/Jullrlin

~o.

IUQ

F..bruary 10, 192;

~ni&£rsitll of J\riznmt
College of Agricu lt ure
,\gricultural Experiment Station

.1 DISCUSSION OF CERTAIN
COLOR IDa RIVER PROBLEMS
B~

G. E.!'.

5.\11111

Th" C,.nd c.,nyon .,f . \.i,ona, ,-jc". up"tum from foot .. r IIrirhl
.-\nrd lui I. (!,hoto by C_ S. G. 5.)

I't:RLISHEO IJ\'

~'ilti&l'.nit\l of c:!\ri.l-1.11111
t:NrVERSll1' STATIO;..'
Tl'CSON, ARJZO~A

ORGANIZATION
BCKRD OF REGENTS
FX OFFICIO MFMBERS
HIS E\CFLLFNCY GFORGE W P HUNT Governor of Anzona
HONORABLE CHARLES O CASE, State Supenntendent of Public Instruction

Phoenix
Phoenix

APPOINTED MEMBERS
A.NTHONl A JOHNS
THEODORA MARSH Treasurer
JOHN M CAMPBFLL LL M
FVFRFTT E FLLINWOOD LL P , Chancellor
CLEVF \\ \ A N D1KF Secretary
CHARLFS M LA1TQN
JOHN T CORRIGAN
ROY KIRKPVTRICK

Prescott
Nogales
Tucson
Phoenix
Miami
SafJord
Phoenix
Globe

CL01D H MARGIN P h D

LL D

President of the University

AGRICULTURAL FXPLRIMENT STATION
JOHN J THORNRER A M
Dean and Director
TAMFS G PROW N M S
Phnt Pathologist
WALKER E PRYAN M S
Flint Breeder
PAUL S BURGESS Ph D
Agricultural Chemist
WAITER S CUNNINGHAM B S
Dair> Husbandman
GFORGE E P SMITH C F
Irrigation Engineer
CFARLFS T \ORHIFS P h D
Entomologst
CLIFFORD N CATLIN A M
Assocnte Agricultural Chemst
HA.RRY EMPLFTON B S
Associate Poultiv Husbandman
RAI PH S HAWKINS M S
Agronomist
FRNFST B STANLFY M S
Amnnl Husbandman
DAVID W ALBERT B S
Assistant Horticulturist
SAM W ARMSTRONG, B S
Assistant Irrigation Engineer
IAN A BRIGGS M S
Assistant Agronomist
STANLFY P CLARK B S
Assistant Agronomist
RICHARD N DAVIS B S
Assistant Dairv Husbandman
ALLFN r KINNISON B S
Citricultur st
G GORDON POHLMAN M S
Assistant Agricultural Chemist
FLIAS H PRFSSIFY M S
Assistant Plant Breeder
HAROLD C SCHWALFN B S
Assistant Irrigation Engineer
FVERFTT L SCOTT, M S
Assistant Animal Husbandimn
HOWARD V SMITH M S
Assistant Agricultural Chemist
RUBFRT B STRFFTS Ph D
_ Assistant Phnt Pathologist
MALCOLM F WHARTON M S
Assistant Horticulturist
EXPERIMENTAL FARM FORFMEN
C T WOOD
Silt River Vallev Farm Mesa
T L STAPLFY
Tempe Date Palm Oi chard Tempe
T r HAMILTON BS
Yurna Vallev md Mesa Firms Yunn
CARL r i A R K B S
Piescott Dr> Farm Prescott
T G GRAY
Sulphur Spnng \alley Drv Farm Cochise
J R RFED
Umveisitt of Arizona Farm, Tucson
AGRICULTURAL FXTENSIQN SFRVICF
PONTUS H ROSS B S
Director
AI ANDO B RAI LANTYNE B S
Assistant Director
STFLLA MATHER, M A
State Home Demonstration Agent
LORRAIN C BOGGS B S
Extension Poultryrmn
RICHARD N DA\IS B S
Extension Dairjmin
DONALD A GILCHRIST B S „
Leader Rodent Control
BYRON T SHOWERS B S
_
Extension Agronomist
CHARLES U PICKRE1&* B S
Extens on Animal Husbandman
COUNTY HOME DEMONSTRATION AGENTS
EVALYN A BENTLFY, B S (Pima)
„
Tucson
ROSA BOUTON, A M (Cocomno, Navajo, and Apache)
Flagstaff
GRACF RYAN (Mancopa)
Phoenx
LAURA M SEWARD B S (Final and Cochise)
Casa Grande
ELFANOR L MURPHY, B S (Yuma and Santa Cruz)
„
Yuma
COUNTY AGRICULTURAL AGENTS
CORNELIUS B BROWN B S (Pima)
Tucson
FRANCIS A CHISHOLM B S
(Cocomno)
Flagstaff
ROGFR B COGLON B S (Yumi)
„
..Yuma

CHARLES R FILLERUP D B (Navajo)
IFE H GOULD B S (Santa Cruz)
HFRMAN C HEARD B S (Mancopa)
THAN C MILLFR BS (Greenlee)
DAVID W ROGERS B S (Apache)
CHARLFS A SMITH B S
(Cochise)
HARRY A STFWAR1, B S fYavapai)
FDWIN S TURVILLE (Final)
JOHN W WRIGHTj I S (Graham)

~

„

_
~"
~

""
_

„

snowMe

Nogales
Phoenix
Duncan
St Johns
Willcox
Prescott
Casa Grande
.
Safford

lulletm No 100

rebunn I f ) , 1925

tg of JVrmnta
College of Agriculture
Agricultural Experiment Station

A DISCUSSION OF CERTAIN
COLORADO RIVER PROBLEMS
Bv G. F. P. SMITH

PUBLISHED BY

sttg of
UNIVERSITY STATION
TUCSON, ARIZONA

CONTENTS
INTRODUCTION

H3

LEGAL RIGHTS OF ARIZONA IN THE COLORADO RIVER
The Waters of the River
The Stream Bed
Interference by Othei States

146
^
1^
j^

WATER LAWS OF ARIZONA
Proposed Amendments

^7
i^g

RELATIVE RIGHTS OF AGRICLLTLRE AND POWER

160

THE LOW SEASON FLOW

161

IRRIGABLE LANDS AND WATER SUPPLY
Irritable Lands m Anzoni
Parker Gih Valley Pioject
High Line Canil
Gila River B ism
Total Irrigable Lands in the Colorado Basin
Duty of Witer
Water Requirements
Water Supply
Inadequacy of the Water Supply
Effect of the Compact on the Dmsion of Water

\^
jg^
jg^
jg^
jg^
156
1^^
j6~
J59
171
PI

OUTLOOK FOR HYDROELECTRIC POWER

p;

ACKNOWLEDGEMENT
The author desires to acknowledge the assistance of Director S, IVL
Pegtly of the School of Law of the University of Arizona, and Messrs.
S. L. Pattee, and J. L. Gust, recognized authorities on water law, who
Jiave read critically various portions of the manuscript.

A DISCUSSION OF CERTAIN
COLORADO RIVER PROBLEMS
Bv G. E. P. SMITH

INTRODUCTION
Bulletin 95* of this Station, entitled "The Colorado Ruer and
Arizona's Interest in its Development,'7 published in February, 1922, was
issued in response to a widespread demand that had arisen for information
on that subject. The present bulletin is supplementary to Bulletin 95.
In may be considered as a progress report, for there is no "final word' y
that can be written a£ this time. Several years at least will be required
to work out the many phases of the complex Colorado Rrver problem,
but in the meantime, it is important that the public shall be truly informed
so far as possible regarding the entire subject. The agricultural and
industrial future of Arizona is at stake, and it ib a critical period in the
history of the State.
The present bulletin is necessitated by the following considerations:
1. More information has become available regarding the water
supply of the Colorado River and the demands that will be made upon
it by the several states within the Colorado Basin and by Mexico. Two
years ago it was asserted by practically all authorities, that the water
supply was more than adequate for all irrigable lands. It was a false
assumption. It is known now that the aggregate demands for water
will be much greater than the water supply of the river.
2. The discovery of the Parker-Gila Valley project by the Arizona
Engineering Commission makes it necessary to revise the schedule of
water demands for this State which was used as a basis in the negotiation
of the Colorado River Compact. Two years ago it was not realized in
Arizona that the Colorado River Commission would attempt to allocate
water supplies for projects other than those that are feasible at this
time or that are recognized as feasible in the immediate future. Other
states of the basin, however, insisted on the allocation of water for great
areas of land that may become feasible of irrigation in the distant future,
though perhaps never. Arizona had no information to present concerning
its projects of that nature. Even today our knowledge concerning the
feasibility of irrigating great areas of land in the western part of the
State is very meager.
^Bulletin 95 describes briefly the #eo£raphy of the Colorado River Basin, and
discusses in considerable detail the various projects for storage and utilization of
the water supply.
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3. The negotiation of the Colorado River Compact prematurely
before Arizona's case was ready for presentation has placed this State in
an unfortunate position. The Compact had its origin in the demands of
the four states of the upper basin; indeed, its terms were prepared largely
"by the representatives of those states. The legislatures of those states
ratified the Compact as was to be expected. Arizona and California have
no need of the Compact. The interested people of California were
dissatisfied with the terms of the Compact, but they accepted it in the
belief that it would lead to a speedy realization of their hope of the
great Boulder Canyon project as proposed in the Johnson-Swing bill that
has been before Congress during the last 3 years. That project would
solve all the problemb of the river so far as California is concerned.
Arizona alone has refused to ratify the Compact. Some of the reasons
for this refusal will be presented further on.
The act of Congress, creating the Colorado River Commission, to
•consist of one representative of each state within the Basin and one
representative of the Federal Government, directed the Commission to
-divide the water bupply among the seven states. Instead of allocating a
definite amount to each state, as was intended by Congress, the Commission divided the Basin at Lees Ferry into two parts, the upper basin
and the lower basin, and allocated definite amounts to each of these
basins. Within each basin, it is presumed, the rights of priority of
appropriation will prevail, unless the slates of the separate basin shall,
after obtaining the consent of Congress, enter into another compact
granting definite allotments to each state. In the case of the lower
basin, such additional compact is needed, because the allotment to that
basin is entirely inadequate, and it is certain that the great irrigation
projects of California will be constructed prior to those of»Arizona.
The division of water in the Compact was not made on the basis
of actual needs of the two basins. Although the lower basin is using
about fifty percent more water than the upper basin, and the known
demands show that the lower basin will always require much more water,
the representatives of the upper basin demanded equal allotments to the
two basins. The final compromise granted the lower basin an additional
million acre-feet of water per year, but even with that, the supply for
the lower basin will be much too low, while the upper basin will have
an excess.
The Compact is not a substitute for an adjudication of water rights;
it merely changes the basis for an adjudication. As the development of
irrigation proceeds, the water rights throughout the entire basin must be
determined, and, if the Compact is adopted, the division of the water
supply will be, first to the upper and lower basins by the terms of the
Compact and second, to the projects within each basin either according

COLORADO RIVER PROBLEMS

14?

to their priorities or according to additional compacts that may be
negotiated.
The Compact does not deal with the subject of power. It Is
not unlikely that other demands may be made upon this State before
any large power development can proceed.
At the present time the refusal to ratify the Compact is not holding
up any actual development of the Colorado River. An engineering
controversy is raging with respect to the location and extent of the project
to be first constructed, and because of the magnitude of the proposed projects only one of them can be built for economic reasons. Furthermore,
there is a clash of interests and of thought between the advocates of
public ownership and the private power corporations, both of whom hope
to control the first project. Thus far each of these opposing forces has
been able to prevent any progress by the other side.
At the present time there is no urgent need in Arizona for the
development of the Colorado River. In California the need is urgent,
both for power and for late summer water supply. The power projects
of the Salt and Verde rivers should be further developed before the
construction of an Arizona project on the Colorado, and, because of the
high cost of long distance transmission, Colorado River power can not
be sold in central and southern Arizona at so low prices as power from
the Salt and Verde. So long as present prices of fuel oil prevail, Colorado
River power cannot compete with steam power.
The Compact is not like any ordinary legislation or a treaty between
nations, both of which can be changed readily. The Compact, when once
ratified, will be permanent—forever. Wise deliberation, therefore, is
essential, that the opportunities open to this State through the development
of the great natural resource within our borders shall be conserved.
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THE LEGAL RIGHTS OF ARIZONA IN THE COLORADO RIVER
The rights of this State in the Colorado River and the consequent
control that can be exercised by the State are of far-reaching and of
immediate importance. The State claims ownership and control of the
stream bed, except in matters relating to navigation, and claims the
complete control of the utilization of the waters for domestic, municipal,
irrigation, and power uses within the State, subject to prior rights of
appropriation in other states, and subject to somewhat parallel rights of
the Federal Government in the development of water power on the public
lands.
Many erroneous statements as to the rights of Arizona have been
published or expressed. For example, a report of the United States
Reclamation Service, in 1920, stated,*
"As the Colorado River is legally a navigable stieam, Congress has
exclusive jurisdiction over its waters. Any legislation authorizing their use in
irrigation should he conditioned
."
And a prominent citizen of this State in a puhlished statement, said **
"Arizona does not possess a single site on the Colorado River upon which to
construct a dam . . . . They are all owned by the United States
j>

The rights of Arizona can be discussed under two separate heads:
(1) the waters of the river, and (2) the stream bed.
THE WATERS OF THE RIVER

There are two fundamental systems of law with respect to rights
in flowing waters. They are the riparian doctrine and the doctrine of
appropriation and use. The riparian doctrine was the basis of water law
in England and most of the continent of Europe and was adopted by all
of the Eastern states. Its fundamental idea is that the rights to waters
of streams attach to lands abutting on the streams. Riparian rights were
defined formerly as the rights of those who bwn the river banks to have
the flow of water continue "undiminished in quantity and unpolluted in
quality." This doctrine does permit of use of the water as in mills, the
water to be returned again to the streams, and in the West it has been
modified to permit of some use in irrigation. The riparian use is limited
strictly to those who own land abutting on the stream. This system
is adapted to humid climates where irrigation of land is neither necessary
nor desirable. It is not adapted to arid or semi-arid regions where the
water is needed for irrigation, sometimes on lands quite remote from
*Sixty-sixth Congress, Committee Print, entitled "Preliminary Report on
Problems of Imperial Valley and Vicinity, January, 1921,"
**Sixty-eighth Congress, Committee Report, entitled, "Information in Connection
with H. R. 2903."
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the stream courses, and where the water is consumed in large part on
the land, that is, the larger part of it does not return to the stream.
The appropriation or priority system of law provides that anyone
who will put (unappropriated) water to any beneficial use, may appropriate it, that is, may take it, without reference to where it is to be used,
and the right to take it continues so long as the use continues. As between appropriators on the same stream, the relative rights depend on the
relative priorities of the various appropriations. The right of priority
is often expressed as "first in time, first in right."
The priority doctrine has been, and is, in force exclusively in the
seven semi-arid states of Arizona, New Mexico, Nevada, Utah, Colorado,
Wyoming, and Idaho. It has been adopted partially in the 10 lesb arid
.states bordering the Rocky Mountain region. The efforts to apply both
the priority and the riparian systems in those 10 states have led repeatedly to much legal confusion. Finally, California, by legislation
confirmed in 1913 by referendum vote of the people, granted riparian
owners 10 years in which to assert and actively use any riparian rights
which they might claim, after which time the waters that had not been
i>o claimed would be subject to appropriation by others. This time limit
expired in December, 1923.
Wherever irrigation is practiced, it is essential that the rights of
appropriation shall be recognized and protected, inasmuch as the costs
of preparing land for irrigation and of bringing water to it are heavy,
and development will be thwarted if the appropriators are subject to
the danger that the water supplies may be taken away from them, either
by later appropriators farther upstream or by riparian owners.
Under both systems of law there is no ownership of water, but
only the right of use. The water itself is said to be like the air
or like wild animals, until it is captured and controlled. Most of
the water codes of the West state that the waters "belong to the public."
The Constitution of Arizona, adopted in 1910, makes the following
specific declaration regarding the waters of streams within the State.
"Art. XVII, Sec. 1. The common law doctrine of riparian water rights
shall not obtain or be of any force or effect in the State
Sec. 2 All existing rights to the use of any of the waters in the State
for all useful or beneficial purposes are hereby recognized and confirmed "

The declaration against the riparian doctrine of water rights and
in favor of appropriation and use according to priorities dates from a
much earlier period than the adoption of the Constitution. Arizona Territory in her bill of rights,* in 1864-, affirmed:
"Art. 22. All streams, lakes, and ponds of water capable of being used
for the purpose of navigation or irrigation aie hereby declared to be public
^Compiled Laws of Arizona, 1877, p 27.
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property and no individual or corporation shall have the right to appropriate
them exclusively to their own private use, except under such equitable regulations and restrictions as the legislature shall provide for that purpose."

In 1864, the First Territorial Legislative Assembly passed an act*
regarding the waters of streams in which it is stated,
"Par. 1. All rivers, creeks and streams of running water in the Ten>
tory of Arizona are hereby declared public, and applicable to the purposes of
irrigation and mining, as hereinafter provided."
"Par. 3. All the inhabitants of this Teiritory, who own or possess
arable and irrigable lands, shall have the right to constiuct public or private
acequias, and obtain the necessary \vatei lor the same from any convenient
river, creek or stream of running water."
"Par. 17. During years when a scarcity of water shall exist, owners of
fields shall have precedence of the water for irrigation, according to the
dates of their respective titles or their occupation of the lands, either by
themselves or their grantors. The oldest titles shall have precedence always,"•

The doctrine of appropriation and use can be said to have had a
still older application to the streams of the Southwest, for it was the
basis of the water law of Mexico, derived from Spain. The portion of
Arizona north of the Gila River was ceded by Mexico to the United
States by the treaty of Guadalupe Hidalgo in 1848, and the portion
south of the Gila River was obtained from Mexico by the Gadsden treaty in 1853. The use of the acequias at Tucson and probably at
other isolated ranches in the Territory was continuous after 1848. It
can be asserted broadly that riparian rights in flowing waters never did
exist in Arizona.
The first recognition of the rights of appropriation by Congress was
the act of July 26, 1866, throwing open the mineral portion of the
public domain. It provided that,**
"Whenever by priority of possession rights to the use of watei for
mining, agricultural, manufacturing, or other purposes have vested and
accrued, and the same are recognized and acknowledged by the local customs,
laws, and decisions of courts, the possessors and owners of such vested rights
shall be maintained and protected in the same; and the right of way for the
construction of ditches and canals for the purposes herein specified is acknowledged and confirmed, but whenever any person in the construction of any
ditch or canal injures or damages the possession of any settler on the public
domain the party committing such injury shall be liable to the party injured
for such injury or damage."

Concerning this act, Mr. R. P. Teele, of the Bureau of Agricultural
Economics, United States Department of Agriculture, saysrf "This law
has been passed upon by the United States Supreme Court many times and
is considered a sort of Magna Charta for the State control of non*Compiled Laws of Arizona, 1877, Chap. LV.
**14 Stat. at L, 253.
f Department Bulletin No. 1257, U. S. Dept Agriculture, p. 4,
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ruugable streams of the arid region. Whether or not the rights of the
States are based on this act of Congress or merely acknowledged by it, it
represents an important policy." (The application of the Act is not
limited to non-navigable streams.)
There have been many other legislative acts of Congress recognising
the rights of appropriation on the public domain. Many decisions of
federal courts likewise have served to confirm those rights, the earliest
decision by the United States Supreme Court being that of Atchison vs
Peterson,* in 1874. Mr. Justice Field, in delivering the opinion, said:
"This equality of right (riparian) among all the proprietors on the same
stream would have been incompatible with any extended dhersion of the
water by one proprietor and its conveyance for mining purposes to points
from which it could not be restoied to the stream. But the government being
the sole proprietor of all the public lands, whether bordering on streams or
otherwise, there was no occasion for the application of the common Liw
doctrine of riparian proprietorship with respect to the waters of those stiearns.
The government, by its silent acquiesence, assented to the general occupation
o f the public lands for mining . . . . And h e who f i i s t connects
his own labor with property thus situated and open to general exploration,
does, in natural justice, acquire a better light to its use and enjoyment than
others who ha\e not given such labor."

With regard to the origin of the rights of appropriation, two theories have been advanced. One of them, sometimes called the Colorado
doctrine, asserts that in the semi-arid region the riparian system never
was in force; that prior to statehood the United States had sovereign
jurisdiction over the waters, and the appropriation rights that were acquired during that period were derived exclusively from the United
States; that since the conferment of statehood, sovereignty over the waters
has vested in the State and the exclusive power to create rights of appropriation and use belongs to the State. The sovereignty of each State,
however, is subject to the control of streams by the Federal Government
in matters relating to interstate and international navigation, and in the
case of interstate rivers the rights of other states must be respected.
The other theory, which has been called the California theory, asserts that when the United States acquired the great regions which were
afterward carved into states, it became the owner of the lands and also
it became as well the owner in a strict proprietory sense of the right to
use the waters flowing Over these lands; that sovereignty and ownership
are two distinct/different rights; that when the states were created, the
sovereignty and the political power to create rights of appropriation passed
to the states, but the ownership or property rights, including riparian rights,
did not; that, therefore, the United States can claim riparian rights by
*20 Wail (U. S.) 507, or 2 L. Ed. 414.
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reason of its ownership of public land along the streams, and that when
public land is entered and is secured by patent to a private party, the
riparian rights can be transferred by the United States to the patentee,
and that as between two rival claimants to water, one claiming by reason
of an appropriation, either before or after statehood, but legalized and
confirmed by the act of 1866, the other claimant being a riparian
owner, as between those two, since both claims are derived from the
United States, they must take precedence according to the relative datesof the riling of entry papers by the one claimant and the appropriation
of water by the other.
The Colorado theory is especially applicable to Arizona, and hasbeen adopted in this State in court decisions. In the case of Boquillas
Land and Cattle Company vs Curtis,* carried to the United States Supreme
Court, the controversy was as to whether a riparian United States patentee,
claiming under a United States patent confirming a Mexican land grant,
had a riparian right in the water. The decision, written by Mr. Justice
Holmes, decided against riparian rights and recognized the right even of
a territory to reject the riparian system. The decision says;
u
lt is not denied that what is called the common-law doctrine of
riparian rights does not obtain in Arizona at the piesent date Revised
Statutes of Arizona, 1887, Section 3198. But the plaintiff contends that it
had acquired such rights before that statutory declaration, and that it cannot
be deprived of them now, . . . . they (the provisions relating to
priority) simply follow what has been undeistood to be the law for many
years,"

The evidence is so strong that riparian rights never did exist at any
time within the area covered by this State that it would seem to be impossible for the Federal Government or any owner of land obtained by
patent from the United States to maintain successfully at this late day
a claim to a water supply by virtue of riparian ownership. The State,
therefore, has full sovereignty with respect to the utilization of the waters
within the State and can adopt, as it has, laws and regulations pertaining
to appropriation and use. In this respect, the State is most fortunate, and
has escaped in large measure the extensive litigation between private interests that has burdened the courts in states that have the dual system,
that is, the states that recognize both riparian and priority rights. It is
vastly easier to adjudicate the rights to water, to keep records of new
appropriations, and to protect the many claimants, when all of the rights
are acquired under one system of law and from the same sovereign power.
The legal counsel of the United States Reclamation Service, in
speaking before the Committee on Arid Lands of the House of Representatives, in March, 1924, stated in a general way that the Federal
*213 U. S 339 (1909), or S3 L. Ed. 822.
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Government does retain riparian rights in streams flowing over public
lands and has the power to dispose of the unappropriated waters of rivers
in the Western states. He did not advance evidence of value to support
such claims. Indeed, the Reclamation Act itself provides that the appropriations made by the United States for irrigation projects shall be
made under and in accordance with the laws of the states wherein made,
and it has been the custom of the United States Reclamation Service to
make application for water rights when entering upon a new project just
as a person or a corporation would do. It is perhaps uncertain how the
new claims of the Reclamation Service might be decided in states in
which the decisions of the courts have followed the dual system of water
rights, but in the simon-pure priority states there is little chance that the
long recognized sovereignty of the states in regard to the appropriation
and use of water will ever be questioned.
The Colorado River has always been considered in law as a navigable
btream. Formerly it was a navigable stream in fact, and was used extensively by steamers and barges of light draft, but since the building of
the transcontinental railways it has been used but little. At present there
are no boats engaged in commerce on the river. However, there is a
strong probability that, after the stream flow has been equated by means
of large reservoirs, the use of barges for north-bound and south-bound
freight may become of considerable importance, particularly along the
west boundary of Arizona and in the southern part of Utah. Under the
interpretations of the courts, if portions of a river course are navigable,
the intervening portions also, that is, the whole stream course, is subject
to the same rule of law.
There is no possibility that the United States will assert its right is
control interstate navigation to the detriment of other uses of the river.
Indeed the Federal Government itself built the Laguna Dam at the head
of the Yuma Canal, thus effectually blocking navigation at that point.
The utilization of the river for irrigation and power is of vastly greater
importance than its use for navigations therefore, it can be said with assurance, that the control of the Colorado River by the several states of
the Colorado River Basin will never be interfered with by the Federal
Government, acting under the commerce clause of the Constitution.
As to the relative rights of the states to the waters of an interstate
stream, the law was made clear by the decision of the United States
Supreme Court in Wyoming vs Colorado,* which was delivered on June
5, 1922. The decision, written by Mr. Justice Van Devanter, is notable
for its keen insight into the needs imposed by a semi-arid climate and
for its spirit of justice. The Court rejected the contention of Colorado
*2S9 XJ, S. 419 (1922) or 66 L, Ed. 999.
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that, by reason of her sovereignty, she could divert and use as much of
the stream flow as she chose, regardless of any prejudice that this might
work to others having rights in the stream below her boundary. Also,
it rejected the doctrine of "equitable division" which had been applied
by Justice Brewer in 1907 in determining the relative rights of Colorado,
a priority State, and Kansas, a riparian State, to the waters of the Arkansas
River.* In Wyoming vs Colorado, the Court decided unequivocally that
as between two states, botfi of which recognize the doctrine of priority,
priority as to the waters of an interstate river must apply regardless of
the state boundary line. Quoting from the decision,
"We are thus brought to the question o± the basis on which the iclatwe
rights of these States in the waters ot this interstate stream should be
determined. Should the docrine of appropriation, \vhich each recognizes and
enforces within her borders, be applied? Or is there another basis which is
more consonant with light and equity?"
"In neither State was the right to appiopnate water from this interstate stream denied. On the contrary, is was permitted and recognized in both.
The rule was the same on both sides of the line. Some of the appropriations
were made as much as fifty years a#o and many as much as twenty-five.
In the circumstances we have stated, why should not appropriations from this
stream be respected, as between the two States, according to their several
priorities, as would be done if the stream lay wholly within either State? By
what principle of right or equity may eithei State pioceed in disregard of prior
appropriations in the othei?"
"We conclude that Colorado's objections to the doctrine of appropriation
as a basis of decision are not well taken, and that it furnishes the only basis
which is consonant with the principles oi right and equity applicable to such
a controversy as this is. The cardinal rule of the doctrine is that priority
of appropriation gives superiority of right. Each of these States applies and
enforces this rule in her own territory, and it is the one to which intending
appropriates' naturally would turn for guidance. The principle on which it
proceeds is not less applicable to interstate streams and controversies than to
others. Both States pronounce the rule just and reasonable as applied to the
natural conditions in that region, and to prevent any departure from it the
people ol both incorporated it into their constitutions. It originated in the
customs and usages of the people before either State came into existence, and
the courts of both hold that their constitutional provisions are to be taken as
recognizing the prior usage rather than as creating a new rule. These
considerations persuade us that its application to such a controversy as is
here presented cannot be other than eminently just and equitable to all
concerned."

It is inconceivable that the Supreme Court will ever reverse itself
on a question considered so thoroughly as was the one stated above. Nor
is it desirable that the Court should reverse itself. The progress and
development of irrigation requires that investments in irrigation works
shall be protected through the maintenance of rights of priority. In the
Colorado River Basin, therefore, "priority regardless of state lines" is the
*206 U. S. 46 (1907) or 51 L. Ed. 956.
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law, and will be unless it is displaced by the proposed Colorado River
Compact.
In his book on "Elements of Western Water Law", written in 1912,.
Mr. A. E. Chandler, a recognized authority, said, "The state and not
the nation is superior regarding legislation concerning the use of public
waters, excepting only the matter of navigation wherein the nation controls. Between private appropriates in two states recognizing only the
doctrine of prior appropriation it is very probable that that doctrine will
be applied regardless of state lines." This prediction was fulfilled by the
Wyoming-Colorado decision in 1922.
In the light of the foregoing discussions, it can be stated again that
at the present time Arizona has full control of the appropriation and use
of the Colorado River waters within the boundaries of the States, subject
to the rights of the Federal Government in matters relating to navigation,,
rights the exercise of which is very unlikely, and subject to the rights
of priority of appropriation in other states, and subject to the parallel
rights of the Federal Government with respect to power sites on public
land.
THE STREAM BED

On non-navigable streams the boundaries of riparian owners are in
the centers of the streamsj the owners of the banks own also the stream
bed. The riparian owners on navigable streams own only to the highwater line. The Colorado River is recognized in law as a navigable
stream. For 280 miles the Colorado River lies wholly in Arizona, and
along the west side of the State the boundary line is the center of the
river channel.
The ownership of the stream bed and its control in all matters not
related to navigation, has by a long line of decisions, been declared to
be in the State. In Kansas vs Colorado, Justice Brewer said, "It is enough
for the purposes of this case that each State has full jurisdiction over the
lands within its borders, including the beds of streams and other waters.79"
One of the most recent decisions is the one delivered by Mr. Justice
Brandeis in the case of Port of Seattle vs Oregon & Washington Railroad
Co. et al,* It says,
"The right of the United States in the navigable waters within the
several States is limited to the control thereof for purposes of navigation.
Subject to that right Washingon became upon its organization as a State the
owner of the navigable waters within its boundaries and of the land under
the same."
"The extent of the State's ownership of the land is more accurately
defined by the decisions of the highest court as being the land "below highwater mark, or the meander line, whichever of these lines' is the lower. The
character of the State's ownership in the land is the full proprietary right."
*255 U. S. 56 or 65 L. Ed. 500.
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The statement of Justice Brandeis is very clear, and is conclusive as
to all navigable waters within the several states.
The Federal Water Power Act, also, recognizes the ownership of
the states in the stream beds in the following language:
"Sec 9. (b) Satisfactory evidence that the applicant has complied with
the iequipments of the laws of the State 01 States within which the proposed
project is to be located with respect to bed and hanks and to the appropriation,
diversion, and use of water for power purposes and with respect to the right
to engage in the business of developing, transmitting, and distributing power,
and in any othei business necessary to effect the purposes of a license undei
this Act."

Another rule of law, supported by many decisions, establishes the
absolute equality of the states. The original Thirteen States granted to
the Federal Government the control of interstate commerce, but retained
the ownership of the beds of navigable waters. Arizona, although the
last of tl\e states to be admitted to the Union, has none the less the full
ownership of the bed of the Colorado River within the boundaries of
the State.
Throughout most of the length of the Colorado River the lands
on both sides of the stream are still public lands, that is, the ownership
of the lands is in the United States, but such ownership is limited to
the land above the high-water mark.
The claim has been made that the stream bed in the Canyon Region
was reserved to the United States by a reservation in the Enabling Act.
Section 28, sixth paragraph, of the Enabling Act is as follows:
"There is hereby reserved to the United States and excepted from the
operation of any and all grants made or confirmed by this Act to said proposed
State all land actually or prospectively valuable for the development of water
powers or power for hydro-electric use or transmission and which shall be
ascertained and designated bv the Secietary of the Interior within five years
after the proclamation of the President declaring the admission of the State,
and no lands so reserved and excepted shall be subject to any disposition
whatsoever by said State, and any conveyance or transfer of such land by
said State or any officer thereof shall be absolutely null and void within the
period above named; and in lieu of the land so reserved to the United States
and excepted from the operation of any of said grants there be, and is hereby,
granted to the proposed State an equal quantity of land to be selected from
land of the character named and in the manner prescribed in section twentyfour of this Act"

Acting in conformity with the provision, the Secretary of the Interior designated two long strips of land bordering the River through
the Canyon Region,—not the river bed, but strips beginning at the highwater mark and reaching inland. The language of the reservation does
not admit the construction which has been claimed, that is, that the
stream bed is thus reserved, nor does the language of the order of with-
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drawal. A stream bed is not "land" in the sense intended in the Enabling
Act, and it could not become land except by diversion of the river to a
different course. The land reserved and excepted is land, real land,
capable of being conveyed or transferred by the State; the bed of a
navigable river is not. Nor would it be practicable or possible for the
United State, in lieu of portions of the stream bed of the Colorado to
grant to the State an equal acreage of other streams beds. Had it been
intended to reserve the stream bed, the Enabling Act would have so
stated it; but that could not have been done, since it is essential that the
equality of the states shall be preserved, and in all of the other 47 states,,
the ownership of the beds of navigable streams is in the State.
The Manual of Surveying Instructions of the General Land Office
states, "All navigable bodies of water and other important rivers and
lakes are to be segregated from the public lands at mean high-water
elevation." The Colorado River is such a river, and has been meandered
in all surveys heretofore made. The irregular parcels of land bordering
the stream are called "lots" and are designated by number. These lots
are legal subdivisions, as are sections and quarter-sections. The Secretary
of the Interior, in the order of withdrawal, withdrew "all land of the
United States which, when surveyed, will be included within legal subdivisions."
The status of these two long strips of land was not changed by the
Enabling Act. They had been "public land," they are still "public
land." The reservation in the Enabling Act merely prevented them from
being included in the grants of land which were given to the State for
various purposes. If the State or a corporation or an organized irrigation
district or a power district desires a dam site which necessitates the use
of the bordering strips as abutment walls, then application for the land
required should be made in the usual way. If the Federal Government
desires to construct a dam for irrigation or power, it will apply to the
State for the use of the river bed.
Mr. S. W. Norviel, former State Water Commissioner of Arizona,
who has made a special study of the rights of the State in relation to the
streams, says,*
"I hold that the State of Arizona owns the bed of the stream from
high-water mark to high-water mark and the waters flowing in the stream
within the confines of the State of Arizona 5 that the right of the State of
Arizona is a proprietary rigfe that under the laws of the State of Arizona,
even the Government of the United States must make application to the State
for a permit the same as any individual company, or corporation,"

The Federal Government, by reason of its ownership of abutting
*Hearin£s before the Committee on Irrigation of Arid Lands* Sixty-$eventh
Congress, 1922, p. 156.
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lands, has the power, under the Federal Water Power Act, to exercise
control over the power development on the River; it can grant or withhold licenses for the use of power sites, inasmuch as the utilization of
power sites requires the use of the abutting land. The State, also, by
reason of its ownership of the stream bed and its control of the use of
public waters, can exercise control over power development; it can grant
or withhold permits for the use of power sites and the use of the water.
Under existing lawb an applicant mubt obtain two permitSj one from the
Federal Government and one from the State. By withholding a permit,
the State can render nugatory a license granted by the Federal Power
Commission, and vice versa. There must be cooperation, and the problems relating to power, and the determination of the best comprehensive
plan for developing the power resources of the River must be worked
out jointly by the Federal Power Commission and representatives of the
State.
INTERFERENCE BY OTHER STATES

Art. VI (a) and (b) of the proposed Colorado River Compact are
very broad. It is expected that other states will make large claims with
respect to power to be developed within Arizona; in fact, some of their
spokesmen have done so. The article makes it mandatory for the governors of the states affected to appoint commissioners to negotiate additional compacts. Presumably, all of the states in the basin will consider
that they are "affected", and the conferences will become tests of strength
of Arizona as against a large group of the other states. Much will depend
upon the relative shrewdness of the negotiators. It will be possible for
the other states to harass Arizona and to impede and delay her in the
normal course of development of the River. Preferably, too, if additional compacts must be negotiated, provision should be made for the
United States to be represented in the negotiations. Article VI does not
do so.
It will be better for Arizona to develop her natural resources without interference from other states, except so far as she shall invite the
cooperation of the neighboring states of Utah, Nevada, and California
in the construction of definite projects.
The original idea of an interstate agreement was that the state water
commissioners of the seven states should organize "an engineering commission to be called the Colorado River Commission to study the Colorado
River Basin as a whole and prepare a comprehensive plan for immediate
action and early development," It was expressed in a report of the
Reclamation Service as follows: "to work out and recommend to their
respective states and Congress such actions as will bring about the best
*use of the water resources of this great river system." A compact be-
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tween Utah and Arizona or between Arizona, Nevada, and California
should provide for the construction and operation of a project.

THE WATER LAWS OF ARIZONA
HowelFs code, enacted into law by the First Legislative Assembly,
in 1864, contained a section dealing with the appropriation and use of
flowing water. Reference has been made above* to three paragraphs of
that Act. According to the early custom, an appropriation of water was
made by posting a notice of intention near the point of diversion and
liling a copy of the notice in the county recorder's office.
The water law of the State was amplified and extended from time
to time by court decisions, one of which, the Kibbey Decision, became
]Ubtly famous. In that case, Tempe Canal Co. et al, vs Arizona Canal
Co. et a!., the trial occurred in 1890, a court water commissioner was'
appointed in October, 1891, to distribute the water and the decision was
lendered the following April. Judge Kibbey held that owners and ocLUpants of land only were entitled to appropriate water for irrigation;
that only the actual beneficial use of the water upon land gave a right to
it, that priority of appropriation gave the better right; that prevailing
customs contrary to statutes did not establish rights to water; that the
porting of a notice of intention to divert water did not of itself give any
right, but that the appropriation consisted in actually diverting the water
and applying it to the land; that a canal company is but a carrier of
water; that the sale of water is not a use of water; that prorating agreements among canal companies were void; that a transfer of stock in a
canal cannot of itself constitute a transfer of a right to water, and that
the owner of stock in a canal, unless he be the owner or occupant of land,
has no right to water; that the fight of appropriation of water for irrigation becomes appurtenant permanently to the land to which the water is
applied originally. This case involved all of the water rights in the
Salt River Valley east of the Agua Fria River. Judge Kibbey did not
define the extent of the right of each individual irrigator, and much
dissatisfaction and further litigation resulted, until with the completion
of the Roosevelt reservoir an ample water supply was assured for all
lands, and finally, by the Kent decree in 1910 in the same Court, the
extent of the right of each individual parcel of land was definitely established. Several other irrigated sections of the State have been adjudicated
by the courts.
The State Water Code Act, which was passed by the Fourth Legislature,
in 1919, was necessitated for three • reasons; first, it was not practicable
*See page 148
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to adjudicate the water rights of two irrigated areas, both watered by the
same stream but situated in different counties, in any of the existing
courts; second, the protection of vested water rights on inter-county
streams through the control of new appropriations could be accomplished
only by the State; and third, the distribution of the waters of streams in
accordance with the adjudicated rights of thousands of landowners is too
big an administrative task for the judiciary, the task belongs properly to the
executive branch of the State government.
Section 1 of the Water Code Act states,
"The water of all sources of supply, flowing- in natural streams, canyons,
ravines or other natural channels, or in definite underground channels, whethei
perennial, intermittent or flood waters, waste or surplus water, and of lakes,
ponds, and springs, on the surface, belongs to the public, and is subject to
beneficial use as herein provided,

Sections 5, 6 and 12 prescribe the method of initiating a water
right, as follows,
"Section 5. Any person, association or corporation, irrigation district,
municipality, or the State of Arizona, or the United States of America hereafter intending- to acquire the right to the beneficial use of any waters shall,
before commencing the construction, enlargement or extension of any dam,
ditch, canal or other distributing or controlling works, or performing any
work in connection with said construction, or proposed appropriation, make
an application to the Commissioner for a permit to make such appropriation."
"Section 6. Each application for a permit to appropriate water shall set
forth the name and postofFice address of the applicant, the source of water
supply, the nature and amount of the proposed use, the location, point of
diversion and description of the proposed ditch, canal, or other work; the
time within which it is proposed to begin construction, the time required for
the completion of the construction, and the time for the complete application
of the water to the proposed use. If for agricultural purposes, it shall give
the legal subdivisions of the land and the acreage to be irrigated as near
as may be. If for power purposes, it shall give the nature of the works by
means of which the power is to be developed, the piessure head and amount
of water to be utilized, the points of diversion and release of the water, and
the uses to which the power is to be applied. If for the construction of a
reservoir, it shall give the dimensions and description of dam, the capacity
of the reservoir for each foot in depth, the description of the land to be
submerged, and the uses to be made of the impounded waters
"
"Sections 12. All applications for reservoir permits shall be subject to
the provisions of the foregoing sections except that an enumeration of any
lands proposed to be irrigated under this act shall not be required in the
primary permit. But the party or parties proposing to apply to a beneficial
use the water stored in any such reservoir shall file an application for permit,
to be known herein as the secondary permit in compliance with the provisions
of the foregoing sections. Said application shall refer to such reservoir for
a supply of water and shall show by documentary evidence that an agreement
has been entered into with the owners of the reservoir for a permanent and
sufficient interest in said reservoir to impound enough water for the purposes
set forth in, said application.
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The acceptance or rejection of an application is provided for in
Section 7, as follows,
and
"•
^ shall be the duty of the Comissioner to approve
all applications made in proper form which contemplate the application of
water to a beneficial use, when the provisions of this act are complied \vithj
but when the proposed use conflicts with vested rights, or is a menace to the
safety or against the interests and welfare of the public, the application shall
be rejected."

PROPOSED AMENDMENTS

The last-quoted section imposes a great responsibility upon one man
when, as must be the case with Colorado River projects, each application
is for an extensive use of water. The public interests should be further
safeguarded, and to this end the following provision is suggested as an
amendment to Section 7 of the Code:
If the application is for the diversion of water for more than 10,00(1
acres, or for a power development of moie than 20,000 horsepower, or for
a storage reservoir of more than 500,000 acre-feet capacity, then the approval
of the Board of Directors of State Institutions, also, shall be required, and
it shall be the duty of the Board of Directors of State Institutions to approve
any application that has been approved by the Commissioner, except when
such application Is considered by the Board to be against the interests and
welfare of the State.

In view of the probability that the best power sites on the Colorado
River within Arizona will be developed almost wholly for the benefit of
other states and before Arizona has reached a stage of growth which
would justify the appropriation and use of such power within the State,
and that less valuable sites will be utilized later on for the use of this
State, it seems desirable to add a further amendment to Section 7, as
follows:
In case of power to be developed by means of any structure within, or
partly within, the State of Arizona, then the permit shall provide for the
payment to the State of Arizona of such excise tax on power, or such annual
power fee, as the Legislature of Arizona shall direct for such cases. Such
excise tax or fee shall be based on the quantity of power produced and sold.

If the development of the Colorado is to be carried out by the Federal Government,, then the dams will not be subject to a property tax
by the State or counties. Both the Federal Government and the State
are sovereign powers and neither one can tax the other. The royalty, or
production tax, may not be applicable to power from the Roosevelt Dam,
for the reason that the title and ownership, under the Reclamation Act,
remains in the Federal Government.
If revenue is to be derived from projects on the Colorado, provision
must be made therefor in the permits in advance of construction.
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It is within the power of the State to aid and assist power distribution within the State through some form of subsidy to transmission lines,
and funds derived from a production tax on power can be appropriated
to such purpose.

RELATIVE RIGHTS OF AGRICULTURE AND POWER
There is bound to be considerable conflict of interest between agriculture and power in the future, especially as development nears its limit.
Power project reservoirs will cause evaporation losses, thereby reducing
the ultimate possible irrigable area. The needs of power are fairly constant throughout the year, while the needs of agriculture are seasonal;
therefore, re-regulation of the flow below the power dams will be required to prevent waste of water to the ocean during the winter months.
On the other hand, the development of agriculture in the upper basin
will reduce the water supply for power development in the Canyon
Region very materially, possibly as much as thirty percent.
The water supply for the projects of the lower basin can be used
for the generation of power in the Canyon Region, and then used for
irrigation. Of the water diverted for irrigation in the upper basin, from
60 to 80 percent will be lost by evaporation and transpiration; the remain-*
ing 20 to 40 percent will find its way back into the stream channels again
as return water.
It is demonstrated easily that an acre-foot of water will return a
much greater revenue if allowed to flow through the Canyon Region,
passing through many power wheels, than if it is used consumptively in
the upper basin. However, the sentiment of the people of the West is
strongly in favor of unrestricted priority of agriculture over power in
the use of water, and there is no possibility that irrigation in the uppei
basin will ever be curtailed for the benefit of power projects in Arizona.
This sentiment has been expressed as "Farmhomes in preference to city
slums."
Although the attitude of the West is as stated, it has never been
fully crystallized into law, even within the State. It is not certain how
the State courts would determine a case where new appropriations are
made on the headwaters of a stream, the waters of which are already
utilized for power farther downstream. The Hayden Mill case at Tempe
was of this nature, and was settled by negotiation.
With regard to the Colorado River, the United States Supreme Court
would make the decision. No one believes that a power project in the
Canyon Region will be able to prevent further development in the upper
basin or to exact tribute from a new irrigation project. But, until the
matter is settled definitely, there will be a technical doubt.
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The situation would be helped if State laws were pa^ed to the effect
that the use of water for power acquirer thereby no rights as against itb
use lor agriculture either upstream or downstream. A test case could
be carried to the United States Supreme Court for decision, or the
principle might be made the basis of an interstate agreement.
The Federal Power Commission proposed in 1923 to stipulate in
the licenses for power in the Canyon Region that no rights prejudicial to
the development of irrigation are acquired b} the licensees, A similar
provision should be made in the permits granted by the State through the
State Water Commissioner. Also, in the cases of power permits on the
headwaters, such as that of the Utah Power and Light Company for the
Flaming Gorge reservoir site, the same provision should be made in the
licenses, as otherwise great injury can be done to the Imperial and Yuma
valleys by the occasional withholding of water in the reservoir. This
provision is needed especially in the Flaming Gorge license, because that
reservoir will be built undoubtedly t>everal years before any storage
reservoir in the Canyon Region is ready for use.
THE LOW SEASON FLOW
The Colorado River is in flood normally from early in April to«
late July each year. During the remaining 8 months of the year the
discharge is relatively low, the usual average flow in September has been
between 5,000 and 10,000 cubic feet per second. As the use of water
for irrigation throughout the basin has increased, the low-season flow has
decreased markedly. The first water shortage occurred in 1915, and
since then there has been a shortage in 1919, 1922, and 1924.
The
shortage in 1924 has been very severe, and has resulted in hea\y crop
losses. Frequent recurrence of the shortage can be expected until storage
of water is provided somewhere within the basin.
The Imperial Canal, the heading of which is at the international
boundary line, 12 miles below Yuma, is the lowest canal of the river
system. Consequently, the shortage on years of low runoff is concentrated
on that canal, which serves the lands of the Imperial Valley. If, through
further diversion and use upstream or because of less rainfall, the shortage
becomes even more acute, it may be felt by the Yuma Valley also, for
the Yuma Canal *is the next in order after the Imperial Canal.
The low-season flow is of great concern to the Imperial and Yuma
valleys, for practically all crops must be watered through the late summer, and on account of the severity of the climate, delay in even one
irrigation may be ruinous.
The water rights of both valleys were established about 1902, and
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are prior to the rights of many areas in the upper basin that have been
brought under irrigation since that time. It is probable that, through
court action, the Imperial Valley could recover considerable of the lowseason flow of which it has been deprived; at least it could prevent any
further depletion of the supply. It is the duty of a State to protect its
citizens in cases of this kind.
Of course, the situation will be relieved as soon as storage of water
is provided. It is confidently expected that there will be ample storage
provided in the near future, but there is no real assurance of this. There
is an acute engineering controversy raging as to the proper location of
the first storage project and as to the magnitude of it, and there is another controversy, equally acute, as to whether it should be publicly
owned and controlled or should be built by private power corporations,
Five years or more may elapse before these controversies are settled and
a major project started.
Article VIII of the proposed Colorado River Compact deals with
the low-season flow of the River. It attempts to place the burden of
storage on the lower basin and to abrogate the vested rights of lands in
the lower basin to the low-season flow of the river and to substitute
therefor rights to reservoir water as soon as a storage capacity of 5,000,000
acre-feet shall have been provided on the main Colorado River within
or for the benefit of the lower basin. If the Compact is ratified by Arizona and becomes effective, the validity of Article VIII may have to be
determined by the United States Supreme Court, for neither a Commissioner of a State nor a State legislature has authority to alienate vested
rights of individuals.
Under the decision of the United States Supreme Court in Wyoming
vs Colorado, the rights to the waters of the Colorado River take precedence in the order of their several priorities of appropriation. The
water rights of the Yuma and Imperial valleys stand well up in the list.
However, the Court said in that case, speaking of the rights to the
low-season flow and the obligation to create storage, "We think that (the
priority) doctrine lays on each of these states a duty to exercise her
right reasonably, and in a manner calculated to conserve the common
supply." This part of the decision has been interpreted in various ways
by commentators. The spirit of the decision seems to be that the storage
of water should be encouraged and that the reservoirs should be at the
most favorable sites. If reservoir sites do not exist on a stream, or if the
water users are unable to finance the cost of storage projects, then the
priority of water rights must be protected as they would be within a
State.
The Imperial,and Yuma valleys cannot afford to give up their rights
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of priority in exchange for a reservoir of 5,000,000 acre-feet capacity.
The dam may fail by earthquake or other cause, as ha\e many dams in
the past; and, unless the reservoir is above the silt-gathering area of the
Colorado Basin, it would be filled half full with silt in about 25 years.
If the decision is to be interpreted that the lower basin must provide its storage, even for vested low-season rights, then surely the upper
basin is obligated to permit the use of its reservoir sites, if they are
feasible economically and those of the lower basin are not. The decision
can be interpreted equally well that the upper basin must provide its own
btorage for further expansion of irrigation needs, instead of encroaching
on the vested rights of the lower basin.
Art. VIII of the Compact might well have been omitted.

IRRIGABLE LANDS AND WATER SUPPLY
IRRIGABLE LANDS IN ARIZONA

The agricultural lands in Arizona, irrigated or irrigable from the
Colorado River below Boulder Canyon, are shown in Table I. They
are analyzed under the following classification:
1. Lands under irrigation in 1922;
2. Lands to be irrigated in the immediate future, probably within
twenty years;
3. Lands to be irrigated in the reasonably near future, probably
within forty or fifty years;
4. Lands irrigable ultimately.
The areas listed as along or near the Colorado River are essentially
as tabulated by the United States Bureau of Reclamation. The additional
areas included in the Parker-Gila Valley project are taken from the report of the Arizona Engineering Commission.
The areas are "net," not the gross area; that is, deduction has been
made for roadways, canals, and other waste and non-irrigable land.
The Cottonwood Island lands will be flooded if the proposed Bulls
Head dam is built; those in Mohave Valley if the Topock dam is built;
and those in Chemehuevis Valley if the Parker dam is built.
THE PARKER-GILA VALLEY PROJECT

The Parker-Gila Valley project is a discovery of the Arizona Engineering Commission, and the Commission recommends that a complete
detailed engineering report be made upon it. The chairman of the Commission in a supplementary statement suggests that the project may become
feasible in 20 or 30 years, and that, if possible, a water supply should bereserved for it.

164

EXPERIMENT STATION BULLETIN NO. 100

The project contemplates a dam 5 miles north of Parker to raise
the water level 99 feet, with a canal leading away at each end. On the
Arizona side, including the Parker and Cibola valleys, 764,000 acres
can be irrigated5 and on the California side 310,000 acres. The canal
on the Arizona side would have lateral drops to the valley lands in the
Parker and Cibola valleys, and would extend southward to Lighthouse
Rock where there would be a lift of 200 feet. The pumped water
would be carried through a tunnel, about sixteen miles long, and would
emerge in the Gila Valley at a point 5 miles north of Castle Dome
Landing.
The cost estimate for the lands to be irrigated in the Gila Valley ib
$168 per acre. A decade ago it was considered that $100 per acre was
the limit of feasibility for irrigation systems, but projects now being
planned by the United States Bureau of Reclamation and by irrigation
districts for construction in the near future are to cost from $100 to $16'0
per acre. The easier projects have been constructed and more difficult
ones are now being adopted. It may be a relatively short time until the
limiting cost reaches $168, and in a complete engineering investigation
a less expensive scheme for conducting the water to the Gila Valley may
be discovered.
THE HIGH LINE CAN^L
The Commission reported adversely on the Arizona High Line Canal
project. That project proposes a long canal or tunnel, starting at some
point on the river between Diamond Creek and Boulder Canyon, to irrigate 2,000,000 acres or more of land in the central and western parts
of the State. The estimate of cost is $225 per acre, but what is more
important, there is small chance that Arizona will be able to obtain so
large a portion of the river water supply as would be required for all of
this extensive area. Although a filing has been made for an appropriation of water for the High Line Canal, the project is not included in
Table I.
From the information now available it appears that Arizona's hopes
of irrigating a large area of desert land from the Colorado River depends
on the possibility of securing a water supply for the Parker-Gila Valley
project, but further studies should be made to determine whether or not
some alternative High Line plan that is workable may be found.
THE GILA RIVER BASIN

The irrigable lands of the Gila River and Salt River basins, also,
are excluded from Table I. The representative of Arizona on the Colorado River Commission strove for 14 days at the Santa Fe meeting to
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have those lands excluded from consideration by the Commission, but
was not successful. The Gila River has been considered a separate stream.
To the Yuma Valley and the Imperial Valley the Gila River has alwa}b
been a liability and not an asset. Those valleys have never utilized the
waters of the Gila, but they have suffered great damage from its flooek
The exhaustive report of the United States Reclamation Service on the
problems of the Colorado River, published in 1922, omitted the water*
of the Gila River from the discussion, stating in a footnote that the Gila
"has been given no study since it does not affect the general problem.3"
Because of the geography and the character of the stream flow, and because practically all of the flow is tied up in vested and initiated water
rights, the Gila River Basin is at present independent of the other portions of the Colorado Basin. Under the Compact, water users in the Gila
River Basin are made interdependent with those of the Colorado River
proper, and they might be forced to protect themselves against new appropriations in California or against treaty rights in Sonora.
The estimates of the State Water Commissioner, m 1922, were that
4-30,000 acres in the Gila Basin were under irrigation and that the future
additional possible acreage was 4-00,000 acres.
TABLE I—NET IRRIGABLE LANDS IN ARIZONA, BELOW BOULDER
CANYON
Locality
Along or near river.
Cottonwood Island
Mohave Valley
Chemehuevis Valley
Parker Valley
Cibola Valley
Isolated small tracts
Yuma project

Irrigated
(1922)
Acres

Immediate
future
Acies |

Near
future
Acres

Total

Acres

Acres

3,000
33,000
4,000
4,000

106,000
16,000

50,000

64,000

3,000

3,000
33,000
4,000
110,000
16,000
3,000
114,000
283,000

1

Total along river
Parker-Gila Valley project
Parker Mesa
Lands north of Gila
River
Lands south of Gila
River
Total
Total feasible area

Ultimate

6,000
202,000
430,000
638,000
54,000j

186,000]

40,OQO|

641,000]

921,000

NOTE It is possible that additional areas may be included, as the result of
further investigations.
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TOTAL IRRIGABLE LANDS IN THE COLORADO BASIN

The classification in Table II is based on that of the United States
Bureau of Reclamation, except that the areas for Arizona below Boulder
Canyon and for California are segregated.
The areas above Boulder Canyon include those of Wyoming, Utah,
Colorado, and New Mexico, and small tracts in the Little Colorado and
Virgin basins. The areas in California include the Palo Verde Valley
and Mesa, Chuckawalla Valley, Imperial Valley, and a few smaller tracts.
The area in Mexico does not include 200,000 acres near the mouth of
the Colorado River, which it is stated can be irrigated, if water is available.
The Parker-Gila Valley project is included in Table II. The
United States Bureau of Reclamation tabulation does not include all of
that project, but has reduced the acreage of that project to fit the water
supply, it being admitted that the water supply is inadequate for all the
irrigable lands in Table II. Mr. E. C. LaRue, hydraulic engineer of the
United States Geological Survey, has stated that the Parker-Gila Valley
project is as feasible as certain projects in the upper basin, for which a
permanent reservation of water is demanded. Arizona mubt decide
promptly whether the State shall try to save that project, or abandon it.
TABLE II—TOTAL NET IRRIGABLE LANDS IN COLORADO BASIN

Section of Basin
Above Boulder Canyon
Below Boulder Canyon:
Arizona
California

Irrigated Immediate
(1922)
Future
| Acres
Acres
1,500,000
770,000
54,000
456,000

186,000
414,000

Near
Total
Ultimate
Futui e
Acres
Acres
Acres
1,060,000 990,000 4,320,000
40,000
7,000

640,000
200,000

920,000
1,080,000

Total in United States
Mexico

2,010,000 1,370,000
190,000 ' 300,000

1,110,000 1,830,000 6,320,000
800,000
310,000

Total

2,200,000] 1,670,000

1,420,000|1,830,000| 7,120,000

DUTY OF WATER

In order to compute the water requirements of the irrigable lands
the quantity of water required per acre per year must be known or
assumed. This quantity is called the duty of water. It varies greatly*
in the Colorado Basin. In Wyoming and Colorado, where the lands
are at high elevation above sea level and the growing season is short, only
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1 or 2 acre-feet* of water per acre are required. In the lower basin,
where irrigation is practised throughout the year, where six or more
cuttings of alfalfa can be obtained, and the alfalfa is pastured during
the winter, from 2 to 4- acre-feet per acre are needed. These figures
are for the consumptive duty of water; that it, they measure the water
that is lost by evaporation and do not include the "return water," which
beeps downward from canals and irrigated fields and finds its way back
into the river again.
The allotments of water made in the Compact are for consumptive
ube, and, therefore, the consumptive duty of water must be used in determining the water requirements of the irrigable lands. Heretofore,,
the term "duty of water" as used by irrigation engineers, has referred
to the quantity of water flowing in the ditch, measured either at the
point of diversion or at the farmers' headgates. Consumptive duty has
not been used by engineers because it is practically impossible to measure
it. If the use of water in the upper basin should increase to more than
the amount allotted, it would be most difficult to prove the fact.
In the computation of water requirements in the next section, the
duty of water assumed for the various parts of the watershed are as
estimated by the United States Bureau of Reclamation. In the report of
the Bureau, it is stated that the duty of water used for the upper basin
is large enough to include the evaporation from such reservoirs as will be
required for the lands of that basin.

WATER REQUIREMENTS

The water requirements for the areas given in Table II are presented
in Table III. An estimated use of 500,000 acre-feet for Los Angeles
County is included. This is about 50 percent of the recently recorded
appropriation by the city of Los Angeles.
Although the present irrigated area in Arizona and California is
only one-third as great as the area in the upper basin, yet the present
use of water in Arizona and California (excluding the Gila River Basin)
is about the same as that in the upper basin. The demands for water
in both basins will be greatly increased in the future, as development
proceeds.

*An acre-foot of water is the quantity required to cover one acre one foot deep.
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TABLE in—WATER REQUIREMENTS FOR IRRIGABLE LANDS AND
POWER, INCLUDING PROPOSED DIVERSIONS TO THE EAST SLOPE
OF THE ROCKY MOUNTAINS, AND TO LOS ANGELES COUNTY
(Excluding the Gila River Basin)
Section of Bisin

Near
Present Use Immediate
Ultimate
Total
Future
Future
(1922)
Acre-feet Aci e-f eeFl Acie-feet | Acre-feet | Acre-feet
2,360,000 1,350,000 1,960,000 1,880,000 7,550,000

Above Bouldei Canyon
Below Bouldei Canyon
235,000
655,000
Aiizona
2,000,000 1,785,000
California
500,000
Los Angeles County
(Estimated)
500,000
Evaporation from reservoirs

120,000 2,880,000 3,890,000
20,000 800,000 4,605,000
500,000

Total in United States
Mexico

4,595,000 4,790,000
850,000 1,350,000

400,000 500,000 1,400,000
2,500,000 6,060,000 17,945,000
1,400,000
3,600,000

Grand Total

5,445,000

3,900,000 6,060,000|21,545,000

6,140,000

The water requirements for the 800,000 acres in Mexico are seen
to be 3,600,000 acre-feet. It is thought by many that a way will be
found to exclude Mexican lands from participation in the water supply,
but that is unlikely. The lands now under irrigation in Mexico have a
moral, though perhaps not a legal, water right, and the United States
will never attempt to deprive that area of water. Adjacent lands under
the canal system may be said to have a sort of initiated right. It may be
possible by treaty to place a limitation on the use of water in Mexico,
perhaps at one-third or one-half the total irrigation demand shown in the
table. Each additional acre that is irrigated in Mexico will require that
another acre in Arizona must remain desert forever.
The irrigated area in Mexico has been increased considerably since
1922. If a storage reservoir of large capacity is created at Boulder Canyon
or elsewhere, the stream flow will be equatec] to a fairly uniform all-year
stream, in order to secure the maximum power development. The delta
lands of Mexico are level and fertile, and are easily reached by canals. A
weir-type dam with training works can be built at the diversion, point.
Gradually those lands will be brought under cultivation before many of
the more difficult projects in the United States; homes will be establishedj
towns and railways will be built j and then, under the comity of nations,
no treaty-making power will deprive those lands of water. The treaty
should be made now.
The evaporation from reservoirs is seen to be a large and important
item. The large reservoirs will be in or for the lower basin, and hence
the evaporation losses will be charged in the "consumptive use" of the
lower basin.
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THE WATER SUPPLY

The measurement of streams in the Colorado River Basin began
about thirty years ago, when a few gaging stations were established in the
upper basin.
The record which is adopted by engineers as best fitted for the study
of the entire basin is the record of stream flow at Yuma. The gaging
station at Yuma is situated just below the town, and is, therefore, below
the Laguna Dam and below the mouth of the Gil a River, but above the
heading of the Impeiial Canal. The records have been continuous since
January, 1902, and are considered to be of fair accuracy.
Records of flow of the Gila River near its mouth have been kept,
but very poorly. The conditions are unfavorable for a gaging station, and
the floods are apt to be flashy.
The discharge, or runoff, from the main babin of the Colorado, that
is, the runoff which reaches the Laguna Dam, is derived by subtracting
the runoff of the Gila River from the runoff measured at the Yuma
gaging station, and then adding the quantity diverted into the Yuma Canal
at Laguna Dam.
(The quantity diverted must be corrected for the
amount of water returned to the River at the Siphon spillway which is
located just above the gaging station.) Table IV presents the records for
Laguna Dam, the Gila River, the Yuma gaging station, and the diversions
into the Yuma Canal. The first three are taken from Senate Document
No. 14-2, entitled, "Problems of Imperial Valley and Vicinity", and the
last is taken from annual reports of the United States Reclamation
Service. The maximum discharge was 25,400,000 acre-feet in 1909,
and the minimum was 9,110,000 acre-feet in 1902. The mean is
16,100,000 acre-feet.
The mean discharge at Yuma requires a correction to compensate for
the increasing area of land under irrigation during the period covered
by the record. That is, if all of the present acreage had been under
irrigation throughout the period of the record, the quantity of water
reaching Yuma would have been considerably less, especially during the
earlier years. The irrigated area above Boulder Canyon increased from
665,000 (estimated) acres in 1902, to 1,127,000 acres in 1915, and
1,526,000 acres in 1920. The Palo Verde Valley development has been
gradual, beginning about 1906,
The estimates for the discharge at Laguna compensated to 1922
conditions are approximately 15,650,000 acre-feet.
A gaging station was established in the canyon near Topock, Arizona, at the lower end of the Mohave Valley, 1920, and 4 years'
record is now available. In 1921, a gaging station was established at
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TABLE IV—DISCHARGE RECORDS AT AND NEAR YUMA
(Acre-feet)
Laguna Dam

Diverted Into
Yuma Canal

Gild River

Yuma Gaging
Station

1902
1903
1904
1905

9,110,000
11,300,000
9,890,000
16,000,000

61,000
227,000
3,670,000

11,300,000
10,100,000
19,700,000

1906
1907
1908
1909
1910

17,700,000
24,800,000
12,600,000
25,400,000
14,200,000

42,000

2,060,000
649,000
1,100,000
661,000
224,000

19,500,000'
25,500,000
13,700,000
26,000,000
14,300,000

1911
1912
1913
1914
1915

17,600,000
18,200,000
11,800,000
20,200,000
12,900,000

72,000
96,000
130,000
150,000
250,000

266,000
24^,000
96,000
436,000
1,950,000

17,800,000
18,400,000
11,800,000
20,700,000
14,600,000

1916
1917
1918
1919
1920

18,900,000
20,000,000
13,100,000
11,000,000
21,100,000

250,000
340,000
310,000
480,000
470,000

4,490,000
1,150,000
330,000
740,000
800,000

23,100,000
20,600,000
13,100,000
10,700,000
21,400,000

16,600,000

480,000
550,000
670,000

1921
1922
1923
1924

19,300,000
17,600,000
16,600,000
12,700,000

Mean; 16,100,000

Lees Ferry, near the Utah-Arizona boundary, and in 1922, a station was
built in the Grand Canyon, at the foot of the Bright Angel trail/ Comparison of the records of these stations with the records at Yuma indicates
that the discharge at Lees Ferry is about 500,000 acre-feet per year less
than the dkharge at Laguna, and the discharge at Topock is 1,500,000
acre-feet more than at Yuma. The compensated mean annual flow at
Laguna was stated above to be 15,650,000 acre-feet. Therefore, the
compensated mean annual flow at Lees Ferry is about 15,000,000 acrefeet, and that at Topock is about 17,000,000 acre-feet,
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INADEQUACY OF THE WATER SUPPLY

An estimate of the deficit or shortage in the water supply can now
be made, as follows:
Acre-feet
Grand total water requirements, as in Table III
21,235,000
Compensated discharge at Laguna
15,650,000
Present use above Laguna
2,480,000
Estimated reduction in evaporation from
overflow lands
470,000
18,600,000
Inevitable waste, runoff below storage dams, water
for sluicing, etc., estimated
Water supply, exclusive of Gila __ „..

_

800,000
„ 17,800,000

Deficit, or shortage

3,400,000

The water supply is inadequate to meet all the demands that will be
made for it. Which demands will not be met, it is impossible to assert.
On account of the great value of the possible power development, it is
not likely that storage for power projects will be curtailed with the
object of saving the evaporation loss. The demands for Mexico, as set
forth in the proposals of the United States Bureau of Reclamation, may
be reduced somewhat, perhaps as much as 50 percent, by international
agreement.
Mr. Herman Stabler, Chief of the Land Classification Branch of
the United States Geological Survey, recently has made extensive studies
of the hydrology of the Colorado River, extending his estimates of flow
back to 1877. There is much evidence that the average runoff during
the period of the record, since 1902, has been greater than during the
previous 25 years. The records of rainfall, and of the measurements of
the Salt River and of the level of great Salt Lake all indicate that this
is true. Mr. Stabler's conclusion is that the dependable, usable supply is
14,400,000 acre-feet. On that basis, the deficit is much greater than as
stated above.
EFFECT OF THE COMPACT ON THE DIVISION OF WATER

The proposed Colorado River Compact, in Article III, divides the
basin of the Colorado at Lees Ferry, and makes allocations of water
.supply to the two parts of the basin, as follows:
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Upper Basin
...
Lower basin, including the Gila

7,500,000 acre-feet
8,500,000 acre-feet

The requirements of the upper basin can be estimated by subtracting
the needs of the Little Colorado and Virgin basins from the total of
7,550,000 acre-feet, given in Table III. Those needs are about 300,000
acre-feet, and hence the requirements of the basin above Lees Ferry
is approximately 7,250,000 acre-feet. The Compact makes full provision
for the upper basin, with a surplus of 250,000 acre-feet for good measure.
The requirements for the lower basin are as follows:
Between Lees Ferry and Boulder Canyon
Below Boulder Canyon:
Arizona
California
Los Angeles County (additional)
Evaporation from reservoirs
Gila River basin .„„
Total „

Acre-feet
300,000
3,890,000
4,605,000
500,000
1,400,000
2,500,000
.13,195,000

The allotment of 8,500,000 acre-feet is, therefore, far short of the
requirements.
In Article III (c), it is provided that if the recognized claims of
Mexico cannot be satisfied out of the surplus above the 16,000,000 acrefeet allotted, then the burden of the deficiency shall be borne equally by
the upper basin and the lower basin. The total water supply, including
the Gila, is about 20,500,000 acre-feet. Hence, the possible claims of
Mexico can be satisfied out of the surplus, and none of the burden of
supplying Mexico with water will fall on the upper basin. The rivalry
for water under the Compact will be between Arizona, California, and
Mexico. If the upper basin states are secured in their allotment of
7,500,000 acre-feet, 'they will take less interest in preventing further*
appropriations in Mexico than they will if their own future development
is involved.
Article III (a), creates an allotment of 7,500,000 acre-feet, consumptive use, to the upper basin, and Article III (d), provides that the
flow at Lees Ferry shall not be depleted below a 10-year average of
7,500,000 acre-feet If it becomes practicable in the future to measure
the consumptive use and the upper basin is restricted to 7,500,00 acre-feet,
then the additional depletion at Lees Ferry cannot be more than 5,200,000 acre-feet, since the present use is 2,300,000 acre-feet. Since the
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present average discharge is 15,000,000 acre-feet, the remaining average
flow will be about 10,000,000 acre-feet. It will be easy, therefore, for
the upper basin states to comply with Article III (d). The average of
7,500,000 acre-feet at Lees Ferry would be very inadequate for the lower
basin.
At the time the Compact was negotiated, the known demands of the
two basins were lower than they are now recognized to be, especially so
in the lower basin. Wyoming and Colorado had made extensive investigations of the future irrigation possibilities of those states. Arizona
had not investigated her resources. The State Water Commissioner had
just sent an engineering commission into the field to study the opportunities for utilizing Colorado River waters in this State, but the commission had barely gotten started in its work. If the report of the
engineering commission had been available to the Colorado River Commission, the division of water in the Compact would be much more
favorable to the lower basin.
It has been stated that the object of the Compact is to prevent
interstate litigation. Litigation over water rights occurs only where
there \b an inadequate supply. If the Colorado River Compact is ratified,
the upper basin states will be freed from the possibility of interstate
litigation, but the likelihood of a long-continued legal battle between
Arizona and California will be intensified.
The Compact does not provide for the division of the water supply
of the upper Gila River between New Mexico and Arizona, or of the
Paria and Kanab rivers'between Utah and Arizona, or of the Virgin River
between Utah, Arizona, and Nevada. Presumably the interstate rights on
those streams will be determined on the basis of priority of appropriation,
regardless of state boundaries. The same rule should apply to the main
stream.

THE OUTLOOK FOR HYDROELECTRIC POWER
The total potential hydroelectric power of the Colorado River
within the State of Arizona is a little more than 5,000,000 continuous
horsepower. The potential power will be reduced somewhat by the
future development of irrigation above the Utah-Arizona line, but will
always be so great as to make it one of the State's greatest natural resources. Although a part of the power will be transmitted for use in
other states, particularly California, there is the possibility of very extensive use within this State. Power is an increasingly important factor in
the location and growth of industry. Arizona can look forward to a
network of high-voltage lines transmitting hydroelectric power to all sections of the State. Though such extensive distribution of power may not
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be economical]}' feasible now, jet the rapid growth of population and
wealth as shown by census reportb gives assurance of its accompaniment
within a reasonable period of time.
If the query relates to the immediate future, or to how fast the
development can be achieved, then there is much uncertainty as to the
reply. The power load of Arizona is not large and it is widely scattered
geographically. The principal centers of power consumption are Kingman, Jerome, Phoenix, Ray, Miami, Clifton, Ajo, Tucson, and Douglas.
The distance along the probable route from Boulder Canyon to Douglas
is close to 500 mileb, and the aggregate length of branch lines required
to reach all of the above districts is about 360 miles. If power ib
developed at the Diamond Creek site instead of at Boulder Canyon, the
length of transmission line required will be 65 miles less.
Because of the long transmission distance, averaging over 400 miles
from Boulder Canyon, it will be necessary to use 220,000 volts for the
main transmission lines. Double-circuit lines for that voltage on steel
towers, cost about $35,000 per mile, and transformers and other equipment on such lines are costly. The investment in transmission lines
and transformers will be approximately $28,000,000. The annual cost,
allowing 12.5 per cent for the combined charges of interest, depreciation,
taxes, operation, and maintenance, will be $3,500,000.
The visible market for hydroelectric power in Arizona, that is, the
power load now generated by steam, excluding those plants which utilize
waste heat from reverberatory furnaces, is about 60,000 kilowatts. If all
of this load were replaced by power from the Colorado River, then,
assuming a load factor of 60 percent, the total power transmitted annually
would be 315,000,000 kilowatt-hours, and the cost would be 1.1 cents
per kilowatt-hour. To this must be added the cost of generating the
power, which will be from .35 to .50 cents per kilowatt-hour, and an
additional 10 percent to cover the power loss in transmission. The total
cost of the power, therefore, wholesaled in large blocks, would be about
1.5 cents. In the new contract of the Salt River Valley Water Users
Association for delivery of power at Miami, the rate is .65 cents per
kilowatt-hour, measured on the low-tension side of transformers at Miami.
The cost of steam power at the best-equipped plants in the State is 1.2
cents per kilowatt-hour. It is apparent, therefore, that Colorado River
power at the present time cannot compete with power now in use.
If the present replaceable load were 120,000 kilowatts instead of
60,000 kilowatts, the cost of power, delivered in large blocks, would be
only about one cent per kilowatt-hour, assuming that the lengths of
lateral lines is not greatly increased.
The Salt River Valley Water Users1 Association develops water
power at the Roosevelt Dam and at four power plants on the canal system.
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and is building a dam and 45,000-horsepower plant at the Horse Mesa
site on the Salt River. These plants are adequate for the demands of the
Globe-Miami and the Phoenix districts. Additional power projects on
the Salt and Verde rivers that have been designed and may be built in
the near future are as follows:
Salt River
Verde River

.„.

30,000 H. P.
80,000 H. P.

The power from these projects would be more than adequate to
replace all steam power plants now operating in the State, not counting
the waste-heat plants. The power from the Salt and Verde rivers can be
delivered at the points of use at less cost than can power from the
Colorado River under present conditions, but would not permit of almost
unlimited expansion of use as would a power line from the Colorado
River. Hydroelectric power will be produced, also, at the Siphon Drop
on the Yuma Canal and at the San Carlos Dam.
The estimated cost of transmitting power fnm Boulder Canyon or
Diamond Creek to Los Angeles is very low, the reason being that a large
quantity of power would be transmitted over one line. The more
service a transmission line performs, the lower are the unit costs.
The distribution of Colorado River power in Arizona is dependent
upon several conditions. First, and most important, is the increase in
power demand. Electrification of the Santa Fe railroad, and possibly
the Southern Pacific railroad, the increase of ore reduction by leaching,
the electrolytic refining of copper in Arizona, further development of
pump irrigation and some manufacturing industries are under consideration.- Another condition is the price of fuel oil, which has been low since
1921, but is expected to rise in the next few yeais. Finally, it may
become necessary to subsidize power distribution for a term of years*.
No subsidy for power can be expected from the Federal Government,
and subsidies by public service corporations are usually limited to investments where the load demand is expected to build up rapidly. A subsidy
by the State may be justified if important permanent industries can be
developed thereby. Searching investigation must be made by economists
and engineers to determine how best to increase the power demand and
how best to weather the first few years after construction of the transmission line. The history of extensive transmission systems in other
sections of the United States and in Europe has been that the demand for
power has increased rapidly after the completion of the lines. A similar,
reasonably rapid increase in Arizona can be expected.
As the power demand increases, the cost of transmission will decrease. With growth of population and industry, the cost will become
relatively low throughout the greater portion of the State.

