect to the Statement's discussion of the environ

mental impact of the Central Arizona Project (Cl\.P), tmDC

associated itself with the comments submitted to you in

November by Nr. Joseph Brecht~r of the Native American Rights

Fund. NRDC would like to emphasize five defects pointed

out by Mr. Brecher. First, the Statement fails to discuss

the environmental impact of the Navajo Power Plant, which is

integrally related to the Central Arizona Project (CAP). Un

til a statement is issued which discusses in detail the en

vironmental impact of this plant, and the altp.rnativ~s to it,

the CAP cannot go ahead. Second, the Statement fails to dis

cuss in detail the environmental impact of key elements of

the CAP (e-. g ., Hooker Dam), apparently because. plans for

them are not yet final. This discussion must occur before

construction of the CAP can begin. -Third, the Statement

simply refers to scholarly works -to describe such vi tal en-

vircru~ental f~ctors as the nature of vegetation affected by

the CAP. Because these works are not com.:nonly available to

the m8nll)crs of the general public whom the impact statement

is in part intended to infor~l, such inclusions by reference

are inconsistent with the purposes of the National Environ

m.:::-nt.al Policy l\.ct (Nl-;PA). Fourth, th8 St2t.c'!i1c.mt fails to
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discuss in det.Ciil t!:e effect of the Ci\P on the stream flo,-;

re3iGen of th8 Colorado River below Parker Darn. This is

a slari~0 o~iS8lon. Fifth, the Statement fails to describe

in cl,"L::lil the li]~ely effect of the Cl,P on future populC'.tion

gro,."tb in Centn-:.l ]lXiZOll:!.

In ge~cral, the Statement's discussion of environmental

imp:tct is in f,\r too litt~J.c det8.il. Espscia.lly han.lful is

the] ('.c}: of any effol-t to quantify the iJ,,-pact.s involved.

'rhe Sta::-.cmer,t does not even give the population of the area

to be s(;'.rvec. or the amoun·t of Kater to be furnished by the

CAP, J.llich less r:.caningful breakdov:ns of these quanti ties

(~Sl.., papul<'.tion by urban-rural distribution and occ.upation,

water su?plicd accordi~g to intended use). Without this

kind of quant.ification, the Statement cannot possibly serve

the purp8ses of NEPh.

The res t of our COD'.!1l2!1ts concern the Sta.tement. I s failure

to d.:'cscu"o.s in detail the al ternativcs t~o the Cl\P, ~s re-

quin:~(:' b~' scctic·rw 102 (2) (C) (iii) and 102 (2) (0) of F:EPl,. The

Stat.Ci:lr.::n.t de-,'otes 10ss than four doublc·-spaced pu.ges to dio;-

cuss ion of the alternatives to thj.s $1,000,000,000+ pro-

ject. SC1:1e rer.;soI12.ble ,11 te:;:-nativ2s <.{re not even r'18ntioned;

othcns <.'.-:-:e nerely ;'.':2nLi.ol;E·C <1nd not disclls~;ed, much less

djscu".~,c.l in dc~i.:CJ.ili it is c.mrbtfnl \'lhcther any i11ternative
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cnvlro:-1o<1ental impact.s of the alt_ETnatives are: lJot dis-

cussed at all, even though this is required by NEPA.

Some: of the alter~atives ~hich are not discussed in

the St,::!. tem<~n-t, together \vi th thc_ir environJ;t~:nt.al impacts,

in the detail required by NEPA are described in the follow

ing pa~agr~phs. This list of examples is not inclusive;

it is the duty of the:; Bureau of Reclamation, not of NRDC,

to identify and discuss in detail all reasonable alternatives

to this major federal action.

The first alternative is that of not building the CAP

but maintaining adequate water supplies by altering patterns

of water use in central Arizona to conserve and better utilize

existing water resou~ces. There are basically three ways in

Vlhich this pattern can be altered. (1) Water can be shifted

frora reJ_atively Imy-value agricultural uses -- which cur

rently absorb most of the water supply -- to higher-value in

dustJ:ial uses. The change could perhaps take place slmvly

enough so th~t the existing agricultural population would

suffer no hardship; other~i~e, some of the federal funds

prE.:sently allocated to the CAP cou}_d be llsed too provide

(2) Another way of

altering the pattern of water use would be to institute

better ~ater conscrvati_on practices in agriculture, industry,

and ffiunicipal use. SOlr.c. of the conservation techni(ILle~; ,-;hieh
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could. be iIE::::-odc:ceo include: pump ·taxes, ground ...rater use

agrcc:ment:.s, sprinkler in:igG.tion systeiTtS, or lined oi tcllcs

to reduce c~ricultural consumption; study of industrial

proccss~s ili~d applibation of techniques thus idcntifie~ to

reduce industrial consu~?tion; and use of water meters and

better--dcsj_'O:;;lec1 household appliances to redu.ce home consurnp-

tion. (3 ) Yet another way of altering water use patterns

.~.

is reclarr,.",tion cmd reuse of sewage and industrial waste

water. Recc::.. t studies have shoi'm the great promise of v;ater

recycling. ?he'trrree ways of altering water usc patterns

described al:-Gve are not incompatible and could be employed

simultaneously. This alternative, and its environmRntal

impacts, must. be discussed in detail in the impact stater,lent.

The sec'Jnd 2.1ternative is that of not building the CAP

and not changing water use patterns but making other invest

ments to sti7.1Ulate econop.lic gro\,.-th in central l\rizona. Among

the area:] of investment which might be considered are higher

educatien, FriRC1ry and secondary education, in:proved govern-

ment s':!r'"-ic.::.;;, 2J.nd indus t.rial developl,,~nt, or S0li18 combina-

tion of the:s·e. It is entirely possible that such i.nvestments

could p:coduc::e a hi.gher ra.;:e of return than the Cl'.P, wit.h

103S ha.rJ~, tc the (::nvironn:8I1t. This al t.ernZltive / and its

cI)viroJi::"2nt.i:-.l. ir:-:p~~:::ts, must be discussed i.n cl02tail in thE~

It could/ of cou~se, be e~ployed simultan-

cc'usly Fit.h :'hc altern2.U.\.re of clt;~nSJing vl<itcr use patt(;rns.
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The third alternative, which should be discussed in

combination \·;i tIl each of the previous alternatives, is the

possibiJ.ity of obtaining additional water from rivers in

Arizona other than the Colorado. The Gila and Santa Cruz

Rivers, for example, appear to carry available water at

points more proximate to Arizona population centers than the

Colorado.

The fourth alternative is the desalinization of sea

\vater or inland salt water for industrial, agricultural, or

municipal use. This alternative is cientioned in the impact

statement with no detailed discussion. The viability of

desalinization as an alternative depends on the timing of

the region's need for additional water supplies, which in

turn would be affected by the jnstitution of better water

conservation and water use practices. A detailed discussion

of this alternative is necessary for meaningful evaluation

and must be included in the impact statement.

The fifth alternative is that of not building ele CAP,

not altering the patterns of water use in central Arizona,

and not undertaking other investments to stimulate growth

in cent.ral hrizoDil. The likely result "lOuld be a diminution

of grm'lth in cent.ral Arizona. The Statement appears to re

gard this as unaccept.able, but the reasons for this are not

explained at all, ~~ch less in detail. From the point of
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view of environcnent:al impact

Statement '~; point of vie'"

\"hieh is supposed to be Ule

such a course Kould ~ppcar La

have adv~ntages. The population of the United states seens

to be levc:J.i in.; off, so tllCl.'e is no b.:lsis for ·an assumptioll

that people must be jaJnrnsd into every nook and eYcumy of

ou:;:: Nat.ion. If the consequences of riot building the CAP ~nd

not other\\'ise stir:HJlc.t:ing grm·.. th in water to Central

Arizona are explored in detail, as requi,red by NEPA, it may

be found that the population pntterns which would result

.,.;ould cause less harm to the environment than the CAP. Hore-

o,~r, th"s alternative need not rcsuJt in any net loss to

the State of ArizQ~a. ~'he Colorado P.i\Tcr Hat.er t.o ,,'hich

'Lci :~o,:.3, l,S' e;:;,ti tIed could be supplied i:-,steacl to the: YUilla

area, so that growth would take place there. This alterna-

'l'bc" s:'~:,:th alternative is tl1at of building the Cl,P in

J[Iodified [or''':". so as t:o furnish less Hat-.er (e.g., eliminating

80'::.'e of the c.ams pLmn2d as part:. of the CliP) I and a,dopting

one of 818 alternative means discussed above to deal with

the "short£,::.11." The parts of the c!.,p o:;litt.cd should be

those havi~~ reJativcly great~st impact on tho environment.

This ?l tc.'.-n,J,~j_VQI and its environJx':l.tal impacts, must be dis-

.
cL:~:sed in (\e tall in the i.mpact s t'c teriient..
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NRDC be'lieves tha.t t.his statement. is so inadequate in

·its discussion both of environmental impact and of alterna

tives that the Bureau is required to issue a new draftim

pact statement which rectifies these inadequacies and on

\\'hich interes ted parties may have an opportun5. ty to CO;;L'llent.

And NRDC believes that prior to issuing this ne\'1 draft

statement the Bureau is legally obliged to consult with:

(1) government agencies -- federal, state, and local -

other than the Bureau \·;hich have jurisdiction by 1m... over

any of the reasonable alternatives to the CAP; and (2) federal

agencies having jurisdiction by law or special expertise

with respect to any environl~ental·impact involved, incluJing

the environmental impacts of reasonable alternatives to the

CAP.
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WINDOW ROCK,ARIZONA 86515

TELEPHONE [602] 871-4151
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DIRECTOR
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E. A. Lundberg, Regional Director
Bureau of Reclamation
Regional Office - Region 3

P.O. Box 427
Boulder city, Nevada 89005

Dear Mr. Lundberg:

Enclosed are my comments on the Central Arizona
project.

Thank you for giving me the opportunity to
respond.

"liY~',-,~"-.Sl""'~
Robert Hilg
Attorney at

RH:dmd
Enclosure
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MEMORANDUM November 1, 1971

r

TO E.A. Lundberg, Regional Director, Bureau of Reclamation

FROM ~obert Hilgendorf, Attorney, DNA Legal Services

SUBJECT: Central Arizona Project

1. Water inventory.

Since the Central Arizona Project utilizes a large quantity
of one of the scarest and most valuable resources of the Southwest,
water, an inventory of the Colorado River systems water resources
should be taken, and the CAP project examined in light of available
resources.

Nowhere in the impact statements is there any breakdown of
the competing demands for Colorado River water, nor is there any
statement of exact amounts of water which will be used annually
by the Central Arizona Project. Without these facts it is
impossible to intelligently evaluate the project.

For example, under the section "Irreversible Commitments
of Resources", mention is only made of water lost through
evaporation. What about the water allocated for the beneficial
uses of the project, are not these irreversible commitments?
Unquestionably they are, and their allocation to the Central
Arizona Project means that the water resources will not be
available to be used in other ways, for example as part of the
entitlements of Indian Reservations, allocation to Mexico under
Treaty obligations, or to non-agricultural uses.

The statement goes into great detail about how water will
be made available to wild animals through "guzzlers", a innovation
which shows a great deal of creative thinking about the problem,
but the same statement ignores the problems of arid Indian
Reservations whose entitlement under Treaties and applicable law
may be prior to the States, and whose own people and domestic
livestock may not have sufficient water due to the Central Arizona
Project's allocation.
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E.A. Lundberg, Regional Director
Bureau of Reclamation
November 1, 1971
Page Two

2. Water lost through evaporation.

No discussion is included of alternatives to open aqueducts
or reservoirs, so that the annual evaporation loss could be
reduced.

SUMMARY

As quoted in the statement, it is the purpose of the
National Environmental Policy Act of 1969, to enrich the
understanding of the ecological systems and natural resources
important to the nation. There is perhaps no "system" more
important to the Southwest than the Colorado River system, and
I find myself, having read the statement, with no understanding
of how the CAP fits or does not fit into that system, nor with
any confidence that a scarce resource is being put to its most
beneficial use.

The CAP statement is similar in tone and design to all
those which I have read emanating from the Bureau of Reclamation.
They are "briefs" for the projects. perhaps the analogy to a
lawyer's work is apt, since the Bureau of Reclamation is asked
to discuss the advantageousness of its own project, and therefore
is like an advocate representing itself.

Which brings me to my final point, the authorship of the
statements is never made known, the scientiJic research is not
attributed, and in fact no one outside the lead agency seems to
be involved in the statement, except as critics, or unless they
are participants in the project.

How does such a procedure protect the public interest?

RH/ab
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Action Taken.............................. (Initlals)

Dste Initials To

Jl1! ~,~ I~~(j
.I/h < '"'7."'<:..-/ /C,-., I

I Ft~

IQ'
t. ._----First let me note that I am no lon~er with t~~ v~t. ~f

Tempe but am pursuing ~raduate studies in Civil En~tneerin~

in water resour~es 3t ~rizona state U~ivecsitv. Therefore,
the following comrrents shouLa not be construed as repres
enting the views of the City Government. Since the m~jor

reason for my recent resignation from th"tt agencT evolved
around the environmental implications of the CaP, I feel
cOltpelled to comment on the Draft of Environmental St3.te
ment, ~~n!£al Arizona Projes~, recently received from your
office. -"---~"".'--

Frank Nelsh, lj'---.:;'
1050 Stanley
Tenpe, Ari 700n

Dear Mr. Lundber~:

~E: 3-150/120.01

~r. i. ~. Lunrlber~

qc": i .'Il"tl Direc tor
Bureau of ~ecla~3.tion

P.O. Box 427
Boulder City, Nevada 89005

Sin~e federal funds are not available to permit a detailed
study in order to present intelli~ent commentary and alter
natives on the entire ?roject, I will lirrit myself to ~en

eral corr-ments on the CAP as a whole. However, commentary
from concerned Arizonans in diversified fields will permit
specific statements on the environmental implications of
the Orme Dam.

The National Technical Advisory Committee to the Secretary,
Water Quality Criteria, 1968, defines the environment as
the sum of all external influences ~nd conditions affectin~

the life and the development of an organism. Utilizing
this definition, formulated under the auspices of ~our a~ency,

my specifi~ comments may be broader than tho~ contaj.ned in
your draft.

The Public Health Service, "Drinking Water Standards," 1962
defines pollution as the presence of any foreign substan~e

in water which tends to degrade its quality so as to con
stitute a hazard or i~pair the usefulness of the water.
Colorado River water admittedly contains 744 ppm total salts
(pa~e 38 of draft, thou~h not notin~ that it rea~hes 850 and
is in~reasin~ each yea~). This water will be combined with
Salt and Ve~de water, ~hich currently just meet U.S.P.B.S.
~inimum standards of 500 ppm. 'P.he resul tinf2; blend will in
effect pollute the existing surfa~e supply for the largest
metropolitan areq in the state, since it will surely exceed
600 ppm. In addtion the sulfate conGent of C~F water is
greatly in excess of minimum while the existin~ surface
supply is virtually free of that particular salt.
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Inundation caused by Orme Dam will not only requi~e reloc
3tion of the approximately 275 Indians livin~ on the ~ort

rlcDowell Reserv"l.tion bUG wi.ll unewploy '3. 8ub,··t3.ntiQl nl.1Tflber
of tlleIP. This will result froIL the flood ing; of the '[er'de
well field, currently bein~ manned by tlese Inrlians and pro
vidjn~ hi~h quality Nater to rohe Sity of choenix.

At p~~e 24 of ~he draft, the bald ea~le has been omitted
from the list of rare or endan~ered spe~ies. ~t le"l.st one
pair of these birds nest in the area to be inu~dated, and
have produced offspring for the past few years. Tn this
sa~e 'rea is one of the few remaining stands of cottonwood,
which provides a rookery for 15 fa~ilies of the Great Flue
Heron, surely an unco~rron bird in Cent~al ~rizona.

At pa~es 19. 35 and 42, much ado is made about the benefits
of creating a cold water fishery. Nowhere is it noted that
the Orme DaIL -ill destroy the only cold water fishery within
a fifty mile radius of the metropolitan area - the Salt ~iver

below Sa~u~ro Lake.

While noting at pa~e 32 that the stret~hes of river involved
are now intensively used for family-type recreation, nowhere
is the uniqueness of the last remainin~ stretch of unob
structed river discussed. On the next p'3.~e it is doubtful
·hat the potential for recreation is excellent in a lake
whose water level can vary SO feet. Many A.rizonans 'vho do
not possess the affluen~e to enjoy the potential boatin~,

water-skiing, etc. will be ~eprived -f the inexpensive
pleasures of innertubing, nature ~tudy, etc. At pa~e 42 th~

estimated use of the Orme reservoir should be Questioned,
since most of these will be dr~vn froffi the existin~ six re
servoirs. ~elocation of route 87 will a~p~rently in~rease

travel time to Sa~uaro Lake, which may help justify building
a new lake closer to the urban area. Ho','1evec, nowhere have
I seen this highway cost, and tr.e cost of a new bridge over
tlte Verde, included in t1,e Froject '.;ost estimates. In fact,
it would appeqr that none 0f the above costs have been con
sidered.

An economic analysis can be a most effective tool for com
paring alternate proposals. I submit th~t one of the ~l

ternatives is net constructing the dam and consideration of
the above would appea~ to indicate that this is the most
likely alternative. Should Orme be necess~ry to effective
functionin~ of the CAP, it should at least be compared, on
its merits alone, with the alternate of raising Carl Ple~s

ant Dam and storing CAP water in Lake Pleasant. This would
eliminate ~ll the adverse effects noted above, since Lake
Pleasant water currently exceeds minimuffi st~ndards and is
primaril~ used for irri~ation.

While it is ad~itedly difficult to establish the v~lue of
recreation for the poor or the value of a bald eagle, costs
can be corrputed for-Indian relocation and retrainin~, road
and bridge buildin~ - and for ~ater pollution. In a 1968
Naterworks ~eport for the Valley, John Carollo En~ineers
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Sincerely,

est-Lm'ited tint i.t ;loulr:l ~ost ~25/ 3.cre-foot totreqt ~jA.P

w~ter. It c~n te assu~ed th~t the urbqn 3rd'iS of t~e

V3.l1ey will be us i..n~ C;le h L ,te r aU·lli ty 600,000 A.F /ye'lr
surf·)'~e "-9.ter presentlv 'iv'lilable durin?; the life of the
Pro~ect. Flood cont~ol benefits of the O~me D9.m would
9.rrear to be ~inirral, since the 1891 flood of record
occurred before 'lny of the upstream dams were constructed.
The S~lt 1iver Project is becorrin~ incre32in~lv aware 0f
urb~n interests and the p~ob'ibility of reoccurrence of
s'iid flood combinin~ with full stora~e I n ~ll six reserv
oirs appears infinitesmal. Addin~ these costs to the over
1t4-0 million cost of the Or-me Dan., it ''Vou ld 3.ppe3. ro th q t
stor'3.~e of 8l\P 'N'iter in Lake l'le3.sant presents a more f''l.V
orable alternative.

General COITrren ts on the en tire :::~p would h3.ve to in,~ Iud e
su~~ested reev'l1uation of the economic -n'l1 v sis in ligbt
of tbe pdditions recornrrended in the environ~p.ntal draft.
It is initially noted that water aV9.il'lble has heen re
duced from 1.2 MAF to 1.1 ~Aw. It can te pssured t~qt

this is t~sed on ev~porqt~ve loses, ~nich ~pp~qr quite
~oL'e~vqtive - 'inrl seep~~e lrsses ~re no~~ere noted.

Incre'lsin~lv, Arizona urb~nites are que~tionin~ the NjRrlO~

of further suhsidqtion of 'tf~riculture, :...nd qre 1,e;r,inning;
to bec01c,e ::n;qre of the fqct th3.t the only "Tlter stoct ... ;e
is :1 ;;:;},Ol'':;;i\!;e of ,;beap water ::or f,ru:in;s. Irrportation of
lower ouality C<\F water will t':1.ve o-,3.1".y f'clr re:l.cbi!J~ en
vironmental effects on the now predo~inRtely url:8.n econ
omy, not the leiCls t of which is further pol L1J tion of ground
water tb9.t has already been pollutted by a~riculture. As
most of us are ~ware, these (1 :i-f;SO 1ved salts, espec 1..'tllv
slJl::8te8, have corrcsjve effects rarely consirl~'red in any
econorric analysis, althou~h the resultant cost to industry
is not insubstgnttal.

I would like to oODclude with the rec0urendation tb~t fed
eral funds be ma~av~ilable for al~e"native studies,of all
larp;e rrc{~ects,ty non-govermrent<l.linterests. Ny imrnedi'3.te
su~~estion would consist of havin~ tbe University located
nearest to the project present alternqt;e viewpoints. It is
becoming incre~sin~ly obvious tbat only throu~h such co~

petitive studies can an optiItuIJ1 so11Jt10n l:e r,btained. rt'be
addition'll cost would be more thari offset by a reduction 1n
the a18rhiIl~ jL~~~ Jse i.h ~Dvironrert8l l~wsuits curreDtlv
pL~p~lIiL~: tbis nation.

~ ,~ ,

~7 ,/
/:L.,'v!(/&{.--' -/ -;;-Yl. u'~
Francis J . .)1eLsh, F.E.

P~. 4PBOI0671E (65)
A.z. H676? (fl7)
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WESTERN NEW MEXICO UNIVERSITY
DEPARTMENT OF BIOLOGICAL SCIENCES

October 11, 1971
RECEI':,~-' OCT 14 1971

------- --._--
Aclion:.... . ..

Action Taken ..(loili81;)

I -. -

E. A. Lundberg
Regi0nal Director
Bureau of Reclamation
Regional Office - Region 3
P. O. Box 427
Boulder City, Nevada 89005

Dear Sir:

Date Initials To

I am a Vertebrate Zoologist and have been employed by
Western New Mexico University for the last 10 years. I know
the Gila River drainage of New Mexico very well. I have hiked
the entire main Gila River from the junction of the East and
West Forks to Virden, N.M. In addition, I know the West Fork
well, the Middle Fork moderately well, and I am acquainted with
the lower portions of the East Fork. I hope to know and study
these tributaries much better in the near future. I have
conducted mammal surveys, I have observed birds along all portions
of the Gila and I know the herpetofauna reasonably well.

I have examined the Environmental ~tatement of the Central
Arizona Project (dated Sept. 1971). I wish to comment and take
exception to several of your statements in regards to the Hooker
Dam Reservoir.

1. In line with point #6, page 47, it is my feeling that
tourists and sportsmen will cause the greatest amount of
environmental damage in the Hooker Dam area. In addition, a fish
hatcher~ below the dam will certainly create a great deal more
damage to the environment. Damage to the riparian vegetation
will be severe immediately below the dam - an area which ecologists
and conservationists are at the moment trying to preserve.

2. I wish to take strong exception to what you state about
riparian vegetation (P. 31) eventually increasing due to regulated
stream flow. There is a regular stream flow in the Gila now and
has been for a very long time. An excellent ripariar. vegetation
already exists and I cannot see how a so-called regular stream
flow from a dam can improve it. The regular stream flow is
already there. You might make a case for floods washing out trees.
However, this is not a ma.ior loss. In fact, I believe that
periodic floods ruBy be necessary to deposit silt and water in
order to maintain the riparian vegetation. Therefore a "regular"
stream flow could actually be a detrement in our case. In

162



Arizona where streams tend to be intermittent your statement
may have validity, but I think it is inaccurate in southwestern
New Mexico. In like ma~~er this makes your statement about water
temperature also invalid.

You could increa.se the density of the riparian vegetation
much more readily by eliminating grazing on the river banks 
however, I suppose this is outside your authority. Grazing seems
to be the most serious detriment to riparian vegetation at the
moment.

3. On page 35 you speak of a net gain in wildlife
habitat due to edge effect. A casual glance at any reservoir
in this area (Caballo Lake, Elephant Butte, Lake Roberts)
will show this to be a rather hollow claim. The shores of
the lake will be largely barren and devoid of vegetation. The
only areas of vegetation will be at the upper end of the lake
and the various arms of the lake. With a variable water level
as there will be in Hooker Reservoir these marshy areas will
be alternately dried out and flooded. Therefore, these predicted
marshes will be either mud flats or barren willow graveyards.
It is my opinion that there will be a net ~ in wildlife habitat.
Reference is often made to increased waterfowl utilization. Since
there will be little or no shoreline vegetation there will be
no nesting habitat that does not already exist. The lake may be
used by migrating waterfowl. But a careful look at Bill Evans
Lake (15 miles downstream"the Gila Valley) shows what happened
here. Several of our students conducted a study on waterfowl
numbers on Bill Evans Lake. As long as the lake shore was closed
to fishermen· and hunters there were hundreds of waterfowl using
the lake. In subsequent years when the sort of utilization
anticipated in your report occurred, the amount of waterfowl
became negligible. The great majority of birds utilizing the
lake were coots and grebes - birds which are noted for their
ined.bility and rather poor esthetic qualities. I do not
see that Hooker Reservoir will be a particularly great
contribution to wildlife in the area. I re-iterate that it
will probably be a net loss of habitat to southwestern New
Mexico. This is particularly so if motor boats are allowed
on the lake.

Thank you for

163


	Copy of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (2) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (3) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (4) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (5) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (6) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (8) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (7) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (8) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010

	Copy (9) of Binder1.pdf
	MYSCAN_20110426_0001
	MYSCAN_20110426_0002
	MYSCAN_20110426_0003
	MYSCAN_20110426_0004
	MYSCAN_20110426_0005
	MYSCAN_20110426_0006
	MYSCAN_20110426_0007
	MYSCAN_20110426_0008
	MYSCAN_20110426_0009
	MYSCAN_20110426_0010




