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ASSEMBLY CONCURRENT RESOLUTION No. 30.
Prowiding for the appointment of a committee on waler problems.

WHEREAS, It is necessary that the Legislature of the State of Cali-
fornia have available adequate information so as to enable its members
to consider proper legislation looking to the adoption of a state-wide
plan for the conservation and use of the waters of the state; now, there-
fore, be it

Resolved by the Assembly, the Senate concurring, That a committee
of eight members, consisting of four members of the Assembly to be
appointed by the speaker of the Assembly, and four members of the
Senate to be appointed by the president of the Senate, be appointed to
make an investigation of the water problems of the state and to recom-
mend to the Legislature of the State of California at the forty-eighth
session thereof some state-wide poliey for the conservation and use of
the waters of the state; and be it further

Resolved, That said commlttee shall proceed to organlze by the elec-
tion of one of its members as chairman and by the election of a secre-
tary, and shall proceed with said investigation in such manner as may
be determined by said committee; and be it further

Resolved, That each department, board, commission or officer of the
State of California, whenever requested to do so by said committee, shall
furnish to said committee such assistance as it may require; and be it
further

Resolved, That said committee is hereby authorized to hold public
hearings at any place in the State of California at which hearings the
people shall have opportunity to present their views to the committee;
and be it further

Resolved, That said committee is hereby authorized and empowered
to do any and all things necessary to make a full and complete investi-
gation of the matters herein referred to and is hereby authorized and
empowered to require the production of hooks, agreements, documents
and papers of every kind; to issue subpoenas and to compel the attend-
ance of witnesses, and to procure testimony. KEach of the members of
said committee is hereby authorized to administer oaths, and all the
provisions of article eight of chapter two, tille one, part three of the
Political Code of the state relative to the attendance and assemblage of
witnesses before the Legislature and committees thereof, shall apply to
the committee appointed under this resolution. The said committee
is hereby given leave to sit during the session of the Legislature, during
the recess thereof and during the interval between sessions thereof, at
any place in the state as said committee shall from time to time deter-
mine.



LETTER OF TRANSMITTAL

January 18, 1929.

To the Members of the Legislature, State of California,
Forty-eaghth Session, 1929:

Your Joint Committee of the Senate and Assembly has the honor to
submit to you its report on the water problems of the state. In the
preparation of its report it has endeavored to study carefully the various
reports made to the Legislature during the past eight years by the State
Engineer, to have additional studies made under his direction; also to
appoint a Legal Advisory Committee and have made available to the
Legislature a report from it, and to have other reports and data assem-
bled so that the members of the Legislature and the people of the state
might have the benefit of this information and be better prepared to
consider any legislation pertaining to the state’s water problems.

Your committee has also in its report made definite recommendations
pertaining to a statewide policy for the conservation and use of the
state’s waters. In making such recommendations the committee has
followed your instructions in the resolution providing for its appoint-
ment. It is, however, fully cognizant of the magnitude and complexity
of the problem and the far-reaching effects of adopting a new policy on
the part of the state as well as the danger in doing nothing.

The committee wishes to call your attention to some of the important
reports which have been filed with it, which may be of value to other
members, should they desire to study them. Too much credit can not
be given the many reports which have been presented from time to time
to the Legislature on water problems by the State Engineering Depart-
ment.






PARTIAL LIST OF OTHER REPORTS

Salt Water Problems of San Francisco Bay and Delta, by Thomas H. Means.

Report of Legal Advisory Committee to Joint Legislative Committee, dated
October 27, 1928,

Report on Kennett Reservoir Development. an Analysis of Methods and Extent
of Financing by Electric Power Revenue, by Lester S. Ready, Consulting Engineer,
under the direction of Edward Hyatt, State Engineer.

The stenographic report of the proceedings before your committee in San Fran-
cisco on February 20, 21 and 22, 1928, and also April 16, 1928, and November
23, 1928.

Memorandum to the Joint Legislative Committee Pertaining to the American
River, by A. M. Barton, Chief Engineer of the State Reclamation Board.

Report of Irrigation Investigation in California, by the United States Depart-
ment of Agriculture. 1901. Bulletin 100.

Your committee wishes to mention the valuable assistance of all
state departments called upon. and particularly the Department of
Public Works, including Mr. B. B. Meek, its director, and State
Engineer Edward Hyatt and his assistants, and the members of the
Tegal Advisorv Committee, namely, Messrs. Henry E. Monroe, chair-
man, F. G. Athearn, Louis Bartlett, W. B. Bosley, Spencer Burroughs,
A. L. Cowell. Homer J Hankins, S. B. Robinson, Edward F. Tread-
well and Samuel C. Wiel, all of whom have {reely given the committee
able assistance. The committee wishes to express its gratitude to the
various chamhers of commerce and other organizations throughout the
state for the splendid assistance they have given in furnishing a means
of contact with the public generallv. The press of the state has materi-
ally helped to make our public meetings suecessful: in fact, thronghout
the state there seems to have been a friendly attitude toward the work
of the committee and a spirit of helpfulness.

B. 8. CriTrExDEN, Chairman,
Rarpr E. Swing, Vice Chairman,
E G. Apaug, Secretary,

VAN BERNARD,

F. W, MIxTER,

H. C. NELSoN,

WL R. SHAREKEY,

Epwixn A. MUELLER.
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METHODS PURSUED BY COMMITTEE

Promptly after the appointment of the various members by the
Lieutenant Governor and the Speaker, they met in Sacramento and
organized. They also mapped out a plan of procedure.

The study involved covered such a wide range and the data to be
obtained was so extensive and the problems involved were so numerous
and complex that it was with some difficulty that the committee could
determine where to begin and how to proceed.

PHYSICAL CONDITIONS.

It was obvious almost from the beginning that the committee should
obtain a physical picture of the portions of the state that are affected
by present water developments or that might he affected, and the parts
also that produce the water supply. It was also clear that the various
reports made to the Legislature since 1921 by the State Department
of Engineering pertaining to the water problems should be given excep-
tionally careful study. Mr. Paul Bailey, State Engineer, at the first
meeting of this committee, suggested that the best results would be
obtained by the committee, so far as possible, by viewing dam and
reservoir sites in the mountains mentioned in the report, as well as
viewing developments in all the vallevs of the state which the report
had inecluded.

Mr. Edward Hyatt, the State Engineer, following Mr. Paul Bailey,
readily agreed to this plan and personally accompanied the committee
on various tours of investigation from FEureka in the north down
through the Sacramento and San Joaquin vallevs and finally finishing
at San Diego.

These investigation tours were so planned that during the day the
committee would be shown a particular dam or reservoir site or a par-
ticular water development or phyvsical condition mentioned in the
report, and in the evening a public meeting would be held in the com-
munity the committee was visiting and the State Engineer would
publiely explain his report as it applied to what had been seen during
the day.

These meetings were well attended by the public, and the committee
enjoyed a free exchange of views on water problems between the State
Engineer and those present.

This method was followed at meetings held at Eureka, Redding,
Red Bluff, Oroville, Marysville, Placerville, Grass Valley, Willows,
Sacramento, Stockton, Richmond, Pittsburg, San Francisco, Merced,
Modesto, Fresno, Delano, Porterville, Visalia, Hanford, Tulare, Bakers-
field and other places.

The same method was also followed at meetings held in Los Angeles,
San Bernardino, Riverside, Santa Ana, Fallbrook and San Diego, the
water problems of the southern part of the state being, of course, of
different nature to a large extent from those in the north, but are just
as acute, important and serious, as will hereinafter appear.
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ADDITIONAL REPORTS REQUIRED

Before the committee had proceeded far in its work it hecame
obvious that a clear understanding should he had of the law applicable
to the problems under consideration, hence the committee authorized
its chairman to invite eleven well known attorneys to constitute a
Legall Advisory Committee, to advise it as to the present status of
the law,

This Legal Advisory Committee is composed of:

Messrs. Henry E. Monroe, Chairman,
F. G. Athearn,
Louis Bartlett,
W. B. Bosley,
Spencer Burroughs,
A. L. Cowell,
Homer J. Hankins,
S. B. Rohinson,
Edward F. Treadwell,
Samuel C. Wiel.

Their report is marked Exhibit ‘‘A’’ and is affixed hereto and
thereby made a part of the report of this committee.

It also appeared to the committee that more detailed study should
be made of the revenue which might be obtained hy the state from
incidental power to be developed at any one of the dam sites and also
the economic burden which the state would have to assume under the
different methods of developing and handling of power. Kennett Dam
was chosen as typical as to power possibilities and a report was pre-
pared by Mr. Ready, under the direction of State Engineer Hyatt,
and is marked Exhibit *‘B,’’ attached hereto, and made a part of this
report. Various supplemental reports have been prepared by the
State Engineer at the request of the committee, as the result of its
study.

PREVIOUS INVESTIGATIONS

It has been in the minds of many of our thoughtful citizens through-
out the state for many years that some plan for the orderly develop-
ment of the water resources of the state should be adopted.

In 1901 the United States Department of Agriculture made a report
of irrigation investigations in California under the direction of Mr.
Elwood Mead. This investigation was brought about by special requests
of leading citizens of California. Their communication to Dr. A. C.
True, Director of Agrienlture, was as follows:

To Dr A. C. True,
Director. Office of Experiment Stations,
U. S. Department of Agriculture:

The undersigned earnestly desire that Mr. Elwood Mead be detailed by the
department to conduct a series of irrigation investigations in California, and trust
that you may feel justified in forwarding this request to the Honorable Secretary of
Agriculture with your approval. We have, of course, ascertained that the proposed
detail will not be contrary to Mr. Mead’s 1nclination or judgment.

We respectfully submit that nowhere in America are there irrigation problems
more 1mportant, more intricate, or more pressing than in California. Neither are
there any whose study would be more greatly instructive. ‘We can offer, we
presume, examples of every form of evil which can be found in Anglo-Saxon deal-
ings with water in arid and semiarid districts.
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GREAT 8UMS HAVE BEEN LOST IN IRRIGATION ENTERPRISES. STILL GREATER BUMS
ARE ENDANGERED. WATER TITLES ARE UNCERTAIN. THE LITIGATION IS APPALLING.
Among the things necessary to be known before we can hope for well-consid_ered
legislation upon the conservation and distribution of our waters are the following:

First. The amount of water in the streams.

Second. The duty of water in the different irrigation basins.

Third. The claims upon the water, collated by streams and not by counties
as now.

Fourth. The nature of water right titles.

Fifth. The adjudicated claims upon the waters.

Sixth. The lands now irrigated and susceptible of irrigation.

Seventh. The possible increase of water for beneficial use by storage in each
system.

Eighth. The extent to which the irrigable area can be increased by better methods
of distribution and use.

(Signed by) B. J. Wickson, acting director, University of California Experiment
Station; J. A. Filcher, manager State Board of Trade; William Thomas; David
Starr Jordan, president, Leland Stanford Junior University; E. B. Pond, president
San Francisco Savings Union; William Alvord, president, Bank of California;
<Charles H. Gilbert, vice president California Academy of Sciences; Marsden Man-
son; T. A. Kirkpatrick, vice president P. C. M. M. D. Company; E. E. Patten;
Grant S. Taggart; Frank Soule, professor of civil engineering, University of Cali-
forma; Julius Kahn; Victor H. Metcalf; German Savings and Loan Society, by
B. A. Becker, president; E. J. Le Breton, president French Savings Bank of San
Francisco; Califorma Safe Deposit and Trust Company; W. E. Brown, vice presi-
dent Crocker-Woolworth National Bank; Hibernia Savings and Loan Society, by
Robert J. Tobin, secretary; M. H. De Young, San Francisco Chronicle; J. M.
Gleaves, president Califormia Water and Forest Society ; David M. de Long, manager
Nevada and Monette Placer Mines; R. H. Goodwin, Umted States Deputy Min-
eralogical Surveyor; Frank W. Smith; Ernst A. Denicke, president Germania
Trust Company; C. E. Grunskey, civil engineer; George C. Perkins; Andrew W.
Kiddie, United States Deputy Mineralogical Surveyor.

In 1913 another investigation was made by the State of California.

The report made by Dr. Mead pursuant to this request is very com-
prehensive and is on file with the United States Department of Agri-
culture, known as Bulletin No. 100.

Following this federal report other investigations and studies of the
water problem were carried on by the State of California, which
culminated in 1921 in a general demand for an investigation of the
water resources of California, and numerous appropriations and inves-
tigations were made, all of which show the important part that water
plays in the economie activities of the state.

GENERAL DEVELOPMENT

California is an empire in the making. Since the days of the padre
there has been a continuous development of the agricultural lands of
the state. In order to do that, reclamation of lands from overflow
was necessary. Provisions for flood eontrol to prevent storm waters
inundating cities and valleys have been made. The state being semi-
arid, irrigation has been gradually developed for summer eropping.
The growth of our large cities has required the storage and transporta-
tion of domestic water supply and the building of large dams for the
development of electrie energy. Much of our water law rose out of
conflicting claims between miners subsequent to the discovery of gold.
These developments have continued steadily with the growth of the
state.
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LACK OF COORDINATION IN PAST DEVELOPMENT OF THE STATE
RECLAMATION

In the begimning of the reclaiming of the delta of the Sacramento
and San Joaquin rivers and other lands, individuals and small distriets
built levees atound their property until dozens of reclamations were
made, each without regard to the other. Thereafter 1t became a struggle
between them for existence, because each reclamation projeet deterred
the flow of the river, raised the water level, and caused the lower levees
to break. This continued to a point where it became disastrous to the
lowlands

STATE POLICY OF RECLAMATION AND FLOOD CONTROL

The state early adopted a policy of flood eontrol on the Sacramento
and San Joaquin rivers. It cooperated with the federal government
and the landowners along these streams and proceeded to control the
height to which levees on the rivers might be raised.

In other words, it made the delta and Sacramento and San Joaquin
valleys possible for reclamation by immdividuals or distriets. The state
also econtributed a considerable sum toward flood control in Los Angeles
County.

IRRIGATION DEVELOPMENT

The development of water for irrigation of agricultural lands in the
Sacramento and San Joaquin valleys has been gradual, but extensive.
It has been done by individuals, associations and various types of irri-
gation districts. Water for some of these developments is pumped from
rivers directly to the lower levels Some of them pump their water
from subterranean sources. A more general practice perhaps is to
store water in the high elevations nearest the valleys and to transport
it to the lands in summer as required. All of these developments have
been worked out, each as a single unit, without regard to their effects
upon any other irrigation system or the needs of any other person or
persons. In southern California conservation of the flood waters is
effected by spreading such waters upon the debris cones at or near the
mouths of the streams.

MUNICIPALITIES AND POWER COMPANIES

Municipalities and power companies have added to the complexity
of the sitnation by constructing huge dams in the higher elevations for
the storage and transportation of water for domestic purposes or the
development of electrie energy for general public use.

Each and all of these developments have been the result of the great
development of the population of the state. They are the products of
the economic needs of the state, but each and all of them in their
construction and operation have had in mind only the sucecess of the
individual project.

None of them has heen installed, developed, eonstructed or operated
in coordination with the interests of any other part of the state. Only
the persons to he served by the individual project have been considered.

Such developments are not to be condemned but are indicative of the
industry of our people; thev have created unlimited wealth for the
state and made possible the growth of great cities and numerous towns.
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. WHY THIS INVESTIGATION?

The intensive development before mentioned, desirable though it
may be, has brought about many physical changes. New conditions
have been created.

Reclamation in the Sacramento Valley and dredging of the mouth of
the Sacramento and San Joaguin rivers has caused storm waters to
rush more rapidly to the sea. The intensive development ‘of irriga-
tion in the Sacramento and San Joaquin valleys and the storage of
water for power and domestic uses has drawn upon the summer flow
of those streams until the supply of fresh water in the delta channels
in summer months has heen matermally decreased.

The manner in which present conditions in the delta may have been
changed from their natural state is diseussed in the report of Thomas
H. Means on the ‘‘Salt Water Problem,”” which report is hereto
annexed, marked Exhibit <“C.”’

In the San Joaquin Valley from Fresno south practically the entire
surface run-off from the tributary mountains is now utilized exeept in
case of extreme floods, and the pumping of underground water is
relied upon to sustain the farm areas as well as the towns that have been
established therein. Literally thousands of wells are being pumped
to furnish necessary water throughout the greater portion of the grow-
ing season in this arca. All of the towns of the San Joaquin Valley
obtain theiv domestic supply from wells.

By reason of these conditions the ground water levels from Kings
River south are falling. In many improved localities this is true to
such a serious and alarming extent that federal farm loans have been
discontinued. It is not a question there of irrigating new areas that
is involved so much as the maintaining of existing developments.

In Bulletin No. 12 of the California Kngineering Department, on
page 24, it is stated: ‘‘Large areas deriving their supply from under-
ground sources are facing a dropping ground-water plane. These
areas are extending as their communities expand. Without additional
supplies, well levels in these regions will continue to drop until either
the underground basins are exhausted or the cost of pumping water
to the ground surface exceeds its value.’’

Again on page 25 it says ‘‘Not over two-thirds of the area now
under irrigation in California ean obtain water as needed, with reason-
able certainty.’’

Quoting agan on page 22 of the same report, ‘“Practieally all of the
summer flow of California streams that are accessible is now in use.”’

That the limit of development which can safely be made by the
individual enterprises has now been reached is probably best shown
by the institution of vast numbers of legal controversies between ecities
and others, power companies and other appropriators, between the delta
interests and all irrigators or appropriators in the Sacramento and San
Joaquin valleys.

Perhaps this is best illustrated by a recent suit filed in the superior
court in the county of San Joaquin, in which there are 500 party plain-
tiffs against approximately 500 party defendants. Of eourse, it is not
the duty of this committee to influence any action now in the courts.
‘We merely mention this fact as illustrative of what seems to be the
beginning of an era of endless litigation, and to show that the water



— 13 —

problems are acute. Already the scareity of water is alarming the
users in the different parts of the state. It is obvious that develop-
ment has reached its maximum under present conditions.

It is obvious from the reports and from common knowledge, and so
far as we know 1t is not disputed, that the development of the Sae-
ramento and San Joaquin valleys and in the San Francisco Bay sec-
tion has brought about a dangerous encroachment of salt water, a deple-
tion of the water supply in the San Joaquin Valley for lands now under
development; and with no reserve for further growth, and shortening
of the distance on the river in which navigation can be enjoyed. In
addition many cities and highly developed communities are annually
menaced by floods, a great industrial distriet without a sufficient fresh
water supply, a depletion of the water supply available for individual
development and a continuing condition of legal strife involving water
rigchts, all due largely to water consumed by various methods of
development.

In other words, the great interior basin of California and portions
of the territory surrounding San Franecisco Bay have almost reached
the limit of economic development of its water resources under the pres-
ent policy of the state and under present conditions. Large agricul-
taral areas and present investments are in danger of retrogression and
depreciation; and all interests are more or less unstable on account of
threatening litigation and uncertainty of future water supply.

SOUTHERN CALIFORNIA-COLORADO RIVER

South of Tehachapi lies an area known as the coastal plain. It com-
prises one of the richest and most densely populated sections in the
state. Within it is located practically all of the cities and metropoli-
tan areas of the south. Its development has been rapid and to meet
its ever increasing demands, its water resources have been exploited
to the maximum. If growth is to continue and further development
in this region take place, the water necessary therefore must come from
the Colorado River. This is the only available source. In the pas-
sage of the Swing-Johnson Bill eongress has made possible the con-
struction of the dam necessary to make the Colorado River water avail-
able for use upon the coastal plain. A sufficient quantity of water
can be obtained from this source for such use. To make this water
available for use on the coastal plain it is necessary that it be trans-
poried by means of an aquedunet from a point on the river below the
dam. This will require an aqueduct of approximately 225 miles in
length and construction of a system of tunnels through the Coast Range
Mountains, as well as the construction of two and possibly three
gigantic pumping plants to lift the water from the river level to an
elevation which will permit it to flow by gravity to a point of use.
Such water is only for domestic use and will not be available for irri-
gation. The cost of such aqueduct and necessary pumping plants has
been given careful consideration by the engineering department of the
city of Los Angeles, which city has already expended upward of
$2.000,000 in surveys and in the study of this problem. The commit-
tee is advised, and we are of the opinion, that the procuring of such
water from the Colorado River is absolutely essential to the further
development of southern California.
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THE SANTA ANA RIVER SYSTEM

The Santa Ana River system has its source in the San Bernardino
range of mountains, The waters of this system flow through and con-
stitute the source of water supply for the more fertile part of the
counties of San Bernardino, Riverside and Orange. This river system
has a large and productive water shed reaching from Beaumont to
the San Antonio River and extending from the foothills in the San
Bernardino Valley to the crest of the San Bernardino range of moun-
tains. The heavy run-off from the higher reaches of this watershed
rapidly descends into the valley, swelling the streams, causing them to
overflow, flood and destrov valuable property. These floods carry down
and deposit on the valley land large quantities of debris and detritus
causing additional damage. The turbulent flood waters are heavily
impregnated with silt and slickins which, when deposited on the debris
cones, prevent the sinking of the water. Protection from these floods
and conservation of a part of such storm waters have been ecar-
ried on locally by volunteer subseripiion. resulting 1n only partial
relief. The project 1s of such magnitude and the cost of a proper
solution so great that it cannot be borne by those directly interested.

Four years ago this matter was brought to the attention of the state
Legislature and action was then taken authorizing the state engineer
to cooperate with the interested counties in an effort to work out and
submit a feasible plan for economically controlling such floods. Since
being so authorized the state engineer, in conjunction with engineers
and others representing said counties, has carried on and made an
exhaustive study of the rainfall, run-off and storm damages of said
river system and the problems therein involved. Such study has been
practically completed and the report is or soon will be filed. Such
study has demonstrated that there are no available dam sjtes with
sufficient reservoir capacity to make flood control feasible by storage,
except, perhaps, the site at Prado, near the boundary between River-
side and Orange counties. A dam at such place would in no wise
relieve the upper counties from a continuation of present conditions.
However, there are deep and extensive debris cones extending along
the entire foothill area of this water shed. These cones are composed
of coarse gravel, rocks and boulders. They are very porous and water
readily sinks to the deeper strata and percolates into underground
channels and subterranean reservoirs. With proper controlled dams
and diversion works the run-off from the higher watersheds could be
controlled as it enters the valley and be diverted to these cones and sunk
through the porous gravel beds into the deeper strata, underground
channels and subterranean reservoirs of the valleys. Such diversion
would effectively control the floods and incidentally conserve large
quantities of water now flowing unused to the sea.

An economic program for the control of this river system should
extend over a period of years and should be cooperated in by the inter-
ested counties and the state. It has long been the policy of this state,
in situations such as this, to cooperate with those direectly interested
in earrying on work of controlling floods. In pursuance of such policy
the state has contributed to the control of the floods of the Sacramento
River and the floods of I.os Angeles County. Similar treatment should
be accorded those interested in the control of the floods of the Santa
Ana River system.
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MATTER OF STATE CONCERN

‘When a condition arises in the state in which practically all persons
are and all property is directly or indirectly affectel, it becomes a
matter of interest to the state itself. The state has been fortunate
during the past fifty years in that physical conditions have been such
that private interests of one kind or another or subdivisions of the state
could successfully develop the water resources of the state sufficiently
to supply all the needs of the people and to build up unlimited values
in property and create vast wealth. It is unfortunate that the time
has arrived when present investments are endangered and future devel-
opments are about to cease on aceount of conditions which have arisen
from the development of the state up to the present time. This situ-
ation exists throughout the highly developed portions of the entire state
and is of paramount interest to the state as a whole.

PHYSICAL POSSIBILITIES

The various reports heretofore placed in the hands of the Legislature
rovering a study of water resources of the state since 1921, are referred
‘o ana made a part of this report, although not affixed hereto. These
reports were prepared and concurred in by the State Engineer and the
following recognized experts: Louis C. Hill, . B. Lipnincott, Wm.
Mulholland, A. Kempkey, A. J. Cleary, G. A. Elliott, B. A Etcheverry,
F. C. Hermann, W. L. Huber. These reports are unusually full, clear
and carefully prepared, and have definitely answered the question for
us from an engineering standpoint. There seems to be comparatively
little, if any, difference of opinion in regard to the conclusions reached
on egineering matters. It will not be necessary to recite herein data
which is there available for your study, except to call attention to such
facts as we feel will support our coneclusions. Said reports conclude
with a recommendation of a coordinated plan for the development of
practically all of the state’s water resources.

COORDINATED PLAN

It was not intended by that recommendation that any such plan
would be completed for many years. It is the thought of the report as
well as of this committee that development should not proceed more
rapidly than economic needs of the state require, but as it progresses
the various uses of water should be coordinated, and the plan suggested
in those reports should be so far as practicable recognized and followed.

STREAM REPLENISHMENT

It is well known that the water supply of this state is derived from its
annual snow and rainfall which is heaviest in the mountain areas.

‘“THREE-FOURTHS OF ALL OF THE STATE’S WATERS REACH THE OCEAN
WITHIN FORTY-FIVE DAYS AFTER THE TIME OF THEIR PRECIPITATION AS RAIN
OR SNOW UPON THE MOUNTAIN AREA.’’ (See page 21, Bulletin No. 12
Department of Public Works, dated 1927.) Again, ‘‘The long, warm,
almost rainless summers require water in large quantities for all human
endeavors, but the summer flow in the streams most valued of all, 1s
only the drain water in wake of the great volume of winter and spring
run-off.”” (Idem. 22 ) ‘‘Three-fourths of all this water lies within the
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northerly third of the state’s area, while three-fourths of the need for .
water lies within the southerly two-thirds of the state’s area.”
(Idem. 22.) o

If it is an engineering possibility to construct a dam or dams which
will store those flood waters which would otherwise run to the sea
within forty-five days, and release them so as to replenish the Sacra-
mento River in summer in excess of its present need for individual
development, and by such increased summer flow in the delta push back
the salt water, it will again make the great Sacramento Valley safe for
development and the delta safe for investment, and also better condi-
tions along the water front.

If it is an engineering possibility to replenish the waters of the San
Joaquin River to supply the needs of lands already developed, it will
have saved the investments in great agricultural enterprises in that por-
tion of the state. If by a salt water barrier Suisun Bay and the delta
can again be made fresh, industry again will be interested in locating
there. As economic conditions require, all of the water resources on the
western slopes of the Sierra Nevada may be developed as needed. In
addition to all previous developments the state may, as its needs require,
increase its present developments and its present property values.
Cities may grow without limit and without friction. Litigation over
water rights will be reduced to a minimum. Irrigation districts and
reclamation distriet bonds and land mortgages and values will be
stabilized. Northern and central California will be safe for another
long period of intensive development.

The question of engineering practicability has been well answered by
the reports of the State Engineer. It has been shown by that study that
a dam may be built on the main Sacramento River at Kennett, with a
capacity of 2,900,000 acre-feet; that this conservation of flood water
would reduce flood flow by one-half at Red Bluff, sustain navigation
during the year on the Sacramento River and prevent the encroachment
of salt water into the fertile delta to a point near Antioch, and leave a
large surplus for the San Joaquin. This reservoir site isideally located.
It has unusually large capacity, with a dam to the moderate height of
420 feet, which capacity eould be increased by raising the height of the
dam. This dam site is located on an exceptionally firm, igneous forma-
tion. Other dams and reservoirs may be constructed, some of which
are the Iron Canyon with a capaeity of 1,100,000 acre-feet, the Oroville
Reservoir on Feather River with a capacity of 345,000 acre-feet; Nar-
rows Reservoir at Yuba, with a eapacity of 445,000 acre-feet; Parker
Reservoir, with a capacity of 100,000 acre-feet and the Folsom Reservoir
on the American River, with a capacity of 307,000 acre-feet. There is
no one structure by itself which is more happily located for quantity of
storage and safety of construction than Kennett, and there is no other
single structure which comes as near answering the present mneeds of
the northern part of the state as does Kennett. It has other economic
advantages which will later be considered.

The engineering feasibility of the salt water barrier has been recog-
nized as a part of the coordinated plan mentioned by the State Engineer
in his report. It has also been made the subject of a report known as
the Walker Young report; also, this matter has been thoroughly pre-
sented to the committee by Thomas H. Means in his report on ‘‘Salt
Water Problems,’” heretofore mentioned.
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Referring to page 48 of Mr. Means’ report the summary of Mr.
Walker Young’s report 1s favorably quoted as follows: ‘‘The summary
of Young's report gives his main engineering conclusions as follows:

1. The construction of a salt water barrier is feasible at either San Pablo Point
or at one of three sites near the upper end of Carquinez Strait.

2. The barrier can be utilized for both rail and automobile traffic.

3. The cost will depend upon the method of construction. A barrier can be built
at Army Point with bridge of 30-foot clearance for $49,600,000. at Benicia for
$46,200,000; at Dillion Point for $44.700,000; at Pomnt San Pable for $75,200,000.

4. The barrier will pass a flood of 750,000 secund feet (larger than any flood
measured into Suisun Bay) with an estumated raising of water surface of 0.7 of a
foot at the barrier, at Army Point, and about 0355 of a foot at Collinsville. Water
levels in the delta under extreme conditions are estimated to be below elevations of
high water computed by flood control engineers of the state. With a barrier at
I’oint San Pablo, the raise 1n water level would be slightly less than at Army Point.

5. The barrier would effectively handle both water transpottation through locks
and bridge transportation.

6. The barrier would store fre<h water and prevent the encroachment of salinity
now taking place every summer.

7. The barrier would prevent tetede from working above 1ts location

8. The barrier can he operated so as not to be a detriment to the fishing industry.

9. The elevation at which water is maintained above the barrier in summer has
not been determined 'To begin with it should be held a hittle below ordinary high
tide.

The engineers agree that a salt water harrier can be built successfully
across Carquinez Strait and provide for navigation and fish regulations;
that it will not elevate the level of the water ahove the barrier to such
an extent as to endanger the levees of the delta. The creation of a fresh
water lake around the delta as well as around the industrial sites along
the water frontage near the great centers of population is of great value
and of general benefit. It would also make available for private and
public development the excess waters of the Sacramento and San
Joaquin rivers. It would also eliminate further litigation between
riparian land owners and appropriators.

SAN JOAQUIN VALLEY

The report of the State Engineer is quite complete and convineing
that waters from the tidelands may be pumped up the San Joaquin
River by a system of dams and pumping plants and levees along the
river, and canals extending from Friant on the upper San Joaguin to
Kings River and from Kings River south to Erlimart. This system
would make available water for replemishing the supply of the San
Joaquin Valley.

ECONOMIC QUESTION

The committee is convinced that the projects are feasible from an
engineering standpoint, and is convinced also that the water problems
of California are critical. Therefore, the more serious and difficult
problem of the practicability of these projects from an economie
standpoint must be considered.

The original cost estimates for the construction of Kennett Dam,
together with the power house, made in the state engineer’s report
is $80,000,000. Omne of the most expensive items is the requirement
of the removal of that portion of the Southern Pacific railroad which
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passes through the reservoir site. In addition, portions of the state
highway must be relocated. However, the state engineer and his con-
sultants feel certain that the estimates are liberal in the matter of
costs of such changes. Should it be determined that the best interests
of the state require the construction of such a dam, it is presumed
that the Southern Pacific Company will cooperate in rerouting its line.

The purpose of the Ready report is to show what revenue the state
might expect from power at Xennett. It is based upon the original
estimate made by the state engineer as to the construction of the dam
but changes the estimate of the cost of the power plant by reducing
it $10,000,000, thus making the total cost $70.000,000 instead of $80,-
000,000. This saving of $10,000,000 can be effected by the production
of primary power only and the elimination of secondary power which
we deem not economically feasible. His estimates are also hased upon
the operation of the reservoir coordinately for control of salinity to
Antioch, control of floods of the Sacramento River to 125,000 second-
feet, making available an irrigation supply for the San Joaquin Valley
of 330,000 acre-feet per season, or 1000 second-feet maximum rate of
flow, and also for the generation of power incidental to the primary
uses of the reservoir.

Concerning the marketing of power Mr. Ready, on page 3 of his
report, says: ‘“With reasonable cooperation between the state and the
existing agencies, absorption of Kennett output will present no serious
difficulties. The existing utilities have met problems relatively greater
than the absorption of the output of Kennett.”’

Mr. Ready’s study discloses that $64,000,000 of the $70.000,000,
together with the interest on said $64,000,000, in all probability could
be paid off on forty-vear bonds at four and one-half per cent interest,
which ean be retired by the sale of power at 3.5 mills per k.w.h. at
the switch. This revenue woald be reduced approximately sixty per
eent if the dam were operated entirely for irrigation. Our conclusions
are that from an economie standpoint $6+4,000,000 of the $70,000,000
can be paid off by power in event the water is not released primarily
for irrigation. Should power be reserved for pumping water up the
San Joaquin River this revenue would be reduced by the extent of the
value of the power so used.

Several different locations have been suggested for the salt water
barrier. It is estimated that the cost of a barrier at Army Point would
be $49,800,000 The cost of the construction of dams, levees and canals
for transporting of water up the San Joaguin River is estimated
at $24,000,000. Such a construction on the San Joaquin River would
have a capacity of 3,000 second-feet, sufficient to supply 450.000 acres
of land. The total cost of these three units, to wit: the Kennett Dam,
the Salt Water barrier and the San Joaquin pump system and canals

would be $144,000,000
FEDERAL AID

Federal aid in the construction of any of the units herein mentioned
may be looked upon as a possibility.

President-elect Herbert Hoover in his address before the Sacramento
Chamber of Commerce, June 27, 1925, is quoted as saying: ‘“I speak
for myself alone, but I fsel we need a reconsideration of the whole
basis of the expenditure -f the reclamation fund. I would have these
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funds used in pouring cement into our eanyons and thus storage and
more storage. And it should be done under the leadership and respon-
sibility of the state governments. We should by this time know that
the federal government has made a ghastly failure as a land speculator.
In the long view it can never make a failure in contributing to storage
works that will last over a hundred generations.

‘““We could even find an immediate return from such action for I
believe 1t eould be substantiated that the inerement in federal income
tax alone would finance and more than warrant these outlays. We are
all engaged in great effort at tax reduction. But a soundly run business
house not only looks after expenditure, it looks to inereased revenue.
A nation reduces taxes by increasing its wealth and thus spreads the
burden. These are reproductive works we are talking about; they are
not charity.

“From all of which I am convineed that a marginal contribution to
these great works, over and above private and local effort should, if
necessary, be borne by the state at large and by the nation at large.”’

FOOTHILL PROBLEMS OF NORTHERN AND CENTRAL CALIFORNIA

The foothill sections of northern and central California have fur-
nished much of the basic wealth of our state and should not be
overlooked in the development of the water resources of those parts
of the state. It is important that the state retain such authority over
the water coming within its control as will insure a sufficient supply
for use within the watershed where such water originates when and
as the same may be needed and reasonable provision should be made
for maintaining the mountain streams of such territories in the interest
of and for the protection of fish and game and for supplying the
reasonable demands of outdoor recreation and sports and the demands
for all other beneficial uses. Reservation of water for use in this area
presents a difficult problem. KEconomically speaking, lands fartherest
from market and from centers of population and land difficult of
development are among the last to be brought under cultivation and
unless provision is now made for caring for the demands of these lands
as well as for the other beneficial uses when and as needed, the right
for use for such purposes may be lost. Of the waters brought under
control of the state the right of use of such part thereof as may be
reasonably anticipated as necessary for supplying and caring for all
the aforesaid uses should at this time be reserved, and alloted for such
uses as required. In supplying areas of deficiency of water from areas
of surplus only such water as is not needed to serve vested or other
property rights, or mnecessary for supplying the uses and purposes
hereinbefore mentioned should be considered and no water should be
diverted from the area of origin which is now or which may ever be
required for any beneficial use within such area of origin,

AMERICAN RIVER WATERSHED

The development of the American River watershed and the storage
and controlling of the waters of the American River and its tributaries
has been before the Legislature for the past four years. The project
has grown in magnitude from the first thought of constructing a dam at

Folsom to the present one of constructing at least three dams on the
11 APP—67182
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Amerjcan River. This project seems at this time to be one which may
be undertaken and completed at a comparatively early date by money
mostly provided by private companies and on such terms and conditions
as will make it operative for flood control from North Sacramento,
down stream, for the development of large quantities of power as well
as for making some additional water available for domestic and irriga-
tion purposes. The consideration of this now is important, as was
demonstrated by the large area of suburban property flooded last
March from this river. Data is not available at this time sufficient for
this committee to make a definite report on conditions and terms that
should be placed in any lease or contract in which the state may enter
for the development of this great project; however, we believe it to be
to the interest of the entire state that this project should be undertaken
at once in substantially the same manner provided in the act passed
vy the last Legislature and approved May 17, 1927, and reported in
chapter 569, page 955, Statutes 1927. We believe that another statute
with substantially the same provisions should be reenacted and we have
confidence the State Department of Finance will be able to negotiate
some contract which will be beneficial to the state and fair to all.

CONCLUSIONS AND RECOMMENDATIONS

First—That the coordinated plan for the development of water
resources of California as summarized in Bulletin 12, Summary of
‘‘Report of the Water Resources of California and a Coordinated Plan
for Their Development,’’ as filed with the Legislature in 1927 by the
State Engineer and the Department of Public Works, Division of
Engineering and Irrigation, be approved as the plan and policy to be
followed by the state, subjeet, of course, to such modifications and
changes as further studies shall demonstrate to be necessary or advis-
able.

Second—That the state should construct, own and operate Kennett
Dam with a view to the conservation and most beneficial use of the
surplus waters of the Sacramento River along lines favorably affecting
flood control, salinity eontrol, navigation and irrigation, and that the
state should construct and own a power house at this dam and reserve
to itself full authority to operate both dam and power house for the
primary purpose of regulation and use of water for the aforesaid pur-
poses and for the secondary purpose of hydro-electric power develop-
ment. The power should be sold at the switch on contract to be made
with the highest bidder before construction of the dam and power house
is begun, said contract to run a reasonable length of time from date of
delivery of first energy; said contract also to provide for allotment to
the state at sale price, plus actual transmission costs, so much of the
power as will be required for the San Joaquin Valley pump system
and any or all other projects requiring electrical energy that may
hereafter be built by the state in connection with the development of its
water resources.

Kennett Dam should be construeted, as recommended by the State
Engineer, to the height of 420 feet, but on a foundation calculated to
suppert an additional 120 feet.
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Third—That the construction of a salt water barrier at or near Army
Point at a cost of approximately $50,000,000 is necessary for a com-
plete carrying out of the coordinated plan for the development of the
water resources of California as recommended in the first paragraph of
these recommendations.

Fourth-—That the construction of dams, pumping plants, aqueduets,
and levees for the purpose of pumping and transporting water from the
Sacramento River to and for use in the San Joaquin Valley at a cost
of approximately $24,000,000, is necessary for the complete carrying
out of the coordinated plans for the development of the water resources
of California as recommended in the first paragraph of these recom-
mendations.,

Fifth—The question as to whether bonds for the construction of said
salt water barrier and the dams, pumping plants and aqueducts for
the San Joaquin Valley referred to in paragraphs three and four of
these recommendations be voted at the same time as the bonds for the
construction of the Kennett Dam is being held in abeyance by the
committee for further consideration.

Sixth—In southern California 80 per cent of the water supply is
now being drawn from wells and all available stream flow utilized.
The ground water levels are being lowered by overdraft. The popula-
tion increased from 1910-1920 85 per cent, and this ratio is continuing.
The only adequate relief must come from the Colorado River. The
building of the Boulder Canyon Dam has been provided for by congres-
sional appropriation. There remains the construction of the aqueduct.
the cost of which may be $150,000,000. This water is to be used by the
cities of the south for domestic purposes. Eleven towns are now
organizing for this purpose. The cost of carrving out the plan will be
very burdensome. Besides this condition, there is the very serious
situation as to water supply in Imperial and Coachella vallevs and
possibly other parts of the state along the lower Colorado River. If a
comprehensive state project is adopted some provision should be made
to extend assistance to these municipalities and agricultural areas in
southern California. The wavs and means for so doing ean not now
be definitely stated. They will be given further consideration in con-
ference with representatives of that section during the next 30 days.

Seventh—That the financial cooperation of the United States govern-
ment should be given in this undertaking, that steps should be taken
by the state at once to acquaint the federal government with this pro-
posed development, that the proper state officials be authorized to enter
into negotiations with the federal government to that end, but that
there be no delay in either the submission of the bond issue or actual
construction of the proposed works pending such time as final decision
is made by the government as to whether it shall aid California as
requested

Eighth-—That the state give such assistance toward the eomtrol of
flood waters of the Santa Ana River as may be necessary and consistent
with the policy as applied to the Sacramento River and the Lios Angeles
flood control.
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Ninth—That the state renew and continue its water filings on such
streams as may, in the judgment of the state engineer be needed now or
hereafter for the purpose of carrying into effect the flood control or
other policies contemplated in the coordinated plan. provided, however,
that such filings should be released if and when such waters are needed
for developments undertaken by others than the state itself of projects
in harmony with the coordinated plan.

In conclusion your committee desirves to state that it has avoided all
reference to ways and means of financing the above recommended pro-
jeets and to announce that during the constitutional recess it will con-
duet public hearings in San Franeisco and Los Angeles to receive
suggestions from all interested as to this phase of the undertaking,
other questions held in abeyance. In the deliberations of this committee
we have considered at least two possible methods of financing, one by
a statewide bond and the other by distriet assessments according to
benefits. 'We are open minded on both of these, and any other possible
plans that may be suggested.

Shortly after this Legislature reconvenes for the second session we
will submit a supplemental report, with our recommendations as to how
this development is to be financed.

Signed :

B. S. CrirrenDEN, Chairman, .-
E. G. Apawms, Secretary,

RarLrr E. SwiNng, Viece Chairman.
H. C. NeLsox,

WiLL: R. SHARKEY,

VAN BERNARD,

Frank W. MIXTER,

Epwin A. MUELLER
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EXHIBIT ‘A"

Report of Legal Committee to Joint Legislative Committee Appointed
to Investigate the Water Problems of the State and to Recommend
Some State-wide Policy for the Conservation and Use of Water.

To the Joint Legislative Committee appointed to investigate the water
problems of the state and to recommend some statewide policy for
the conservulion and use of water.

GENTLEMEN :

The committee of attorneys appointed by your chairman to advise
vou with regard to legal questions grising in connection with your
investigations and in the preparation of your report has made a study
of the state of the law with respect to the matters within the seope of
vour investigation, and now submits a statement of its conclusions.

Assembly Concurrent Resolution No. 30, in pursuanee of which you
are proceeding, declares that the purpose of your appointment is ‘‘to
make an investigation of the water problems of the state and to recom-
mend to the Legislature of the State of California at the forty-eighth
session thereof some statewide policy for the conservation and use of the
waters of the state.”’

It is apparent from this language that the problem before you. m
the solution of which you have asked our counsel on legal questions,
is, stated in a broad way, how the most extensive practicable use may
be made of the waters of the state, and it is equally obvious that this
involves radical interference with the natural flow of our streams and
underground waters, both by the diversion and distribution of these
waters in ways widely at variance with the course of nature, and, also,
by arresting the flow of water by impounding it in storage reservoirs
and releasing it for various uses at times widely different from the times
when it was wont to flow.

The fundamental water law of the state is the riparian right, but it
is recognized that the water resources of the state are sufficient to irri-
gate large areas of land in addition to the lands riparian to our streams.
In order to irrigate this additional area, it may not be necessary to
take from riparian owners the quantity of water needed for the eco-
nomieal irrigation of riparian land. but. obviously, the water in excess
of the amount required for economical irrigation of riparian lands
can not be taken if the riparian owner is to enjoy the full flow of the
stream. and the question. therefore, presents itself at the threshold of
the problem as to how the state may make this broader use of the water
consistently with private rights.

JUDICIAL DECISION

The Legislature in 1850 adopted the common law of England in its
entirety, except so far as it was contrary to the constitution and statutes
of the state. In doing so, it did not even embody the clause embodied
in like laws of other states limiting such adoption of the common law in
so far as it was applicable to conditions in the state. It has been sug-
gested that the adoption of the common law, together with the riparian
doctrine which was part of it, was accomplished by the Legislature
after careful consideration of the subject. So far as we have been able
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to ascertain, there is no evidence that the Legislature realized or dis-
cussed the fact that it was adopting the riparian doctrine of water
rights. After this enactment in 1850 the Legislature passed practically
no law making any definition whatever of water rights until the adop-
tion of the codes in 1872. When the codes were adopted, they codified
the customary law regarding appropriations of water, but were careful
to add: ‘‘The rights of riparian proprietors are not affected by the
provisions of this title.”” Certainly, no eriticism could be made of a
court arriving at the conclusion that the Legislature had intended not
only to recognize, but thereby to protect riparian rights. The Legisla-
ture passed no other law on the subjeet until 1887, when it repealed
this provision, but in the repealing act expressly provided that ‘‘the
repeal of this section shall not in any way interfere with any rights
already vested.”” Again, the courts could hardly be ecriticised for
holding that this was intended to protect all riparian rights which had
vested at that time.

The courts, therefore, being unaided by the Legislature and all of
the meager legislation on the subject indicating that riparian rights
did exist in the state, could hardly be seriously eriticised for so decid-
ing. They felt that it would be in the nature of legislation to hold that
the riparian doetrine could only be deemed to have become the law of
the state so far as applicable to our conditions, which require the use
of all of the waters of the state on arid lands. and that, therefore, the
right was limited to the quantity of wafer reasonably required when
economically applied. The eourts, having pronounced the contrary
rule respecting these property rights, it is too much to expeect that at
this day the courts would reverse that ruling. This, however, does not
prevent the courts from deciding as original propositions any partien-
lar features of the riparian right not decided in previous cases. But,
as a general proposition, the general right and its incidents must be
deemed to have become so fixed that they are not likely to be changed
by mere judicial decision.

FLOOD AND FRESHET WATERS

It has been frequently snggested that the difficulty could be avoided
by holding that riparian rights do not extend to what are sometimes
called ‘“flood’” or ‘‘freshet’’ waters. These terms are frequently used
with various meanings, but, in their broadest significance, they usually
mean waters which the streams are not able to hold within their banks,
but which, either on account of heavy rains or melting snows, so swell
the stream that large areas of land are overflowed and inundated.
These terms are so occasionally used with reference to extraordinary
and irregularly occurring flows through ordinarilv dry . washes, or
flows which are otherwise unforseeable or undependable, even though
held within the banks Some support has been given by decisions of
the courts of this state to this contention, but the only cases which can
now be thought to represent the present view of the courts in which
this doctrine has been given any effect is in regard to water of streams
in which extraordinary freshets are sometimes caused by excessive and
unexpected rainfall. Such water has been held to be no part of the
water to which the riparian owner is entitled. On the other hand, the
Supreme Court has quite definitely held that with respect to the great
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rivers of the state, which are affected primarily by the melting snow,
the floods caused by such melting regularly occur, and can be foreseen,
and are expecied, and, therefore, are part of the regular flow of the
stream to which mparian owners are entitled Even, therefore, if a
person deemed it economically feasible to reservoir the waters of the
extraordinary and unforseen freshets and it was held that this might
legally be done, 1t would not solve the problem which we have before
us, which has to do with the great rivers of the <tate, which are filled
primarily by the meclting snow, and with respeet to which it has been
held that the floods caused thereby arn subiject to viparian rights. Both
the melting of the snow and the ordinary rainfall can be foreseen, and
the floods whiech result are not extraordinary, but, under the decisions,
would seem to eonstitute a part of the regular flow of the stream to
which the riparian owner iz entitled. The result is, that while in
individual cases 1t might be that a decision might be obtained with
respect to a particular stream that certain of its waters were flood
or freshet waters not subject to riparvian rights, as a general proposi-
tion such does not seem to be the situation. and, since we are dealing
primarily with streams of a different character, it would seem that this
doctrine can not be considered as offering any satisfactory solution of
the problem before us. However, as a practical matter, it will be
found that where most of the land along a «tream is reclaimed and the
maintenance of levees hecomes important. there will be less likelihood
of objections to the storage and diversion of waters that would menace
the works of reclamation.

In some portions of the state, particularly the semiarid regions,
problems of flood and freshet waters are no doubt of considerable
importance in connection with flood control and water spreading
projects, but detailed consideration of these matters would scem to be
out of place in a general report dealing primarily with the major
streams of the state.

DEDICATION TO PUBLIC USE AND PRESCRIPTION

There is no doubt that where water has been taken from a stream
and used for five years adversely to the lower riparian owners a pre-
«eriptive title to the water thus taken is obtained as against them. Tt
13 also established that, in case water is taken for a shorter peried and
applied to a publie use with the knowledge and apparent acquiescence
of the riparian owners and the rights of the public have intervened, the
continuance of the use cannot be stopped, but it may continue, subject

to the payment of compensation if demanded within the statutory
period.

As a practical proposition, these doctrines have operated to avoid
the claims of riparian owners on a great many streams, for it is a well
known fact that huge irrigation developments, as well as water power
developments, have been successfully carried out both by publie, quasi-
public and private interests, without any objection whatever from
riparian owners who might have claimed the right to the full flow
of the stream. enerally speaking it seems to be the fact that where
these developments do not deprive persons of water which they actually
need for beneficial purposes, they make no objection to such develop-
ments IHowever, our present investigation is being condueted on the
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theory that objection may arise to any project of the state, as it has
in individual cases arisen with respect to other projects, and we must
advise as to the best way to obviate such objection, if made.

It is proper to state that claimants of the right to appropriate for
use on nonriparian lands water that is not needed on riparian lands
pomnt, in justification of their claims, to the establishment of the cus-
tom of appropriation by the miners and to the recognition of the doec-
trine of appropriation in the Civil Code by the Legislature in 1872.
They insist that the provision, inserted when the codes were adopted,
that the rights of riparian owners should not be affected by the sec-
tions providing for the filing of notices of appropriation, was intended
to preserve to the riparian owners only the right to so much water as
they might actually need, and in support of this they emphasize the
fact that in 1887, at the next session of the Legislature after the final
disposition of the ease of Luz vs. Haggin in 1886, the Legislature
repealed this saving provision. Furthermore, they direct attention
to the faet that in 1913, the Legislature passed the Water Commission
Act, which was approved by the people on referendum in 1914, and
by this act all water not appropriated or reasonably needed for use
on riparian lands was declared to be subject to appropriation, and rules
for obtaining permits and licenses for the appropriation of water were

established.
POLICE POWER

Naturally, one of the suggestions which oceur in this respect is that
in some manner the desired result could be acecomplished by the exer-
cise of the police power. In connection with this, it should be noted
that the courts, in deciding riparian rights as between individuals, have
not generally been called upon to pass upon the right of the state in
case it asserted it under the police power. The courts have had occa-
sion to refer to certain acts of the Legislature which merely undertook
to permit private persons to appropriate and take water away from
the riparian owners on the theory that the state had a proprietary
interest in the water, and to hold that this could not constitutionally
be done.

The courts have passed upon certain acts passed under the police
power, such as acts to prevent the waste of water, and held them con-
stitutional, and the act limiting land to a definite quantity of water,
and held 1t unconstitutional, but the courts have never deemed that
they have been called upon to pass in a broad way upon the question
as to the power of the Legislature to deal with or regulate riparian
rights for the public good, under what is generally known as the police
power.

Specifically, therefore, the question presented is whether the Legis-
lature under the police power could limit the right of a riparian owner
to such water as he requires when economically diverted and applied,
and whether, if it could do so, that would prevent the riparian owner
from objecting to a diversion which deprived him of the right to the
full flow, but did not deprive him of the amount economically required.
This question presents the broadest field for philosophical discussion.
The leading cases by the supreme court of the United States involving
the police power are, in fact, philosophical discussions, and the con-
clusions arrived at, even by a four to five decision, are oontrolled
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by the peculiar philosophy of the individual justices pronouncing the
conclusion of the court and the consequent dissenting opinions. Many
generalizations have been attempted in regard to the police power, but
it will be found that almost all of them break down when put to the
test of judicial decision. It has frequently, for instance, been said
that there is a clear and marked distinetion between the regulation
of property under the police power and the taking of property under
the power of eminent domain, but under the latest pronouncements
of the supreme court of the United States, there is no such clear demar-
cation. On the contrary, it has recently been pointed out that when
the Legislature forbids a man from erecting more than a five-story
building on his property, it does, to the extent that it forbids the use
of his property, take it from him. Still, in a proper case, this may be
fully justified under the police power without compensation.

It, of course, is deemed that the very nature of water makes it
peculiarly a subject of the exercise of the police power. There can not
be much serious question that the Legislature has full power to require
such economy in the use of water as is necessary, at all events, in order
that all those.entitled to use the water may enjoy it. Bu!, whether it
can make like regulations for the purpose of making a more extended
use of the water by a general plan for the conservation and use of the
waters of the state in the interest of the publie presents a different ques-
tion. We believe, that in view of the latest decision of the Supreme
Court of California that it did not intend to prejudice the question as
to the rights of the state under the police power, this committee should
not assume that the Legislature eould not so provide by the exercise of
that power. On the other hand, we believe that it would be an
unfounded assumption of knowledge for this committee to presume to
decide that the Legislature could under the police power solve the
problem before us, in view of the absence of any controlling decision
on the question. We know that the Legislature could not, by the exer
cise of the police power, take away from the riparian owners waters
which they reasonably require for their needs when reasonably and
economically applied, and, we presume, it would be equally recognized
that from the standpoint of fairness and justice the Legislature would
not desire to do so if it could. Whether it could limit, so to speak, the
riparian owners to a quantity of water economically needed by them, is
a question which should not be foreclosed by us, nor should we attempt
to advise that the Legislature has or has not such power. If the state
should determine to attempt such a regulation of riparian rights, there
is adequate machinery in the law for the determination of its validity.

NAVIGABLE WATERS

The principal rivers of the state, the waters of which the state desires
to take for public use, are navigable streams. In the decisions of the
courts regarding water rights between private individuals, the courts
have had little or no occasion to consider the nature of the rights of
the state in navigable waters. The suggestion has beer made that the
state has a right to use the navigable waters of the state either for
navigation or other public uses, and that any rights of riparian owners
must be held subject to the superior right of the state. The far-
reaching effect of this contention can readily be seen.
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Assuming that the state had any such power, it is inconceivable that
it would desire to exercise it so as to interfere in any way with the
navigation interests of the state or the enjoyment by riparian owners
of the waters of streams, so far as the same are reasonably necessary
for their lands. It is equally inconceivable that it would desire to
exercise it so as in any way to question the right of appropriators to
continue to enjoy waters appropriated by them and reasonably needed
for the purposes for which the appropriation was made. Whether it
might desire to exercise the right as against the claim of a riparian
owner to the full flow of the stream, although such flow is not reason-
ably necessary for his use, presents a question of publie policy on which
this committee ecould not well pass. The attitude, however, of the Leg-
islature on Assembly Constitutional Amendment No. 27, submitted to
the people by the Legislature at its last session, might be construed as
indicating that it did not have a high regard for this claim.

Here, again, we have no authoritative decision by the courts of this
state on the subject. Examining the decisions of the courts of other
states, we find, first, that the courts of some states have held that the
state is the owner of all navigable waters and is entitled to take them
in aid of navigation or for any other public use, and that the rights of
riparian owners are entirely subordinate to the right of the state:
second, in other states the courts have held that the state only owns
the navigable waters for the purpose of navigation, and that it can not
take, or authorize the taking of, the water for other publie purposes
as against riparian owners; third. it is held that whether or not the
state may take the water as against the claims of riparian owners,
depends on the question whether the state or the riparian owner owns
the bed of the navigable streams; and fourth, in many states it is held
that even where the state owns the navigable waters for all publie
purposes, it may grant rights therein which would become superior to
any right of the state, and the question as to whether such rights have
been granted, of course, involves many considerations of law and fact.

In attempting to apply these decisions to this state, we find many
difficulties. By section 670 of the Civil Code it is provided that the
state is the owner of all land below tide water and below ordinary high-
water mark bordering upon tide water within the state; and of all
land below the water of a navigable lake or stream. By section 830 of
the same code it is provided that a grant of land bordering on tide water
extends to high-water mark, while a deed to land bordering on a non-
tidal navigable lake or stream extends to low-water mark. Whether
the effect of this would be to limit the title of the sfate in the bed of a
navigable lake or stream to the land below low-water mark, does not
appear to have been decided, and a decision on that point might
materially affect its title to the waler of non-tidal streams above the
low-water mark.

‘We find that, as between private individuals, our courts have recog-
nized the rights of riparian owners on navigable streams, but have had
no occasion to determine whether such rights are subordinate to the
superior rights of the state for purposes other than navigation. In
view, therefore, of the fact that the courts of different states have come
to different conclusions on this subject, we do not believe that it would
be of any benefit for this committee to attempt to express an opinion
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on this very important question. All that we can say is that the con-
tention does exist, and it ean not be said to be without merit, nor can
it be, with any degree of certainty, said to be well founded.

There is also some doubt as to how far a decision in favor of the
state on this question would solve the present difficulty. The decisions
in other states seem very generally to hold that even where the state
has a right to use the waters of navigable streams for any public
purpose as against the claims of riparian owners, the state can not
do so to the injury of riparian owners on non-navigable portions of the
stream, or upon non-navigable branches or tributaries. Undoubtedly
in certain cases the riparian owners claiming the right to the full flow
of the stream would own land upon non-navigable branches of the river,
and it might be those very branches that were most affected by the
taking of the water.

For these reasons, we feel that no definite opinion can be expressed
as to the right of the state in this partieular, or how far a decision favor-
able to it would solve the difficulty in any particular case.

EMINENT DOMAIN AND COMPENSATION

Of course, it is elementary that the state, under its inherent power
of eminent domain, has a right to take water for public use, just as it
has the right to take any private property in eondemmation proceed-
ings, subject to the constitutional requirement that just compensation
be paid for the property taken. So that, in all events, the state has in
its hands one method by which it can effectively remove the obstacle
which we have been considering.

This principle is so elementary that it is needless to enlarge upon it,
and the only suggestions which this committee could make would be
with regard to the procedure by which riparian rights might be con-
demned and compensation fixed In this regard three distinet pro-
cedures have been considered, as follows:

First, the present statutory method of a proceeding in the superior
court, in which the judge decides all questions except the amount of
compensation, which 1s fixed by a jury, unless a jury is waived by the
parties. This procedure, of course, has the advantage of being the
procedure in vogue, and it also has the advantage that it would only
be invoked when and if a riparian owner insisted on his right to
the full flow of the stream. TUnder this procedure, as well as under the
others hereinafter considered, the court can decide all conflicting
claims of the parties with regard to the water of the stream. as well
as the eompensation to be paid for the rights taken, subject, of course,
to the right of appeal. If there should be any doubt on this latter
point, a simple amendment of the Code of Civil Procedure could confer
power upon the court, in any eminent domain proceeding, in which
there was doubt as to the title of the property to be condemned, to
determine first the relative rights of the parties in and to the property
and then to fix the amount of compensation to be paid for the property
necessary to be taken for public use.

There is now a statute which provides that the court may appoint
competent persons for the purpose of investigating without prejudice to
either party the facts of the case and reporting to the eourt their con-
clusions, subject, of course, to eross-examination by the litigants and to
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the right of the litigants to produce witnesses in their own behalf.
There is a provision in the State Water Commission Act whereby the
court may refer to the State Water Commission (now the Division of
Water Rights) as referee litigation affecting water rights. The Division
of Water Rights and the Division of Engineering and Irrigation are
both equipped to gather data that would be useful in an eminent domain
proceeding of the character under consideration, and one or the other
of these divisions might be made available by law for the assistance
of the courts in such cases.

Second, it has been suggested that an administrative proceeding be
provided for by act of the Legislature whereby some administrative
tribunal would inquire into the damage which would result to riparian
owners by the taking of water for public use and that the findings of
such administrative body should be subject to recourse in the courts,
in which they would be prima facie evidence as to the amount of
damages. Some have suggested that the present Division of Water
Rights could act as such administrative tribunal, while others have
urged that this division is too closely connected with the program of
the state in the working out of a comprehensive program for the con-
servation and use of our water resources to be deemed an impartial
tribunal. Consequently it has been suggested that a new commission
be created for this particular purpose or the State Water Commission
be revived as an independent branch of the state government.

In this connection it has been suggested that in connection with the
appropriation of water the Division of Water Rights could be given
authority to hear any protest on the ground that such appropriation
would damage riparian land, and determine, in an administrative way,
the extent of such damage, leaving the parties the right to judicial
recourse with a jury trial if the administrative award should not be
accepted.

Those who advocate such an administrative tribunal argue that the
results of its work would be much like those of a hoard of viewers in
the laying out of a public road, and that in the great majority of cases
the award made by the tribunal would be accepted without question,
and that if in some cases an award was not satisfactorv and the matter
was taken into court, the work done before the administrative tribunal
would all be available in the trial before the court. It is pointed out
that the Water Commission Act now provides for a somewhat similar
procedure in stream adjudications, and that similar provisions are
found in the statutes of other states, and that the history of such pro-
ceedings is that the administrative determination is acecepted in a vast
majority of cases.

On the other hand, it is obvious that if the award of the administrative
tribunal is not satisfactory, it will be necessary for the land owner to
incur the expense and trouble of an additional proeeeding in court in
order to obtain what he considers to be his rights.

Third, neither of the two foregoing procedures would require any
modification of the constitution. It has also been suggested that a
constitutional amendment be prepared for the establishment of a
judiecial tribunal to determine conflicting claims to water rights and the
compensation to be'paid in case of the eondemnation of such rights, such
tribunal to function as in the case of the State Railroad Commission
and the Industrial Accident Commission, when exercising judicial
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functions. It is pointed out that the determination of such a tribunal
as to matters of fact could be made eonclusive, and its decisions subjeet
to review only by the appellate courts on questions of law.

It is obvious that mueh can be said in favor of and against each of
these proposals. They involve largely a question of poliey, and par-
tiality for one or the other depends largely upon the point of view of
the individual. It is hardly within the purview of the duties of this
committee to express any preference on the subject.

In determining, however, which, if any, of these suggestions ade-
quately meets the situation, this controlling feature should not be over-
looked, namely, that as a general rule the state does not desire to
condemn all of the rights of riparian owners, but that in most cases
it will be desired to leave to the riparian owners the quantity of water
which they reasonably require for economical use. One great difficulty
in any condemnation proceeding. whether strictly judicial or adminis-
trative, is in devising a procedure which will take away from the
riparian owner only that excess of water which is desired to be taken.
In the ordinary proceeding in condemnation, the plaintiff states what
water he wishes to take, and the question is to what extent will that
damage the riparian owner. The difficulty is that it is impracticable in
such a proceeding to ascertain whether such a taking will only deprive
the riparian owner of the excessive quantity of water which he really
does not need or whether it will deprive him of water which he requires
for his uses. This will readily be seen when we consider that the right
of a riparian owner on one of our great rivers is entirely correlative
with the rights of many other riparian owners, and unless there is
sufficient water left in the stream after the condemnation to supply
the reasonable needs of all riparian owners on the stream, the defend-
ant in the condemnation suit may be deprived, as a result of the
proceeding, of water which he absolutely requires for his needs. Thus,
if a stream is flowing 10,000 second-feet, the taking of 500 second-feet
might not injure, or even inconvenience any riparian owner, but if
the flow of the stream drops to 1,000 second-feet, the condemnation of
500 seecond-feet might result in serious loss to a riparian owner who
would have to share the remaining 500 second-feet with a large number
of other riparian owners. The effect of the taking of any given amount
of water from a stream-can best be determined by an investigation of
the entire stream and the needs of all parties upon it. Such an investi-
gation in each individual condemnation proceeding would be imprae-
ticable, unduly expensive and place a burden upon the parties that
would be unbearable, and this would be true, whether the proceeding
was before the court or before an administrative body. Whatever pro-
cedure, therefore, is adopted, it should be adequate in some way to
ascertain the amount of water which the riparian owner does require
and in some way assure him of that guantity, and then, if necessary,
condemn the right to take the surplus as against the legal right to
the full flow of the stream. Of course the right of the state, if neces-
sary, to condemn the entire riparian right, would remain as at present,
and, undoubtedly, in some cases the condemnation of the entire right
would be necessary, but, generally speaking, it would not be mecessary
or desirable.
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The suggestion has been made that the damages which the riparian
owner claiming the full flow of the stream would recover would gener-
ally be small. This entirely overlooks the difficulty which has just
been pointed out. Lf the trier of the facts, whether 1t be a jury or an
administrative tribunal, 1s left in doubt as to whether the condemnation
will leave the riparian owner with a clear right to a sufficient quantity
of water for his reasonable economical uses, the damages awarded must,
in the nature of tlungs, be large, and not small. If, therefore, justice
15 to be done to the riparian owner and at the same time to the public
in 1ts desire to take the surplus water, some procedure must be devised
which will assure to the riparian owner water for his reasonable needs
and linut his damages to such amount, if any, as will compensate him
for any loss he may sustain by the appropriation of the surplus.

It has been suggested that this ditheulty may be met by the condemna-
tion of the entire riparian right of the defendant, with a guarantee by
the condemning party, in lieu thereof, of a certain definite supply of
water, to be taken from the appropriation of the condemning party.
This would put upon the eondemning party the duty to protect the
appropriation, both for itself and for the riparian owners whose rights
were condemned, against any demands of other riparian owners on
the stream who were not parties to the condemnation proceedings; and
on the other hand, it would give the riparian owner a definite supply of
water, which could be determined by the court to be sufficient for the
needs of the riparian land.

It has also been suggested that provision be made for a proceeding
in rem in the superior court or one of the other tribunals hereinbefore
suggested, to settle and determine all rights in a particular stream,
with a provision that each riparian owner might, in lieu of his riparian
rights, accept a certain quantity of water with a priority over all per-
sons except those who had already acquired better rights against him.
In case any riparian owner refused to do this, his riparian rights over
and above such quantity of water as might be found to be necessary on
his land would be valued and condemned in such proceeding, and their
value paid to him, and then all the rights on the stream would be fixed
in the final judgment in the proceeding. The result would be an assur-
ance to the riparian owners of enough water for their land, and no
more, and an assurance that the balance of the water would be avail-
able for other purposes, and finally at the same time the rights of all
persons in the stream would be settled, and the stream would be in a
condition to have the water actually measured and delivered to those
entitled to it under the direction of a water-master, if’ that were found
necessary.

A proceeding of this nature is now provided for in the Water Com-
mission Aect, but it is limited to rights by appropriation and there is no
provision for determining the rights of riparian owners in that pro-
ceeding, or for condemning rights of any character.

No matter what course of procedure may be followed, the committee
recommends that consideration be given to the following proposals for
changes in the law of eminent domain:

First. Ome suggestion is that. unless a tribunal having state-wide
inrisdiction is provided for, the law should be changed to allow a con-
demnation proceeding to be brought in the county in which any part
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of the riparian land is situated. At present, a separate suit must be
brought against owners in different counties, whereas the effect on these
lands should be determined in the same proceeding. This suggestion is
not based merely on considerations of convenience, but is made in view
of the fact that many streams flow through more than one county and
that for reasons hereinbefore pointed out it may, in many ecases, be
essential that the correlative rights of all riparian owners and appro-
priators on a stream be ascertained in the same proceeding.

Second. The constitution originally provided that private property
should not be taken until compensation was first made and paid, and
this was held to prohibit the Legislature from providing that the public
might take possession upon giving security for damages. This resulted
in amendments providing that in any action of eminent domain brought
by the state or a county, or a municipal eorporation, or a drainage,
irrigation, levee or reclamation distriet, the aforesaid state or political
subdivision thereof, or district, may take possession and use of any right
of way upon giving security for damages. It will be noticed that the
amendment does not include all public districts or public utilities, nor
does 1t include quasi-public corporations, and the words ‘‘right of way’’
are quite indefinite. We see no reason why this seetion should not be
again amended so as to generally permit possession of any property to
be taken by anybody exercising the right of eminent domain upon mak-

ing deposit for the owner. At all events, it should be amended so as
to include water.

Third. Another change in the law of eminent domain which might
be of great importance, but which should receive critical study before
it is put 1n definite form, would be the adoption of Legislation or consti-
tutional amendment providing for compensation by substitution based
on the recognition of the fact that compensation wholly in money does
not always adequately meet the situation, and that physical adjust-
ments are often required by the facts of a particular case. For exam-
ple, the construction of a reservior may flood a private road essential
to the use of nearby lands, and if the proceedings for the condemnation
of the private road must, as at present, take the form of fixing the com-
pensation for what is taken, the award may have to be a very large
one, The utility constructing the reservoir may, however, be perfectly
willing to, and could at far less expense, provide a private road across
the dam which ereates the reservoir, which would be equally as good as,
or even better than, the existing road, and thereby completely eliminate
the damages resulting from the destruction of the road, but there is no
way, under the present law, in which the utility could compel -the owner
of the private road to accept the new road in lieu of cash compensation
based on the destruction of the old, nor, on the other hand, can the
owner of the road insist that the utility give him the right of way
across its dam.

Another illustration may bhe found in the case of a power company
desiring to divert the flow of a stream above a point where an irrigator
diverts say, 100 inches of water into a diteh for irrigating his land.
The power company may be perfectly willing to construct a pipe or

ditech from its conduit, which will deliver to the lands of the irrigator
12 APP—57T1R2
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the full 100 inches to which he is entitled, and may be able to construet
the necessary works at a cost of say $1,000. Under the present pro-
cedure, however, the land owner could insist on compensation for the
taking of his entire water right and might be legally entitled to say
$100,000 damages.

Cases of this kind are often adjusted by mutual agreement. Serious
consideration might well be given to the question of the possibility of
making changes in the law which would permit a plan for compensa-
tion by substitution of physical adjustment to be suggested by the
parties to an eminent domain proceeding, and if found by the court to
be compatible with the greatest publie good and the least private injury,
and to afford just compensation, to he earried into effect by judgment,
either with or without monetary compensation.

Some steps in the direction mentioned have already been taken by
the inclusion in the Code of Civil Procedure of provisions for the
relocation of structures or improvements and the making of crossings
and the construction of fences; but although they seem to recognize
the principle of physical adjustments they are far from adequate to
meet the exigencies which may arise in connection with any state-wide
plan.

Fourth. Another subject requiring detailed and eareful considera-
tion is found in the fact that the present statutory provisions on the
subjeet of eminent domain contain many illogical and impracticable
provisions  Numerous amendments to meet specific cases have been
adopted from time to time until the portion of the code relating to
eminent domain has become not only illogical but even self-contra-
dictory. There has been no systematie revision of these provisions since
1872. Other states, notably New York, have, in recent years, adopted
revised statutes on the subject of eminent domain to meet present day
conditions. The subject is, of course, mueh broader than the subject
matter of this committee’s activities, but it is obvious that the adoption
of any state-wide plan with reference to waters must involve extensive
resort to the powers of eminent domain, and the econsummation of any
such plan might be seriously hampered by the inadequacy of the pres-
ent law and the absurdities it contains.

Fifth. In several of the western states the Legislature has declared
irrigation to be so essential to the well being of the state as to constitute
a public use, whether the use is for the general benefit of the public or
for the private benefit of the irrigator. The validity of such legislation
has been very generally upheld by the courts, including the Supreme
Court of the United States, and if such a law were cnacted in California
it would enable any appropriator to take advantage of any statutes
which the Legislature might pass for the condemnation of riparian
rights in order to permit the irrigation of nonriparian lands. There
seems to the committee to be no objection to such legislation, and that
considerable advantages might flow therefrom.

HYDRAULIC POWER OF STREAM
There are several circumstances under which the hydraulie force of
the stream as a valuable right might be claimed by the riparian owner,
and we will therefore consider them separately.
1. Production of power. The right of the riparian owner to use
the stream for the production of power is a well established one. In
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early days the power of the stream was directly applied to the opera-
tion of machinery, but under present conditions that method is but
little used. The modern method is the use of the stream for the
production of hydro-electric power. So far as the valley lands are
concerned, the use of the streams for this purpose may for practical
purposes be disregarded. Abstractly, the owner of a piece of riparian
land near the mouth of one of our great rivers is entitled to the full
flow of the stream for the propelling of machinery. But the stream
is of little value for that purpose, is practically never utilized for that
purpose and could not economically be maintained for such purpose.
On the other hand. in the mountain regions the production of power is
the important factor.

In those cases where the natural flow of the stream is used for
generating power and the water is returned to the stream above the
irrigated areas, the power use does not conflict with the irrigation use.
In many ecases, however, the economical utilization of the stream for
generating power requires the use of large reservoirs, to store the
summer flood flows for use at other seasons of the year, and particu-
larly in the winter when in general the maximum power demand
oceurs. On the other hand, the maximum demand for water irrigation
in general is in the early summer months. A confliet thus arises in
many cases between power uses and irrigation uses. In such cases the
manner in which the conflicting interests ean be reconciled must of
necessity be determined in the light of the particular facts of each case.
Occasionally it is practicable to construct reregulating reservoirs below
the power works and reestablish the natural flow, or even to create a
condition more favorable to the irrigators than the natural flow. In
other cases the rights must be adjusted by amicable agreement or resort
to the power of eminent domain.

2. Use of hydraulic forces as a means of diversion. In a state of
nature the hydraulie force of the full flow of the stream undoubtedly
at times either directly diverts water by way of overflow onto the
adjoining land, or indircetly does so by raising it into high-water
channels and thence over the land. Obviously, this eondition can not
ultimately be maintained. At the same time the owners of land bene-
fited thereby will naturally oppose any deprivation thereof. Undoubt-
edly in certain cases this could be avoided by the construction of
proper means of artificially diverting the water. Whether that could
he accomplished under the police power or whether the party desiring
to take the water would be compelled to furnish such appliances is &
matter comprehended in the general question of the extent of the police
power, which we are not attempting to pass upon. However, if the
right to eonstruct such appliances, if necessary by means of the power
of eminent domain, were granted, the situation could be satisfactorily
handled. The question whether in any given case it would be better
to condemn the overflow right entirely or substitute for it a more
up-to-date method of irrigation would be a question of economies in
any given case.

3. Use of hydraulic power to force water into underground channels.
There are cases where the high flow of the stream forces water into
underground channels or permeable strata from which the water is later
abstracted by means of pumps for irrigation. The best illustration of
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this situation is the Coyote Creek in Santa Clara County. Such a use
of the water is of course of substantial value. Economically such areas
could not well be deprived of the quantity of water naturally coming
to the land. The water, however, which serves this hydraulie purpose,
and then flows to the sea, never reaches the land, and if the construction
of artificial structures would cause the same quantity of water to
naturally flow to the land, and at the same time conserve the surplus
which would otherwise be lost, there would seem to be no substantial
objection to such a procedure. We understand that some such solution
was applied to a like situation on Alameda Creek. At all events, the
situation does not seem to be one that could not be solved in most cases
in some manner so as to preserve the water which under natural condi-
tions is lost.

4. Use of hydraulic force to protect lund from encroachment of salt
water. This situation presents itself on the delta of the Sacramento
and San Joaquin rivers. There is some dispute as to whether or not
lands thus situated have riparian rights. There 1s also some dispute as
to whether the use of the water for the purpose mentioned is a riparian
right. Without attempting to pass on those disputed questions, there
is no doubt that from an economical standpoint the lands should be
assured of the reasonable quantity of water needed for irrigation. The
exact method by which the saline situation might best be handled is one
upon which many persons are now working who are probably better
advised than we are as to the physical situation. Of course the con-
struection of some artificial barrier against the salt water is the method
that naturally first suggests itself, and that is being seriously considered
by both the state and federal governments. Others have suggested that
it would be feasible to supply to these lands a sufficient quantity of
water to hold back the salt water. Of course this would result in some
loss of water, and the question would simply present itself as an eco-
nomic one whether that were cheaper than building a barrier to keep
the salt water out. The problem is a large one. and whether the owners
of these lands are entitled to insist that anyone taking the surplus water
must protect them, or whether they must protect themselves against the
salt water, presents legal problems which are difficult of solution and
which will probably disappear in view of the economic problems
involved. In other words, as a practical proposition, the state may not
find it advisable to permit damage to sueh lands in order to permit the
irrigation of additional areas. At all events, the quantity of water
needed to protect those lands could be ascertained and determined, and
become a limiting factor in determining the surplus available for diver-

sion and use.
CONCLUSION

In this report we have assumed that any proposed legislation con-
carning the conservation and use of water would recognize, frankly and
fairly, all existing rights to water or its use. These rights include:
first, the rights of owners of riparian lands and lands containing per-
colating waters or other underground sources of water supply, and
second, rights based on appropriation, diversion or use of water by
others than riparian owners or owners of so-called overlying lands.
If any proposed appropriation, diversion or use of water, to be author-
ized by or under authority of the law of the state, should violate or
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prejudicially affect such existing rights, then the owners of such rights
should be awarded just compensation for any damage which they may
suffer.

In the foregoing we have not attempted any technical statement of
water rights or any nice distinctions, but have sought in a broad way
to call your attention to the nature of the problem and the rights
involved, and made our suggestions as to how the state might proceed
with due deference to private rights and constitutional prineciples, and
trust that our suggestions may prove of some value to you in the per-
formanece of your duties.

Dated, October 27, 1928.

Respectfully submitted.
Henry E. MoNROE,

Chairman.
F. G. ATHEARN,
Louis BARTLETT,
W. B. BosLEY,
SPENCER BURROUGHS,
A. L. CowELy,

HoMER J. HANKINS,
S. B. RoBINsoxN,
Epwarp F. TREADWELL,
Committee.
I concur in such parts of the foregoing report as are consistent with a
separate report filed by me herewith.,
Samuer C. WIEL.
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LETTER OF TRANSMITTAL, STATE ENGINEER TO CHAIRMAN
OF JOINT LEGISLATIVE COMMITTEE ON
WATER RESOURCES

Mgr. B. 8. CrirrpNpeEN, Chairman,
Joint Legislative Committee on Water Resources,
Tracy, California.

SUBJECT: WATER RESOURCES 1NVESTIGATION

Sik: In accordance with request of your committee there has been
prepared and is being trapsmitted herewith, a report on certain phases
of the Kennett reservoir, a unit of the ‘‘Coordinated Plan’’ for the
development of the water resources of California. This report, pre-
pared under the divection of Mr. Lester S. Ready, consulting engineer,
deals particularly with the method and extent of financing this unit
by revenues from electrie power and 1s based upon estimates set forth
in Bulletin No. 13 entitled ‘‘ The Development of the Upper Sacramento
River,”” published by this Division.

In the preparation of Bulletin No. 13, the basic consideration under
the statute (chapter 477, Statutes of 1925) directing such report, was
that of maximum utilization of the water resources of the State. The
electric power installation was determined in aecord with this mandate.
In the following report, however, the consideration is one of economie
immediate mstallation from present commercial viewpoint. Therefore,
the conclusions of Bulletin No 13 have been altered somewhat in this
respect The exact desirable installation ean not be accurately stated
until the manner of the disposition of the power 1s known. Whatever
size is decided upon, provision should be made for future enlargement
to that deseribed in Bulletin No. 13, so that the maximum use of the
water resources may be utilized.

Very truly yours,

{a.“....—( an‘m\/

State Iingineer
Sacramento, California, January 4, 1929.
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LETTER OF TRANSMITTAL, AUTHOR TO STATE ENGINEER

.

Mr. Epwarp Hyarr,
State Engineer, _
Sacramento, California.

Sir: Submitted herewith is a report on ‘‘Kennett Reservoir Develop-
ment, an Analysis of Methods and Extent of Financing by Electric
Power Revenue,”’ prepared in compliance with your request.

Although the analysis and conclusions are set forth in fairly concise
manner in the report. matters of outstanding importance are summa-
rized in this letter.

SUBJECT OF REPORT.

The Kennett reservoir was selected from several considered in the
““Coordinated Plan’’ of water development in the Sacramento and San
Joaquin valleys as heing one of the prineipal units in that plan and in
many respects typieal of the various units. The analysis made, data
submitted and deductions set forth will be applicable in general to
other units of the plan with modifications, however, for operating
characteristics and geographic location.

The specific hennett development considered was that contemplating
a 420-foot dam, a 2,940,000 acre-foot reservoir and a power plant of
275,000 kilovolt-amperes (220,000 kilowatts) capacity, costing in total
$70,000,000. The figures for the power plant capacity and total cost
differ from those under Bulletin No. 13, ‘‘The Development of the
Upper Sacramento River,’” issued by Division of Engineering and Irri-
gation, where they are given as 400,000 kilovolt-amperes and $80,000,-
000, respectively. The power plant capacity was reduced to 275.000
kilovolt-amperes after a study of power values revealed that the latter
was the more economic commercial installation under present conditions.
The difference in cost is due to this change and to a reduction of interest
rate during construction, from 6 per cent to 4.5 per cent.

The development has been analyzed as suggested by you, based upon
the operation of the reservoir coordinately for:

1. Control of salinity to Antioch in the delta of the Sacramento
and San Joaquin rivers.

2. Control of floods on the Sacramento River to 125,000 second-
feet maximum, measured at Red Bluff.

3. An irrigation supply for San Joaquin Valley (330,000 acre-
feet per season; 1000 second-feet maximum rate of flow) and
additional water for Sacramento Valley.

4, Generation of power consistent with the primary uses of the
reservoir as above set forth.

Five plans of financing suggested have been studied, the plans being:

1. Reservoir, dam and power plant financed and operated by
private capital.

2. Reservoir and dam financed and operated by the state; power
plant financed and operated by private capital; use of water for
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power generation sold by State to private interests financing the
power plant.

3. Reservoir, dam and power plant financed and operated by
State; the power output wholesaled at the power plant

4, Reservoir, dam and power plant and main trunk transmis-
sion lines to important load centers in northern California, financed
and operated by the State; power wholesaled at substations to
political subdivisions and privately-owned public utilities.

5. Reservoir, dam and power plant, main {runk transmission
lines and substations, steam standby plants and general secondary
transmission and distribution systems financed and operated by the
State; power retailed to the general publie.

In each of these plans the State is to retain control of the operations
of the dam and reservoir in so far as it atfects reclease of water for
salinity or flood control and irrigation supply.

CONCLUSIONS FROM INVESTIGATION.
Ability of the market to absorb Kennett output.

1. The power market tributary to the Kenmnett development is that
existing generally north of Stanislaus County within a distance of
approximately 300 miles of Kennett.

2. This market required the production in 1927 of 3,219,000,000
kilowatt hours, and by 1936, the earliest that Kennett may be expected
to be completed, will require approxunately 35,328,000,000 kilowatt
hours annually.

3. Over 65 per cent of the tributary power market is located within
50 miles radius of San Francisco

4. The tributary market at present is served through two main sys-
tems; one including the Pacific Gas and KEleetric Companyv and
connecting companies supplying 75 per eent; the other, the Great
Western Power Company of California supplying 25 per cent of the
requirements.

5. The average annual power output of Kennett based upon a plant
installation of 275,000 kilovolt-amperes 1s estimated at 1,217,000,000
kilowatt hours, varying from 990,000,000 to 1,314,000,000 kilowatt
hours

6. The present development of power in northern California is almost
entirely from hydro-electric plants, steam-electric plants being used for
standby purposes primarily. A greater proportion of the energy
required should be developed by steam-electric plants before Kennett
is completed.

7. The output of Kennett represents the growth of load for the
entire northern market for 4 vears Approximately 5} years would
be required for the growth of load on the system of the Pacific Gas
and Eleetric Company and connecting companies to absorb the entire
output.

8. With coordinatiun of future developments between the State and
the existing agencies, the growth in load prior to the completion of
Kennett could be carried by steam-electrie plants, thus materially redue-
ing the burden of absorption of Kennett output.

9. With reasonable cooperation between the State and the existing
agencies, absorption of Kennett output will present no serious diffi-

‘h!
1
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culties under Plans 1, 2, 3 and 4. The existing utilities have met
problems relatively greater than the absorption of the output of Ken-
nett presents. The Pacific Gas and Electric Company in 1925 brought
in its own Pit No 3 plant and tcok delivery from the City of San
Franciseo and the California-Oregon Power Company, a total repre-
senting over 40 per cent of its then existing load. This compares with
Kennett output which represents approximately 25 per cent of the
load that would be tributary m 1936 A similar condition was met
by the Great Western Power Company in 1921.

Cost of Kennett Development

The estimated cost of Kennett rescrvoir, dam and power plant is:

Land and Improvements flooded_ _ - o $22,882,000
Dam - - 30,118,000
Total e - - - $53,000,000
Power plant 17,000,000
Total oo $70,000,000

The annual cost of Kennett reservoir, dam and power plant, which
is set forth in detail for Plans 1, 2 and 3, varies depending upon the
basis of treatment of taxes on private capital and amortization of
State bonds  The limits of the estimated costs are as follows-

Anlls per
kwh of
Plan 1. Complete private ownership: Total output
(a) Including state taXes .o $6,867,000 5.64
(b) Excluding state taxes_._______________________ 6,231,000 512
Pilan 2. State ownership of reservoir and private ownership of
power plent*
(a) With 40-year straight line amortization of state
bonds and state taxes on private capital_____ 5,983,000 491
(b) With 40-year sinking fund amortizatinn of state
bonds and state taxes eacluded_ . ____ 4,985,000 4.09

Plans 3, 4 and 5. State ownership:
a) With 40 year straight line amnrtization of bonds 5,668,000 466
(b) With 40-year sinhing fund amortization of bonds 4,652,000 3 82
(¢) Excluding bond amortization___________________ 3,918,000 322

Plan ¢ will require additional eapital for transmission lines and
substations by the State, amounting as a mimimumn to $9,600,000. The
added cost assuming wholesaling of power to the main utilities at a
point near the center of load based on 4 per eent sinking fund amorti-
zation is estimated at $784.000 per annum.

Value of power.

The value of power delivered from IKennett power plant to trans-
mission as indicated by the cost of power from other hydro-electric
plants is from 2.7 to 3.3 mulls per kilowatt hour of power plant output;
as indieated by steam power development, the value is from 3.45 to
3.68 mills per kilowatt hour; and as indicated from comparison with
existing econtracts, approximately 3.45 mills per kilowatt hour.

Revenue from power.

The revenue that may be obtained from the sale of power output
at Kennett plant may not be expected to exceed $4,250,000 per annum,
and at the terminal of transmission near the Bay districet, not to exeeed
$5,300,000, or approximately 35 and 5 mills per kilowatt hour deliv-
ered, respectively. Under complete eontrol and operation of Kennett
reservoir for irrigation the value of power output will be reduced to
approximately $2,000 000 per annum bhased upon plant delivery.
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Plan 5.

Plan 5, contemplating distribution of the total power output by the
State, will require duplication of existing systems or condemnation of
at least one-quarter of the distribution systems of northern California
and the added capital expenditure of over $110,000,000,

It is doubtful if this action would assist the State in the carrying of
the costs of Kennett development®bevond which would be possible
under Plan 3 or 4.

Other revenue required.

By comparison of the cost of Kennett with the revenue from power
at the plant of %4,250,000, or to substation delivery of $5,300,000, prob-
able maximum, it is apparent that power can not carry much more than
the cost of interest, depreciation and operating expenses of Kennett
even under State development. Other sources of revenue such as State
or Federal aid, sale of water for irrigation or payments by other bene-
ficiaries would be needed to cover the full amortization requirements
of State honds The amount of aid required would be minimized by
extending the amortization period of State bonds beyond the period of

forty vears assumed in this report.

Very truly yours,
Consulting Engineer.

San Francisco, California, Octoher 23, 1928.

13 APP—67182



— 52 —~

REPORT ON
Kennett Reservoir Development

An Analysis of Methods and Extent of Financing
by Electric Power Revenue

AUTHORITY FOR REPORT.

This report is prepared in compliance with request of Mr. Edward
Hyatt, State Engineer, and of the Joint Legislative Committee on
Water Resources for the State of California, that a study and analysis
be made of the financial and economie phases of the proposed Kennett
reservoir,

SUBJECT OF REPORT.

The ‘‘Coordinated Plan’’ for water development in the Sacramento
and San Joaquin valleys contemplates several large reservoirs for the
storage of water for flood and salinity control and irrigation. Consid-
crable electric power can be developed incidental to and in connection
with these reservoirs. The Kennett reservoir has been selected for
analysis as being one of the principal units of the *‘Coordinated Plan,”’
and typieal in many respects of the several units of this plan. The
analysis made, data submitted and deductions set forth will in general
he applicable to the other units of the plan with modifications, however,
for operating characeristies and geographic location.

This study and report deals with the relative value of several plans
of financing the Kennett unit and the extent to which it can be financed
by revenue from clectric power that ecan be generated at the dam.

The analysis is based on the operation of the reservoir coordinately
for:

1. Control of salinity to Antioch in the delta of the Sacramento
and San Joaquin rivers.

2. Control of floods on Sacramento River to 125,000 second-feet
maximum, measured at Red Bluff.

3. Irrigation supply for San Joaquin Valley (330,000 acre-feet
per season : 1000 seecond-feet maximum rate of flow) and additional
water for Sacramento Valley.

4. Generation of power consistent with the primary uses of the
reservoir as above set forth

Although the primary purposes of this reservoir are for flood and
salinity control and irrigation, the requirements for irrigation during
the early period of use, apparently, will not seriously intcrfere with
the power output, which will be relatively large.  Therefore, an
mmportant element to be considered in connection with the financial
analysis is the value of the power output and the extent to which it
may carry the financial burden of the development.

Five different plans for the financing of the development have been
suggested for special consideration. In each plan the State is to retain
control of the operation of the dam and reservoir in so far as it affects
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the release of water for salinity control, flood control and irrigation
supply for San Joaquin Valley.

The five plans suggested are:

1. Reservoir, dam and power plant financed and operated by
private interests.

2. Reservoir and dam finaneed and operated by the State. Power
plant financed and operated by private interests; use of water for
power generation sold hy State to private interests financing the
power plant,

3. Reservoir, dam and power plant financed and operated by
State, power output wholesaled at the power plant.

4. Reservoir, dam and power plant, and main trunk transmis-
sion lines to important load centers in northern California financed
and operated by the State. Power wholesaled at substations to
political subdivisions and privately-owned publie utilities.

5. Reservoir, dam and power plant, main trunk iransmission
lines and substatigns. steam-electric standby plants and general -
secondary transmission and distribution systems financed and
operated by the State. Power retailed to general publie.

A modification of Plan 3, considered herein as Plan 3a, has also been
suggested. This plan contemplates the disposition of part of the power
at the power plant by sale to munieipalities and resale companies. It
is suggested that the large private power company or companies pur-
chasing the bulk of the power be required under contract to act as com-
mon carriers transmitting the power for compensation from the power
plant to the respective municipalities or resale companies.

The general benefits to central and northern California resulting from
irrigation, flood control and salinity control, and to San Joaquin Valley
for irrigation, are not considered in this report, the report being limited
primarily to an analysis .of the financial, economic and engineering
phases of the development as affected by the disposition of power which
may be preduced.

SCOPE OF INVESTIGATION.

The investigation carried on in connection with this report has
congisted of a study and analysis of the Kennett development with
reference to annual cost, potential output and charaateristics of the
power to be produced, both when operated as suggested and when
ultimately operated primarily for irrigation demands. This latter
condition must be given some consideration in order that a clear per-
spective of the future financial situation may be obtained.

Study and analysis of the power market tributary to Kennett and
the present and future ability of the market to absorb the output under
the different plans presented have been made. The value of the power
output has been determined from study of cost of power from other
sources, both steam-electriec and hydro-electrie, and the price for power
as indicated by wholesale purchase contracts. The probable power
revenue to be obtained from Kennett has been estimated. An inde-
pendent check of the estimated cost of Kennett development as set
forth in Bulletin No. 13, ‘‘The Development of the Upper Sacramento
River,’’ issued by Division of Engineering and Irrigation, has not been
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made. The estimate therein has been revised, however, in two particu-
lars. The interest rate has been redueed to the basis of State financing.
The size of the power plant has heen reduced from 400,000 kilovolt-
amperes (the figure used in Bulletin No. 13) to 275,000 kilovolt-amperes.
The latter size would appear the more economical development, for
the potential power output as viewed from the standpoint of present
and probable future cost of power. The basic considerations, in the
preparation of Bulletin No. 13, were that of maximum utilization of
the water resources of the State rather than the most economic power
development considered herein. No detailed layout of a system for
complete distribution of power output of Kennett has heen made. This
matter has heen analyzed from a broad consideration of the problem
and the determining factors involved.

COOPERATION.

In connection with the investigation and preparation of this report,
T have had the full assistance of the engineers of the State Division of
. Engineering and Irrigation under the direction of Mr. A. D. Edmons-
ton, and the cooperation of the Railroad Commission of the State of
California and its engineering department; also of Mr. . E. Bonner of
the Federal Power Commission. and the power companies and munieipal
electric utilities. I wish to express herein my appreciation of the
assistance received.

PROPOSED KENNETT DEVELOPMENT.

The Kennett dam and reservoir as contemplated in Bulletin No. 13
is to be located on the Sacramento River near Kennett, Shasta County,
approximately two hundred miles due north of San Francisco. The
development includes a dam, 420 feet in height. a reservoir of 2,940,000
acre-feet capacity and a power plant of 275,000 kilovolt-amperes
capacity with a potential output of 1,217,600,000 kilowatt hours annu-
ally. The reservoir will flood 23.000 acres of land. The main line of
the Southern Pacific Company and a portion’ of the State highway will
have to be relocated. The estimated cost of the development, including
the dam, reservoir, flood control features and power plant, is $70,000,000.
This estimate of cost includes interest during construction on basis of
State financing. Though under private development interest rates
would be higher, the analysis for clarity has been based upon equal
capital cost, the difference being within the accuracy of the estimate.

The above covers the development as outlined in Bulletin No. 13,
except as to change in power plant capacity, and is the development
contemplated in Plans 1, 2 and 3 listed herein. Under Plan 4, State
construction of a 220,000-volt transmission line would be added, and,
under Plan 5, extensive purchase of existing electrie transmission and
distribution systems or duplication thereof would be necessary to dispose
of the power.

IMPORTANT QUESTIONS INVOLVED.

Following are certain of the important features to be considered in
the analysis:

1. The ability of the electric power market to absorb the output
of the development when completed.

2. The investment and annual cost of the development under
the several plans proposed.
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3. The value of power and the amount of revenue from power
which may be obtained by the sale of the output of the Kennett
development.

4. The effect of the ultimate operation of the reservoir primarily
for irrigation on the value of power output.

The first four of the five proposed plans of financing Kennett involve
in general the same conditions with reference to the ability of the
market to absorb the power output. The power would be delivered to
the main existing agencies. Investment cosis would be practically the
same in total and the annual costs and revenues are subjeet to definite
comparisons. The fifth plan contemplates a material departure from
the other four and would be subjeet to special and separate consider-
ation,
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ABILITY OF POWER MARKET TO ABSORB OUTPUT OF
KENNETT

DESCRIPTION OF PRESENT POWER DEVELOPMENTS OF THE STATE
A. Extent and grouping of systems

The electriec power development of the state has experienced a rapid
and steady growth during the past twenty-five years. During this
period, interconneections and consolidations have occurred until at the
present time, the supplying of electric power is through four main
networks or groupings of systems. These are set forth on Plate I,
““Electric Power Production and Transmission Systems in California,
December 31, 1927,”" which shows the location of the hydro-electric
and steam-electric plants and the main transmission systems in the
State:

System I—Includes Pacific Gas and Electrie Company and its
subsidiary companies; The California-Oregon Power Company;
Snow Mountain Water and Power Company; City of San Fran-
cisco and Coast Counties Gas and Electric Company.

This network, extending from the northern boundary of the
State to the Salinas Valley, represents the largest northern system
and has transmission lines nearest Kennett.

System II—Includes Great Western Power Company of Cali-
fornia and its allied companies, San Joaquin Light and Power
Corporation and Midland Counties Public Service Corporation;
also the Modesto and Turlock Irrigation Districts and the Merced
Irrigation District.

System IIT—Consists mainly of the Southern California Edison
Company, the City of Los Angeles and the City of Pasadena.

System IV—Includes Southern Sierras Power Company, Los
Angeles Gas and Electric Corporation, and San Diego Consoli-
dated Gas and Electric Company, operating in the southern and
eastern portions of the State, which, although not fully connected
at this time, will be a connected system within the near future.

It is to be noted that System I is nearest in distance to the Kennett
reservoir, which is shown in ‘‘black’ on Plate I. System II is some-
what further south, although the Great Western Power Company serves
& territory gemerally the same as that served by the Pacific Gas and
Electric Company and its connecting companies. Systems III and IV
serve the southern part of the State, the market supplied being from
456 to 600 miles from Kennett. This distance is such that from an
economic standpoint the market served by these companies is not avail-
able to absorb the power from Kennett. This is also largely true of
the market served by the San Joaquin Light and Power Corporation.

B. Extent and distribution of present load or power market

Plate II, ‘‘Geographic Location of Electric Power Production and
Load in California, 1927, sets forth graphically the location and
extent of the power production and market throughout the State for
the year 1927 as indicated by existing utility power plant and substa-
tion outputs, respectively. The magnitude of the production by dis-
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triets or groups of plants and the load by counties is indicated by
““dots.”” Each ‘“‘full dot’’ represents 25.000.000 kilowatt hours and
each ‘‘half dot’’ an amount less than 25,000,000 kilowatt hours annual
output The potential output of Kennett is alvo delineated. This plate
indicates where kilowatt hours were produced and where used in 1927.
It does not show the extent of plant capacities. It is to be noted that
the main location of power production is along the Sierra Nevada
Mountains from the California-Oregon line to the Kern River, the
larger developments being on the Pit, eather, Tuolumne and San
Joaquin rivers Plates T and IT together indicate the general trans-
mission of power southward from the power plants in the Sierra
Nevadas to the power load which centers around San Francisco Bay
for northern Cahifornia, and Los Angeles for southern California, with
general but much less dense use throughout the Sacramento and San
Joaquin valleys Study of Plate II and the data supporting it indi-
cates that in exeess of 65 per cent of the power market of northern
California is within a radius of fifty miles of San Francisco; also a like
percentage for southern California is located within the same radius
of Los Angeles .

DIVISION OF POWER MARKET AND SYSTEMS FOR STUDY
OF PROBLEM.,

A general study of the sources of power in the State, the systems
and the market indieates that for tlns analvsis, the State should be
dvided into a northern district, comprising generally that portion
served by System T and the Great Western Power Company of System
11, hereafter referied to as “Northern Group.”” and a southern dis-
triect. The southern distriet comprises that portion of the State gen-
erally south of Stanislaus C'ounty and served by San Joaquin Light
and Power Corporation of System IT, and System III an:d System 1V,
referred to as ‘“‘Southern Group.”’

The two distriets or groups arve eonneected [or mterchange of power
by the transmission line between the Great Western Power Company
and the San Joaquin Light and Power Corporation This tie-line 15
available for the shifting of power hetween the two sections of the State

Table 1 sets forth by companies the production of power in mil-
lions of kilowatt hours and in per cent of the total for the northern
and southern groups, respectively. There i< also set forth by com-
panies the total substation output in millions of kilowatt hours and in
per cent of the totals for the respective groups. eliminating inter-
company deliveries This represents, measured in substation output,
the power market served directly by the respective companies

Table 1 also shows for the Northern Group that System 1 pro-
duced 79 per cent and served directly 752 per cent of the entire load
in the Northern Distriet: for the Southern Group, the San Joaquin
portion of System IT produced 15 2 per cent; System 111, 66 5 per cent;
and System IV, 153 per cent of the total power requirements of the
Southern Distriet. The San Joaquin system directly serves 16.3 per
cent; System III, 67.6 per cent; and System LV, 161 per cent of the
market of the Southern District



TABLE 1
Electric Power Production and Substation Dellvery by Companies, 1927
Name of company Production Substation delivery
NORTHERN GROUP. Millions of Percent Millionsof Percent
System I kilowatt hours of total kiowatt hours of total
California-Oregon Power Co ____ 2903 90 24.2 0.9
Pacific Gas and Electric Company
and its subsidiary companies__ 1,624.6 505 1,876 5 72.2
City of San Francisco-__.______ 538.4 16 7 0 0
Snow Mountam Water and
Power Co. _____ . _________ 530 17 11.9 05
Utica Mining CO oo _ 190 06 ——— _—
Coast Counties Gas and BElectric
Company _______________.___ 42 01 36.7 1.4
Melones Mintng Company__ - 4.7 01 0 0
West Side Lumber Company - 16 01 J— _—
Truckee River Power Co _____._ 7.6 02 4.1 02

Total, System I.____________ 2,643 6 790 1,953.4 752

System Il-a.
Great Western Power Co of Cali-
fornia . _____ 675.4 210 645 6 24.8

Total, northern group_____ 3,219.0 100.0 2,599.0 100.0

SOUTHERN GROUP

System II-b.
San Joaquin Light and Power

Corporation ________________ 504 4 12.4 515 2 15.0
Merced Trrigation District______ 126 6 31 0 0
Turlock-Modesto Irrigation Dis-

triets . 104 3 2.5 43.7 1.3
U. 8. National Park Service____ 77 02 —— -

Total, System IT-b__________ 7430 182 568 9 16.3
System III.
Southern California Edison Com-

pany oo . 2,419 5 591 1,711.6 49.7
City of Los Angeles.__.___.____ 268 8 66 567.9 165
City of Pasadena_ . __________ 316 08 49 4 14

Total, System Il1l__________ 2,719 9 665 2,328 9 67.6
System IV.
Los Angeles Gas and Electric

Corporation - 2471 6.0 2472 7.2
Southern Sierras Power Co _____ 265 1 65 1781 52
San Diego Consolidated Gas and

Hlectric CO. oo 109 9 27 126 8 3.7
Yuma Project—United States

Reclamation Service o __ 52 0.1 ——— —

Total, System IV_._________. 627.3 15.3 5521 16.1
Total, southern group__._ 4,090.2 100.C 3,439.9 100.0
Northern group ____..--_ 3,219 0 44 2,599.0 43
Southern group .o——_____ 4,090 2 56 3,439 8 57

e ——— ] —
Grand total, entire State 7,3092 100 6,038.8 100

The following table summarizes for the state the distribution of pro-
duction and load among the four systems:

Electric Production and Load in Cahifornia, 1927
Millions of

Rilowatt hours output Per cent of total
Substation Substation
Production outp..t Production output
System I ________________________ 2543.6 1953.3 318 32.3
System Il-a______________________ 675 4 645 6 92 10.7
Total, northern group___._____. 3219 0 2599 0
System II-b . ______________ _.__ 743 0 558 9 ‘{(4) g 43 g
System III . ___________ 27199 2328.9 37¢2 38 6
System IV ____ . _____ 627 3 5521 86 9.1
Total, southern group__________ 4090 2 3439 9 100.0 100 0
_—_— —_———— =— —
Total State ________ . ______ 7309 2 6038 8 66 0 57.0
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DISTRIBUTION OF POWER MARKET BY COUNTIES.

Tables 2, 3-A and 3-B, and Plate 1II, ¢ Distmibution of Electric
Power Load by Counties in Califormia, 1927,”" set forth by counties
the distribution of the power load throughout the State. These, together
with Plate IT. indicate for the market of northern California that 13 8
per cent of the market is located north of Sacramento County; 18.8
per cent in the counties surrounding Sacramento, including the moun-
tain counties as far south as Tuolumne County; 62.7 per cent in the
Bay counties; and 4.7 per cent in the counties south of Santa Clara
County. The total substation output of this entire part of the State
for 1927 was somewhat in excess of twice the potential development of

Kennett,
TABLE 2
Californta Electric Power Load or Market by Counties Measured by Substation
Delivery, 1927

Substation Substation

deltvery deliver y

thousands of thousands of
County Teilowatt hours County kilowatt hours
Alameda ___________________ 449,920 (Orange o __________ 138,361
Alpmme . ______________ e e Placer ______________________ 19,858
Amador .. _____________ - 22,846 | Plumas . _________________ 31,523
Butte ___.____ . _____. - 35,5616 | Riverside e _______ 132,809
Calaveras ______________ _ 12,802 | Sacramento _________________ 172,146
Colusa o __ _ 20,175 [ San Benito . ________________ 20,823
Contra Costa ._._________ _— 244,397 | San Bernardino _____________ 239,016
Del Norte ______________ - e San Dieg0 oo 126,801
El Dorado ______________ - 2,449 | San Francisco — oo 686,775
Fresno ___________ . .. _— 171,885 | San Joaquin ___.___________ 123,287
Glenn  __________________ - 21,161 [ San Luis ObispOao oo _ 16,423
Humboldt . _____ — 14,451 | San Mateo oo __ 91,031
Imperial o - 40,257 | Santa Barbara —_____________ 57,766
Tnyo 8,188 | Santa Clara __— 131,676
Kern 256,869 | Santa Cruz - 50,591
Kings 43,863 | Shasta ____ 16,162
Lake et o Swerra o oo
Lassen _.___ Siskiyou 20,684
Lns Angeles 1,859,426 | Snlano 68,792
Madera __ 33.457 | Sonoma _ 24,306
Marn - 32,078 | Staniclaus 67,451
Mariposa _ 3,000 | Sutter _ 22,236
Mendoeio 5,635 ] Tehama 8,361
Merced ___ 69,341 | Trinity 6.899
Modne __ Tulare 157,694
Mono Tuolumn 18,824
Maonters 50,271 | Ventura 56,814
Napa .. - 4,884 1 Yoln _ 21,683
Nevada -~ 33,901 | Yuba - 52,318
Total—Substation delivery by counties. o ______ . _________ 6,016,561
Not segregated—Southern California Iidison Co, interdepartmental__ 22,295
Entire State ____________________ ___________ —— _. 6,038,856

GROWTH OF POWER LOAD.

Plate 1V, ‘‘BEleetric Power Installation in California, 1911-1927,”’
sets forth for the northern and southern groups and for the entire
State, the growth in power developed by plant capacities, hoth hydro-
electric and steam-electrie, for the period 1911 to 1927. It is to he
noted that in the Northern Group. up to the present time. the amount
of hydro-electric capacity in per cent of total is considerably greater
than in the Southern Group. Table 4 sets forth statistically the
data indicated in Plate IV,

Plate V, ‘“‘Eleciric Power Production in California, 1913-1927,
presents for the period 1913 to 1927 and for the two groups and the
State, the power output by months in thousands of kilowatts (average)
for steam-electric and hydro-electric plants, respectively., The fluctua-
tion in steam-electric production should be noted, as the amount is an
important factor in the absorption of new hydro-electric developments
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This fluctuation has occurred partly on account of variation of hydro-
electric power production bhetween wet and dry years and partly as a
result of the bringing in of new hydro-electric plants. The heavy
demand for steam-electric power as a result of the 1924 drought is
clearly indicated. The material re:dluction in steam-electric power in
the northern part of the State in the past three years has been the
result mainly of bringing in three large hydro-clectric projects in
1925: Copeo No. 2 of The California-Oregon Power Company, Pit No.
3 of the Pacific Gas and Electric Company. and Moceasin Creek plant
of the City of San Francisco. The result of bringing in these three
developments, having an annual output of approximately 1,000,000,000
kilowatt hours, has been to reduce the steam-electric power production
to less than 1 per eent of the total and to create a condition of tem-
porary oversupply.
TABLE 3-A
Substation Delivery by Counties Grouped Geographically
(District Served by Northern Group of Companies)
Substation delivery

County Thousands of Percent of total
DISTRICT 1 kilowatt howrs northern group
Butte _________ 35,516 '
Colusa —_____ 20,175
Del Norte oo e
Glenn ______ 21,161
Humboldt 14,451
Lake o e e
5,535
4,884
33,901
19,858
21,623
16,162
F = o o - T
SIsSKIyOU e 20,584
Sonoma  _ . ____________ 24,306
Sutter o e 22,236
Tehama - 8,351
Trinity _ 6,899
Yolo - - 21,683
Yuba e 52,313
Total, Distriet 1___ - 359,538 13 8
DISTRICT 2.
Alpine ____ -
Amador 22,846
Calaveras _ 12,802
El Dorad0 ————______ 2,449
Sacramento _.—-______ o - 172,146
San Joaquin ___________ 123,287
SO0lanN0 oo GR,792
Stanislaus . 67,451
Tuwolumne __________________ . 18,824
Total, Distriet & e 488,597 188
DISTRICT 3.
Alameda

Contra. Costa

Marn - ______.__ 2,073
Santa Clara ________ 1,578
San F'rancisco 85,775
San Mateo . __ 1,031
Total, Distriet 3. __ e 1,634,771 627
DISTRICT 4.
Monterey __ . __ 50,271
San Benito 20,823
Santa Cruz 80,591
Total, District 4 _____ . _______________ 121,685 47
_ _

Total Northern Califormia_ . _____ 2,604,591 100 0
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TABLE 3-B

Substatlon Delivery by Counties Grouped Geographlcally
(District Served by Southern Group of Companies)

Substation delivery

Countg Thousands of Per cent of total
DISTRICT 1 kilowatt hours southern group
Fresno - e 171,886
Inyo __- ,1
Kern e 256,869
Kings __ 43,863 -
Maderad - e 33,457
Mariposa 3,000
Merced oot e 69,341
MONO o — PR
San Luis ObISPO oo 16,423
Santa Barbara 57,766
Tulare 167,694
Total, District 1o e 818,486 24.0
DISTRICT 2.
Los Angeles e 1,859,426
Orange 138,361
Ventura - -_— 56,814
Total, District 2 2,054,601 60 2
DISTRICT 3
Imperal o e 40,257
Riverside oo oo 132,809
$an Bernardino .. e 239,016
San Diego o e 126,801
Total, DIstrict 3o oo 538.883 15 8
—— a1 —

Total South San Joaquin Valley and south-
ern Californmia o e 3,411,970 100.0
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PLATE II.
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PLATE 1V.
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PLATE V.
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TABLE 4

Electric Power Installation in California, December 31 of each year, 1911-1927

NORTUERN GROUP SOUTHERN GROUP
Hjdro-cleetrle  Steam-electric  Total clectric Hydro-electric  Stedam-electric Total electrie
wstallatin installation mstallation installation 1nstallation tnstallation
kva kva kva hva kva Kva
196,795 94,575 291,370 85,585 69,577 155,162
202,795 126,575 329,370 85,585 79,977 165,562
226,795 121,375 348,170 167,835 130,217 298,052
239,295 136,376 375,670 173,835 166,967 340,802
241,170 141,675 362,845 174,435 166,367 340,802
268,475 132,950 401,425 179,935 166,212 316,147
286,725 141,950 428,675 236,616 168,946 405,562
302,075 141,810 443,885 236,616 168,946 403,562
300,675 156,810 457,385 241,466 168,547 410,013
301,725 156,810 458,535 320,066 183,647 503,713
378,822 169,010 548,132 409,916 216,097 626,013
472,872 169,310 642,182 417,666 248,247 665 913
471,972 175,200 647,172 551,824 288,697 §40,5621
527,320 187,625 714,945 577,924 432,097 1,009,921
718,320 187,625 905,945 627,324 467,645 1,094,969
720,820 187,625 908,445 661,074 522,245 1,183,319
744,445 187,625 932,070 699,024 540,995 1,210,019

Hydroa electrie
msraliation

kva

S
g
-

ENTIRE STATE
Steam-eleetrie
installation

kva
164,152

206,552

£ LD 1D ek ok ot fmdd

Total electrie
nstullition

kva
446,532
494,932
646,222
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Table 5 sets forth by vears the production of power, both hydro-
electriec and steam-eleetric in nmullions of kilowatt hours for the years
1913 to 1927. The figures include a relatively small production of
power by plants of the California-Oregon Power Company and the
Truckee River Power Company outside the State.

TABLE 5
Eiectric Power Production 1n California, 1913-1927
Annral power plant ontput 1 millions of
dowatt hours Steam-electric
12 per cent
Hydro-eleetriec  Steam-electric Total of total
________________________ 8§52 266 1118 238
1028 146 1174 12 4
1072 220 1292 170
1219 208 1427 14.6
1332 242 1574 15.4
1350 286 1736 222
1343 493 1816 26 0
1409 E76 1985 290
1719 264 1972 12 8
1905 268 2173 12.3
2118 302 2420 125
1833 8§12 2645 307
2721 162 2883 56
3102 130 3232 50
3266 2 3298 1.0
439 414 853 48.5
858 173 1031 16 8
911 170 1081 15.7
8494 137 1031 133
930 242 1172 20.6
1014 319 1332 239
991 491 1485 331
1163 543 17086 21.8
1485 449 1934 13 2
1886 287 - 2173 13 2
1995 627 2622 139
13456 1561 2896 53.5
2462 8386 2293 25.3
2577 1091 2668 2917
3443 644 4087 158
1281 680 1971 345
1886 319 2206 14.5
1983 300 2373 16.4
2113 345 2458 1490
2262 484 2746 176
2364 705 3069 23.0
2237 964 2301 29 2
2572 1119 3691 303
3204 702 3906 180
3791 555 4346 12 8
4113 929 5042 18.4
3168 2373 5541 42.8
5183 998 6131 16.1
1098 _ 5679 1221 6900 171
1927 6709 676 7385 9.2

* Limited production outside of State 1mcluded
ESTIMATED FUTURE GROWTH OF POWER REQUIREMENTS.

An important factor in determining the ability of the market to
absorb the output of the Kennett development is the extent of the
market and the rate of growth. especially just prior to and following
the completion of such a plant.

Numerous estimates have been made of the futnre growth of power
in the State of California. The past growth in northern California
has been steady, though not as rapid as in southern California. There
has been apparently some slowing up of the growth in southern Cali-
fornia during the past few vears. Studies of estimates of growth of
power requirements prepared by Mr. F. E. Bonner of the Federal



PLATE VL
NORTHERN GROUP
[ fT [ [
mEmEn =
10000 ' ’
-
ol - gt
L 4 . e
5000 Inclyding San Joaguin_ system. = _]_.—-""
» —t b J_ . [ .
L - FExcluding_San Joaquin system
=
|
o |
1915 1920 1925 1930 1935 1940 1945 1950
" SOUTHERN GROQUP
: AR
£ 15000 :
=
] -
b4 L et R
2 10000 Brasheec
= Inclyding San Joaguin system - P
Y ) >3 J;J
1) =~ "' L [1 K
in Lo In_sysfem
2 5,000 L ~ > 26l I T
— 1
,_‘_2 e \
E o | .
- 1915 1920 1925 1930 1935 1940 1945 1950
= ENTIRE STATE
S 30000 ]
-
o
=
°
© 25000
n- »
: Z
5 i
% 20000 : .
12 .
-
2 A
= 15000 —
)
2 g
i >
i .
10000 <
~
!
5000 —
gt | i !
l i
0 1915 1920 1925 1930 1935 1940 1945 1950

PAST AND ESTIMATEP FUTURE GROWTH

ELECTRIC POWER PRODUCTION
IN CALIFORNIA
1913~ 1950

——— ELECTRIC POWER PRODUCTION FOR PAST YEARS
——— — — — ESTIMATED ELECTRIC POWER PRODUCTION FOR FUTURE YEARS

14 ApP—( 7182



— 68 —

Power Commission, together with other analyses of past and estimated
future growth, have been made in connection with this report The
resultant conclusions are <et forth in Plate VI, ‘‘Past and Estimated
Future Growth of Electric Power Production in California, 1913-
1950,”’ and in Table 6 for the two sections of the State. The past
growth of power in northern California has been at a ecompound rate
approximating 8 per cent. The estimates herem, however, contemplate
the future growth at a reducing percentage, ranging from approxi-

~

mately 7 per cent in 1928, to as low as 4 per cent about 1950.

DATE OF BRINGING IN KENNETT.

The date of completion of Kennett development will have an impor-
tant bearing on the ability of the market to absorb its potential power
output. The construction program contemplates a period of four and
one-half years for completion. Allowing for preliminaries and financ-
ing, it may be concluded that the earliest time for bringing in this
development would be 1935. TFor the purposes of this discussion, how-
ever, completion by 1936 has been assumed. Should the completion
occur at a later date, the market could more readily absorb the power
output.

POWER OUTPUT OF KENNETT.

The power output of Kennett, when operated for flood and salinity
control, and limited irrigation, is estimated at an average of 1,217,600,-
000 kilowatt hours annually This ontput 15 based on a 375,000 kilo-
volt-ampere plant operating at 80 per cent power factor and with an
output equivalent to approximately 70 per cent plant load factor.

TABLE 6
Estimated Future Power Requirement, 1927-1950
(Power Plant Qutput)
Northern Group, Southern Giroup, Enlne State,

millions of mullions of millons of
kilowatt hours  kilowatt hours kilowatt hours
3,219 4,090 7,309
2,433 4,572 8,005
3.6G8 5,054 8,722
3,919 5,492 9,411
4,125 6,017 10,142
4,343 6,499 10,842
4,570 6,981 11,551
4,811 7,507 12,318
5.083 5,032 13,095
- 5,328 §,470 13,798
- 5,608 8,908 14,514
5,897 9,346 15,243
6,205 9,740 15,945
6,539 10,178 16,717
- 6,806 10,573 17,379
7,083 10,923 18,006
7,372 11,273 18,645
7,673 11,624 19,297
7,984 11,930 19,914
- 8310 12,237 20,547
- 8,647 12,587 21,234
§,997 12,93 21,935
- 9,362 13,201 22,563
9,728 13,561 23.279

These bases of estimates are somew hat conservative. The output under
the conditions as set forth will vary from a mimimmum of 990,400,000
kiJowatt hours to a maximum of 1.314.000,000 kilowatt hours annually.
Table 7 sets forth the estimated output which could have been
developed under the water supply conditions of 1896-1927 had Kennett
been installed. The relative variation of output both annually and
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monthly, compared with other typical plants, is presented graphically
on Plate VII, ¢ Variation of Annual and Monthly Power Output of
Kennett Reservoir Compared with Typical Hydro-electric Plants.”’
The Kennett output for the minimum year has been estimated to
meet the normal variation of power demand on the main power systems
and is under these conditions more valuable than that from the other
plants. Although shown as uniform throughout the maximum year,
the output could be varied to follow more closely the power demand.

The output characteristics under condition of practically complete
control for irrigation, which will ultimately oceur, are very different
and will materially reduce the value of the power available. An esti-
mate of the conditions under such control based on a use of water to
the level of two hundred feet above the stream bed indicates an average
annual output of 767,000,000 kilowatt hours with a variation in output
from 46 per cent to 138 per cent of the average. Unless such a limit
on the minimum head is provided much less power could be produced
in the dry years and the value of the output would be materially
reduced.

TABLE 7 -
Estimated Power Output, Kennett Reservoir—420 foot dam

Operated for Flood Control, Saline Control and an Irrigation Supply to San
Joaquin Valley.

Installed Capacity of Plant, 275,000 k.va. Power Factor — 0.80 Load Factor — 0.75

Power output
n millions of

Year kilowatt hours
1896 —_—— 1310.7
1897 ____ 1287.9
1898 ___ 1074 7
18989 ___ 1104.0
1900 e 1242 9
1901 - — ——— 11926
1902 ________.__ 1288 5
1903 ___ —_— 1262.6
1904 e 1314.0
1905 — —_— 1288.6
1906 __ — - 1314 0
1907 - - - 1314.0
1908 . - 1291 2
1909 - - 1314.0
1910 1283.8
1911 1308.7
1912 ____ N - 1240 0
1913 1229.7
1914 e 1314.0
1915 . - - 1314.0
1916 - - 1314.0
1917 ____ 1215 8
1918 1098.¢
1919 1186.3
1920 1054.5
1921 - 1227.7
1822 e 1208.0
1923 1031.7
1924 —e 1035.4
1925 e 990.4
1926 I 1049.6
1927 o 1271.%

Average: 1896-1927 _______ ___ e 1217.6
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PLATE VIL
ANNUAL POWER OUTPUT
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MARKET AVAILABLE AT TIME OF COMPLETION.

Upon completion of Kennett, assumed as oceurring in 1936, its power
output of 1,217,600,000 kilowatt hours annually would be entering the
market of northern California. estimated as requiring the production
of 5,328,000.000 kilowatt hours annually. The demands of the territory
at that time must and will be fully served by existing agencies. These
agencies are at present grouped in two systems, one supplying approxi-
mately 75 per cent, and the other 25 per cent of the market. The
market will face the absorption of an added supply of approximately
23 per cent of the then existing production, assuming complete coordina-
tion of the existing agencies. If the larger of the two systems is to
absorb the output it will face the absorption of 31 per cent added
supply.

The estimated growth of the market of northern California during
the period 1935 to 1940 is at a rate of approximately 300,000,000 kilo-
watt hours per annum or one-fourth of the total estimated output of
Kennett. The market will take, therefore, from four to five years for
the growth of load to absorb the entire output, depending upon the
extent of cooperation and coordination obtained.

IMPORTANCE OF COORDINATED DEVELOPMENT.

From a standpoint of economic absorption of power output, such as
Kennett, the amount of steam-electric power produced at the time of
completion of the project is important.

It is economie, also the general practice of utilities in bringing in
any large hydro-electric plant, to carry the growth of load for one or
two years prior thereto on steam-electrie plants ~o that a considerable
load may be immediately shifted to the hydro-electric plants and thus
reduce expenses as fixed charges are inereased. At present the most
economic balance between hydro-eleetric and steam-electrie power pro-
duction does not exist, there being too small a percentage of steam-
electric power produced.

The Pacific Gas and Electric Company has under construction agded
power plants on the Mokelumne River and plans for development on
the Bear and Pit rivers in addition to steam-electric plants. Further
development on the Feather River by the Great Western Power Com-
pany may be expected as needed by that system. Other private and
public enterprises are urging developments on other streams so that,
at present, the tendency is toward further development of hydro-electrie
plants where a more economic procedure would be to meet the growth
of load by steam-electric power installation. It is, therefore, important
that, through cooperation with the agencies serving the publie, their
developments be coordinated to make possible the ready absorption of
Kennett power output if it is to be wholesaled to them, otherwise the
output of Kennett would enter a market not ready for the absorption
of such a large added production

Under Plans 1, 2, 8, and in general, Plan 4, as suggested for consid-
eration, the entire market of northern California tributary to Kennett
power may be considered available for absorption of the output through
the system of the existing utility agencies. These agencies, through the
extent and diversity of their load, have developed a market fully inter-
connected through their systems with a load factor in excess of 60 per
cent and a flexibility such that the power output cowld be readily
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absorbed. If definite obligations for sale and purchase are entered
into, under Plans 2, 3 and 4, other developments may be adjusted
sufficiently in advance to make possible a minimum period of absorp-
tion. Much more extreme problems have been faced and overcome in
the past than are presented by Kennett. In 1921, the Great Western
Power Company brought in on its own system the first units of the
Carihou development, the output of which represented in excess of 40
per cent of the then existing load on that system. In 1925, the Pacific
Gas and Electric Company completed its Pit No. 3 plant, commenced
the purchase of additional power from the California-Oregon Power
Company and the City of San Francisco, the total amount exceeding
40 per cent of its then existing load. Kennett output will represent
from 23 per cent to 31 per cent of the load at the time it is available.

With reasonable coordination and cooperation between this develop-
ment and existing agencies no serious difficulty should arise in the
absorption of power produced by Kennett development.

The problem of obtaining a market for the output of KXennett plant
were the market to be developed through state-owned and operated
distribution systems as suggested in Plan 5, is one to be considered
separately.
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COST OF KENNETT DEVELOPMENT
INVESTMENT COST.

The cost of the Kennett development (420 foot dam, 2,940,000 acre-
foot reservoir) was estimated in Bulletin No. 13, ‘“The Development
of the Upper Sacramento River,”” at $80,000,000 That estimate was
prepared on the basis of a power plant capacity of 100,000 kilovolt-
amperes and with interest during construction at a rate of 6 per eent
per annum. In this report the power plant eapaeity has been taken
at 275,000 kilovolt-amperes as explained on page 15 of this report, and
the interest rate reduced to a State finaneing hasis of 44 per cent,
With these revisions the estimated cost is $70.000,000  This covers pur-
chase of reservoir site and removal to new location of the Southern
Pacific Company tracks and a part of the State hichway that would bhe
submerged, construetion of the dam and a 275,000 kilovolt-ampere
power plant  The total cost is divided as follows-

Lands and immprovements flooded________________________________ $22,882,000

Dam and appurtenNanees oo oo e 30,118,000
Total reservoir and dam o $53,000,000
Power plant oo e 17,000,000

Total development ______________________ o _____ $70,000,000

ANNUAL COST OF KENNETT DEVELOPMENT.

The annual cost of Kennett development (reservoir, dam and power
plant) will vary in the first three of the five plans of financing sug-
gested, owing to differences in ecosts between private and state owner-
ship and financing. The annual cost of this development will be the
same under Plans 3, 4 and 5, as each contemplates complete State
ownership of the reservoir, dam and power plant. The annual costs
are fully set forth in Table 8 and are hased on the following units:

Basis of Estimated Annual Cost Kennett Reservoir and Power Plant

Private State ownership
ownership Biraight Sinking
Bond amortization basis line fund Excluded
Return or interest per cent of capital._____ 75 45 45
Amortization of state bonds—40 year basis,
per cent of capital o _caaa____ - 2.5 105 -
Depreciation:
Land and improvements, per cent of capital . _— —_— -
Dam and appurtenances, per cent of capital 3 .3 .3 .3
Power plant, 40 year basis, per cent of
capital o ____ . .65 1.05 105 1.06
Taxes:
State, per cent of capital _____________ 135
Federal, per cent of capital___.__ . _____ .40

Operating expense and ma.mtena.nce,{ $200,000 per annum for dam and reservoir
both private and stdute ownership___.__ $300,000 per annum for power plant
Return on private investment is that at present generally estimatec

as fair for large electric projects such as Kennett. The interest rate of

4.5 per cent for State investment is slightly above the present cost.

Amortization is assumed on a basis of a forty-year period commencing

ten years after date of issue of bonds. This period is within the legal

limit for State bonds (seventy-five years). Ten years for construction
and loading of power plant prior to commencement of amortization are
allowed for Estimated costs under straight line amortization show
the maximum annual charges with State development. A 4 per cent
sinking fund amortization is ineluded in the table in order to set forth
the approximate average annual cost during the forty-year amortiza-
tion period. The estimate, excluding amortization, sets forth the cost



TABLE 8
Estimated Annual Cost Kennett Reservolr and Power Plant

Plan |
Private development
voir and am.
Including state
and federal

taxes (based

*Straight line
datnourtization al

Txcluding  of state homds

Mot/ ithon

of state bonds *Stralght hine Sinking fund

Plan 2 Plan 3

State development ofpr?se;- State devolopment of reservolr, dam
rivate

development of power plant

Sinking fund

and power plant

Excluding

on average state state taxes state taxes amortization amortizition  amortization
Divislon Capltal tax rate) tax included excluded of bords of bonds of Londs
Reservorr and dam___.______________________ $53,000,000
Interest or return —— $3,975,000 33,975,000 $2,385,000 $2,385,000 $2,385,000 $2,385.000 $2,385,000
Amortization e memmmem mem—em 1,325,000 556,00 1,325,000 556,000 .
Depreciation — 90,000 90,000 90,000 90,000 90,000 90,000 90,000
State tax 407,000 o L e e e e
Federal tax _ — 212,000 212,000 e il e e e
Operation and mamntenance__.___________.. 200,000 200.000 200,000 200,000 200,000 200,000 200,000
Totals, reservoir and dam____._________ $4,884,000 $4,477,000 $4,000,000 $3,231.000 $4,000,000 $3,231,000 $2,675,000
Power plant — 17,000,000
Interest or return___ __ . ________________ $1,275,000 $1,275,000 $1,275,000 $1,275,000 $765,000 $765,000 $765,000
Amortization __. . _____ mmmdmme mmmm—m emm—e— e 425,000 178,000 .
Depreciation __.__ —_— 111,000 111,000 111,000 111,000 178,000 178,000 178,000
State tax .__ 229,000 o _____ 229,000 ________
Federal tax 68,000 68,000 68,000 68,000 __ —
Operation and mamntenance_—-c—o——e— 300,000 300,000 300,000 300,000 300,000 300,000 300,000
Tolals, power plant $1,983,000 $1,754,000 $1,983,000 $1,754,000 $1,668,000 $1,421,000 $1,243,000
Reservoir, dam and power plant:
Interest OF TELUIM e o oo $5,250,000 $5,250,000 $3,660,000 $3,660,000 $3,150,000 $3,150,000 $3,150,000
Amortization — 1,325,000 ,000 1,750,000 734,000
Depreciation _.._ 201,000 201,000 201,000 201,000 268,000 268,000 268,000
State 18X oo 636,000 _.______ 229,000 e -
Federal tax __. 280,000 280,000 68,000 68,000 -
Operation and maintenance - _—___..-. 500,000 500,000 500,000 500,000 500,000 500,000 500,000
Totals, reservoir, dam and power plant__. $70,000,000 $6,867,000 $6,231,000 $5,983,000 $4,985,000 $5,668,000 $4,652,000 $3,918,000
Total cost 1n per cent of caprtal . _________ 9 81 890 855 712 810 6.65 5.60
Total cost per kilowatt hour produced- _____._ 1,217,600,000 kwh. $0.00564 $0.00512 $0 00491 $0 00409 $0.00466 $0.00332 $0 00322

* I3stimated costs under straight line amortization represent maximum money requirements which occur n first year of arnortization

period
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during the first years; also the estimated carrying cost of the develop-
nient, excluding retirement of capital.

The length of bond amortization might be increased to a sixty or
sixty-five year period under the legal limitation and thus reduce the
annual outlay. The table, however, indieates the limits between which
the results, based on other assumptions, will fall. No depreciation has
been assumed on lands or improvements removed. A minimum of 03
per cent has been included on the dam and appurtenances to cover con-
tingencies and minor replacements Depreciation on the power plant
is estimated on forty years’ life on a 6 per cent sinking fund for
private and 4 per cent sinking fund for State ownership.

Operating and maintenance expenses are estimated to cover not only
local but also general expenses and are somewhat higher than a study
of expenses of the larger developments of the State would indicate in
order to eover possible contingeneies.

The table sets forth the estimated cost under private ownpership of
capital with and without State taxes. TUnder the present method of
taxing electric utilities a private utility would pay the same State tax
were it to purchase the power wholesale from the State as it would if
the plant were construeted and owned by it, the tax being determined
as a per cent of the total gross revenue of the utility. For comparison
with costs of other power, therefore, the cost has been estimated exelud-
ing State taxes. The present State tax rate is 7.5 per cent of the gross
revenue. Assuming revenue would equal total cost the resultant tax
rate would be seventy-two hundredths of 1 per cent of the capital under
Plan 1. This basis can hardly be expected to continue indefinitely.
The rate of 1.35 per cent of capital is based on the average tax rate on
general property now existing over the State equated to a per cent of
capital cost. No State tax is estimated on the capital representing lands
and improvements as the greater part of this cost represents cost of
relocation of the railroad and highway and would not represent power
company property.

COST OF TRANSMISSION.

Plan 4 contemplates construction and operation of trunk transmis-
sion lines to the important load eenters of northern California, power
to be wholesaled to political subdivisions and private utilities.

As indicated in Plate 1I and Tables 2, 3-A and 3-B, over 65
per cent of the market is located within a radius of 50 miles of San
Francisco. From Table 1, it is to be noted that at present 94 per
cent of the power is served dirvectly by two companies. Further data
show that within the Sacramento Valley and the San Francisco Bay
region less than 2 per cent of the power is distributed by municipal
systems, only one individual system distributing over 0.5 of 1 per
cent of the existing load. These systems are scattered from Redding
on the north to Santa Clara on the south This does not include the
Modesto and Turlock distriets which produce their own power and
would require only standby service.

Transmission of such a large amount of power as Kennett output
will require as a minimum, a double circuit 220,000 volt transmission
line to the main load center in the Bay distriet.

1t is apparent from an engineering consideration of the data that
outside of the two main companies there are at present no municipal
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or private resale systems of sufficient size or advantageous location to
take power economically from the main trunk transmission line. Should
another system develop which could avail itself of the purchase of
power wholesale it must be assumed that the revenue to be received
would justify the added capital expenditure. At present only two
agencies of sufficient size to utilize the output of Kennett exist: one,
the Pacifie Gas and Eleetric Company; the other, the Great Western
Power Company of Califormia. If transmission of power by the State
is contemplated the logical terminal of the transmission line would be
in the general vicinity of Antioch. Contra Costa County, practically
two hundred miles’ transmission distanee from Kennett. Both com-
panies have important substations and transmission lines in this loca-
tion which is near the center of load.

The cost of transmission per kilowatt hour will vary materially,
depending on the plan of operation and whether adequate standby
service against interruption is contemplated. By wholesaling the
output to these two agencies the cost to the State will be reduced to a
minimum. Under such delivery the transmission line ean be limited to
two ecircuits and one substation as the purchasing systems with their
steam-electric and hydro-electrie plants and extensive transmission net-
works will be adequate in size to take care of interruptions without
detriment to the public service,

If the State contemplates delivery of power comparable in continuity
to that now delivered by existing utilities an additional transmission
line and steam-electric standby plant would be required in excess of
that herein estimated.

Table 9 sets forth the estimated investmient and annual cost to
the State and to a private utility to transmit Kennett power to the
load center wholesaling it to the existing agencies. This represents the
minimum capital and annual cost requirements for transmission.

TABLE 9

Cost of Transmission of Kennett Power, Kennett to Antioch
Investment Cost

Transmisslon line—200 miles double circuit tower line—_ oo ___ $6,000,000

Recelving substation, 200,000 kllowatt capacity e 3,600,000

Total _____ $9,600,000

Pox'er dellvered 88% of 1,217,600,000 kilowatt houis—1,070,000,000 kllowatt
ours.

Basis of Annual Cost
Per cent of Capital
State development

Straight Sinking
line fund Private
amortiza- amortiza- develop-
tion tion ment
Interest o1 return ______________._________.__ 45 4.5 7.50
Amortization—10 years 25 106 _____
Depreciation ________________________________ 1.35 1.36 1.00

Maintenance and operating eXpense, including
general expense -

Transmission line _______________________ .15 75 .75
Terminal substation ___._____.____________ 250 250 250
Taxes, state and federal - — — 1175

1 Transmission line
Interest on $6,000,000-_____________________ $2
1

0,000 270,00 _
Amo1 tization $ g $450,000

000  _____
Depreciation 81,000 81,000 60,000
Mamtenance and operating expense__________ 45,060 45,000 45,000
TaXes o i e 105,000

Total cost of transmission to substationg.__ $546,000 $469,000 $660,000
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Receiving substation.

Interest on $3,600,000 $162,000 $270,000

Amortization - ___._ 800  _____

Depreciation - _-__ . 48,500 36,000

Operating expense _.__ 90,000 90,000

P AXeS e cmmiem mcmean 63,000

Total cost of 1eceiving substation___.______ $390,500 $338,300 $459,000

(a) Total cost of transmission .o~ ____ $936,500 $784,300 $1,119,000
(b) Total cost of transmission, excluding state

LAXES o e e e e 889,600

Cost per kilowatt hour delivered, a____ -—-$0.000875 $0.000733 $0.001044

5 U 0.000924

From Tables 8 and 9, the total cost to the State under Plan 4,

assuming the wholesaling of power to the existing agencies, may be
summarized as follows:

M O oM

Annual cost
Straight ine Swnking fund

amortiza- amortiza-
tion tion
of bonds— of bonds—
Capital cost 40 years 40 years
Dam, reservoir and power plant___.._____ $70,000,000 $5,668,000 $4,652,000
. Cost per kllowatt hour produced—(1,217,-

600,000 kilowatt hours) . ($0.00466) ($000382)
Trangmission line and substation________ 9,600,000 936,500 784,300
Totals o oo $79,600,000 $6,604,500 $5,436,300
Total cost per kilowatt hour dehvered f1om

terminal substation—(1,070,000,000 kilo-

watt hours) - — i ———— ($0.00617) ($0.00508)

In the above table and in Table 9, preceding, the figures under
straight line amortization represent the maximum ecosts which oceur
during the first year of the amortization period.
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VALUE OF POWER OUTPUT

The value of the power output of Kennett and the revenue from the
power under Plans 1, 2, 3 and 4 will depend upon the characteristics
of the output and upon the cost of power from other and competitive
sources. Power that is available mainly in spring months or in wet
years is less valuable, requiring more auxiliary steam-electric power
installation than power which can be depended upon under adverse
conditions of drought. Plate VII, heretofore referred to, sets forth
graphically the estimated annual and monthly variation of power from
Kennett eompared with other hydro-electric plants of northern Cali-
fornia. This comparison shows that Kennett power under the condi-
tions of operation specified has better characteristics than the power
from other plants. ,

There are three measures of the value of power, based upon cost of
power from other sources:

1. Cost of power from other hydro-electric plants.

2. Cost of power from steam-electric plants.

3. Wholesale price for power as indicated by existing contracts.

Throughout this analysis comparison will be made on a unit basis of
mills per kilowatt hour. Such a basis is only correct where power
characteristics and point of delivery are equivalent, These units are
better understood, however, and will be used with gualifying state-
ments.

COST OF POWER FROM OTHER HYDRO-ELECTRIC PLANTS

The potential water power resources of California have been inven-
toried and summarized by Mr. F. E. Bonner of the Federal Power
Commission, in a report just issued by that commission. Table 10,
compiled from Table 9 of the Bonner Report, shows the present
and principal ultimate development of the water power resources of
the State. This shows by main streams the present and estimated ulti-
mate installed capacity and output in average kilowatts, and ultimate
output in millions of kilowatt hours. Although these figures are not
directly comparable with estimates of kilowatt hours and plant eapaci-
ties shown'in other portions of this report, they are indicative of the
extent of the present development, the potential development and the
main source of future production of power in California from hydro-
electric sources. It is to be noted from the table that 70 per cent of
the potential hydro-electrie power of California exists on streams north
of Mereed and tributary to northern California, and only 30 per cent
in the territory tributary to southern California. Present development
in the north is only 14 per cent of the total potential and indicates that
for a long period undeveloped resources will exist.

The important streams of northern California are the Xlamath ; the
Pit, McCloud and Sacramento group; the Feather and the American
rivers. The important streams tributary to southern California are
the San Joaquin and Kings. In view of the relative proximity of the
Pit and Feather rivers to the Kennett development, the cost of power



TABLE 10.

Summary of Water-power Resources of California

From Table 9, “Report to Federal Power Commission on the Water Powers of Califorma,” by Frank E Bonner
Existing development

Dravnage basmn No
Northern group - plants

1. Smath River - . __. e oo
2. Klamath River ® 4
3. Trimity Rivero e 3
4, Eel River_  __ o ___ 1
5. Pit Raiver——_________ R 4
6. McCloud River—___._ - a—e
7. Sacramento River—___.___ . _____._ [

Totals (5-7, inclusive) ____.______ 10

8. Deer and Mill creeks_______
9. West Fork IFeather and
10. Feather River
11. Yuba River (including Bear River
12. American River
13. Mokelumne River.
14 Staniglaus River___
15. Tuolumne River_ - ________

Totals (1-15, inclusive) o ______ 50

Per cent of ultimate development____- ___
Southern group.

16. Merced River_ . .
17. San Joaquin River_ -
18 Kings River_______ -
19. Kaweah River -
290. Tule River_
21. Kern River__
22, Truckee River ¢
23. Carson River__
24, Walker River_
25 Mono Lake
26. Bishop Creek_.. -_
27. Owens River__.____
28. Santa Clara River.__
29. San Gabriel River___________. -
30. Santa Ana Rwver__________ -
31 Salton Sea_ oo __ -
32, San Diego County____________ —
33. Muscellaneous_______________________

—

—

Totals (16-33, inclusive) ________ 68
Per cent of ultimate development____- ___
Total State (1-33, incluslve) _____ 118

m Including existing developments
o Excluding part 1n Oregon

@)

Installed Output

capacity, average, No.
w> kw. plants
"7756,200 27,170 17
2,775 800 12
6,500 5,700 2
120,500 89,964 1‘11
"7737,000 "19,087 9
157,500 109,061 24
- 2
22,400 13,863 4
175,800 105,023 24
114,375 74,200 18
29,000 14,270 22
19,400 7,954 6
73,200 31,393 16
117,600 73 400
775,050 462,834 155
________ 14 —
34,150 15,810 12
404,300 251,142 24
31,500 13,700 15
6,700 4,727 3
7,500 4,205 2
76,500 52,209 9
,650 :13
""" 500 777300 2
25,000 v 8,380 3
"4 475 13,927 6
103, 1320 34,246 20
_______________ 3
2,000 1,152 1
15,475 10,062 15
3,03 1,255 5
80 400 2
950 350 1
737,850 412,461 127
________ 31 —
1,512,900 875,295 282

) Excluding part in Nevada.

Ultymate development @ Per Per
Installed Output Ontput, cent cent
capacity, average, millions of of

k. kw. of hwh. group state
808,200 508,881 4,457 8 la 9
303,000 180,925 1,584 9 5.7
11,000 8, 7.1 .3
480,500 316,248 2,771 2 99
221,500 133,705 1,171 3 42
469,000 257,647 2,257.0 81
1,171,000 707,698 6,199.5 222
60,000 45,000 3942 1.4
22,400 13,863 121 4 .4
1,065,800 698,251 6,116 7 21.8
389,675 251,707 2,205.0 79
546,000 317,408 2,780 5 9.9
138,000 94,406 827.0 3.0
293,700 207,680 1,819.3 6.5
241,300 160,743 1,408.1 50
5,050,075 3,195,361 27,8915 100.0 70.5
________ 100 e ——
93,650 47,541 416 4 35
960,100 524,667 4,596 1 390
609,000 407,750 3,671 9 303
6,700 4,727 41 4 3
7,500 5,791 50.7 4 N
198,500 119,952 1,050 8 89
,500 ,00 43.3 4
6,000 4,000 350 .3
15,500 9,400 823 T
24,100 7,582 66.4 b
27,675 17,124 150 0 1.3
244,860 162,564 1,424 1 12.1
23,000 8,000 701 .6
2,000 1,152 101 d
29,675 18,462 1617 1.4
,830 2,295 201 2
800 400 35 .0
950 350 3.1 .0
263,210 1,346,757 11,797.5 160 0 295
________ 100 —_——— ———-
7,313,315 4,542,118 39,789.8 I 100.0

@ Swanton Plant, Santa Cruz County,
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TABLE 11
Estimated Cost of Hydro-Electric Power from Present and Future Pit and Feather River Developments

Pt rver devélopments Feather River developments
Paciric Gas and Electric Company Great Western Power Company
Present Future Present Future
. Plants included_ .- __________ Pit 1 and 3
Hat Creek 1 and 2 Pit 2, 4,5 and 6 Caribou and Las Plumas Plants 1-8b -
. Plant capacity - _________. 176,000 kva. 306,000 kva. 133,000 kw. 593,750 kw.
Average annual output—___ - 828 million kwh. 1,583 million kwh 870 mullion kwh. 3,430 milhon kwh,
Investment cost—__________________ 000 $40,100,000 $29,300,000 $105,704,000
Basis of computing annual cost: Per cent of capital
RO UTUT N o L T3
Depreciation______________________________ 065
Operating, maintenance and general expense 075
Taxcs
Fe@eral o 40
[ 7 o =gy PO SRR S 135
Tota) o e e ——————————— ——————— e 10 65
. Total annual cost*
(a) Including state tax________._ $2,474,315 $4,270,630 $3,120,450 $11,257,476
(b) Excluding state taX__.—_____. 2,160,669 3,729,300 2,724,900 9,830,472
. Cost per kwh average output:
(a) Including state tax______.__. $0.00299 $0 00270 $0 00359 $0 00328
(b) Excluding state tax___——.__. $0.00261 $0.00236 $0 00314 $0.00287



_ 81 —

from the present and future developments on these streams will indicate
fairly closely the cost of power from other hydro-electric sources com-
petitive with Kennett. These streams are being developed by the two
major agencies serving northern California, namely the Pacific Gas and
Electric Company and the Great Western Power Company, and are the
probable sources of the main development during the next ten years
or more,

Table 11 sets forth the estimated cost of power from the present
developments and the estimated cost of power from future develop-
ments contemplated on the Pit and Feather rivers by the Pacific Gas
and Electric Company and the Great Western Power Company, respec-
tively. The cost of electric power from existing plants is based upon
the actual costs or estimated costs of the pI‘OJeCtS under present price
levels. The cost for future plants is based on tentative estimates here-
tofore prepared by these companies. The eosts with and without State
taxes are shown for the reasons heretofore set forth.

The characteristics of power from the present Pit River development
compared with Kennett are shown in Plate VII. The locations of the
present developments on Pit River are approximately forty miles fur-
ther from the power market than Kennett. This results in a differen-
tial in favor of Kennett of approximately two-tenths mills per kilo-
watt hour.

The characteristies of the power now being produced by the existing
plants on the Feather River and that which may be produced by future
plants are in'general closely comparable with the primary or dry year
output of Kennett development; that is, the minimum output of 990,-
400,000 kilowatt hours, per year. This greater dependability has been
made possible by the large eyclie storage of water in Lake Almanor at
the upper end of the series of plants

It is to be noted from the table that the estimated cost including
taxes for the present Pit development is approximately three malls
per kilowatt hour and for the future development, two and seven-
tenths mills, while the cost of power from the Feather River approxi-
mates three and six-tenths mills for present plants and three and three-
tenths mills per kilowatt hour for future plants. These plants are 100
miles nearer the main power market than the Pit plants and the char-
acteristics of power are better. If weight be given to these factors
and the value of power measured at the load center near San Fran-
cisco Bay, the two sources of power are practically of equal value per
kilowatt hour.

There are other potential developments of power, as indicated in
Table 10 on the Klamath and south of the Feather River. Klamath,
heing approximately 90 miles further from the market, is subject
to a differential in favor of Kennett of from four-tenths to five-
tenths mills per kilowatt hour. The developments south of Feather
River are in general at least 100 miles nearer the center of the power
market than Kennett and therefore have a differential in their favor
of from five-tenths to seventy-five hundredths mills per kilowatt hour,
this differential including cost of transmission and shrinkage of kilo-
watt hours due to transmission losses

The San Joaquin Valley power market depends upon the San Joa-
quin apd Kings rivers mainly for hyvdro-electric power. The cost of
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power from these streams is estimated at three to five mills per kilo-
watt hour of average annual output. The distance from Kennett to
the market in the San Joaquin Valleyv is from 300 to 450 miles. Geun-
erally transmission of power in excess of 300 miles has not been justi-
fied. The differential for transmission from Kennett would be at least
two mills per kilowatt hour which, deducted from an average cost of
four mills would leave two muills or less per kilowatt hour for power
at Kennett. -

The potential power available from the main streams of northern
California which may be economically developed would indicate that
until this is utilized the value of Kennett power measured by compe-
tition with other hydro-electric sources wounld be between two and
seven-tenths and three and three-tenths mills per kilowatt hour. As
the more economical sources are used the value compared with other
hydro-electric sources mayv tend to inerease
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VALUE OF KENNETT POWER DETERMINED FROM COST OF
POWER FROM STEAM-ELECTRIC PLANTS

COST OF STEAM-ELECTRIC POWER.

There has been during the last several rears a marked increase in
cfficiency of steam-electric production A still further improvement
in efficiency may be expected. On the basis of 60 per cent plant load
factor with present efficiencies the fucl requirements are 15,000 British
thermal units or less per kilowatt hour produced It appears from
study of literature on the subject and from present trend of efficiency
that reduction of the reqnirement to below 14,000 British thermal units
may be expected in the near future and later as low as 12.000 British
thermal units per kilowatt hour

The question of price of oil is impossible of determination for any
period of time. The present price 13 $1 per barvel. The price has
fluctuated widely in the past When the present condition of over-
production of oil is past, inerease in price may he expected. Coal sup-
ply would indicate a himitation m fuel cost, however, to approximately
the equivalent of $1.50 per harrel of oil

Table 12 sets forth the estimated cost of power from a steam-
eleetrie plant operating at 60 per cent load factor to supply a load
necessary to absorb fully the potential output of Kennett, The condi-
tions of efficieney are those that should be obtained by mew plants in
the next few years. Ozl has been estimated at $1 per barrel. The cost
of power from recently constructed plants would, on a basis of $1 per
barrel for oil, be two-tenths mills per kilowatt higher. 'Table 13 sets
forth the estimated cost based on probable further efficiency develop-
ment and price of o1l of $1 25 per barrel.

It is to be noted that the cost of steam-electric power is divisible
into two parts; one fixed and amounting to approximately $17 or
$15 50 per kilowatt of capacity. depending upon treatment of taxes,
and on output cost varying with the power produced {rom two to twe
and twenty-three hundredths mills per kilowatt hour.

EQUIVALENT VALUE OF HYDRO-ELECTRIC POWER.

A determination of the relative value of hydro-electric power by com-
parison with the cost of steam-electric power requires special care to
msure equivalent bases, owing to market difference in fundamentsa.
cliaracteristies of output and variation in costs between the two sources
The output of hydro-clectric plants such as Kennett varies from year
to year, depending upon conditions of precipitation. Costs are practi-
cally fixed and do not vary with output or with priece of fuel. Steam-
eleetrie power output can be readily adjusted to demands, a consider-
able part of the cost varying direetly with the output and the price of
fuel. The determination of relative value has been made by load char-
acteristics sumilar to those of northern California and sufficient to
absorb the output of Kennett without wastage. This cost has then
been compared with cost of power from Kennett with necessary auxil’
ary steam-electrie power.

15 ApP—G7182

P
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TABLE 12
Estimated Cost of Steam-Electric Power Basis of Probable Efficlency of
Immediate Future
Basis

1 Steam-electric power installation to supply load
equivalent to Kennett plus steam-electric

auxthary
(a) Annual production _____ o ________ 1,275,000,000 kilowatt hours
(b) Capacity for 60% load factor, 243,000
kilowatts, use 250,000 kilowatt capacity

(c) Cost of power plant and conneotmg
transmission line at $110 per kilo-
WAL e oo $27,500,000

2 Estimated efficiency
1 bbl. of o1l per kilowatt per year plus 1/500
bbl of oil per kilowatt hour net output.

3 Annual cost

() Return on investment_ oo - T5%
(b) Depreciation ___ . _______________ 225%
(¢c) Operating expenses other than oil_ $3 00 per kilowatt year
(d) General expense o 39% of cost other than
o1l and taxes
(e) Ol e $1 00 per bbl
(f) Tax. State - .35
IFederal
1.76 %
4 Annual cost.
(a) Fixed costs:
Return at 7.0% - —ceo - $2,062,500
Depreciation at 2.25% o __ 618,750
Operating expense at $3___________ 750,000
General eXpenses oo 102,940
Standby oil at $1_ - 250,000
Taxes at 1.76% oo 481,250
Total fixed costs_—___.________ $4,265,440
(b) Output costs,
1l at $.002 per kilowatt hour______ 2,650,000
(¢) Total costs _____ . ____ __________ $6,815,440
(a) (b)
5 Unit costs Includmg state tax  Excludmyg stale tax
Demand or fixed cost per Kilowatt of capacity $17 06 $15 5
Encrgy cost per kilowatt hour of output___._ .002
00535 .00527

o Average cost per kilowatt hour

The steam-electric plant would be located on San Franciseco Bay
and as to relative distance to the market, would be equivalent to the
terminal substation of Kennett transmission.

The cost of steam-electric power based on the estimates in Table
12 have been set up in Table 14 (Item ‘“C’’). From this has been
deducted the annual cost of the auxiliary steam-electrie plant required
to supply the load without wastage of power from Kennett in years of
maximum output. The halance (Item E-10) represents the relative
value of Kennett Power delivered at Antioch. Deducting the cost of
transmission the relative value of Kennett power at the plant is deter
mined.
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TABLE 13
Estimated Cost of Steam-Electric Power Basis of Probable Efficiency Future
Busis

1 Steam-electric power 1nstallation to supply load
equivalent to Kennett plus steam-electric

asuxthary
(a) Annual production _________________ 1,275,000,000 kilowatt hours
(b) Capacity for 606, load factor, 243,000
Lilowalts, use _______________ 250,000 kilowatt capacity

(¢) Cost of power plant and connectmg
transmission line at $110 per Kilo-
watt e $27.500,000

2. Estimated etficiency .
75 bLl of o1l per Kilowatt per year plus 1/560
bl of o1l per kilowatt hour net output

4 Annual cost

(a) Return on investment_____ - 15%

(b) Depteciation ___________________ - 2259

(e) Operating expenses other than oill____ $4 00 per kilowatt year

(d) General expense _________ o _ 3% of cost other than
o1l and taxes

(e) O1l o $1 25 per bb!

(f) Tax State . __________ 1.35%

Federal ______________ .40

1.75%

1 Annual cost
(a) Fixed costs
Return at 16% oo ______ $2,062,500
618

Depreciation at 2.25%% ______ _ ,760
Operating expense at $3_ _ 760,000
(icneral expenses _.o____ - 102,940
Standby oil at $1 25 - 234,000 -
Taxes at 1759% oo 481,250
Total fixed costs_ . ____ $4,249,440
(b) Output costs
O1l at $ 00223 per kilowatt hour—____ 2,843,325
(c) Total costs _____ $7,092,765

B (a) (b)

» Unit costs Including state taxr Etcludmy state tax
Demand or fixed cost per kilowatt of capacity $17 00 $15 58
IZnergy cost per kilowatt hour of output____ 00223 00223

v Avurage cost per kilowatt hour. 00556 00527

TABLE 14
Comparison of Value of Kennett Power With Steam-Electric Produced Power
A Kennett development 220,000 kilowatts—275,000 kilovolt-ampetes

1 Output of Kennett plant annual average . ________ 1,217,600,000 kwh
2 Delivery from ternunal substation_____________________ 1,070,000,000 kwh.
3 Steam-electric auxiliary plant output required to supply

load that will absorb Kennett output without wastage- 205,000,000 kwh.
4 Total output basis of terminal delnery _——___________ 1,275,000,000 kwh.
§ Steam-electriec auxihary capacity required based on maxi-

mum monthly requirement 806, 'oad factor— - _____ 62,500 kw.

B Steam-electric power equivalent
6 Steam-electric plant capacity to supply load on 60% load

factor basis 243,000 kw, use_ - oo 250,000 kw.

C. Steam-electiric plant costs Including tax Excluding tarx
7 Demand charge unit €OSto oo meomm—emmmme o 17 00 15 60
8 Demand cost ______________ 250,000 kw. $4,250,000 $3,875,000
Energy €OStome o 1,275,000,000 kwh. 2,650,000 2,850,000
Totals e e $6,800,000 $6,425,000
I’er hilowatl hour delivered oo 00533 .00504

D Ausibhary steam-electric cost

9 Demand cost ________.________ 62,600 kw $1,062,000 $968,750
Energy €0st e ______ 205,000,000 kwh. 410,000 410,000
TotalS oo e $1,472,000 $1,378,760

E YValue of hydro-electric power at substation terminals
10 Available for hydro-electric power from trans-

mission (8)~(9) $5,328,000 $5,046,250

Per kilowatt hour dellvered-(1,070,000,000 kwh ) 00498 00471

11 Transmission cost ____ - $1,119,000 $989,600

F' Value of hydro-electric power at Kennett . __________ $4,209,000 $4,0656,650
12 Value per kilowatt hour_____ (1, 217 600 000 kwh.) 00347 .00334

13 Value per kilowatt hour based on future steam
plant eficiency and oil at $1 25 per bbl ..____ 00368 .00355
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Similar comparison has heen made of the relative vatue of Pit power
now developed This computatien s shown i Table 15 The difference
of two-tenths mill per kilowatt hour m the mit values hetween Kennett
and Pit is accounted for mainly by the greater transmission distance
to Pit plants

TABLE 15
Comparative Value of Pit Power With Steam-Electric Produced Power

A Pit derelopment 141,600 kilowatts

1 Output of Pit developments, annual average_.__________ 828,000,000 kwh
2 Delivery from terrminal substation, 146% transmission loss. 713,000,000 kwh.
8 Steam-electric auxihiary plant output required to supply load

that will absorb Pit output without wastage__________ 387,000,000 kwh
4 Totai output based on termuinal dehivery_ . __________ 1,100,000,000 kwh,
5 Steam auxiliary capacity requited based on maximum

monthlv requirements 80% load factor________________ 92,500 kw.

B Steam-electric power equivalent
Steam plant capacity to supply Joad on 607 load factor

basis 209,000 kilowatts use___ . _____________________ 215,000 kw.
C Steam-electrie plant costs Includnm ta.’c E:ccludmg tax
7T Unit demand cost_ o e 155

8 Demand cost -— 215,000 kw, $3, 655 000 $3,332, 500
Energy cost o 1 100,000,000 kwh 2,200,000 2,200.000
Totals oo $5,855,000 $5,632,500
Per kilowatt hour delivered______________.__ 00533 00505

D Auxihary steam-electric cost
9" Demand - 92,500 kw. $1,672,500 $1,433,400
Energy o 387,000,000 kwh, 774 000 774,000
Totals oo $2,346,500 $2,207.400

E Value of hydro-electric power at substation terminals
10 Avavrable for hvdro-electric power from trans-

m1ss1I0n (8)—(9) oo $3,508,500 $3,325,100
Per kilowatt hour delivered-(712,000,000 kwh ) 00492 00467
11 Transmission CoSt e oo $845,000 $733.,000
F Value of hydio-eleciric power at Pit plants._________ $2,663.500 $2,592,100
12 Value per hilowatt hour____(828,000,000 kwh ) 00322 00313

13 Value based on future steam-electric plant effi-
cieney and o1l at $1 25 per bbbl __.__ .00342 .00333

The value of IKlennett power measured at the power plant, deter-
mined from comparison with steam-electrie power, is between three
and thirty-four hundredths and three and sixty-eight hundredths mills
per kilowatt hour based on the prices of o0il eonsidered.
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MARKET PRICE OF POWER AS DETERMINED
FROM EXISTING CONTRACTS

There exists at the present time in the northern and central parts of
the State, six mam contracts covering the purchase by utilities of the
output. of hydro-clectric plants constructed by irrigation districts,
municipalities or other public utilities. These contracts and purchases
involve the following:

1. Merced Irrigation Distriet and San Joagum Light and Power
Corporation :

2. Turlock Trrigation District and San Joaquin Light and Power
Corporation

3. South San Joaquin and Oakdale Irrigation Distriets and Pacifie
Gas and Electric Company.

4. City of San Franeisco and Pacific Gas and Electrie Company

5. Feather River Power Company and Great Western Power Com-
pany of California

6. California Oregon Power Company and Pacifie Gas and Eleetrie
(C‘ompany

These contracts. 1n total, involve the delivery of approximatcly the
amount of power to be pro fuced at the Kennett development.

There are two other contraets not readily eomparabhle which have
not been included hut. in so far as =an be ascertained, indicate somewhat
lower prices than the six contracis considered,

1. Merced Irrigation District and San Joaquin Light and Power
Corporation

This contract involves delivery of power at the high tension terminal
of the power plant on the Merced River. The power is seusonal in
character and the output fluctuates between wide limits {from wet to
dry years. The contract was cntered into when costs of construction
and competitive eosts of power were hicher than at the present time
The price is four and five-tenths mills per kilowatt hour and delivery
is approximately fifty miles from a point which may be considered
equivalent to Bay distriet delivery of Kennett power,

2 Turloek Irrigation District and San Joaqun Light and Power
Corporation.

This eontract provides lor delivery at Livingsion or Merced Falls
of the surplus power of the Turlock Trrigation District. Obligation to
purchase 1s maximum from June to December and reduced during the
months of January to May The price is four and five-tenths mills per
kilowatt hour. Delivery is practically equivalent in location to Merced
District delivery.

3. Scuth San Joaquin and Oakdale Irrigation Distriets and Pacifie
Gas and Electric Company.

In this case the dam and reservoir were constructed by the Distriets,
the power company constructed the power plant and in addition to its
own costs pays to the Districts for a period of forty years an amount
equal to interest and amortization on the Districts’ eapital. The cost,
ineluding estimated State tax based upon power plant output, 1s approxi-
mately four and two-tenths mills per kilowatt hour. The contract
provides, however, that after the forty-vear period the power company
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is obligated to pay to the districts only half of the operation and
maintenance of the dam and reservoir and nothing in the way of return.
The power is seasonal in character and involves fairly wide fluctuations
between wet and dry vears. Equivalent transmission distance is
approximately 50 miles,

4. City of San Franecisco and Pacific Gas and Electric Company.

This contract provides for delivery at Newark substation, which is
comparable with delivery at Antioch, of the output of the Mocecasin
Creek plant at 75 per cent daily load factor The power supply is
dependable from the standpoint of variation from wet to dry years,
but the contract provides for cancellation. This contraet represents
the largest power delivery and the nearest comparable with the delivery
of power from Kennett reservoir to a point such as Antioch. The price
is four and eight hundred seventy-eight thousandths plus mills per
kilowatt hour.

5. Feather River Power Company and Great Western Power Com-
pany of California.

This contract provides for a delivery of 40,000 kilowatts at approxi-
mately 60 per cent annual load factor at the high tension terminals of
the power plant transformers, a distance of 150 miles from the Bay
area. The price is four mills per kilowatt hour, but the contract pro-
vides that at the end of thirty-five years the total power development of
the Feather River Power Company will become the property of the
Great Western Power Company. The purchase of property feature in
the contract represents about twenty-five hundredths mills per kilowatt
hour.

6. The California Oregon Power Company and Pacific Gas and Elee-
tric Company.

The agreements between these companies call for 30,000 kilowatts
delivery at 70 per cent load factor, measurement at Cottonwood sub-
station of the Pacific Gas and Electric Company. but provide that the
purchasing company will construet a part of the transmission line
hetween the Califormia Oregon Power Company plants and Cottonwood
substation. The price for power at 70 per cent load factor or less is
four and five-tenths mills per kilowatt hour The point of delivery is
comparable generally with delivery at Kennett power plant.

Table 16 sets forth certain statisties with reference to the six
agreements, showing the approximate annual power delivery, the volt-
age and point of delivery, the relative characteristics of the power com-
pared with Kennett power, the approximate distance to the general
market comparable with the 200 miles transmission from Kennett to
Antioch, the equivalent delivery, the price covered by the contraet, this
price equated to delivery equivalent to Antioch for Kennett power, and
to delivery at Kennett. In the determination of the differential
between the various prices actually paid for power and the equivalent
price at Antioch and IKennett, transmission costs and losses have been
estimated as proportional to relative transmission distance from the
power market.
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Company

Merced Irrigation District
and San Joaquin Light
and Power Corporation..

Turlock Irrigation Distriet
and San Joaquin Light
and Power Corporstion__

South San Joaquin and
Oukdale Trriga-
tion distriets and Pacific
Gas and Electric Com-
pany @ e e e

City of San Iranelseco and

Pacific Gas and Llectric
Company ... P
Foather River Power Com-
pany and Great Western
Power Company of Call-
fornia (€

Callfornig-Oregon Powa r
Company and Pacifis
Gas and Eleetric Com-
pany (1 - [

Totals ceeeeececnnees

Kennett Devclopment ........

Approximate amount of power purchaseld

TABLE 16
Comparlison of Contract Prices for Power Purchased from Hydro-electric Power Plant Developments

Equivalent Delnvery
delivery from
Kw Kwh transmission Voltage
peak annually at market {nominal) Point
kwh
annually
30 000 120,000,000 116,500,000 60,000 Power Piant
Merced Falls
2 500 and
to 6,5007 10 900,000 38,500 000 640,000 Livingston
25,000 100,000,000 97,000,000 60,000 Power Ilant
75,000 475,000,000 475,000,000 110,000 Newark Sub
40,000 208.400,000 187,500,000 220,000 Power Plant
Near Dalta
measured at
30,000 180,000,000 158,500,000 110,000 Cottonwood
201,500 1,133,000,000 1,073,000,000
220,000 1,217,600,000 1,070,000,000 220,000 Power Plant

() Seasonal Indicates malnly spring and summer power.
**409,-1309, annual variatlon’ indicates varlation in annual output wet and drv years

{t) Indlestes betler than Xennett
(1) Indicates cqual to Kennett
(*) Less valuable than Kennett

Pacific Gas and Electric Company constructed and owns power plant.

amortization approximately 02 mi

Price covers amortization of invcstment in plant in 35 years

1ls per kwh

Power
Characteristics
()

Scasonal
8055 1o ad factor
106,-130%
annual variation

)

Annual
[£3}

Seasonal
load factor not
determined
626:-130%
annual variation

75 % load factor
practically no
annual variation
(1)
Annual
6365 load factor
(3]
Annual
70% load factor
1)

Annual
70%% load factor
8155108 21%
annual  varlation

Approximate
distance
to general
market, miles

90

1506

200

Major part of transmission capital already invested so that cost dellvered not as great as 6.17 mills.

Computed on busls of climlnating amortization referred to in (P and (¢) gnd 1§ transmission cost of (@),

Contract

period—~—veurs

26

15

10

Subjeet
to
cancellstion

35

25

This equals approximately 0 24 mills per Ewh.

Price per
kwh mills delivery from
(at delivery transmissfon,

Cost of
equrvalent

point) milly
per kwh.
dellvered
45 49
45 4.9
12 46
4878 4878
400 5.19
4.5 6.17
4.98 (&

12 mills — estimated cost, including taxes — amortization of district Investment,

Resultant
prices
comparable
to Konnett
delivery at
power plant,

mills per kwh

delivered

339

313

3.37

3.64

450
345

Cost of
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The purchase price for power from the California-Oregon Power
Company is high, considered both from a standpoint of cost of hydre-
electric power and in comparison with other contracts. At the time the
contract was entered into, the Pacific Gas and Electriec Company had
excess transmission eapacity from Cottonwood substation to Vaca-
Dixon substation. It would still have this excess in lines from Vaca-
Dixon to Antioch when completed for delivery of power to Antioch.
For a part of the period of the contract, therefore, the added trans-
mission cost of this power would be relatively small. This condition
could not be applied to Kennett power, which in itself would require
two transmission eirenits  The Pacific Gas and Eleetriec Company,
however, could, by coordinating its transmission lines with those from
Kennett, obtain some advantage over conditions under separate
operation.

The purchases from the City of San Franeisco, Feather River Power
Company, the California-Oregon Power Company and the Turlock
Irrigation Distriet are equal to or slightly better than Kennett in
quality of power  The total purchases under the eontracts are prac-
tically equivalent in amount and in quality of power to Kennett power.
With the adjustments for plant purchase in rates under ecertain con-
tracts and for transmission capacity available in the case of the Cali-
fornia-Oregon Power Company, the resultant value at Kennett is three
and forty-five hundredths mills per kilowatt hour, and at Antioch four
and ninety-six hundredths mills per kilowatt hour.

The above analysis indicates that from the standpoint of comparison
with existing contracts for power. the value of eleetric power from
Kennett under eonditions of limited flood, salinity and irrigation opera-
tion would be three and forty-five hundredths mills per kilowatt hour
at the power plant.
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CONCLUSIONS RELATIVE TO VALUE OF KENNETT POWER
OUTPUT
The value of Kennett electrie power based upon the operation of the

reservoir for limited flood and salimity control and irrigation, would
appear from the foregoimmg to be approximately as follows:

Kennett delivery: Mills per kilowatt hour
1 Based on other hydro-electric develop-
ments . 2.7 to 3.3
2. Based on steam-electrie costs as estimated 3.34 to 3.68
3 DBased on existing contracts.___________ 3.45

IFrom the present indieations a< to {uture economie conditions, the
revenue that mayv be obtamned Trom the sale of the electric power
output of Kennett at the plant may not be expected to exceed $4,250,-
000 and at the terminal transmission near the DBay distriet not to
exceed $5,300,000 per annum. Changes in econowic conditions in the
future may tend to inerease or reduce these values.

RELATION OF REVENUE FROM POWER TO ANNUAL COST
OF KENNETT DEVELOPMENT

Comparison of annual costs, as set forth in Table §, with the
estimated maximum revenue from power $4,250,000 per annum, indi-
cates that this power revenue can he expected to meet State costs,
excluding amortization, with a margin of safety of approximately 85
per cent, or $332.000. The annual eost under Plan 3, including 40-year
sinking fund amortization, will execed the power revenue, as estimated.
by $402,000. TUnder Plan 2, with sinking fund amortwzation of State
honds and exelusion of State taxes, the annual cost will exceed the
revenue. as estimated, by $735,000,

VALUE OF ELECTRIC POWER OQUTPUT UNDER FULL CONTRQL OF
KENNETT RESERVOIR FOR IRRIGATION.

As heretofore referred to, analysis of the conditions under control for
irrigation indicates that in the extreme the average annual output of
the Kennett development will be reduced to about 770,000,000 kilowatt
hours, varying from a minimum of 550.000.000 kilowatt hours, provided
a minimum head on the power plant of 200 feet can be maintained, to
somewhut over 1,000,000,000 kilowatt hours The proportion of depend-
able power would be so reduced and the secondary power subjected to
such wide fluetuation that the economie value of the composite output
under present cconomie conditions would not exceed $2,000,000 per
annum,

OTHER SOURCES OF REVENUE REQUIRED.

Power can not be expected, even under State financing, to carry much
more than interest. depreciation and operating expenses of the Ken-
nett development  Other sources of revenue such as State or Federal
aid, sale of water for irrization and payments by other beneficiaries
will he reguired to cover aniortization requirements under State financ-
ing  (reater aid would be required to carry the total cost in case of
private development.
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PLAN 3a

TRANSMISSION OF POWER BY PRIVATE COMPANIES AS
COMMON CARRIERS

Plan 3a suggests that the State sell power at Kennett to individual
municipalities or private resale companies and that the private com-
panies purchasing the larger portion of the output be required under
their contracts to transmit power as common carriers from Kennett
for these municipalities and private companies.

The service to municipalities and private companies distributing
electric energy requires extensive secondary tiransmission and sub-
station systems in addition to the main trunk transmission lines eon-
sidered herein; also steam-eleetric standby plants to insure against
shortage of power in years of low precipitation and interruptions. The
power requirements of sueh companies are at much lower load factors
(between 30 and 45 per cent) than the estimated load factor of the
Kennett output (70 per cent). If power were to be purchased for
such service at Kennett the price per kilowatt hour, owing to the lower
use per kilowatt of demand, would have to be materially higher than
the average costs or values referred to under Plans 1, 2 and 3 herein.
For the same reason transmission costs per kilowatt hour would be
higher than the average. The costs or values per kilowatt hour here-
tofore referred to are mot, therefore, indicative of what the charges
would be for such deliveries at IXennett or of the total cost of the energy
delivered to the individual municipalities. The rates now in effect for
wholesale power on the systems of the existing agencies are low com-
pared with the cost of power production and transmission on these
systems. The cost of hydro-electriec power from the present utilities
is equal to or less than the price that could be paid wholesale for
Kennett power. The State, therefore, would not receive any greater
net return from such a plan than could he obtained under Plan 3.
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PLAN 5

STATE DISTRIBUTION OF ELECTRIC POWER FROM KENNETT

Plan 5 contemplates State ownership of the power development,
transmission lines, steam-electric standby plants and the necessary
distribution system required to distribute the electric energy to the
general publiec. This plan 1s a material departure from Plans 1 to 4,
inclusive, and will require the investment of at least twice the capital.

It is important in considering Plan 5 that a clear perspective be had
of the present and future conditions of serviee.

PRESENT DEVELOPMENT.

The past fifteen to twenty years of electric power development in the
State have witnessed inereasing consolidation of the electric utilities.-
Much of this has ecome about because of the possible economies from
coordination and consolidation of the existing svstems. This condition
has developed to a greater extent in California than in many other
states.

The market tributary to Kennett development is at present served by
two main agencies supplying directly to the ultimate consumers 72 and
22 per cent, respectively, of the total load. At the time Kennett power
would be available the entire market Would be served by the existing
agencles whose cost of power as far as production and transmission to
the center of the market are eoncerned, is equal to or less than the cost
that may be incurred by the State in the development of Kennett and
no greater than the price the private utilities could pay for Kennett
output in total. Plate VIII, ‘Electric Power Production and Sales
by Companies in California, 1927,”" sets forth graphically the division
of the market as indicated by production and sales by companies and
political subdivisions for the northern and southern groups of the
State for the year 1927. The relative extent of service by the various
agencies in the northern part of the State is to be noted

Plate 1X, **Monthiy Variation of Maximum Demand and Average
Load for Typieal Electric Power Systems in California, 1927,”" sets
forth graphically some of the typieal characteristics of the power
demands of urban and rural territory. The upper right-hand chart
indicates in percentage of the annual maximum requirement the varia-
tion in demand and energy requirements by months for two typical
urban districts  The average use is approximately 45 to 50 per cent
of the maximum demand and use is least in summer and greatest in
winter. The lower left-hand chart gives characteristics of power for
typical agricultural distriets with their wide variation in demand and
energy requirements, the maximum occurring generally in July, little
requirement coming in winter The lower right-hand chart indicates
the wide variations between urban and rural power requirements.
Compared with these characteristies for urban and rural power require-
ments 15 the upper left-hand chart giving similar characteristics of
two of the most extensive electric systems of the State. This type of
load is available to a development such as Kennett if its power were
wholesaled to the existing agencies. Any one of the separate classes
of service or districts could not supply a market which would readily
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absorb Kennett output. If power wore retailed. the State must obtain
a load having characteristics similar to those indicated m Plate IX for
the Pacific Gas and Electric Company, otherwise its cost of serviee
would tend to be Righer than the cost on the existing two main agencies
serving the tervitory.

Plate X, ‘“Classification of Electric Sales in California, 1927, sets
forth the relative amount of energy used for lighting and for power in
the northern and southern districts of the State and in the entire State.
The percentage of hehting requirements in the urban districts 1s much
greater than in the rural distriets. It is the combination of a balanced
proportion of the lighting and power service that makes possible the
relatively high load factor in effeet on the large systems
BASIS OF PRESENT RATES.

The electric rates in California at present in effect are fixed to return
to the utilities after all reasonable operating costs and allowaneces for
depreciation are made an amount representing from 7 to 7 5 per cunt
upon the reasonable cost of used and useful property. The return
resulting is available for the payment of fixed charges such as bond
interest and dividends on stock. The return also covers compensation
for any hazard in the busmess 1 the way of heavy losses, general
depreeiation of business, ete. Uniform rates for the several classes of
service have been fixed over the larger systems and at present the rates
are practically the same over the entire northern portion of the state,
except residential and commercial lighting rates  Rates for these Jatter
services are lower in the cities than in rural districts. The rates in
general have been fixed. however, to give the developing and rural
distriets (especially agricultural service) the major portion of the
advantage of the diversity of load characteristics between rural and
city service. This basis of rates has materially assisted in the develop-
ment of rural and agricultural districts, and of the State as a whole.
It has been made possible only through ownership and operation by a
few agencies of the production, transmission and, espeecially, distribu-
tion systems serving hoth districts. It has, however, resulted in some-
what higher earnings on local investment in congested and developed
districts than on the average
VARIATION IN COST OF ELECTRICITY.

Plate XI, ““Graphic Presentation of Souree of Cost of Electrieity,”’
has been included to give a general visualization of the relative cost of
electric energy at different points on the power system. This plate is
based upon an analysis of the ceuts m 1923 on one of the largest systems
in California. The average costs per kilowatt hour are shown at differ
ent pomts on the production and transmission systems and for deliver-
les to ditferent classes of service. Although the costs indicated are not
directly applicable to the conditions in northern California in 1928,
they are sufficiently close to present costs to be used for qualitative
analysis.

The average cost of 0.374 cent per kilowatt hour from hydro-electrie
plants 1s close to that existing on the main systems of northern Cali-
fornia at the present time Many of the hydro-electrie plants are closer
to the market than the Pit River or Kennett development, and this cost
represents praetically the equivalent value to Kennett power when
weight is given to the difference in location relative to the market.



In this plate, the steam-electrie standby serviee has been assumed to be
delivered alter secondary transmission and just prior to delivery to the
distribution substation  The figure of 0.752 cent per kilowatt hour,
cost at mtake of substation, is therefore not camparable to the value
of approximately five mills per kilowatt hour heretolore set forth for
delivery at the terminal of the main transmission line near Antioch.
The larger ficure is due to the cost of extensive secondary transmission
systems, The average of 0.336 cent per kilowatt hour represents the
average cost of the combined hydro-clectric and steam-electric power
dehivered from the secondary transmission or distribution substations.
Beyvond thi. pomnt. the average costs are shown for wholesale power
delivery to large industries, and resale to private and municipal com-
panies and retail delivery to general power consumers and to the
residential and commeercial lighting consumers.

Study of the rates fixed by the Railroad Commission for the various
classes of serviee indicates that the resultant average revenues from the
several classes of services agree fairly elosely with the average costs as
indicated in Plate XI.

PROBLEMS INVOLVED IN PLAN 5,

Table 14, heretofore referred to. indicates that complete utiliza-
tion of the Kennett output would recuire the development, measured
at main transmission terminals, of a load of 1,275,000.000 kilowatt
hours annually, or 26 per cent of the total estimated load for the entire
tributary market in 1936.

From consideration of the characteristics of the power requirements
of urban and rural territory, it 15 apparent that to distribute the output
of the plant readily and economically will require a market to be
developed having a balanced percentage of both wrban and rural
service.

There are only two means of developing a market for the output of
the plant under this plan:

1. Competition with and duplication of existing systems

2. Condemnation of sufficient of the existing agencies’ systems, either
directly by the State or by political subdivisions to make such a market
available.

COMPETITION WITH AND DUPLICATION OF EXISTING SYSTEMS.

Competition would involve duplication of facilities, both in rural and
urhan distriets, over a considerable portion of the entire northern part
of the State in order to obtamn a balanced market. Separately, neither
rural nor urban districts would furnish a market that could readily
absorb the output. Omn the basis of a division of the load in the com-
petitive field equally between existing agencies and the State, the com-
petition would have to he exiended over nearly half of the market.

The procedure of obtaming a market by competition with a dupliea-
tion of existing systems with its economic losses. is so far from
being eeconomically sound that it should not be given any tfurther
consideration.

CONDEMNATION OF EXISTING SYSTEMS.

Service of power load independently of existing agencies by con-
demnation or duplication of parts of their systems will require a greater
exnenditure for production and transmission capital than in the case
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of the wholesaling of power as heretofore estimated. Kennett develop-
ment, bemg located some 200 miles from the general market, would
require additional transmission circuits and primary substations
1f operated imdependently of the existing syvstems and steam-electrie
standby ecapacity somewhat m exeess of that indicated for com-
parative purposes in Table 14 In addition, secondary transmission
lines and distribution systems would be required Analysis of costs
under Plans 1, 2, 3 and 4 has been based upon operating the plant
as a part of a large coordinated system under which conditions the
minimum of transmission capital would be required. The approximate
capital investment for production, trunk transmission and steam-
electrie standby to serve the entire output of the plant, as estimated
in Table 14, would have to be 1nereased to at least the following :

Kennett reservoir and plant_____ .o e $70,000,000
Main tiansmission line (o terminal substations, three circults— - ———- 10,000,000
Substations o e N 5,000,000
Steam-electric plant capacity for standby, 100,000 hilowatts_ o ____ 11,000,000

e e et $96,000,000

This does not include any amount for secondary transmission and
distribution. The cost of secondary transmission and distributing
systems necessary to market the load will depend upon what portions
of the territory the State would choose to serve; the price that would
have to be paid for the existing systems for hoth tangible properties and
mtangible values and severance damages; and the length of time
required to purchase the systems.

Delays 1n obtaining a market could be expected, for condemnation
proceedings at the best are slow. There is, therefore, a probabality that
the necessary distribution systems serving a sufficient market would not
be available upon the completion ot Kennett development It is also
doubtful whether certain distriets would favor State ownership and
operafion as against local operation or a continuation of private service
under regulation. A considerable development period, therefore, could
be expected.

There are no criteria for estimating the prices that would have to
be paid for sceondary transmission and distribution systems and busi-
ness of the existing utilities.  Some indication of the cost may be
obtained, however, from analysis of the cost of the physical property
of existing systems. Study of the valuation of these properties indi-
cates that the cost of secondary transmission and distribution systems
in urban distriets averages approximately $90 per thousand kilowatt
hours of annual output of mam substations. For rural systems
1t averages from $350 to $60, and for the combination as represented by
the larger ultilities. approximately $65 per thousand kilowatt hours
per annum of main substation output. On the basis of an average of
$65 per thousand kilowatt hours annual delivery, capital expenditure
for the physical plant required for distribution of Kennett power
would he betwcen $30,000,000 and $85.000,000. This, added to the cost
of Kennett development, mncluding trunk transmission lines and steam
auxibiary plant, would make a total of approximately $180,000,000. To
this would have to be added payments for going concern value and sev-
erance damages.

It is readuly apparent that 1f the State were to go as far into the

ownership and operation of distribution systems as would be necessary
16 ApP—6T7182
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to load a development such as Kennett, it would have to meet the grow-
ing demands of the territory being served. This would require con-
tinual outlay of capital for added power plants, transmission lines and
distribution systems.

The minimum initial bond issue under Plan 5 would have to be not
less than $200,000,000.

Disposition of power by wholesaling to munieipalities for resale in
urban districts and by State distribution in rural territory would not
benefit the state as a producer of power beyond that under plans 3 or 4.
Power sold to munipicalities would have to be at rates equal to or less
than private utility rates to meet the competitive market. This, as has
been indicated in discussing Plan 3a, would result in no benefits over
plans 3 or 4. Distribution of power in rural distriets would add no
extra return to the State, for this service is rendered at the present
time at rates justified only by the combination of distribution in both
urban and rural distriets.

POSSIBLE ECONOMIES UNDER PLAN 5.

The present utility rates are based on the utility as a whole making
a reasonable return after operating expenses. No added economy in
operating expenses could be expected under State ownership and opera-
tion over private ownership, and. at least during the transition period
until adequate State machinery had been perfected for taking over and
operating such a large utility, there would be a tendency for even
higher operating costs Taxes which might be eliminated mn the case
of State ownership would represent no actual saving to the State except
possibly as a temporary condition in the case of federal tax, as the
income to the State from taxes would be reduced by an amount equiva-
lent to the reduction in operating costs of the electric system resulting
from elimination of taxes. The source of possible economy under State
ownership is represented in the difference between the rate allowed the
private companies for return and depreciation annuity and the com-
parable cost to the State. The cost to the State must inelude not only
the actual payment for interest and depreciation annuity but also the
cost of contingencies and hazards, whieh 1s covered in the return
allowed the private companies. These hazards and contingencies may
be classified as heavy losses due to earthquakes, floods, extensive fail-
ures of structures, the general obsolescence of the service as a whole
and periods of economic depression.

The cost of these hazards is not subject to any exact determination.
Rates of return allowed private companies are 1 some cases as much
as 1 per cent above the theoretical cost of money. Many of the steam
and electric railroads have experienced an obsolescence of service that
has made impossible an earning much in excess of the operating
expenses of the properties. This same condition might occur in the
case of power systems. The return over theoretical cost and obsoles-
cence of service of other utilities can be considered only as indicative
of the possible extent of hazards.

The apparent differential, as indicated by the comparison of rate of
return, on the one hand and rate of interest, on the other is consider-
ably in excess of the net differential. Differences in depreciation rates
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will reduce the differential approximately 0.6 per cent. It is doubtful
whether the net differential in rate would equal 1.5 per cent per annum
as applied to the problem herein considered.

The differential in the case of complete State distribution of power
from Kennett development would he largely offset by the fixed charges
on the extra cost over the rate base for private utilities which would
probably be incurred 1n connection with development of a market and
the payment for severance damages and intangibles.

If distribution i1n urban distriets were not handled by the State but
confined to rural distriets, the differential would be applicable to
secondary transmission and rural distribution capital In this case
little or no saving would be actually available on account of the rela-
tively low present rates in effect in rural districts.

It is doubtful if Plan 5 would assist sufficiently in carrying Kennett
development to justify the added ecapital expenditures and service
nbligations that would be vequired of the State.
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LIST OF POWER PLANTS IN CALIFORNIA, 1927.

DELINEATED ON PLATE |

Index
Group System Company and plant Classification number
Northern I CALIFORNIA OREGON POWER CO
Fall Creelk Hydro-electric 1
Copco No 1 _ Hydro-electric 2
Copco No 2 Hydro-electrie 3
Shasta River _ - ——- Hydro-electric 4
Headlight __________________________ Hydro-electric 5
Northern I PACIFIC GAS AND ELECTRIC CO.
AND ITS SUBSIDIARY COMPANIES

Pit No 1 o~ Hydro-electric 6
Pit NO. 3 oo Hydro-electric i
Hat Creek No 1 _ Hydro-electric 8
Hat Creek No. 2 Hydro-electric 9
Bureka ___ Steam-electric 10
Junction City Hydro-electric 11
Kilare ... Hydro-electric 12
Cow Creek . Hydro-electric 13
Volta e Hydro-electric 14
Coleman Hydro-electric 15
InskIp oo Hydro-electric 16
South ___ Hydro-electric 17
De Sabla .~ Hydro-electric 18
Centerville __ Hydro-electric 19
Lime Saddle _ - Hydro-electric 20
Coal Canyon ___. Hydro-electric 21
Bullards Bar -_ Hydro-electric 22
Colgate o o ____ Hydro-electric 23
Spaulding No 1 and No. 2 _ Hydro-electric 24
Deer Creek . _______ Hydro-electric 25
Drum ___ - Hydro-electric

Alta __ - Hydro-electric

Halsey - Hydro-electric

Wise __._ Hydro-electric

26
27
28
29
E! Dorado _____. Hydro-electric 30
American River Hydro-electric 31
Folsom Hydro-electric 32
Sacramento, Station Steam-electric 33
Bleetra . _____ _ Hydro-electric 34
Spring Gap - - Hydro-electric 35
Stanislaus _____________________ - Hydro-electric 36
Phoenix - Hydro-electric 37
Melones oo ___ - Hydro-electric 38
Stockton _.__- ~- Steam-electric 39
North Beach _______________ Steam-electric 490
San Francisco, Station “A’” __ Steam-electric 41
Oakland, Station “C _______ Steam-electric 42
Monterey _____ . Steam-electric 43
Northern I CITY OF SAN FRANCISCO
Cherry Creek _________________ Hydro-electric 44
Moccasin Creek Hydro-electric 45
Northern I SNOW MOUNTAIN WATER AND
POWER CO,
Potter Valley e Hydro-electric 46
Northern 1 UTICA MINING CO
Murphy o Hydro-electric 47
Angels e Hydro-electric 48
Northern 1 COAST COUNTIES GAS AND ELEC-
TRIC CO
Big Creek (Swanton) Hydro-electric 49
Santa Cruz . ______ Steam-electric 650
Northern I SOUTH SAN JOAQUIN AND OAKDALE
IRRIGATION DISTRICTS
Melones Mine o ______ . ___ .. Hydro-electrie b1
Northern I WEST SIDE LUMBER CO.
Tuolumne ____—_________ . ________. Steam-electric 52
Northern I TRUCKEE RIVER POWER CO
Farad oo e e Hydro-electrle 53
Northern II-a GREAT WESTERN POWER Cl oD
CALIFORNIA
Caribou ___ - Hydro-electric 64
Bueks Creek e Hydro-electric 55
Las Plumas _..__ —-- Hydro-electric 56
North Beach ____ . e ______ Steam-electric 57
Phelan oo Steam-electric 58
Bush . Steam-electric 69
Oaklan@ oo Steam-electric 80




Group
Southern

Southetn

Southern

Southern

Soulhern

Southern

Southein

Southern

Southern
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System Company and plant
IT-b SAN JOAQUIN LIGHT AND POWER
CORPORATION
Kittrnidge . _____

Mountain Xing _
Merced TFalls
Crane Valley
San Joaguin No
San Joaquin No
San Joaquin No.
San Joaquin No.
Kerckhoff
Baleh e ___ .
Tule River
Kern Canyon ____
Bakersfield . -
Midway —

Betteravia -_

MERCED IRRIGATION DISTRICT
Exchequer __ ..

TURLOCK AND MODESTO IRRIGATION
DISTRICTS
Don_ Pedro
La Grange -
Modesto o _______ o ___

UNITED STATES NATIONAL PARK
SERVICE
Yosemite Park _____________________

SOUTHERN CALIFORI\IA EDISON CO
Big Creek N
Dig Creek \* 0.
Big Creek No.
Big Creek No.
Big Creek No
Kaweah No 1
Kaweah No. 2
Kaweah No. 3
Visalha _______
Tule River
Kein River N
Borel .______.____
Kern River No
Azusa
Sierra
Lytle Creck -
Fontana, ________
Santa Ana No
Santa Ana No.
Santa Ana No
Mill Creek No
Mill Creek No.
Redondo e __

Long Beach ______________
San Antonio Creek 2
San Antonio Creek
San Antomo Creels

CITY OF LOS ANGELES
Big Pine No 3 __
Division Creek No
Division Creek No
Cottonwood No 1
Haiwee o
San Francisquito No 1
San Francisquito No. 2
San Fernando - __________
River Power _ oo . ———————
Frankhin Canyon

CITY OF PASADENA
Pasadena ________._________________

LOS ANGELES GAS AND ELECTRIC
CORPORATION
Alameda Street
Seal Beach o __

SOUTHERN SIERRAS POWER CO
Mill Creek _____ o _______
Poole (Leevining Creek No 1)
Leevining Creek No 3
Rush Creek - ____
Adams auxiliary __
Adams mamin —_______
Bishop Creek No. 2
Bishon Creek No 3

II-b

1I-b

11-b

II1

1IT

111

v

v

Index

Classification number

Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Steam-electric
Steam-electric
Steam-electric

Hydro-electric

Hydro-electric
Hydro-electric
Steam-electric

Hydro-electric

- Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Steam-electric
Hydro-electric
Hydro-electrie
Hydro-electric
Hydro-electiric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Steam-electric
Steam-electric
Hydro-electric
Hydro-electric
Hydro-electric

Hydro-electric
Hydro-electrie

- Hydro-electric

Hydro-electric
Hydro-electric
Hydro-electric
Hydro-eleetric
Hydro-electric
Hydro-electric
Hydro-electric

Steam-electric

Steam-electric
Steam-electric

Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Hydro-electric
Huydro-electric
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Index
System Company and plant Classification number
1v SOUTHERN SIERRAS POWER CO —Continued,
Bishop Creek No 4 ____ ___ ____.____ Hydro-electric 129
Bishop Creep No. 5 __ ~ Hydro-electrie 130
Bishop Creek No 6 - - Hydro-electric 131
San Bernardino —____- -~ Steam-electric 132
San Gorgonio No 1 __ — Hydro-electric 133
San Gorgonio No 2 __ - Hydro-electric 134
Blythe __ o ___ -- Gas-electric 1356
El Centro - Steam-electrie 136
v SAN DIEGO CONSOLIDATED GAS AND
ELECTRIC CO.
Station “A” e Steam-electric 137
Station “B” _ Steam-electric 138
IV ESCONDIDO MUTUAL WATER CO.
Rincon __ o e _____ Hydro-electric 139
Bear Valley __ oo Hydro-electric 140
v UNITED STATES RECLAMATION
SERVICE
Yuma Hydro-electric 141
LIST OF SUBSTATIONS. DELINEATED ON PLATE | Ind
ndex
System Company and substation letters
1 PACIFIC GAS AND ELECTRIC CO
Vaca-DIXon e A
Contra Costa .- B
Newark _ e C
II-a GREAT WESTERN POWER CO OF
CALIFORNIA
Antioch D
Golden Gate o e E
Brighton . ________ e F
1I-b SAN JOAQUIN LIGHT AND POWER
CORPORATION
Wilson o e G
111 SOUTHERN CALIFORNIA EDISON CO
Vestal e H
Eagle Rock __ I
Laguna Bell J
LighthiPe o e e e e K
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THOS. H. MEANS
CONSULTING EXNGINEER
216 Pine Street
SAN FRANCISCO

Telephone Sutter 78
June 15, 1928,
Association of Industrial Water Users of Contra Costa and Solano Counties.
Dear Sirs:

Statements in this report on pages 39, 51, 56, 63 and G9 concerning the proposed
Southern Pacfic Railroad’s Swvisun Bay Bridge. located near Army Point, were
published before the plans of that company were made public. The information
now available shows that the site selected for the railroad bridge lies from 800 to
1800 feet above the location for the Salt Watet barrier selected by Mr. Young.
The plans for the bridge provide for piers founded on rock over both the waterway
and marsh areas, The experiences of the railroad do not favor the location of the
tracks upon rock fill dikes. as proposed by Mr. Young, but would require piers to
rock throughout the length of the structure. According to estimates by the raidroad
company's engineer, the saving in cost by combining the railroad bridge with the
barrier under these conditions would be small and the disadvantage of having the
lift span located close to locks, where the movement of vessels is slow, sérves to
offset any saving in cost.

The railroad bridge as planned provides for a bridge giving a clearance of 70 feet
(as compared with 50 feet in Young’s plans), a height great emough to permut
the free passage of river boats, The 1ift span will be used for ocean-guing vessels
Plers are spaced 413 feet on centers and foundations in all cases will be carried
to bedrock. The constructinn of the barrier as proposed by Young will not be
interfered with if this site is selected.

The estimated cost of the bridge now proposed is about $6,400,000, exclusive of
approaches, track, ete.

There 18 no advantage to be gained by a combined structure unless the result is
in decreased cost to both barrier and railroad. Since there is apparently no such
advantage to be gained and the bridge will not interfere with the barrier if the
Army Point site is located, I suggest that this letter be attached to my report in
correction of the statements made therein.

YVery truly yours,
THOS H. MEANS,
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PREFACE

The following report by Engineer Thos. II Means was financed by
the Association of Tndustrial Water Users of Contra Costa and Solano
counties.

The only instructions given Mr. Means in preparing this report were
to get the facts, and 1t is hoped that this document will be of benefit
in establishing some of the faets relating to the proposed Salt Water
barrier as designed by Engineer Walker R. Young.

The following firms are meumbers of the Association.

American Smelting & Refiming Co.

Associated Oil Company

Atehison, Topeka & Santa Fe Railway Co.

F. E. Booth (Company

California-Hawaiian Sugar Refinery

Columbia Steel Corp.

Coos Bay Lumber Co.

Fibreboard Produets, Inc.

General Chemieal Co.

Great Western Electro Chemieal Co.

C. A. Hooper & Co.

Johns-Manville, Ine.

Kullman-Salz & Co.

Mountain Copper Co.

Pioneer Rubber Mills

Redwood Manufacturers Co.

San Franeiseco & Sacramento R. R.

Shell Company of California

Southern Pacific Company

Union O1l Company

ASSOCTATION OF INDUSTRIAL WATER USERS
OF CONTRA COSTA AND SOLANO COUNTIES.
C. W. ScreprLer, Chatrman.
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PENETRATION OF SALT WATER IN UPPER BAY AND LOWER
RIVER REGION

Under natural conditions, Carquinez Straits marked, approximately,
the boundary between salt and fresh water in the upper San Francisco
Bay and delta region of the two tributary rivers—the Sacramento
and San Joaquin. Ordinarilv salt water was present below the straits
and fresh water was present above. Native wvegetation in the tide
marshes was predominantly of salt water tvpes around San Pablo Bay
and of fresh water types around Suisun Bay.

In tidal waters. into which run fresh water streams of variable flow,
there is an ebb and flow of salt water and the zone of mixing will move
up and down stream as the fresh water tlow inecreases and decreases.
For short intervals in late summer of vears of minimum flow, salt water
penetrated the lower river and delta region, and in wet seasons the
upper bay was fresh. part of the time, to the Golden Gate This vari-
ation in quality of water was not, however, of sufficient duration to
affect the characteristic vegetation growth of the regions on each side
of the straits, nor to change the designation of Suisun Bay as ordinarily
a fresh water body and San Francisco Bay as salt water.

The works of man have changed conditions in many ways. The most
important changes have been hrought about gradually—so slowly as
to be hardly noticeable. The dry season of 1918—when large summer
diversions for irrigation in the Sacramento Valley resulted in the sud-
den penetration of salt water farther upstream than ever known hefore,
at such an early period in summer—first brought the salt water problem
to public notice The slow effects of inereasing diversions in previous
vears had eseaped notier, but were brought prominently to the attention
of the inhabitants of the upper bav and delta regions in this vear.
Sinee 1918, the dry years of 1920, 1924 and 1926 have more convine-
ingly demonstrated the importance of the salt water problem.

An accurate picture of natural conditions is not possible, hecause
no records have been collected on which such a picture can be bhased,
but very close approximations can be made. The log of the distance
traveled by the water barge of the California-I{awaiian Sugar Company
in going upstream to obtain fresh water has been kept since 1908. These
figures give the means of determining approximately the conditions
during that period. In 1908 irrigation had been extensively developed
in both valleys and conditions then were not natural. For an estimate
of earlier conditions we must go to the stream flow records of the trihu-
tary streams hefore important diversions are talken out.

It is the practice of the sugar company to send the barge upstream
until water of approximately 50 to 70 parts per million chlorine is
reached. The crew of the harge are equipped with apparatus by which
water is analvzed until this degree of purity is reached. Since trips
are made nearly cvery dayv during the summer months, the reeord is a
very good indication of the point reached by salt water. A summary
of the complete records shows the fluctuation of the line hetween fresh
and salt water. Records of the sugar company are attached. (Table 1)

The Sugar Company requires water of great purity. For irrigation.
domestie or ordinary industrial uses. water of a lesser degree of purity
may be used A eomparison of the point where the sugar company’s
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barge is filled with the point where the remaining uses could be satis-
fied, indicates that from five to ten miles downstream from the place
where the barge turns, water could be obtained satisfactory for domestic
supply. Making an allowance of 7% miles in the average records. we
find that an average flow of 5000 gecond-feet in hoth streams will main-
tain fresh water at Collinsville; 7000 <second-feet will maintain fresh
water at the San Francisco-Sacramento ferry.

If we sum up the flow of the important {ributaries of the Racra-
mento and San Joaquin rivers at the points where these streams leave
the mountains and assume that this flow under natural conditions
would have reached the head of the Suisun Bay, we will find that at no
time in the past ten years would the average monthly flow have been lews
than 5100 second-feet. Tt is probable, should all streams be running
in a natural way, that salt water would have penetrated no farther m
this extremely dry period than Antioch, and then only for a few davs
at a time.

It is not possible to make a more detailed study of this eondition
without making a number of assumptions as to speed of flow from the
gaging stations to the head of the bhay, and there is little accurate in-
formation on which the assumptions may be made. The definite state-
ment that salt water under natural conditions did not penetrate higher
upstream than the mouth of the river, except in the driest years and
then only for a few days at a time, is warranted. (See Table 2 for
monthly flow of tributary streams.)

At present salt water reaches Antioch every year, in two-thirds of the
vears running further upstream. It is to be expected that it will con-
tinue to do so in future, even in vears of greatest run-off. In other
words, the penetration of salt water has become a permanent phenom-
enon in the lower river region.

Cause of Change in Salt Water Conditions.

The cause of this change in the salt water condition is due almost
entirely to the works of man. If natural changes have had any ecffect,
it is too small to be measured. The most important natural condition
is the sequence of dry and wet veriods. Since 1917 the state has expe-
rienced dry years with low run-off in nearly all streams. During this
period two years have exceeded normal stream flow in some streams
(1921 and 1927). In each of these vears excessive salinity (over 100
parts chlorine per 100,000) was preseni at Antioch about two months.

Irrigation

storage and diversion of water have heen” the principal causes of
salinity increase in the upper bay country. The area irrigated varies
from year to vear: in 1926 the acreage of lands on the floor of the
valley was approximately as follows:

Estimate of Diversions and Area Irrigated 1926—Sacramento and San Joaquin
Valleys, Not Including Mountain Areas ¢

Acre-feet Acres
. A diverted irrigated

Saqmmento and tributaries above Sacramento, including
rice, 128,439 acres - 1,644,973 235,995
Delta uplands -_ 146,906 53,649
Delta area . ____________ o 264,479
San Joaquin Valley estimated 2,100,000 700,000

3,801,879 1,254,123
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In addition to this area on the valley floor, there is a large acreage
in the mountains which uses water from the streams tributary to the
rivers that drain through Suisnn Bay. The acreage irrigated in ihe
mountains is not so accurutely known as the area on the valley floor,
Lut it is large and, particularly in low flow seasons, very effectively uses
up the water in the streams. The use of the water in the mountains is
.ysually more economical than in the valley and the return seepage
is less. The net effect 15 to consume all the water diverted. The effect
upon the flow is pronounced.

The latest_a.cr:'urﬂte determination of area irrigated is that made by
the Umited State Census.

Irrigation in California
Census of 1920
1902 1919 1920 1820

Aream Area capable
enterprises of wrrigation

Sacramento River and tributavies__ 206,312 640.950  1.204,769 864,605

Sacramento River direct____________ 10,942 104,397 439,169 296,748
Pit River— . __ . ________________ 72,072 89,084 129,984 107,478
Cow Creek_______________________ 2321 6,068 12,488 7,446
Cottonwood Creek_________________ 1.858 2,972 21,016 4,112
Battle Creek._ o ___________ 2,642 2,966 6,590 5,108
Stony Creek______________________ 4,110 23,559 45,143 36.191
Ieather River.____________________ 67,111 142,841 186.756 167,463
Yuba River ______________________ Not Rep. 19,473 69,074 23,492
Cache Creek_______________ - 3,756 24,541 56,498 31,212
American River—__________________ 10,112 47,156 82,695 52,842
Other tributaries_________________ 31,388 86,0938 15306 132,513
San Joaquin River and trmbutaries_. 220651 1,069,161 2,072,739  1,497.661
San Joaquin River divect__________ 129.647 642,261 1,083,862 873,300
Fresno River__ o ___ 10,729 12,412 30,004 14,016
Mereced River . _______ - 19,636 65,151 222715 71,509
Tuolumne River N Not Rep. 165,533 298,418 250,425
Stanislaus River__________________ 13,840 75,359 155,453 111,192
Calaveras River— . ___ . _________ Not Rep. 13,323 21.598 16,489
Mokelumne River— . ___________ 5,558 36,848 155,480 72,144
Cosumnes River Not Rep. 3,259 9,011 6,405
QOther tributaries_ . ______ 41,241 55.015 96,198 81,951

The ahove ncludes springs and wells.

Where area mn watershed 1s not ireported (not rep) 1t 1s included in other
watergheds.

Records for other census periods have not been tabulated so as to be comparable.

This table shows that in the 18 yecars between 1902 and 1920 the area
irrigated in the Sacramento Valley trebled, while in the San Joaquin
Valley the increase was nearly five times as great. The arca included in
irrigation enterprises was only half watered in 1920, while the arca
capable of being irrigated was only about two-thirds watered. The
total area irrigated in hoth watersheds was 1.710,000 acres in 1920,

No accurate records have been collected since 1920, It 1s known,
however, that the growth of irrigation has continued, though at a
slower rate than prior to 1920, Since 1920 the growth n area has been
proportionately larger m the San Joaquin than in the Sacramento
Valley. In the latter valley grain production (seldom irrigated) 1s
still profitable and much land within wwrrigation projects goes mnto grain
Other crops. such as rice, vary in area with the price of rice.
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TUnited States Department of Agriculture tabulation of area in rice
in California is shown below:

Acres in Rice in California

1920 _____ — - -—- 162,000
1921 - 135,000
1922 140,000
1923 .~ — 106,000
1924 90,000 s
1925 _ —- 103,000
1926 __ - - ——- 149,000

Storage reservoirs, both for irrigation and power, have been built on
many streams in the past fifteen vears. Many others are planned and
their eonstruction will be undertaken within a short time. The follow-
ing list of reservoirs is as complete as it is possible to wake it Small
reservoirs—Iless than 1000 acre-feet capacily—have bheen omitted.

Storage Reservoirs

Goldep Gate Drainage Watershed

Reservowr

Height capacity,

Sacramento Basin of dam acre-fect
Cottonwood Creek__________ Misselbeck Reservoir.____._____.___ 105 5,460
Pit River Darris Reservoir- .. ___ —__ 12,500
Pit River Big Sage Reservoir_ e ____________ ___  ______
Pit River Mt. Shasta Power Co. No. 3______ 112 36,000
Stony Creek_______________ East Park__ 139 51,000
Stony Goige_____________________ 12 50,000

Paradise Creek________._____ Paradise Reservoira oo ool mmcee
Battle Creek._.____————._.__2 Reservoirs _— 3,000
Feather River._____________ Lake Almanor 125 1,317,000
Bucks Creek. . ___________ 128 103,000

Butte Valley__ e 115 106,000

Yuba River_________ . ___ Bullards Bavr_ . ____ 183 11,000
Lake Francis_____ . ___________ 70 2,400

Spalding - .. 74,000

25 Reservoirs, small —e 54,000

Bowman being enlarged-—________ ___  ______

American . __________ 4 Reservoirs —_— 12,800
Mokelumne . _______ Pardee under construction..____._._ 350 200,000
Electra System, 7 Res.___________ ___ 24,800

Stanislaus . _________ Salt Springs, under construction-__ 300 130,000
Relief 140 15,000

Strawberry oo ___ . 135 18,000

Utica, 3 Reservoirs__.____________ ___ 8,900

Woodward - o 36,000

Melones ~.__ 191 112,500

Tuolumme . ___________ Hetch Hetchy e e
N O'Shaughnessy Dam_.____________ 344 206,000
Dom Pedro 284 290,000

Lake Eleanor_______ . __________ _._ 25,300

Dallas Warner. — 28,000

Davis o __.. 48,000

Merced oo Exchequer o _______ 330 278,000
San Joaquin...o . ______ Florence Lake_ o o_ 64,500
Huntington — 165 88,700

Shaver Lake - - 183 138,500

Crane Valley__ 150 38,000

Cache Creek_______ .. Clear Takeo_ . ___ 400,000
Suisun Creek—- . _____ Gordon Valley_ . ____________ 104 10,000

Total Constructed Reservoirs ——e _3,998,360
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Projected Reservoirs (Partial List)

Sacramento o _ Kennett e 420 2,838,000
Iron Canyon - — 709,000

American . Folsom —o o 220 300,000
Mokelumne .o Dry Creek___ 140 1,200,000
Tuolumne ()’Shaughnessy, increased to———____ 430 350,000
Total Projected Reservoirs___ 5,397,000

In round numbers, reservoirs of a capacity of 4,000,000 acre-feet are
in use on streams tributary to San Francisco Bay above Carquinez
Strait. Reservoirs of much larger capacity are being considered for
future construction.

Mining Debris Mining debris and sediment in the rivers and hy-pass
channels have probably changed the tidal flow to a small extent, and
may have aftected salt water movements. The effect has been too small
to measure, hut it has been generally in the direction of reduving tidal
prism and tidal flow where the deposits are laid down in hay waters.
and of increasing tidal flow through the Golden (fate where deposited
in the rivers The net change has probably heen very small. Gilbert,
in his report upon Hydraulie Miming Debris (U. S. (i, S. Prof. Paper
105, page 87) estimates the reduction in tidal eurrents in Golden Gate
cansed by deposition of debris as 2.49 per cent.

Land Reclamation  Reclamation of land by building levees has
attected tidal flow and movement of salt water mn two ways: first, by
decreasing the tidal prism in the delta and, second, by changing the
time of arrival of floods and of low water.

First, Reduction of Tidal Prism: The reduetion in tidal prism by
the construction of levees mn the delta region and arvound the upper end
of San Pablo Bay and around Suisun Bay has probably had the effect
of slightly reducing the tidal flow through Golden Gate. As has bheen
shown hy Giulbert in the publication above referred to. the effect of
leveeing in the lower river has had the tendency of increasing (Golden
Gate flow. while the same work in Suisun and San Pablo Bays has had
the opposite etfect. The net effect, however, is small and vesults in
decreased flow. Gilbert (U, S. Geologiec Survey Professional Paper
105, page 79) estimates the average pereentage of the flow through
tolden Gate as follows, when all marshes are leveed:

Marsh Land Areas——Average Volume Flowing Through Golden Gate
Expressed in Percentage

Per Cent
San Pablo marshes and Napa River_ - ____.______ *#1.05
Swsun Bavo_ . e ___. LS
Saeramento Delta_ . 7104
San Joagquin Deltao e _ 335
Net effect on Golden Gate flow.____________________________ 71 26

* Means decrease in tidal flow through Golden Gate
1 Means increase 1n tidal flow through Golden Gate

Second, Change in Time of Arrival of Floods: The ettect of leveeing
upstream from tide lands has been to decrease the storage in basins
and to increase the rate of travel in floods townrd tide water. Under
natural conditions the basin arveas filled wilh water in Hood time and
slowly released this water in late summer, maintaining the tlow well
into the period of low water.
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Most of these up-river basins have been leveed and floods run through
the river channel and hy-passes to the ocean with very little retardation
by storage. There is no stored water from these basing to maintain low
flow, consequently the low flow reaches the tidal channels earlier in the
vear than under natural conditions.

The effect of this reclamation work upon salt water conditions has
been very pronounced. In the period just prior to 1918, some of the
largest reclamation districts were leveed. Sutter Basin being a notable
example. Prior to this closing off from flood tlows these basings retained
large volumes of water, sometimes until the middle of summer, the water
slowly draining back into the channel. Nowadays instead of delivering
water to the channel, water is taken from the channels for irrigation
during the swummer months. Drainage returns a small part of the irri-
gation water directly to the river.

Return seepage from irrigation has had the effect of increasing the
low water flow in the Sacramento. Statford, in publications of the Divi-
sion of Water Rights (Biennial Report November, 1924, page 133 ; Sac-
ramento-San Joaquin Water Supervisor’s Report 1926, page 85) esti-
mates the water returned to the Sacramento River as follows:

Water Returned to Sacramento River (Including All Accretions)

Plow in Second-Feet

1924 1925 1926
Juy e 870 —— 2,280
July T4 1,624 1,573
August o 85 1,320 1,240
September _______________ . 634 1,310 1.077
QOctober o ___ 460 N
Mean o _____ 763 1.179 1.543

Dredging, particularly in the Sacramento River, near its mouth, has
had the effect of increasing the water prism, but the probable effect upon
tides through Golden Gate is to decrease them. The dredging work is
so far up-stream as to be on the tidal movement opposite to that in the
Glolden Gate.

The deepening of the channel has, further, the effect of permitting
the deep flowing salt water to pass upstream with more ease through
the deep channel. A like effect will probably result from deepening of
Suisun Bay and San Joaquin River to Stockton, a navigation project
authorized by congress.

It is not possible to measure these effects, but it is well established
that salt water being heavier moves along the bottom of deep channels
with greater ease than over shallow ones. Any deepening of channels
or straightening of approach throuch dredger cuts has the tendency
to facilitate the movement of the deeper waters.

Irrigation and Storage of Water in the San Joagquin Valley. Irriga-
tion in the San Joaquin Valley has had an effect upon tidal conditions
and the movement of salt water in two ways: first, by diverting and
storing water during flood period, and second, by increasing the flow in
late summer and fall months through return seepage.

A much larger utilization of water resources has taken place in the
San Joaquin than in the Sacramento Valley. Rainfall is lighter on the
floor of the valley, so dry farming has been less profitable and there is
greater necessity of irrigation. All streams tributary to the bay are
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now completely diverted during the low flow period and no water enters
the tidal channel except return flow. This condition has been true for
over ten years.
The following brief description of the streams and the irrigated area
will show the extent to which the water supply has been put to use.
Upper San Joaquin. The upper San Joaquin enters the valley floor
at Friant. The mean annual flow of the stream at the valley’s edge
averages 2,050,000 acre-feet. Storage above this point, built by the San
Joaquin Light and Power Corporation and the Southern California
Edison Power Company under contract with riparian owners and
appropriative users of water, amounts to 330,000 acre-feet. Other
storage reservoirs have been planned. Lands irrigated from the stream
lie on both sides of the river and aggregate 400,000 acres. The diver-
sion capacity of the ditches, slonghs and canals in use is very large.
Above the Merced River, canals, ditches and sloughs with control
gates have a capaecity in excess of 7000 second-feet. Sloughs and chan-
nels used for wild flooding inerease this diversion capacity to in excess
of 10,000 second-feet. Below the Merced, a number of pumps take
water from the river to West Side slope. Down to Paradise Dam, about
the head of tide water, these diversions total in excess of 500 second-feet.
All water entering the valley 1s diverted in late summer. The San
Joaquin is dried above Merced for three or four months a year. Return
seepage ecommences to ‘‘make’” about the mouth of the Merced. Below
that point there is always water in the channel, except for short periods
of time, just below some of the larger pumping plants.

Fresno River. This stream has a small watershed area of low moun-
tains with a mean annual flow of 68,000 acre-feet. The entire low flow
is utilized around Madera and toward the San Joaquin. No return
seepage makes from this area, as pumping plants have lowered the
ground water plane and probably intercept nearly the entire ground
water flow.

Chowchilla Riwer. This stream has about the same area and topo-
graphic conditions in its watershed as has the Fresno. Its mean flow
approximates 68,000 acre-feet. All low flow 1s utilized. Pumping has
been heavy on its lower course. No return seepage makes from this
area.

Merced River. The Merced Irrigation Distriet and riparian lands
lying above the junection with the San Joaquin utilize all low flow. The
Exchequer Reservoir of the Merced District, with a storage capaecity of
278,000 acre-feet, controls the stream except in wet years. The power
plant at the dam delivers water into the river, when water is plentiful,
in excess of the district’s diverting capacity. Water always passes the
district’s headgate for use of lands lower down on the Merced. The
mean flow of the stream is 1,330,000 acre-feet. Return seepage main-
tains a continuous flow at the mouth of the Merced, the water coming
from both the Turlock and Merced sides of the river. This return flow
now amounts to 80 to 100 second-feet in summer months and there are
indications that it is increasing. Pumps along the Merced utilize a part
of this return flow.

Tuolumne River. The Tuolumne drains a high mountain area and
has a mean annual flow of 2,055,000 acre-feet. Three irrigation dis-

tricts—the Waterford, Modesto and Turlock, with a total of 276,783
17 ApP—E7182
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acres—divert water at the LaGrange Dam. Three storage reservoirs
with capaecity of 366,000 acre-feet are operated by these districts. The
City of San Franecisco has rights on the upper watershed for water for
domestic uses and has built reservoirs of capacity of 231.000 acre-feet.
A conduit of capacity of 620 second-feet is under construction. San
Francisco has control of other reservoir sites and proposes, ultimately,
to divert 400 million gallons daily (620 second-feet) from the water-
shed. To do this, storage of about 850,000 acre-feet will be required.

Return seepage in the Tuolumne, at its mouth, resulting from irriga-
tion now amounts to from 250 to 350 second-feet constant flow. Addi-
tional seepage from these irrigated areas appears in the Mereed, the
Stanislaus and San Joaquin rivers.

Stanislaus River. The Stanislaus River (mean annual flow, 1,376,000
acre-feet) is under storage control for both power and irrigation.
Power reservoirs with capacity built or being built of 172,000 acre-feet.
high on the stream, increase the low flow, but this water is re-stored in
reservoirs or diverted by the South San Joaquin and Oakdale irrigation
distriets. These districts, with an area of 145,548 acres, have in
Melones and Woodward reservoirs a storage capacity of 148,000 acre-
feet. All low flow is diverted. Return seepage in the Stanislaus River
at its mouth (coming in part from the Modesto District) now varies
from 100 to 160 second-feet constant flow. An additional amount
enters the San Joaquin River.

Return Flow in the Sun Joaquin River. Return seepage in the San
~*3quin River from the mouth of the Merced to Durham Ferry (just
above tide water) mow amounts to a continuous flow of from 600 to
1000 second-feet. About 300 second-feet of this water is diverted above
tide water by pumps irrigating West Side lands. Additional pumps
recently installed or in process of installation and pumps diverting
from the tidal portion of the stream have a combined ecapacity of
between 750 and S00 second-feet. In the peak of the irrigating season
these West Side pumps divert practically all of the visible flow in the
San Joaquin River. The delta lands and islands are dependent upon
ground water flow and such water as flows down the Calaveras, Mokel-
umne and connecting sloughs from the Sacramento River.

NET RESULT OF IRRIGATION AND STORAGE
ON SALT WATER PROBLEM

Summarizing former statements upon the effect of irrigation and
storage upon the flow of salt water in the lower river and upper bay
region, the following may be said:

1. Under natural conditions the boundary hetween salt and fresh
water was Carquinez Straits. In late summer, Suisun Bay became
brackish but salt water penetrated as far as Antioch only rarely and
then for but a few days’ time.

2. The combined effects of irrigation and diversion in the Sacra-
mento Valley have been to reduce the flow entering tidal waters to a
small fraction of the flow under natural conditions. In 1924 the flow
at Sacramento was about 720 second-feet and was below 1000 second-
feet for in excess of a month. In 1925 the flow at Sacramento reached
a minimum of 2750 second-feet and was below 3000 for nearly a month.
In 1926 the flow of the Sacramento reached a minimum of 1200 second-
feet and was below 2000 for over a month.
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3. The late summer flow of the San Joagiém (all return seepage) has
been helow 1000 second-feet 1n all vears @keept 1927. The capacity of
pumping plants irrigating West Side lands exceeds the inflow nearly
every summer, so that, so far as visible flow in the San Joaquin is con-
cerned, all of the late summer infiow into tidal channels is used on West
Side area. The delta lands now must obtain their supply from the
water stored in channels or which flows underground, or from the Cala-
veras. Mokelumne, and sloughs connecting with the Sacramento River.

4. The use of water by the delta lands on both San Joaquin and Sae-
ramento rivers has not been accurately determined The area irrigated
amounts to 360,000 acres. If this area consumes 12 acre-feet of water
per annum, of which 20 per cent 1s used in a month, the consumptive
draft will be at the rate of 2100 second-feet. This quantity exceeds the
low flow in years of light rain.

PRESENT CONDITIONS OF SALT WATER IN UPPER
BAY AND LOWER RIVER REGIONS

Salt water conditions have been under observation by the Division of
Water Rights of the Department of Public Works simmece 1917.  Results
have been published in the annual reports of this division. Earlier
records of much value in the study of the problem are those of the Cali-
fornia-Hawaiian Sugar Company, referred to earlier in this report, cov-
ering the period from 1908 to 1920. In 1920 the Sugar Company
obtained a supply from the Marin Municipal Water Distriet at San
Quentin Point, approximately 13 miles from Crockett. Since then,
when the distance traveled upstream to fresh water is less than 15 miles,
the water is taken from the river; when the distance exceeds 15 miles,
the Marin County water is used.

A number of other investigations of salt water conditions have been
collected at various places and are of help in the determination of the
changes which have taken place in recent years. Among these records
are those collected by Mr. William Pierce north of Suisun Slough, on
the north side of Suisun Bay ; records for a short period by the Pacifie
Portland Cement Company at Suisun, showing salinity of Suisun
Slough; records of the Great Western Electro Chemieal Company at
Pittsburg. extending from 1916 to date, giving total solids and chlorine
in the river water; and information eollected at various times in the
investigation of water supplies by the City of San Francisco. the City of
Riechmond, and the East Bay Water Company. A large amount of
information from these various sources has been obtained und is helpful
in interpreting the changes which have taken place and in formulating
a fairly aeccurate conception of conditions in the past and what may he
expected in the future.

Attached to this report is a chart of the region, the base heing photo-
graphed from the annual report of the Division of Water Rights. On
this ehart red lines have been placed showing the penetration of salt
water during the months of June and September, 1924,  Similar charts
for other vears show that in every year, salt water has penetrated to a
point beyond Antioch on the San Joaquin River and Collinsville on the
Sacramento, and that in vears of low flow, such as 1918, 1920, 1924 and
1926, the extreme limit of salt water penetration has been well into the
delta region.
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The year 1927 is one of approximately 100 per cent run-off in the
streams tributary to San Franecisco Bay. In this vear salt water
reached the middle of Suisun Ba.y in June, was approximately at Col-
linsville and Antioch m July, and during Augnst and September had
reached approximately to Kmmaton (n the Sacramento and the lower
end of Jersey Island on the San Joaquin River.

Stream flow records show that approximately one-third of the years
are in excess of 100 per cent run-oft and two-thirds of the years below
that figure. This gives, roughly. an approximation of the period of
time in which salt water conditions will be worse than in 1927 and the
period in which better results can be expected.

For practical purposes, a period of thirty days or more would be
detrimental to either irrigation. domestic use or supply for industrial
purposes. An examination of records in more detail indicates that,
under the conditions now existing. in practically all dry years salt water
will reach the lower end of the delta for at least a month’s time, and
that in two-thirds of the years water will be in the lower delta region in
excess of a month’s time or as much as three to four months.

The areas of delta land within the salt water flow are shown in the
following table.

Approxromate Area of
stream flow delta
in per cent,  pruetrated by
normal salt waler
1924 24 169.000
1925 e 71 8.500
1926 __ - — . - 83 58,000
1927 e 100 5,000

PROSPECTIVE CHANGES IN THE FUTURE

Storage of water for power purposes and diversion for irrigation and
domestic uses in the watersheds tributary to the bay are steadily increas-
ing. The rate of increase of the irmgated area 1s not so rapid as during
the decade 1910 to 1920, but there is a steady, continuous growth and
plans are on foot for large increases in the use of water through ‘new
projects and through the extension of irrigation on old projects.

As illustrating the extent to which conditions are changing, reference
may be made to the growth of the San Joaquin River basin since the
year 1920, a period ordinarily regarded as one of stagnation in irriga-
tion development in California. Sinee 1920, the Southern California
Edison Power Company has constructed and placed in operation the
Florence Liake and Shaver Liake Reservoirs on the San Joaquin River
with a storage capacity of 203,000 acre-feet. This stored water will be
diverted and used as fast as it is rcleased for power purposes by the
agricultural lands above the mouth of the Merced.

On the next stream, the Merced Irrigation District has built a storage
reservoir of 278,000 acre-foot capacity and has approximately trebled
the area in irrigation in 1920. The district is rapidly growing and the
entire irrigable acreage in the total of 159,000 acres will be all in culti-
vation within a few years.

On the Tuolumne River, since 1920, the Modesto and Turlock Irriga-
tion distriets have built the Dom Pedro Reservoir of 290,000 acre-foot
capacity, and both districts have extensively increased their irrigated
area. The growth is steady.
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The Waterford District has aequired rights to use the water of the
Yosemite Power Company, which formerly delivered approximately
60 cubic feet per second mto the Tuolumne River below LaGrange Dam,
further reducing the stream flow.

Since 1920 the City of San Francisco has built Liake Eleanor and the
O 'Shaughnessy Dam, stormg 231,000 acre-feet. The water released
from these reservoirs has not vet been diverted from the watershed,
but it has been picked up, at least during the summer period, by the
irrigation districts, and no water except return seepage has flowed
into the Tuolumne River during the summer and early fall months.

On the Stanislaus River, the Melones Dam has been built by two
irrigation districts in cooperation with the Pacific Gas and Eleetric
Company, and the late summer use of water has heen very much
increased.

In addition the power ecompanies have now under construction Salt
Springs Reservoir on the headwaters of the Stanislaus, with the inten-
tion of ultimately raising this to storage eapacity of 130,000 acre-feet.
This water when released will be caunght by the Melones and Woodward
reservoirs lower on the stream and utilized during the late summer.

The East Bay Utility Distriet has now under construetion the Lancha
Plana Reservoir site on the Mokelumne River, a reservoir of 200,000
acre-foot ecapacity, and has completed a pipe line from the Mokelumne
to the East Bay district of a capacity of 60 million gallons daily (90
second-feet). The water to be diverted by this utility distriet will be
taken out of the watershed and there will be no return flow from it.

In addition to the reservoirs and increased irrigated area on the east
side of the San Joaquin, several pumping plants have been built, lifting
water up the West Side slope for the irrigation of high lands. Import-
ant among these are the Banta-Carbona Irrigation Distriet, approxi-
mately at the head of tide water, which commenced irrigating in 1925,
and now has a pumping capacity of 220 cubic feet per second.

The Burkhart Ranch further south has installed a pumping capacity
of about 50 cubic feet per second since 1920, and a number of other
districts and appropriators of water have increased either the size of
their pumping equipment or the extent of their use, so that at the
present time the capacity of the pumping plants irrigating West Side
lands exceeds the flow in the San Joaquin River at the place where
tide water is reached.

Further extension of this irrigated area is in progress and one new
district is now engaged in preparation of plans which will result in the
pumping of approximately 300 second feet from the river.

Extension of area supplied by pumping from wells has been going
on at the same time In Fresno, Madera. Merced, Stanislaus and San
Joaquin counties, hundreds of pumping plants have been installed since
1920, all drawing from water which, under natural conditions, would
have its outlet to the sea through the San Joaquin River. It isimpossible
to accurately estimate the effeet of this withdrawal of water upon the
stream flow or the underflow to delta areas, buft, if it has not already
done so. it will at some time affect the flow by reducing the guantity of
water which reaches the stream from underground sources and affecting
to that extent the late summer discharge into tidal waters.
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Irrigation development has not been so pronounced in the Sacre
mento watershed since 1920. There are a large number of irrigation
and reclamation enterprises in the Sacramento Valley which have *:ri-
gation systems of a capacity larger than the irrigated area. There is.
in addition, a large area of land still devoted to grain, rice, sugar beets
and other general farm crops, which goes in and out of erlrivation as
economic conditions vary. The vears when grain prices a-« high, large
areas of grain go into cultivation, a portion of which is irr wated. With
prospects of low prices for grain other crops are planted, some of which
use more water than does grain. The most noticealse effect on the
water supply, however, is the increase and decrease i the rice crop.
The area irrigated in rice since the industry beears» stabilized varies
from 130,000 to in excess of 200,000 acres a year .nd in vears of large
erop the effect upon the water supply is very noticeable.

Although no large new enterprises have been built in the Sacra-
mento Valley in recent vears, the increase in irrigation in the older
districts has been steady. The area devoted to orchards, to alfalfa, and
to general farm crops requiring irrigation, steadily increases. The
result has been confinued drafts upon the supply from the river and to
gradual reduetion in the total flow downstream from the main culti-
vated section. The reduction in flow, to some extent, has been con-
trolled by the operations of the Division of Water Rights through the
commissioner appointed to superintendent the diversions from the
Sacramento and San Joaquin rivers. The prineipal effect of the work
of the Commissioner has been to reduce the waste of water, to encourage
cconomy and to endeavor to keep the flow at Sacramento as high as
possible, both for purposes of navigation and the use of delta lands.

Return seepage and waste from the lower ends of the rice irrigation
canals have to some extent ameliorated the extreme low flow conditions
experienced in 1920 and 1924, but the steady increase in irrigated area
goes on each year. The total quantity of water which passes out of
the valley in late summer is slowly but surely decreasing.

There is nothing to indicate any change of conditions in the imme-
diate future. Irrigation has reached nearly stable conditions on the
upland areas of the San Joaquin Valley, largely because the streams
are nearly developed to their full eapacities. On the Sacramento River,
however, large areas of fertile land under irrigation systems built to
supply them with water are certain to be placed in crop and increase the
use of water. Tl result will be a steady depletion of the stream and
an increase of the salt water menace.

Salt water conditions such as have occurred in the lower delta sinece
1918 have become permanent and will not be improved until some addi-
tional water supply is turned into the river during the low flow period,
or unless a barrier is built to prevent the approach of salt water from
the ocean. It is difficult to conceive a set of natural conditions that
would change this situation. We have reason to expect years of heavy
runoft to follow the long period of dry years since 1917, but a review of
the past does not lead to the belief that summer water supply can be
inereased to such a point that any appreciable effect will be experienced
by the delta region and industrial area.
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EFFECT OF SALT WATER ON DEVELOPMENT

The industrial and agricultural areas along the upper bay and lower
river region came into being before there was any serious thought of the
salt water problem, in other words prior to 1918, for that was the year
in which the encroachment of salt water was serious and over a long
period of the year. Since 1918 there has been no large increase of
cultivated land in the delta region and few new industries of import-
ance have been established in the industrial area. There has been,
however, a steady growth in the industries already established.

The effect of salt water upon the various users of water will be dis-
cussed in the following paragraphs.

Agriculture. Water to be supplied for agricultural purposes must
be free from large quantities of soluble matter. The upper limit of
concentration safe for use depends upon the soil, erop, rate at which
it has been used, drainage facilities, and to some éktent upon whether
fresh water is available at other times in the vear for leaching purposes.
The determination of the safe limit is, therefore, a matter of consider-
able difficulty, as it will vary as these factors differ.

For the purposes of this report, however, it is fair to assume that
water containing 100 parts of chlorine per 100,000, equivalent to 160
parts of sodium chloride or common salt per 100,000, is the upper limit
of safety; since the water contains other salts the total salinity of
water containiffg 100 parts of chlorine will vary from 175 to 200 parts
per 100,000. Water of this degree of salinity is not safe for use, exeept
where precautions are taken to provide good drainage and to continue
leaching the water through the soil so that there is no accumulation
of salty matter. Such water may be used with safety on light soils
where drainage is good and the use excessive, and is not harmful where
used oceasionally during late summer. One-half of this quantity, or
50 parts per 100,000, is much safer for use and waters of this degree
of salinity could be used with comparative safety.

The records quoted above show that in vears of extreme low flow,
waters of 100 parts of chlorine per 100,000 will penetrate into the delta
region to points beyond Rio Vista on the Sacramento, and to Stockton
and beyond the mouth of Middle River on the San Joaquin. During
some part of the summer approximately one-half of the delta area will
be surrounded by salt water.

This condition has several results: First, it renders questionable the
irrigation of permanent crops, particularly such crops as are sensitive
to salt; seecond, it has a tendency through the percolation beneath the
levees of sub-irrigating the adjoining land with saline water; third, it
reduces the value of lands through the fear of salinity; and fourth, it
adds espense and uncertainty to the question of domestic supply, for
on most of the delta the river is a source of domestic water,

The net effect of this eondition s to render agriculture unecertain in
the delta, to reduce the value of land, and to create a menace which will
result in the destruction of the land by the accumulation of salts.
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AREA OF AGRICULTURAL LAND AFFECTED BY
SALT WATER BARRIER
The area of agricultural land affected by the salt water barrier is
taken as:

First—The area of marsh land lying practically at sea level.
Second—The area of land up to elevation 150 above sea level; an

elevation to which pumping has been carried with suceess.
These areas may be subdivided into geographic regions as follows:

First—The area around San Pablo Bay, between Carquinez Strait
and the site of the San Pablo barrier.

Second—The area around Suisun Bay, that is, from the mouth of the
river at Collinsville to Benicia.

Third—The delta area or region upstream from the mouth of the
river.

Fourth—Irrigated or irrigable lands above the delta.

San Pablo Bay Area. A large area of marsh land lies along the west
and north shores of San Pablo Bay. At present a large part of this
area is in process of reclamation. Much of it is growing grain crops
or pasture, but little of it is irrigated. The surrounding waters are
salty at nearly all times of the year. Fresh water fills the sloughs and
bay during flood time, a period becoming shorter each year. Ground
water of good quality has not been found and there is little likelihood
of its ever being obtained, as deep wells have been drilled in many
places. ®

Much of the land is yet salt and all of it is influenced to some extent
by the salt in the bay, and the reclamation by using rainfall alone to
wash out the salt is slow. The presence of fresh water surrounding the
area would permit much more rapid reclamation and would make it
possible to bring into profitable agriculture nearly this entire area.

Surrounding the marsh area is an area of high ground nearly as
large, all of which is now unirrigated. This marginal area could be all
watered and made available for many different crops by fresh water
from San Pablo Bay and tributaries if this bay were kept full of fresh
water. Novato, Petaluma and Sonoma Creeks and Napa River all
penetrate the marsh lands and extend to high land; they would malke
fresh water available for the adjoining high ground and enable pumps
to supply small units or large, depending upon the physical conditions.

It is to be expected that at some future time all agricultural lands in
California will make use to some extent of irrigation water where such
is available. Irrigation in the coastal belt has not advanced as rapidly
as in the interior valleys, because owners of such land can grow profit-
able crops without artificial watering. Maximum results can be
obtained only by irrigation and it is but natural to expect water to be
in demand at some future time.

The San Pablo Bay areas which may at some time become interested
in irrigation are all areas where climate and soil are aceceptable to agri-
cultural pursuits. The region is close to centers of population: trans-
portion facilities are usually good or easily improved; it is one where
increased population is ecertain. The availability of fresh water in the
bayv and tidal sloughs will serve to stimulate this growth.
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Lands so situated, close to tidal waters and centers of population, are
likewise attractive to industries. As the San Francisco Bay region
grows, more and more of the territory adjoining the bay will change
from agriculture to industrial or residential property. With a water
supply attached to it, the change in use becomes easier, for the amount
of water required for agriculture supplies the needs of residential or
industrial occupation.

Carquinez Strait. Carquinez Strait—T74 miles long—extends from
Suisun Bay to San Pablo Bay. High hills with only small areas of
flat land bound the strait. The opportunities for extensive develop-
ments for use of water in this territory are limited by the topographie
conditions. Industries already occupy much of the available territory
and the small vallevs, particularly in Contra Costa County, are now
filled by towns, the population resulting from industrial, transportation
and commercial enterprises along the waterfront.

If the strait is filled with fresh water and tidal fluctuations and
currents are decreased. the more complete occupation of all available
ground will he possible. At the present time growth is restricted
by water supplv. DMartinez, Port Costa and adjoining territory obtain
a part of their water from wells at Concord 12 miles away. The
supply from ground water is limited. Large additions to this supply
are impractical. The Sugar Refinery at Crockett has barged water
from the river or the Marin County shore at great cost for many years.

On the north side of the strait, the town of Benicia has a small
water supply but cannot inerease this supply very much without great
expense.

Swuisun Bay Area. Marsh lands adjoining Suisun Bay total 70,000
acres Immediately adjacent to these marshes is an area of 93,000
acres of higher land suitable for agriculture but not now irrigated.
Fresh water in Suisun Bay would make it possible to convert this area
of dry land to irrigated areas of high value.

The marsh area of Suisun Bay is all practically at sea level. Much
of it 13 salt marsh or at least contains enough salt to interfere with
some kinds of agriculture. A large part has been leveed and utilized
for pasture. but with unsatisfactory drainage, and salt has accumulated.

TFresh water in the surrounding tidal channels and freedom from
daily tidal fluctuations will permit the leaching of this land and make
the reclamation of it practical. The land is inherently fertile and will
become very productice when leached of salt. The works to accomn-
plish this are simple in character and the operation is simple and
certain of success.

If fresh water is made available, there is little question but that
these marsh lands can eventually be made as productive as the delta
lands of the Sacramento and San Joaquin rivers further upstream.

The high ground ahove these marsh areas and which may be watered
by practical lifts out of todal channels includes the lower parts of
Green Valley around Cordelia, the lower part of Suisun Valley, now
highly developed to deciduous fruits, and the region from Suisun to
Denverton.

South of the hay the lower parts of Walnut Creek and Ignacio and
Seal Creek valleys may be reached with low pumping lifts. These
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valley lands are now in part planted to fruits and the agricultural
possibilities of the region have been demonstrated. Irrigation water
cannot be obtained for these areas from any other source known at
this time. Wells are of small vield and uncertain life. Storage reser-
voirs on these streams may be possible but none is known except small
ones, and these will serve only small local areas.

The most important difficulty is the extremely erratic nature of the
runoff from this area. In wet yvears floods are heavy, but in years
below normal precipitation the rumoff may be verv limited, often
negligible. Storage to be dependable must hold water over two or three
dry years. an impracticable condition for agriculture execept in very
limited areas. The greater part of the area will remain unirrigated
unless some cheaper. more dependable supply of water is made avail-
able. A salt water barrier will place fresh water at points where it
can be readily obtained by practical developments.

The Delta Reqgion  The delta region, affected by tide levels, extends
as far up the San Joaquin River as Duncans Ferry (6 miles below the
mouth of the Stanislaus River) and up the Sacramento a short dis-
tance above the city of Sacramento The distance from the mouth
of the San Joaquin to the head of tide water by river is 77 miles; to
the head of tide water on the Sacramento 15 56 miles. Between these
extremes are many miles of tidal channels and sloughs affording access
by boat to nearly all parts of the region, and by relatively short
dredger cuts, making it possible to deliver tidal water at the edge of
high ground.

This region includes 376,000 acres of land, either marsh or swamp
and overflowed. and 91,000 acres of high ground immediately adjacent
to the marsh on the west side of the vallevs. These total 458,000 acres.

The entire area is irricated or irrigable from waters at tide level.
The most recent information indicates that of this area 360,000 acres are
now 1rrigated in both deltas. In both deltas an area of 98,000 acres
remains to be irrigated, part of which are irrigated and farmed irregu-
larly. The economic status of the farmer has much to do with the
area under cultivation.

The Up River Country. The entire irrigated area tributary to
Suisun Bayx is to some extent interested in the salt water problem.
At the present time a suit is before the Superior Court of San Joaquin
Valley, between riparian users and appropriators in the delta region
and 443 defendants on the streams above the delta. This suit involves
nearly all of the large users of water, both for irrigation and power, on
the stream Much other Iitigation is in prospect. The outcome of
this controversy eannot be foreseen but it is impossible to prediet any-
thing but serious complications and nearly endless difficulties no mat-
ter which turn the courts may take.

Should the outecome of the present suit be that tide water lands
have no riparian rights upon waters of the streams, in excess of one-
half of the present delta area will be periodically surrounded by salt
water. The argricultural industry will be affected and the salt water
menace to these lands will become permanent. The final result will be
disastrous to a very large area of land which has been the most uni-
formly productive land in the state. The continued storage and use
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of water above tide level and the increase in pumping to high lands
around the tidal area will cause sait water to enter the rivers in all
years, and at times the greater part of the tidal waters will be con-
taminated with salt from the ccean.  _

Should the courts take the view that owners on tidal waters have
riparian rights to the flow of the stream, a great deal of very valuable
land now using water must release the water which has heretofore been
used and a tremendous damage to Lhigher areas will result. The release
of waters may affect salt water conditions to some extent but it is
impossible to comceive a condition in which enough water will be
released to push back salt in vears of light runoff.

As is shown later in this report in the chapter on ‘‘Storage and
Release for Control of Salinity,”” the plan under which this proposal
has been made does not look practieal as a means of taking care of the
irrigation problem of the delta. Furthermore, it leaves out of consider-
ation the entire industrial area that lies just below the delta.

Power Companies. Two power companies supply the industrial
region—the Great Western Power Company and the Pacifie Gas and
Electric Company. Both companies have an interest in the salt prob-
lem in two ways. The market for power is the first and most apparent
interest the power companies have in this problem in that the main-
tenance of the present industries and their growth in the future affect
the income of the distributing companies

In a later chapter a statement of the approximate use of power for
industrial and domestic purposes is included. The rate of growth of
power sales indicates a steady increase in industrial activities. The
more rapidly these factories grow and the more new factories there
are installed, the better will he the power companies’ incomes. A
potential industrial territory offers opportunity for a very large
increase in the use of power and the encouragement of these industries
's a legitimate function of power companies.

The second way in which these companies are interested is the
question of litigcation mentioned above. The Great Western Power
Company and the Pacific Gas and Electric Company and subsidiary
companies, such as the Sierra and San Francisco Power Company
and Mount Shasta Power Corporation, are parties to the suit pre-
viously mentioned In addition to them the San Joaquin Light and
Power Company and Southern California Edison Company, both
developers of power on the San Joaquin River, are included, and the
Modesto and Turlock, South San Joaquin and Mereced irrigation dis-
tricts are included on account of their storage and use of water on
tributary streams. The interests of these concerns, therefore, are
created by the direct attack upon their storage and use of water in
the higher watersheds.

Should the outcome of this suit establish the riparian right of the
delta land owners, the power companies will suffer very seriously in
consequence, by the necessity of either releasing water now stored or
condemning the right to continue the practice of controlling the flows.

Fishing Industry. Under present eonditions. with the Sacramento
and San Joaquin rivers open to the flow of tides, fish have free access
from the ocean to the fresh water streams draining the Sierra Nevada
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Mountains. Several types of commereial fish are caught in these waters
and other fish are important as food for the commercial varieties.
There has developed a considerable fishing and fish-canning industry
along the bay and lower river shore. The cateh in river and upper bay
approximates 5,000,000 to 6,000 000 pounds a year—largely salmon,
shad and striped bass (See table.)

The Fish and Game Commission has in charge the maintenance of
fishing and the preservation and control of natural fish life, together
with the propagation of existing species and the introduction of new
forms suitable to these conditions,

Plans for the salt water barrier provide for fishways so that fish may
travel upstream. Fish will have free travel at such times as gates are
opened and will no doubt pass through the ship locks at all times.

THE FUTURE OF THIS REGION

The future of the industrial region on Carquinez Straits and Suisun
Bay depends upon the growth of population. California and other
Pacific coast states are growing more rapidly than anyv other section
of the United States. There has heen for many years a constant inflow
of people from the East and an inerease in population along the whole
Pacific shore The ecities of Los Angeles. Qakland, San Francisco,
Seattle and Portland have grown much more rapidly than is the
average growth of American cities.

There is no such rapid developwment anywhere in the country except
the industrial growth in the cities around the Great Liakes, where large
manufacturing interests have centered. Aside from the city of Los
Angeles, the rapid-growing cities of the country have been the indus-
trial centers. In the case of Los Angeles, the industrial growth has
been large but the great increase in population arises, to a large extent,
from the attractive climate of this southern city.

Estimates of future population of the San Francisco Bay region
have been made by scveral organizations in studies concerning public
utility matters, The results of three such studies are shown In the
table following. The first, column I, is the estimate of the population
of San Francisco and east bay cities made in connection with studies
of trans-bay bridge: column IT 1s an estimate of the metropolitan
district, taken as San TFrancisco, Alameda, Contra Costa and San
Mateo counties, by the telephone eompany ; and column III the estimate
of population of the East Bay Municipal Utility Distriet by that
organization. Each of thse estimates indicates that the population will
double in about 25 years.

Estimates of Growth of Population

I .

San Francisco San Fg'lancisco Eag{IJ'Bay

Year and Trans-bay Metropolitan Muntcipal
Cities Dagtrict Utility
District

1910 686,873 220,404
915 . 760,000
1920 . 850,850 891,477 330,348
1925 976,000
1930 o __ 1,100,000 1.329,200 501,000
1935 . 1,250,000
140 1,400.000 1,856,700 702,000
94 1,577,000 2,172,000
1950 1,750,000 948,000

1960 1,230,000
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I. DIstimate of population San Franeciseo and Bast Bay cities by Board of
Engineers Trans-Bay Bridge, San Francisco, May. 1927.

IT. Pacific Telephone & Telegraph Company—estimate by Robert W. Bachelor,
meludes San Francisco, Alameda, Contra Costa and San Mateo counties,
April, 1925  Published in “San Francisco Business™ April 17, 1925.

111. East Bay Municipal Utility District, Annual Report 1925, page 7.

Contra Costa County has grown at a more rapid rate than the bay
region as a whole. Census figures for the counties around the bay are
shown in Table 4. Contra Costa’s growth as compared with other bay
"counties is shown below:

Subdision Increase Increase
of Population 1910 to 1920 1900 to 1920
State 1920 Per Cent Per Cent
State . _____ . 3,426,861 44 130
Alameda County __________________ 344171 40 164
Contra Costa ____ o ______ 53,889 70 198
Marin ___________________________ 27,342 9 74
Napa o _______ 20.678 4 26
Sacramento _______________________ 91,029 34 98
San Franeiseo _______ . ___________ 506,676 22 48
San Joaquin ______________________ 79,905 58 125
San Mateo . ____._____ 36,781 38 204
Solano __. . ________ . ________ 40,602 47 69

Recent figures to show inerease in population are shown in Table 5,
in which are given the school enrollments for years 1915, 1921 and
1927. These are summarized below:

School Enrollment Bay Shore Districts—Contra Costa County
Per cent uicrcase

1915 1921 1927 1915-21 191527
Elementary schools ___.__________ 35020 7262 9118 45 82
High schools___________________ 510 1037 1586 103 210
Totals _____ o ___ 5530 8299 10,704 50 94
Increase —____ . _____________. 509, 30%

Population Growth and its Cycles. California, in common with other
states, 1s going through a readjustment of population distribution and
kind of oeccupation. A comparatively few years ago the greater part of
our population was engaged in agriculture; today manufacturing and
mechanical industries occupy more people than agrieulture. In 1920
agricultural pursuits (including forestry) oeccupied 18 per cent of the
wage earners of the state as compared with 281 per cent engaged in
manufacturing and mechanical industries Today the percentage
engaged in manufacturing is higher and increasing all the time.

Students of population growth reeognize eycles of growth which, for
certain reasons, start slowly, grow rapidly and decline slowly. Cali-
fornia has gone through two cycles of growth—mining and agricul-
tural—and is now entering upon a third cyele—industrial.

The gold rush ecommencing in 1348 eaused the first rapid increase of
population after California became a part of the United States. As
nmining gradually declined 1in importance, agriculture attracted many
people and a great increase in population cceurred. Agriculture ceased
to make rapid growth in 1912 and since that period manufacturing and
mechanieal trades have heen the prinecipal source of inerease in popu-
lation.
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There are several reasons for present conditions:

1. Agriculture has heen depressed since the deflation period of 1921.
Costs are still high and the sale price of products has not entirely
recovered. Profits have been low

2. Land values in California are hugh  There Is no more chance for
cheap land. The imecentive which caused many to enter agrieultural
pursuits in the great period of agricultural growth does not now exist.

3. Farming 1s more and move hecoming purely nmechanical: the same
area of land can be farmed now with fewer men. This releases men for
other occupations and reduces the number of men trained in farming
operations—the potential buyvers of farms.

4, Freight rates increased during the war and added greatly to
cost of placing agriculiural produects in eastern market centers. At
the same time the increas: in Treight has made it practically mecessary
for many manufacturers to establish branches on the Pacific coast.

3. Since 1900, hydro-eleetric power and long distance transmission of
energy to manufaeturing centers have heen made practical and cheap,
and dependable power for manufacturing has resulted

6. California, since 1900, has become a large producer of ail.  The
cheap oil has encouraged manufacturing in many ways.

7 The Panama Canal and hetter shipping facilities have made raw
materials for manufacturing more casily available, and have made it
vaster to ship produets of manufacture to other markets.

3 The climate of the coast region of California has hecoe recognized
as being well adapted to manufacturing The cool weather, uniformity
of seasons, freedom from freezing or destructive storms, have attracted
warkmen and capitalists.

The result of all this is that at present the growth of California lies
around industrial centers  We are now living in an industrial age. The
future of the state depends largely upon the rate and quality of this
manufacturing and industrial growth.

This does not mean that therc 1s to be expezted a decline in agri-
cultural activity. On the contrary, the growth of cities and centers of
industrial enterprises will stimulate the growth in agriculture. Markets
for more farm produce will resalt fromn inereases in industrial popula-
tion, there will he a hotter market for the raw produets of manufacture
which originate on the farm and the improvements m transportation
that will result from manufacturing will benefit agriculture. We
may expect the erowth n agriculture to continne, hut at a rate lower
than during the years prior to 1912,

Agricultural Extencion Possible and to Be Expecled. In the chapter
in which the region Iving tributary to the upper end of the bay and
lower river is described, the statement is made as to the area of land
which could be irrigated from fresh water basin above the proposed
salt water barvier: These areas arve as follows-

Areas Irrigable From Fresh Water Basin Above Barrier

AMarsh Upland Total

San Pablo Barrier—San Pablo Bay____._________ 51,000 48.000 99,000

Army Point Barrier—Swmisun Bay ______ 70.000 93.000 163,000
Totals above San Pablo__. . ______________ 121,000 141,000 262,

Delta region above mouth of river—

San Joaquin o _ o __ 257,000 58.000 315.000

Saecramento ___________ ______________________ 110,000 33.000 143.000

Grand totals ________ . ___________________ 488,000 232,000 720,000

Of this area, that above Army Point is____________ 437,000 ~ 184,000 621,000
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Of this area, approximately 360,000 acres are irrigated in the delta
region. The areas around Suisun Bay and on San Pablo Bay are sur-
rounded by salt water for so much of the summer that pasture crops
alone are grown to a considerable extent.

Following the history of growth of the country, it 1s reasonabhle to
expect that all of the areas which can be irngated from this fresh water
basin will be 1rrigated and cultivated as rapidly as the population and
increase in markets warrant. The region is close to markets, well sup-
plied with transportation facilities, which will be hoth by rail and
water, has a climate suitable to a great variety of crops, and it would
be only natural that such areas would be put to use.

Industriul Growth to Be Expected. There is no possible way of pre-
dieting what increase there will he 1n the industrial development except
that it will be large and substantial i chavacter  There are many
hasic industrial activities not represented in this part of the Paecitic
coast—industries that will unquestionably settle in this region when
a fresh water supply is assured—and there will be a continued and
more rapid growth of the ones already on the ground.

Every large industrial region of the world has developed at pomnts
where fresh water 15 abundant and cheap, and where facilities foi
handling of raw produects to factories and carrying the finished products
to markets are well established, and the rates to markets are reasonable.
San Francisco Bay, being in the geographical center of the Pacific
coast, is the natural point where large factories will locate. The fact
that large cities are close at hand, that trapsportation faeilities are
established, that power is abundant and cheap where oil pipe lines bring
o1l from the fields further south, and that the clhimate is an unusually
good one for a manufacturing husiness, are all nnportant  Lf there is
added to these essential conditions a large fresh water reservoir, theve
will be no more favorable location for manufacturing. It ean be
expected that the growth here will be as rapid as in any other part of
the country and more rapid than has heen true at any tune mn the past
history of the state or Pacific coast.

WATER REQUIREMENTS OF THE REGION

The present water requirements ot the region are supplied from man
sources. Richmond, on the upper end of San Pahlo Bay, 1s withun the
East Bay Municipal Utility Distriet, a public organization engaged 1n
the construction of a water supply system from the Mokelumne River.
It is to be expeeted that this distriet will purchase the distribution
system of the East Bay Water Company now serving the territory, and
that it will construet such additional facilities as may he reguired to
supply industrial and domestic requirements of the territory. Water
from this system will be costly. The charges of the East Bay Water
Company average nearly 30 cents per 1000 gallons  Little if any
reduetion in cost can he expected from the utility distriet unless a part
of the expense is raised as taxes,

The smaller towns, such as Martinez, Port Costa, Benicia, Bay Point,
Antioch and Pittsburg, obtain water either from wells or by pumping
from the river at fresh water times, or by small storage reservoirs
filled during flood or fresh water season. In all of these towns water
is high-priced (the average price of water from the Port Costa Water
Company is about 27 cents per 1000 gallons), usually of inferior quality
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at least some time of the year, and there is no great supply in sight
to take care of rapid increase m growth of population. In fact the
growth of the territory outside of the Utility District mentioned is to
a large extent restricted by its water supply. The Utility District can
not serve the industrial plants on account of the high cost of water.

The construction of a salt water barrier will effectively remove this
deterrent to growth, for 1t will place fresh water of good chemical
quality alongside of all of these towns, and with the modern methods
of filtration and purification the water will be suitable for domestic
or any industrial use. The cost of pumping will be a small part of the
cost of water from any other known source.

The industries now established between Oleum and Antioch, on both
sides of the straits, use 10 million gallons daily and the use is increasing
at the rate of a million gallons daily per year. Enlargements and
extensions to these plants will probably merease this rate of growth.

Prediction as to the future is hazardous, as much depends upon
whether or not a salt water barrier is built. This structure will greatly
stimulate growth of present industries and will encourage the establish-
ment of new omes. It is within the bounds of reason to expect 100
million gallons daily to be used by industries within the next 25 years.

Domestic Supply for Cities and Towns. Water for domestic pur-
poses is higher priced in San Francisco and the BEast Bay cities than in
any other large cities of America. This high price results from the
difficulty of securing water in quantities sufficient to take care of the
rapid growth of these communities. The same thing may be said of
smaller cities along Carquinez Straits. Water for domestic use has
been difficult to secure, the price 1s high, the quahity is not good at all
times. There is no known way by which small communities ean satis-
factorily grow unless the water supply is ample for the needs of their
growing population.

As an example of this econdition, the history of the Benicia Water
Company may be cited. This eompany has made a careful investiga-
tion of the possibilities of securing water, has drilled wells for under-
ground investigation, has considered storage possibilities in the hills
back of the town, and has finally been required to use river water at
such times as this water is available, and to supplement this supply
with pumps. During much of the year the community is unable to
supply water of a good quality without great difficulty.

On the south side of the straits the water supply for towns of
Crockett, Martinez and surrounding territory is provided by the Port
Costa Water Company, largely from wells 1n the neighborhood of Con-
cord. Litigation has restricted the extent to which these wells can be
utilized and this community will be faced with the very large expense

of going to distant points for a water supply if the growth of the towns
continues.

The town of Pittsburg is supplied from wells and, at seasons of the
year when the water is fresh, from the San Joaquin River. The limit
to the availability of underground waters is in sight and Pittsburg will
bp placed to great expense to secure a water supply if the growth con-
tinues to be as rapid as it has been in the past. Similar eonditions
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prevail at Antioch, where protracted litization called the attention of
the state to the difficulties of this community earrying out its plan of
pumping water from the river. Sinee 1920 Antioch has built a stor-
age reservoir on the slopes to the south of the city, into which fresh
water is pumped during the early summer, and stored and used in late
summer. The result is that water is more costly and of poor quality
for domestic purposes, larvely on account of the taste of stored water
in open reservoirs in bright sunlight.

The entire industrial areas along Suisun Bay and Carquinez Straits
may be said to be restricted in growth on account of the fact that there
1s no easily obtainable supply of fresh water. The result has been a
restricted rate of growth of population and an increase in cost of water
to those who are already in the community.

The salt water barrier, to a large extent. will remove these difficulties
If the barrier is located at the San Pablo site. the entire area will be
cared for. If it is placed at the Ariny Point site, the entire region
upstream will be on a fresh water lake. The industrial area below the
upper end of the straits ean then bhe supplied from a relatively short
pipe line heading above the barrier.

The reversal of flow, cansed by tides at Saeramento, has endangered
the cities’ water supply by causing sewage to back upstream The bar-
rier will prevent this from oceurring, as it will raise low water at Sac-
ramento and prevent upstream flow.

SURVEY OF REGION AFFECTED BY SALT WATER

The region affected by salt water includes the area from the lower
end of Carquinez Straits upstream to Isleton on the Sacramento River,
Wakefield Landimg on the San Joaquin, and Mansion House on Old
River. It includes Carquinez Straits, Sulsun Bay, and approximately
one-half of the delta on the San Joaquin and Sacramento rivers. San
Pablo Bay is of course affected hut salt water i« more nearly a natural
condition in that body of water. Indirect effects are experienced in all
parts of the watershed draining through Carquinez Straits and the Bay
region and ecities which have commerce with these industrial and agri-
cultural areas. The problem, 1n fact, i~ one which interests all of Cali-
fornia, for the prosperity of this industrial region and the prospective
growth of this country in some measure affect the entire area engaged
in agrieculture or trade in this part of the Pacific Coast

The region directly affected by the reecent invasion of salt water
ineludes the cities and towns of Oleum, Crockett, Port Costa, Martinez,
Bay Point, Pittsburg and Antioch on the south side of the straits and
Suisun Bay, and Vallejo and Benicia on the north ~ide. Salt water
extends as far upstream as Rio Vista

The estimtaed population of these towns and outlying territory is in
exeess of 30.000.

Industries. The important mdustries located along the Straits of
Carquinez and Swmsun Bay are as follows:

18 APP—7182
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INDUSTRIES
CARQUINEZ STRAITS.
Left Bank: Town
1—TUnion Oil Company Oleum
Refining, casing and shipping petroleum products,
2—Selby Smelting & Lead Company______________________ . Selby

Branch of American Smelting & Refming Co.
Smelting and refining non-ferrous metals.

3—California-Hawaiian Sugar Company___.___________________________ Crockett
Sugar refineries, largest in world, 5,000,000 lbs. a day.

4+—Port Costa Brick Company__ - _ Port Costa
Makers of brick, ete.

5—Grain Warehouses . ____ . Port Costa
Storing, cleaning, shipping—principally barley.

6—Petroleum Products Company .- . Martinez
Petroleum products.,

T—>Mountain Copper Company____ . _________ o ___ Martinez
Copper smelting and refining, fertilizers.

8—Shell O1l Company_ Martinez

Refining and shipping petroleum products,
9—Southern Pacific Company_ - _ o
Operating railvoad and ferries.

Raght Bank:

10—Alare Island Navy Yard____ . ___ e Vallejo
' Repairs and construction of naval ships,
11—Sperry Flour Company_ . ____________________ . _____ Vallejo
Milling of wheat and other grains,
L12—Benicia Bariacks and Awsenal__________________________________.__ Benicia
U. S. Army stores.
13—Kullman-Salz Tannery-___ oo Benicid
Leather.
Suisun Bay
Left Bank: Town
l—Associated Oil Company___________________________________________ Avon
Rehning and packing for shipment petioleum products.
2—Coos Bay Luwmber Company__ - __ o __ Bay Point
Manufacturing and wholesale lumber; large storage 73,000,000
F. B. M.
3—Pacific Coast Shipbuwilding Company____ . ____________________. Bay Point
Ship building—steel and 1ron products.
4—General Chemeal Company________ . ____ o ______ Nichols
Large manufacturers of heavy chemicals.
5—=S8an Francisco & Sacramento Railvoad Company___ . ______________
3ost Important from Piuttsburg to Antioch:
6—DBooth Cannery Company.___ . ___ . ___ e _____. Pittsburg
Canners of fish, fruit and vegetables.
T—Hickmeott Caunery Company--_____ o _____ Pittsburg
Fish, fruit and vegetables.
8—Parafline Company ______________ e Dittsburg
Paper board.
9—Gveat Western Eleetro Chemieal Company_ . ______.____ Pittsburg
Diversified heavy chemicals,
10- -Redwood Manufacturing Company___ .. . ________ Pittsburg
Redwood pipes and tanks and other products of redwood.
11—Columbia Steel Company-e_________ . ___ o~ Pittsburyg
Steel products,
12—Pioneer Rubber Company_ - ___ Pittsburg
General rubber products.
13—H. W. Johns-Manwille Company _______________ ___ o _____ Pittsburg

Magnesium and asbestos building specialties.
14—Santa Fe Railroad Company. .
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Industries in Richmond and along the shores of San Pablo Bay are
as follows:

Left Bank—Below Carquine: Straits: Town

1—California Cap Company - e e Stege
Caps for detonating high explosives.

2—Stauffer Chemical Companv_______ . ______ . Stege
Bulk chemicals from eruade ores.

3—AMetropolitan Mateh Company_ e Stege
Matches.

4—Pullman Manufacturing Company_ . __ Richmond
General shops, repairs and construction of cars.

5—=Santa Fe Railroad Company . e Richmond
Generval shops, repairs and construction of cars

6—Standard Sanitary Mfg. Company._. . __________________ Richmond

Porcelain and enamel plumbing fixtures.
Distribution of other porcelain and enamel ware,

T—Certainteed Products Company.. . ___________ Richmond
Roofing and paints.
S8—Republic Steel Package Company . ___________________ Richmond
Metal containers, principally drums for oil and gasoline.
9—Standard O1l Company__________ .o _ Richmond Point
Refining and shipping of petrolewn products.
10—Philippine Refining Corporation_ . ___________ Richmond Point
Refining copra and other vegetable oils.
11—Califorma Wine Association.____________________ Winehaven, Richmond Pont
Formerly largest winery in world; industrial alcohol.
12— Ghant Powder Company _ o e Giant
Dynamite and other explosives.
18—Herecules Powder Company oo Hercules

Dynamite, T.N.T. and other explosives.

The majority of these establishments along the Straits and Suisun
Bay produce large outputs of material and are in the class ordinarily
called ‘‘heavy’’ industries. They produce produects essential to modern
lite both in peace and war times. Steel. iron, petroleum produets of
all kinds, chemieals, fertilizers, powder and fuse. leather, brick and tile,
flour and feed. lumber and lumber products, ships and boats, sugar,
fish and canned goods are produced in very large quantities.

A sarvey of the plants between Qleum and Antioch shows an annual
production in 1927 of produects valued at $250,000,000 The increase in
annual output 13 large and the growth has been regular The first
large factory to establish in this territory was the Sugar Company m
1907. The period up to 1920 was an active one in growth, but since
sale water troubles became so prominent only one new plant of large
size has located here.

Freight in and out of this district by rail and water, direetly
attributable to these plants, approximmated 14.000,000 tons in 1927.
Three railroad systems serve the territory Vessels, hoth river and
ocean-going, handle much freight. Oil pipe lines from the fields in the
San Joaquin Valley deliver oil to the refineries, to large tank farms for
storage, and to vessels

Expenditure for electric power by these industries was $800,000 in
1927. Electric power is furmished by the Pacific Gas and Electric
Company and the Great Western Power Company. The use of power
Inereases every vear. Power rates are the same as in the Bay cities.

In 1927 these plants employed on an average of 8300 persons, the
annual payroll amounting to $15,000,000. Comparatively httle sea-
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sonal employment is found-—most of the factories run fairly constantly
through the year. The population depndent upon the factories, using
a ratio of 4 to 1, is 34,000

The industrial territory on San Pablo Bay below Oleum, in Contra
Costa County. is vearly as large as the district deseribed above. If the
entire waterfront area in Contra Costa County is considered, we find
the annual produects to be $515,000,000; the number of employees to be
17,000; the annual payroll $29,000,000.

The industries between Oleum and Antioch now use 10,000,000 gal-
lons of water a day. The annual increase is 10 per cent, or a million
gallons a day. All of this water 15 pumped from tide water level when
there is fresh water in the stream, but some of the factories use wells
during the salt water period. Draft upon the ground water is causing
a change in the quality of many wells by drawing in salt water. There
is a definite limit to the amount of water which may be drawn from
underground sources, and it is apparent that this limit has been reached.

Factories engaged in the production of large quantities of ‘‘heavy’’
products ordinarily locate where fresh water is abundant and can be
had at the cost of pumping. New plants seldom locate under any other
conditions and when there is a choice between localities, the one where
water is abundant and cheap is selected, providing the other factors
which control locations are the same. There is only one place on the
coast of California where such conditions existed in the past—the upper
bay and lower river country. Industries now located there expected to
obtain water by pumping direct from tide levels, and the change brought
about by the invasion of salt water has added to expense of operation
and has discouraged increase in plants which involve increased use of
water.

There is great need of restoration of the favorable conditions of fresh
water which formerly existed in this region. New industrial estab-
lishments will be attracted by abundant fresh water. If Califorma
does not provide such facilities, northern cities will offer greater induce-
ments and many industries will locate Pacific Coast branches in these
northern cities. There are in these other states large areas of land
where pure, fresh water is abundant and may be had for the cost of
pumping from permanent lakes or streams.

Rates for water in California cities are higher than in the north, as
18 shown in the following table:

Cost of 500,000 Gallons of Water Per Month

San Francisco — oo $157 56
Oakland ____.____ PN 161 71
Los Angeles o 72 16
Stockton o e 54 50
Portland - — 44 11
Seattle — e 32 94

The recent disaster to Lios Angeles’ St. Franecis Dam will probably
result in an increase in water rates in that city. Proposals have been
made to increase the base rate from 5 cents per 100 cubic feet to 18
cents. If this proposal is carried into effect the rate for 500,000 gallons
in the above table will be nearly $120.

Hardness of water is another factor in which northern cities have an
advantage over the public supplies in California cities. Hardness is
undesirable in water for either domestic or industrial uses—in some
classes of industries hard water must be treated before use.
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The comparison below will show the relative hardness of public water
supplies of Pacific Coast cities:

Hardness in City Water Supplies
Hardness as Calcium Carbonate, Parts Per Million
(From Water Supply Paper 496)

Maximum JMimmum Average

San Francisco - ___ 166 83
Oalkland 181 Reservoir and wells.
Stocktor - _ 560 Wells.
Saeramento . _________ 60  River.
Los Angeles ________—_____ 163 Owens River.
251 TL.os Angeles River.
Portland. Oregon _____.______ 22 6 9
Seattle, Washington ____.___ 33 14 23

The supply of Sacramento approximates the havdness of water that
will be retained above a salt water barrier. The quality of water
reservoired above the barrier will be better than any other city supply
in California shown.

Hardness may be partly removed from water in modern purifiecation
plants. At Columbus, Ohio, water with average hardness of 272 parts
per million was reduced to 97 parts at a cost of treatment of 2.45
cents per 1,000 gallons, (Proceedings of American Society of Civil
Engineers, February, 1928.)

One of the needs of California today is a fresh water reservoir
around which factories ean be located with assurance of a permanent
supply of pure water. Probably no single accomplishment in the
construction program now under diseussion will do more toward the
general progress of the state More factories mean greater population
and more loeal markets for agricultural produce and amelioration of
the general level of prosperity of the state.

A salt water barrier at San Pablo or Army Point will remove the
obstacle now deterring the location of new industries in this region.
It will remove the cause of added expense to the present plants and
will encourage their more rapid growth.

Besides great quantities of water, large industries require cheap
power, efficient transportation facilities, both by rail and water, and
a good climate attractive to labor. The lower river and upper bay
region lack only water., The salt water barrier will supply this single
deficiency. If the barrier 1s not built, California, without doubt,
will lose many important factories.

Shippmg Intcrests San Francisco Bay and the rivers drained
through Carquinez Strait are used by hoats engaged in river and
bay traffic as well as occan-going vessels At the present time there
15 a large amount of river and bay traffic between Stockton, Sacra-
mento and numerous delta landings and the ecitles around the bay.
During parts of the year the river traffic extends beyond Sacramento
and upstream from Stockton Ocean-going vessels land at Carguinez
Strait points, Bay Point, Pittshurg and intermediate ports. Traffic
by water is on the icrease.

Tables 6, 7 and 8, in this report, give the tonnage and value of
freight carried by water.
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Projects for the improvement of navigation above Carquinez Strait
have been approved by congress and the work of acquiring rights of
way in preparation for dredging is nearly completed. Tiwo projects
have been approved: First, the dredging of the channel through Suisun
Bay to provide 26 feet of water for navigation purposes through this
bay, and second, the Stockton deep channel which will provide 26 feet
of water to Stockton.

Projects for deepening and regulating water depths for Sacramento
River navigation are under consideration. A system of dams for
controlling levels at low flow has been proposed, though not yet adopted
by act of congress. The present project provides 7 feet of water to
Sacramento, 4 feet to (Colusa, and with provision for 3 feet as far
upstream as Chico Landing. Practical navigation upon the upper San
Joaquin is now limited to the head of tide water, though if the project
of the state for canalization of the San Joaquin under the ‘‘ Coordinatec
plan tor development of water resources’ is carried out, navigation
will be practical to points far above any places recently reached by
boats

Water transportation is available to all of the islands and reclaimed
lands in the delta region, and nearly all of the agricultural produce
grown in this eountry is shipped to market by boat

Tides, currents and salt water phenomena in the upper bay and
lower river region are mmportant to shipping interests for several
reasons: First and foremost 1s the fact that the presence of <alt water
has retarded growth and, if continued. will deerease the agricultural
produetivity of this region Second, and no less important to shipping
interests, is the fact that the mdustrial region along Suisun Bay and
Carquinez Strait 18 held back in 1ts natural growth by the menace of
salt water. The water-carried tonnage in and out of this industrial
area is large and is on the increase The eompletion of the deep
water channel will give a stimulus to commerce by water.

The natural result of a salt water barrier would be to inerease very
rapidly the industrial territory and there would be, 1n consequence,
much more freight to be moved, a larger population to he served, and
a tremendous inerease in shipping. The effect will be noticeable on
both bay and river boats and upon ocean-going traffie.

The plans for a salt water barrier provide for locks so that vessels may
have uninterrupted access to the fresh water basin above the barrier.
As diseussed later. the Youne report considers thoroughly the shipping
business and the plans provide for locks of at least two sizes—one for
small vessels and the second for large vessels. Locks are designed to
provide for future inerease in traffic. both in size and amount of
traffic and depth of drafts.

Tides and currents now cause a loss of time to the shipping interests
and necessitate special provisions and greater care in the handling
of vessels, particularly in the rapid currents in the Carqguinez Strait
region. A barrier will provide for a constant water level above the
structure exeept during periods of flood. which will reduce the currents
10 one direection only, and that downstream. and will facilitate the
movement of vessels by reducing the time now consumed by bucking
adverse currents. The ahility to dock without ecurrents is an additional
value to ships.



— 137 —

It is generally agreed by navigation interests that there is some
benefit in sea-gomg vessels docking in fresh water, in the destruction
of growths of salt water which cling to the bottoms of the vessels and
reduce their speed Ocean-going shipping entering the fresh water
basin above the barrier will have the benefit of this condition,

Sediment carried by the river waters into Suisun and San Pablo bays
adds to the difficulties of navigation and causes annual expenses in
its removal. Debris from hydraulic mining 1s one of the principal
sources of such hindrances to navigation. The rivers which enter
Suisun Bay bring to salt water each year a portion of the debris
deposited mn stream channels 1n years of unrestricted mining. From
the best information available, it 1s probable that the peak of move-
ment of debris has passed out of the rivers and is moving through
Suisun and San Pablo bays en route to the ocean.

What effect the salt water barrier will have on the movement is
important from the standpoint of navigation interests. Studies which
furnish information on the problem have been made several times in
the past twenty-five years. The brief statement below disscusses these
mvestigations.

In 1906 the writer, then in the employ of the United States Reclama-
tion Service, anade a study of the sediment carried by many important
streams 1n the west The results are in part published in Water
Supply Papers Nos. 274 and 237. The investigation had in part the
determination of the amount of sediment carried in streams that might
be lodged in storage reservoirs. At the time this study was under-
taken, experimental work was carried on to determine methods of field
and labhoratory work., Sampling apparatus was designed and tested
to permit the collection of samples at any depth. The use of this
apparatus indicated that the problem resolved itself in two phases—
suspended silt and sand rolled along the bottom. The suspended silt was
found to be very fine and to remain in suspension a long time. Tt is
moved as the water moves and in the tidal portions of the stream
remains in suspension during the tidal niovements,

Samples collected daily during 1906, a 125 per cent run-off year with
heavy floods, gave an average silt content (weighed for flow) of 64.5
parts per million by weight or, for silt weighing 80 pounds per cubic
foot. 0.081 cubic yards per acre-foot. In 1908, a 67 per cent run-off
vear, the average silt content was 85 parts per million by weight or
0.106 cubie vards per acre foot. The total suspended silt in 1906
was 2.300.00 cubie yards; in 1908 it was 1,550,000 cubic yards.

The greater part of this material continues in suspension until the
bay 15 reached, where slow currents permit a part of it to drop to
the bottom. Flocculation from salt water to some extent encourages
the deposition.

A salt water barrier will have the effect of improving conditions as
affected by the deposition of the suspended silt. ¥resh water above
the barrier will remove the effect of salt water flocculation above the
structure and there will be a greater tendency for the silt to be carried
lower than under present conditions. As it 18 now, the floceulation
commences in Suisun Bay or at the first point where fresh water and
calt water mix. Bighty per cent of the sediment is carried in the flood
months, at times when the barrier gates will be opened and the current
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above the barrier is highest. In these periods the tendency will he for
sediment to be earried through the barrier with less deposition in
Suisun Bay than under natural conditions. '

Below the barrier, where fresh and salt water mix, there will be
the same tendency for deposition and floecculation that now exists, the
only important difference being the decreased tidal movements due
to the barrier. There is no reason to expect any great change in
conditions from those now found Sediment moves to a large extent
in flood periods, so thal any accumulations which are deposited in
low flow periods or in years of light run-off are swept away in flood
vears. Fine sediment which enters the streams probably will not
greatly change in amount in future years, as the fine materials originat-
g 1n former hydraulic mining operations are on the decrease. Storage
reservoirs on the headwaters will tend to trap sediment and further
reduce the load that will arrive at tide waters. On the whole, the
barrier will probably benefit rather than harm the navigation interests
so far as it affects suspended silt.

Sand and coarse debris rolled along the stream bottom make up an
important but unknown part of the total stream load of sediment.
Estimates by the writer, made in 1905, indicated that the equivalent of
from 10 to 20 per cent of the suspended load was carried along the
bottom. In a recent study of silt in the Colorado River (U. S. Dept. of
Agriculture Technical Bulletin No. 67), the estimate is made that in
that stream 80 per cent of the silt is in suspension and 20 per cent
carried as bed load. Though the actual quantity may be in doubt,
there is no question but that the stream bed at Sacramento and below
has been lowering in recent years—an indication that the burden of
debris from the old hydraulic mines is decreasing.

Sand and gravel along the stream bed do not move at ordinary flows
but only when the stream is in flood. The barrier, therefor, will have
little or no retarding effect upon the movement of sediment carried
along the bed, for in times of flood the flow in all practical consideration
will be unobstructed and the downstream velocity wil be practically the
same as without the barrier. The bed load will move as it now does,
or at least will move as it would if the barrier were not present.

Structures in Water. The teredo and other varieties of marine life
which destroy wood have been noticeably active in San Francisco Bay
and adjoining waters since about 1914. Prior to that time all wharves,
docks and other structures in water in the upper bay country were
built of untreated piles and the lives of the structures were very long.
About 1914 the teredo became active and in the dry years which fol-
lowed 1917 practically all wood structures in water below Antioch were
destroyed. The Marine Piling Committee estimates that $25,000,000
damage was done in this period. Of this sum several million dollars
represent damage in the territory upstream from Richmond. Here the
invasion of the teredo is encouraged on account of the encroachment of
salt water. In earlier periods fresh water was present each year long
enough to prevent wood-destroying animals establishing themselves.

Many of these structures have not yet been replaced. Those which
have been replaced have been largely of creosote or other treated piling
at an addiiional cost over untreated timber. No form of treatment
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gives permanent protection but reduces the activities of boring animals
and lengthens the life of timber.

The cost of structures built of timber is, therefore, greatly inereased
over what it was prior to the invasion of salt water in the upper bay.
Where concrete is used an additional increase in cost also occurs, for
concrete to be placed in sea water has to be of much better quality that
conerete suitable for fresh water conditions. The ordinary mix of
concrete for sea water contains approximately two-thirds of a barrel of
cement per cubic yard in excess of that considered good quality for
fresh water conditions. On this account alone concrete work costs at
least $2 00 a yard more due to the salt water invasion.

Under the present conditions, all future structures to be erected in
this region must be built to resist teredo and other boring animals and
salt water. The increased cost of wharves, docks, bulkheads, and all
similar structures in water, will approximate 20 to 25 per cent more
that if fresh water were present. The construction of a barrier to
prevent the encroachment of salt water will greatly simplify such con-
struction work and will reduce the cost under present conditions.

Corrosion of Pumps, Piping and Equipment from Salt Water. Steel
and iron are corroded more rapidly in brackish or salt water than in
fresh water. Experiments indicate that unpainted steel or iron lasts
from two to ten times as long as fresh water as in brackish or salt water.
This means that all gates. pipes, pumps and other parts of struetures
in water, or in industrial establishments where water is used, must be
pointed frequently or they will corrode more rapidly, require more
frequent replacement, and cost more to operate than where fresh water
is present. In the large industries, such as oil refineries, steel mills and
plants where large amounts of cooling water are used, this becomes a
very important faetor.

Accurate estimates of the cost of salt water due to corrosion alone are
difficult to make. Mr. C. W. Schedler, of the Great Western Electro
Chemical Company of Pittsburg, California, estimates that there is a
minimum of three million dollars’ worth of equipment located in the
plants between Crockett and Antioch being seriously depreciated by
the presence of salt water. The normal life of this equipment is twenty
years, or a depreciation of $150,000 a year. Mr. Schedler estimates
that the salt water conditions of 1924 caused a depreciation twice as
fast as ordinarily. The loss between Crockett and Antioch in that
year is a cash loss of $150,000.

Conditions nearly as bad as 1924, so far as these industries are con-
cerned, oceurred in 1920 and again in 1926, and in each of the years
between there is some increase in corrosion from salt water. Conditions
m the fulure offer little promise of immprovement, and the probability
is that unless a barrier is constructed the present industrial plants
alone, without consideration of future extensions or new plants, will
suffer an annual loss from salt water in excess of that experienced
in the past.

Estimates by the writer in the territory from Oleum to Antioch, on
both sides of the channel, indicate a loss from salt water corrision in
execess of that made by Mr. Schedler. The writer is of the opinion that
the average annual loss approximates $300,000 a year in the plants now
operating.
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Railroads. The natural and most feasible direction of travel north
to south is across Carquinez Strait for both vehieular and rail traffie.
At the present time all railroad transportation is handled by boats.
Four lines of boats carry freight and passengers across this waterway.
A year ago the first bridge was built—that across Carquinez Strait—for
vehicular traffic only.

The Southern Pacific Company. the greatest railroad system in Cali-
fornia, has studied a plan of bmdging Carquinez Strait for many years.
It is understood that a more active study of this problem is now going
on than in any time in the past, and that prospeects are good for the
railroad to carry out such a development.

The San Francisco-Sacramento Railroad, which crosses the channel
near the upper end of Suisun Bay, at one time acquired a permit to
build a bridge at this point. The traffic carried by the company did
not warrant such a heavy expenditure at that time, but recently the
control of this road has been acquired by the Western Pacific Railroad
Company, and it is likely that a large development of this transportation
company will take place in the near future.

Any barrier built to hold back tide water can be easily arranged to
act as a bridge for rail and vehicular traffic. In the Young report, a
part of which is quoted later, estimates of the cost of providing such
a barrier with a bridge are given

Two applications have heen recently filed with the county board of
supervisors of Contra Costa County for a bridge permit across the bay
region in the neighborhoond of Richmond, the estimated costs being from
$9,000,000 to nearly $20,000.000.

Should the barrier he built at San Pablo Point, it can serve there all
present and probably future transportation needs A barrier in Car-
quinez Straits, either at Army Point or Dillon Point, will be available
for rail transportation, and when the present bridge facilities are out-
grown it may be used for vehicular traffic

Mr. Herbert Benjamin, of the Southern Pacific Company, stated
before the Joint Legislative Commuttee on April 16, 1928, that his
company had made plans for a bridge between Bulls Head and Army
Point, and that the cost, including approaches, was estimated to be less
than $10,000,000. The bridge was designed to give clearance of 70
feet. Application for permit had not been formally made to the War
Department.

The site selected for this bridge is one of the sites investigated by
Young, and any bridge built for the railroad would prevent its use as
a site for a salt water barrier It is highly advisable that full consid-
eration be given of the barrier problem before any bridge permit is let
for this location The barrier can be made to serve as a bridge and the
advantages of the double use are apparent If the barrier is built to
accommodate both rail and vehicular traffic and a proper allowance
made for this serviee, the net cost to other interests can be lowered.
This phase of the question is discussed later in this report.

Ferries. The ferry from Benicia to Port Costa, now operated to care
for vehicles, could he replaced by a barrier at Army Point or Dillon
Point. The ferry now operating from Riechmond to Point San Quentin
could readily be replaced by a barrier at San Pablo Point. This slow
method of crossing the water barrier can be replaced by a modern
bridge, with little delay in traffic and with cost not greater than the
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present ferry charges. The automobile registration in California is on
the increase and travel across the straits will be greatly stimulated by
a bridge. There is no certain method of determining this quantity.

Local Shipping. The tonnage and value of local shipping on the
Sacramento and San Joaquin rivers are given in attached tables. It
will be seen that there has been a nearly eonstant increase in freight,
except during the period of, and following, the World War. At present
2.100,000 tons, of a value of $140,000,000, are carried yearly.

The increase in shipping which will follow the construection of a
barrier against salt water will benefit local shipping. As shown else-
where, the advantages of the barrier will offset the disadvantages, and
on the whole greatly benefit shipping.

Ocean-borne Traffic. Ocean borne traffic is varied. though lumber
and petroleum products make up the greater part of the business. The
tables attached show the volume of business in Suisun Bay to be about
2,500,000 tons, valued at over $40.000,000; for Carquinez Straits 4,000,-
000 to 5,000,000 tomns, valued at $100,000,000 to $150,000,000; San
Pablo Bay, 4,000,000 tons, valued at over $60,000,000.

Inereases in ocean-borne traffic will follow th2 building of a barrier
and completion of a deep-water channel to Stockion. The stimulation
to industrial production will greatly increase traffic for all classes of
vessels. Ocean shipping will benefit by the ability to dock in fresh
water without the menace now caused by tidal currents. Fresh water
tends to cleanse ocean vessels of growths which retard movement.

The menace to shipping in passing through locks is so small that no
additional insurance is charged to vessels which use locks. The safe-
guards to navigation, now provided around locks, greatly reduce the
danger in using them. Periods of fog are the times of greatest diffi-
culty. The removal of ferry traffic across the straits at Benicia will
probably offset the dangers due to navigating through locks in foggy
weather. '

SOLUTIONS OF THE SALT WATER PROBLEM

Several solutions of the salt water problems may be suggested:

1. Salt water barrier.

2. Storage and release.

3. Fresh water brought in by conduits or pipes

The first is the only complete and the most satisfactory method of
solving the problem The Young report best describes the barrier and
its effects upon the territory.

The Young Report. Mr Walker R Young, Construction Engineer,
U. S Bureau of Reclamation, has written a ‘‘Report on Salt Water
Barrier—California, Below the Confluence of Sacramento and San
Joaquin Rivers.”” This report is dated August 27, 1927, and was made
by the U. 8. Bureau of Reclamation in cooperation with the California
State Department of Public Works, Division of Engineering and Irri-
gation, and Sacramento Development Association.

The report consists of a volume of 405 pages of discussion and deserip-
tive matter, a volume of 592 pages of exhibits and tabulations, a
portfolio volume of drawings and diagrams, and three volumes giving
records of borings at various sites. The work deseribed in these vol-
umes extended over a period in excess of three years, or from January,
1924, to the date of completion.
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A large amount of field work was done as a basis for office studies.
The investigations inelude all problems that affect the construction or
operation of the structure.

In his report Mr. Young describes in detail the various investigations
he has made concerning the salt water problem. He presents sixteen
preliminary designs and estimates with three alternatives ‘‘in order
that they may be readily available in the economic study which is con-
sidered mnecessary in the final determination of the feasibility of the
barrier.”” He made ‘“no attempt to study the economic aspect of the
problem other than to enumerate the advantages and disadvantages,
as such a study was not considered within the scope of this (his)
report.”” The report, therefore, is an engineering study of the barrier
so far as concerns its physical feasibility.

The report determines what kind of a barrier should be built to
accomplish its purpose, and presents a large amount of data to show
its bearing upon various activities which will be affected by it. Four
sites were investigated and the merits and ohjections to each are set
forth in detail, but no final recommendation as to a site is made.

The following quotation from this report gives in condensed form
the essentials included therein:

“SUMMARY OF RESULTS

‘““General. The studies made lead to the conclusion that it is phuysi-
cally feasible to construet a salt water harrier at anv one of the
sites investigated, but at great expense; and that it will be effective in
controlling the salinity of the reservoir impounded above it. Not only
will it protect the delta and industrial plants along the shores of the
bays. but its construction will result in the conservation of a large part
of the fresh water required to act as a natural barrier against invasion
of water under present conditions.

‘““Without the barrier, salinity conditions will become more acute
unless mountain storage is provided to be released during periods of
low river diseharge to act as a natural barrier against invasion of salt
water. The amount estimated as necessary to act as a natural barrier
was in excess of the flow in the Sacramento River above Red Bluff in
1924, and Red Bluff is located above the points of diversion of water
used in irrigating the Sacramento Valley.

““The sites selected for development by drilling are considered geo-
logically satisfactory for the type of structure proposed. Although
preliminary designs and estimates are presented for four sites, there
are only two general plans involved. A barrier, if constructed at the
Army Point, Benicia, or Dillon Point site, would create a body of fresh
water in Suisun Bay and in the delta channels, while a barrier at the
Point San Pablo site would include San Pablo Bay as well.

“Type of Dam Proposed. The type of strueture to which principal
consideration is given is one in which the ship locks and flood gates are
located at one S1de upon rock foundations, the closure of the present
waterway being effected by means of an earth and rock fill dam to be
brought up to its designed height after completion of the ship locks
and flood gate structure. In another type studied the flood gates form
the closure between conerete piers sunk to bed rock foundations in the
present waterway by the open caisson method. Both types have been
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designed with and without provision for carrying a railroad and
highway.

‘‘The passage of floods is probably the most important problem since
it involves the safety of the deltadevee system. It would be desirable,
if practicable, to provide gate area equivalent to, or slightly in excess
of, the present waterway area in order that conditions of flow might
remain unchanged. but the aceomplishment of this plan would be very
costly, if not altogether infeasible.

““In the design of the structure, advantage is taken of the difference
in the elevation of water surface which it is possible to create above
and below the barrier to discharge flood water. On account of the
fluctuating head, resulting from tides on the downstream side, the
discharge through the flood gates will vary from a maximum at low
tide to a minimum at high tide, The reservoir above the barrier,
therefore, will function as a basin in which the river discharge in excess
of the flow through the flond gates at high tide is stored to be dis-
charged at a rate in excess of the river discharge during low tide.

““The flood gates are of the Stoncy roller type with sills depressed
to 50 or 70 feet below sea level in order better to control the salinity
of the water behind the barrier as explained in Chapter IX. In
operation, the gates would be raised clear of the water surface as
required to allow free passage of the floods. As the flood receded the
gates would be lowered. one at a time, as necessary to maintain the
water surface above the barrier at any predetermined elevation.

““The requirements for passing vessels through the barrier is an
important consideration irrespective of where it might be located, but
particularly, 1f located below Mare Island Navy Yard. In the designs
proposed, ship locks have been provided in number to care for consid-
erable growth in water-borne commerce. and in size to pass the largest
ships likely to navigate the waters above the barrier.

“In some of the designs for the Army Point site, the ship locks
would be construclied away from the flood gates, which, of course,
would be advantageous for shipping during the passage of great floods
from the rivers, but these are rare and considerable study would be
required before it could be determined whether the advantage thus
gained would offset the advantage of having the large salt water sump
adjacent to the ship locks where the salt water entering the fresh water
reservoir through the locks could be eaught and returned to the salt
water side. It i~ possible that the design with the ship locks and flood
gates separated would be even more efficient in controlling salimty, but
this is doubtful. The plan at the Army Point site in which the strue-
tures are separated interferes least with the plant of the Mountain
Copper Company and results in economy otherwise.

‘“In the designs including a railroad and highway bridge across the
locks these have been placed at an elevation to permit a large propor-
tion of vessels using the locless to pass underneath without opening or
lifting the bridges. In one design at the Dillon Point site, the clear-
ance is made sufficient to pass large ships without the necessity of
moving bridges. Adequate clearance will be more important 25 years
hence than at present on account of the increase to be expected in
commerce.
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““A fish ladder is provided in one of the ship lock walls and provision
is made for relieving salinity above the barrier by pumping salt water
from that side in an emergency. The design of the structure is dis-
cussed in Chapter IV. ’

“Estimated Cost. Following is a table showing the estimated cost
of the barrier at each of the sites investigated. It should be noted,
particularly, that the estimates for the Benicia site are based upon
assumed foundation conditions sinece the site was not developed by
drilling as were the other three sites. No attempt will be made to
analyze the costs, as such an analysis would be quite involved and of
no particular value. Conclusions as to the desirable plan can be
arrived at best by balancing the estimated costs against the features of
the design as shown on the general plans referred to in the table, and
to other drawings contained in Volume 1V, Estimate No. 13 is unique
1n that Carquinez Straits, for its full width, is taken advantage of in
providing an extra large flood gate area, and the railroad and highway
bridges are placed at the elevation required to avoid the necessity of
hfting bridges to allow the passage of vessels.

““The preliminary estimates are believed to be conservative. Refine-
ments in the final designs will undoubtedly result in reduetion of
quantities. All construction materials are readily available in large
quantities and can he brought to any of the sites investigated by rail or
water. Large manufacturing plants, foundries and machine shops are
located nearby, all tending toward low unit costs. The estimates of —
cost are based upon present prices of material and labor. Should these
change materially it will. of course, be necessary to make adjustments
in the estimates.

““The benefits to be derived from the construction of the barrier are
believed to be commensurate with the cost but an economic study of
the situation must precede the adjustment of the cost of the barrier
for the reason that so many interests will he direetly affected—Dbene-
ficially or otherwise. The true value of the project can be determined
and a decision reached as to who should contribute to the cost thereof
only after such a study has been completed.

“Tides and Floods. The most critical condition to be met is a com-
bination of a large flood from the rivers, a storm on the ocean tending
to pile up the water driven through the Golden Gate in the bays, and
an unusually high tide. An analysis of past floods leads to the con
clusion that provision should be made for the passage through the
barrier of not less than 150,000 second-feet.

‘‘ According to computations made the effect of a barrier of the type
proposed at the Army Point site would be to raise the water surface
immediately above the structure 0.7 of a foot with a discharge of
750,000 second-feet. The etfect wonld be felt less at the mouth of the
rivers as a result of the smoothing out of irregularities by the reservoir
created. The studies indicate that if a 750,000 second-foot flood from
the rivers should coincide with a tide reaching the maximum height
records at Army Point in 1909, but otherwise similar to the high
tides of January 24 and 25, 1914, the elevation of extreme high water
(8.5 feet above mean sea level) at Collinsville, ecomputed by the
flood control bodies of the state, would not be exceeded.
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‘Tt is probable that the rise in water surface at Collinsville, due to
a barrier at the Point San Pablo site with equivalent gate area, would
be less than if located at the Army Point site, but it would not be safe
to reduce the gate area at Point San Pablo for the reason that extreme
tides through the Golden Gate are more effective near the gate as evi-
denced by the fact that the tide of November 18, 1918, at Presidio, was
0.7 feet higher than that of January 25, 1914, at which time the maxi-
mum elevation of water surface at Suisun City was reached.

‘“At the Army Point and Dillon Point sites the ship locks are con-
sidered effective in passing extremely large floods, but they ire not
considered available at the Point San Pablo site because of the greater
necessity for keeping the locks open to navigation at that site, even
during great floods.

““The effect of a barrier at the Army Point site would be to reduce
the tidal volume passing the Golden Gate by less than 8 per cent in
comparison with about 35 per cent if it were built at the Point San
Pablo site. The oceurrence of frequent high tides in the bays due to
piling up of water in them as a result of storms on the ocean would be
to elimininate through construction of a barrier at any one of the
sites investigated. The effect on the elevations of tides below the
structure would be to raise them shghtly aceording to the U. S, Coast
and Geodetic Survey

“Navigation and Bridge Traffic. Any plan for the control of salinity
involving the construction of a dam across the bay or river channels
must be coordinated with the requirements of navigation,

‘“‘Ship locks are provided in number and size to meet the require-
ments of the present and immediate future. Provision for ultimate
traffic at the time the barrier is constructed does not seem necessary
since flood control on the upper rivers will improve to permit the
replacement of flood gates by ship locks as the need for them develops.
A summary of the operation as 1t would have oceurred on July 6 and
7, 1925, is shown in Table 6-33.

““ Although railroad and highwayv bridges are contemplated in most
of the designs they are not regarded as indispensable and are omitted
in some antieipation of indifterence on the part of railroad and high-
way interests toward the opportunities afforded by the barrier. In
the studies made it is considered that traffic over them is subject at all
times to the convenience of navigation. The bridges are designed to
give a vertical channel of 50 feet above high water when in the lowered
position and 135 feet when raised. The interruptions to bridge traffie,
as they would have been on July 6 and 7, 1925, are summarized in
Table 6-40.

““An examination of Plates 2-3 and 2-4, showing depths in San
Pablo and Suisun bays, will indicate the limitations placed upon com-
merce under present tidal conditions. If the elevation of the water
surface above the barrier were maintained at about 21 feet above mean
sea level, a constant depth equivalent to that at mean high tide under
present conditions, would he obtained Uneertain and varying tidal
currents would be eliminated above the barrier and they would be
reduced in velocity below. The mammtenance of a permanent water
level would not only be convenient for navigators, but would be a
material benefit to owners of wharf property above the barrier.
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“‘The farther downstream the barrier is located the more it will
interfere with shipping. Locking requirements can be satisfied with
least expense at the Army Point site and conditions are most unfavor-
able at the Point San Pablo site,

‘‘The construction of a barrier at the Point San Pablo site probably
would be looked upen with disfavor by the Navy Department for the
reason that it would restrict free navigation through San Pablo Bay
to the Mare Island Navy Yard by the necessity of passing war vessels
through ship locks. This objection does not apply to the Dillon Point,
Benicid or Army Point sites.

‘““Storage in the Delta Channels and Bays. For convenience the cal-
culated storage in the tidal prism ahove each harrier site. between eleva-
tions—38.6 and-}-6.4 U. S. G. S. Datum (0 and 10, U. S. Engineer
Datum) has been summarized in Table 7-2, Volume II.

““8ilt. The problem has been attacked with the idea that any strue-
ture that would be detrimental to San Francisco Harbor would be
looked upon with disfavor by those in jurisdiction. The investigation
has not definitely determined the effect of a barrier upon silting. Con-
clusions must, therefore, take the formn of conjecture until studies more
comprehensive than it was possible to make in this investigation have
been completed.

‘‘The construction of a barrier at any omne of the sites investigated
may possibly have a beneficial effect upon the Golden Gate bar rather
than detrimental. The movement of silt toward San Francisco Bay
will be checked by the construction of a barrier at Army Point, Benicia,
or Dillon Point. A beneficial effect upon the Pinole Shoal will result
through the construction of a barrier at Army Point or Point San
Pablo. The effect upon Pinole Shoal of a barrier at Dillon Point is at
present indeterminate, as is also the effect on silting in San Francisco
Bay of a barrier at Point San Pablo.

‘‘Whether the scouring action of the tidal current tends to maintain
or destroy fixed channels in the bay system remains to be determined.
Should shoaling occur it will he comparatively small in amount and the
channels can readily be maintained by dredging, perhaps with less
effort and expense than without the barrier. Dredged material pumped
into the marshes would build them up and improve their fertility.

““Salintty. In years of normal river discharge there is no salinity
problem in the delta. It is menacing for a few days in the fall only but,
considering the marshes surrounding the upper bays and the towns
and industrial plants along their shores, the encroachment of salt water
presents a serious problem almost every year.

““Conflict between irrigation interests in the upper valleys and in the
delta region never will occur in years of large run-off for the reason
that in the development of storage the construction of expensive reser-
voirs to hold the excessive run-off from the drainage area, oeccurring
only once in a number of years, will not be practicable even though
sufficient reservoir sites in which to store all of the run-off were
available.

““The introduction of salt water into the fresh water lake through
the ship locks can not be prevented but means are provided for drawing
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off this salt water and thereby controlling the salinity of the water
up-stream from the barrier.

‘‘Leakage of salt water past the flood gates, although comparatively
small in amount, can be prevented by maintaining the water surface
above the barrier at a higher elevation than below.

‘‘Deep gates, opening from the bottom, are essential to the success-
ful operation of the barrier for dependence is placed upon them as a
means of drawing off the heavier salt water which seeks the deep holes
and channels, and for flushing out the reservoir above the barrier.

““Unless fresh water is available for occasional flushing, the reservoir
above the barrier will gradually become salty. Flushing can be accom-
plished quite readily if water is available for that purpose. The studies
of water supply, although based on meager data, indicate that in normal
years there will be from eleven to twelve million acre-feet available for
that purpose. In years of deficient water supply there will be little, if
any, fresh water available for flushing and the reservoir above the
barrier may have to hold over one or more years without flushing.

““Return Flow. Return flow will increase with irrigation develop-
ment in the upper valleys with the result that the salt menace in the
delta will be alleviated; but, even though the return flow should
inerease to the 3500 second-feet estimated to be sufficient to act as a
natural barrier against encroachment of salt water, the demand for
water will be such that it could not be used for that purpose unless it
is replaced by water from mountain storage.

““Control of Salinity by Storage in Mountain Reservoirs. Salinity in
the delta can be controlled through construction of storage reservoirs
in the mountains from which water could be released during the season
of low river discharge in the amount necessary to act as a natural
barrier against invasions of salt water. Mountain storage would be a
temporary expedient for the reason that, ultimately, there will be use
for all of the available flow from the rivers, and the discharge into
Suisun Bay and thence to the ocean, of water sufficient to act as a
natural barrier against salt, would be an economic waste. However,
storage created in mountain reservoirs constructed mainly for other
purposes might be used for some time to control the salinity in the
upper bays and delta channels during development of the requirement
for full use of the reservoirs for the purpose for which they were pri-
marily constructed, thus deferring the large investment in the salt
water barrier.

““Teredo. The factor of salinity is one of fundamental importance
in the distribution of teredo. The average lethal salinity for teredo
navalis, the species to be feared most in the upper bays, has been
determined experimentally as 5 parts per 1000; therefore, if the water
above the barrier is maintained at a concentration below the Limit for
irrigation use teredo can not exist there.

““Fish. Fishing industries above the barrvier, if constructed, should
not suffer for the reason that, even though the fish ladder, which is an
integral part of the struecture, should fail to function, the fish would
not he prevented from entering the fresh water reservoir because they
would have free access to it through the ship locks which, under normal
conditions, would be operated many times throughout each day and

night.
19 app—67182
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““8ewage. No investigation was made of the effect of the barrier
upon sewage, but from investigations made elsewhere it appears that
fresh water will be better adapted for receiving sewage than either salt
or brackish water since, gallon for gallon. fresh water disposed in a
normal manner of more sewage than salt water. It will be best, in this
respect, to keep the water above the barrier fresh because the inter-
mittent admission of salt water interferes with bacterial, animal and
vegetable growths that effectively aid in taking care of and digesting
sewage.

“Use of Water in Operation of {he Barrier. The seven main sources
of loss of fresh water accompanying the operation of the barrier are
evaporation from the water surface of the reservoir created; water
required for the operation of the ship locks; leakage around the flood
gates; water used in operating the fish ladder; and water to supply the
requirements of industries, municipalities and possibly irrigation.
With the exception of losses past the flood gates and through the fish
ladder, which are constant for the same type of structure, the losses
increase as the barrier is moved downstream and this factor has an
important bearing upon the selection of a site.

““Owing to the increasing difficulty of maintaining the reservoir
created by the barrier free from salt water as the water surface is per-
mitted to fall, and because of navigation requirements, it probably will
not be advisable to allow the water surface to fall below mean sea
level. Likewise, because of the nature of the delta levees and the cost
of drainage in that region by pumping, the ultimate maximum allow-
able water surface for periods of several months’ duration may be fixed
at 4.0 feet above mean sea level, although later developments may
show that this maximum storage level can be increased to 5.0 feet.

‘It is not necessary to decide at this time at what elevation the water
surface above the barrier should be maintained. To begin with, it
should be held at, or a little below, ordinary high tide level. As time
goes on the elevation may be raised as experience dictates.

‘““Water drawn from the fresh water lake for irrigation, domestic
and industrial uses, as well as that required in the operation of the ship
locks, should be replenished from river flow or mountain storage with
the idea of maintaining a constant depth of water for the navigable
waterways effected by construction of the barrier. In years of extreme
low run-off the water surface could be drawn down to the elevation of
mean sea level, or possibly, in an emergeney, to the elevation of mean
lower water.

‘“As the water surface behind the barrier is lowered, the cost of
maintaining the Delta levee—not considering floods—should become
less; the cost of pumping water out of the lake for any use becomes
greater ; the cost of pumping seepage water would become less ; the diffi-
culties of keeping the lake fresh would increase; and the depth of
navigable channels affeeted would becouie less

‘‘Ship locks are provided in various sizes in order to economize on the
use of fresh water and to prevent entrance into the fresh water lake
of larger volumes of salt water than necessary by requiring vessels to
use the smallest lock which will accommodate them. Intermediate
lock gates are added for the same reason.
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‘‘Heconomy in the use of fresh water in the operation of the ship locks
can be effected through the adoption of lock gates divided horizontally
at a depth to allow a large portion of the vessels having a shallow craft
to pass through the locks without opening the lower half of the gates
and it is assumed that this type of construction will be adopted. It is
estimated that the resulting annual saving of fresh water, based on an
average daily traffic as it was on July 6-7, 1925, would be:

Army Point site- - ___ 173,000 acre-feet
Dillon Point site_____ . .__ 146,000 acre-feet
Point San Pablo site_____________________ 295,000 acre-feet

it being assumed that the water surface above the barrier would be
maintained at an elevation 2% feet above mean sea level.

““It will be necessary to flush the reservoir, preferably once each
vear, to rid it of aceumulations of brackish water resulting, principally,
through the inability to trap all of the salt water finding its way into
the fresh water reservoir from one source or another. The amount of
fresh water required can not be predicted with any degree of accuracy
but a study was made of the amount of fresh water available for the
operation of the barrier, based upon the assumption that storage in the
mountains was well developed. The study is based upon meager data
but the results are believed to be indicative.

“From Table 10-13, it is evident that if the maximum height of
water surface in the reservoir is restricted to 23 feet above mean sea
level, the water stored in the reservoir thus formed will not be suffi-
cient to operate the barrier at any of the three sites studied during the
irrigation season, even in years of heavy run-off, and it will be desirable,
therefore, to seek the highest practicable elevation at which to main-
tain the storage level.

““The shortage due to lack of reservoir capacity increases as the
barrier is moved downstream, although the capacity of the reservoir is
greater. This is principally due to the greater evaporation, and to the
larger requirements of navigation, industries and municipalities.

‘¢ As the storage elevation above the barrier is raised the amount of
water available for flushing in vears of low run-off is decreased.
According to Table 10-13, no water would be available in the season
1923-24 for flushing out the reservoir created through construection of
a barrier at the Point San Pablo site whether water were impounded
to elevation +4-2.5, 4+4.0 or -+-50. Tt appears that, in any case, there
would be no flushing water available in 1923-24 if water were stored
to elevation 4-5.0, although in a normal year there would be a large
amount available for flushing, regardless of where the barrier is con-
structed or of the elevation at which the water surface above the barrier
is maintained.

““If the above analysis is correct, it may be concluded that since one
of the principal objects of the salt water harrier is to conserve fresh
water, 1t will be desirable to maintain the largest practicable storage
capacity above the structure. Likewise, it is evident that the farther
downstream the location for the barrier is chosen the greater will be
the quantity of water required for operation, and the greater will be
the shortage during seasons of low run-off. Since the shortage must be
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supplied from mountain storage in order to maintain sufficient depth
for navigation, and to hold the water level at an elevation where the
reservoir will not be deluged with salt water whenever the ship locks
are opened, it is apparent that consideration of the necessity for con-
servation of water would require the selection of one of the upstream
sites—Army Point, Dillon Point or Benicia, if the latter, upon investiga-
tion, is found to be suitable structurally.”’

Discuss on of Youny's Report, The summary just given of Young's
report gives his main engineering conclusions. As will be seen, the
engineering conclusions are as follows:

1. The construction of a salt water barrier is feasible at either San
Pablo Point or at one of three sites near the upper end of Carquinez
Strait.

2. The barrier can be utilized for both rail and automobile traffic.

3. The cost will depend upon the method of construetion. A barrier
can be built at Army Point with bridge of 50-foot clearance for
$49,800,000 ; at Benicia for $46,200,000; at Dillon Point for $44.700.-
000; at Point San Pablo for $75,200,000.

4. The barrier will pass a flood of 750.000 second-feet (larger than
any flood measured into Suisun Bay) with an estimated raising of
water surface of 0.7 of a foot at the barrier, al. Army Point, and about
0.55 of a foot at Collinsville. Water levels in the delta under extreme
conditions are estimated to be below elevations of high water com-
puted by Flood Control Engineer of the state. With a barrier at Point
San Pablo, the raise in water level would be slightly less than at
Army Point.

5. The barrier would effectively handle both water transportation
through locks and bridge transportation,

6. The barrier would store fresh water and prevent the enecroach-
ment of salinity now taking place every summer.

7. The barrier will prevent teredo from working above its location.

8. The barrier can be operated so as not to be a detriment to the
fishing industry.

9. The elevation at which water is maintained above the barrier in
summer has not been determined. To begin with it should be held a
little below ordinary high tide. This point is discussed in more detail
in the following pages.

10. Young malkes no determination of the economic features of the
barrier, nor does he recommend a site.

Two things in connection with Young's conelusions may bhe given
further consideration: first, that return seepagze will increase in quan-
tity and ameliorate conditions in the delta. and. second, that water
from the Sacramento river may be temporarily carried across the delta
for use in the San Joaquin valley by releasing stored water and without
tne construction of the salt water barrier.

With reference to the first matter, 1t has been shown that return
seepage in the San Joaquin valley is being recaptured by the pumping
plants on the west side of the valley and there is now no benefit from
the return seepage to delta lands in late summer, There is no prospect
for increase in return flow, in fact the increase in pumping from wells
;11.11 over the valley and new pumps along the river will decrease that

ow.
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In the Sacramento valley similar conditions prevail. It is not certain
that return seepage on this stream has reached a maximum, because
a large area of land close to the river 1s not yet regularly irrigated.
When this land becomes more intensively farmed, it is to be expeeted
that 1t will utilize to a great extent this very return water and decrease
the net amount which reaches the tidal waters. Return flow, therefore,
cannot be depended upon, in either river, to improve salt water con-
ditions in the delta.

As to the second matter, it may be said that so long as the tide ebbs
and flows there will be the opportunity for salt water to penetrate the
delta, just as far or farther than was the case in dry years since 1917.
In 1920, 1924 and 1926, salt water went bevond Three Mile Slough,
the principal connection between the Sacramento and the San Joaquin
deltas. If water were drawn up the San Joaquin, there would be a
greater tendency for salt water to penetrate the delta and be drawn
southward. It should be remembered, too, that in dry years released
water from storage reservoirs is going to be very diffieult to deliver
past the large areas of riparian lands. The flow of the rivers will
undoubtedly be so low that tides will earry salt water beyond Three
Mile Slough. Certainly no dependence ean be placed upon this method
of carrying water across the delta. The barrier is essential to prevent
tidal movements and the encroachments of salt water.

ELEVATION OF WATER ABOVE BARRIER

Objection, from owners of delta land, has been raised to the proposal
by Young that levels above the barrier might eventually be raised
above mean high tide in order that more water might be stored for
use by the towns, irrigated area and industries around the lake above
the barrier.

Mr. G. A. Atherton, who is probably as thoroughly acquainted with
the delta region as any other person, is authority for the statement
that a level of 6.0 feet U. S. E. D. (or 24 U. S. G. 8§} continuously
maintained in summer months is as high as can be safely held against
the delta levees under present conditions. According to him, to carry
water higher would endanger the levees would increase seepage and
pumping, and therefore add greater maintenanece cost to the delta land
owner. It should be understood that Mr. Atherton has reference to
the delta lands where peat predominates.

The answer to this argument is that the delta lands will be sur-
rounded by salt water unless the barrvier is built, but the barrier ean,
and should, be operated so as to do no damage to these peat areas.

There is some uncertainty as to the exact difference hetween the
datum of the two surveys (U. S. G. S. and U. S. E D) and the level
of tide as indieated by tide tables. U. S. G. S. elevations refer to mean
sea level and are based upon a number of years of observation. U. S.
Ii. D. levels are based thenretically upon mean lower low water but
practically are taken as 3.6 feet lower than the U. 8. G. S. levels.
Tide gage levels are theoretically based upon mean lower low water
but practically are referred to the elevation of a point on the Presidio
tide gage staff in San Francisco. As near as can be determined, the
U. 8. E. D. and tide table datum planes are not the same, but the U. S.
E. D. datum is about 0.63 feet lower. This figure is not exact, how-
ever, and for practical purposes it may be assumed that the two are
the same. In the delta region the tidal range varies more in different
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parts of the delta than this variation between the two systems of
measurement,

If water is held at 6.0 U. S. E. D., it will be at less than high tide
in the central delta. Here the tide rises to over 7.0 feet two or three
times a year, and in times of southwest storms it has risen to over 8.0.
In 1907, during the flood, the elevation exceeded 10.3. With water
held at 6.0 there will be no menace to levees and comparatively little
inerease in pumping out of seepage water. Furthermore. this elevation
will permit the efficient operation of the barrier, for salt water is
higher than 6.0 at the Golden Gate less than one per cent of the time,
excluding storm and flood periods.

Any increase in height should be made only if it can be done without
menace to the island levees. In storm periods water will be held lower
than would naturally occur except 1n the most extreme floods. Reser-
voirs which have been construeted on mnearly all tributaries of the
Sacramento and San Joaquin rivers will undoubtedly have the effect
of reducing the peaks of floods, and there is little likelihood of a
repetition of the extremes experienced in 1907, at least such extremes
will occur less frequently.

On the whole, the delta lands will be better off with the barrier
than without it. The one factor of slightly increased pumping with
the summer level held at 6.0 will be more than overbalanced by the
freedom from the present menace of salt water.

SELECTION OF SITE FOR BARRIER

Mr. Young in his report sets forth the econditions surroundmg the
locations investigated as sites for the barrier. The following state-
ment compares the two locations—the three sites investigated near
the upper end of Carquinez Strait being treated as one:

Water Supply. 'Tables attached give the estimated quantities of
water required for all uses above the barrier. The quantities here
given are estimated uses when all area above the barrier is developed
and are liberal figures. with an allowance for flushing to remove salt
water let in by ship locks and leakage. The figures show that under
these conditions the requirements for the full year are:

Point San Pablo . ___________________________ 2.024.000 acre-feet
Army Point _______________ .~ 1.160.000 acre feet
Difference o e 804000 acre teet

TFor the irrigation period May to September, inclusive. the require-
nments are:

Point San Pablo . 1,236,000 acre-feet
Army Point - 638.000 acre-feet
Dufference oo 598.000 acre-feet

The large difference comes principally from the quantity of water
required to operate locks and the increased evaporation i the lower
site. In other words, from six to eight hundred thousand acre-feet are
requred to supply the additional unavoidable losses from evaporation
and ship lockages in San Pablo Bay.

In the matter of cost. Young’s estimates show for a barrier with 50
feet of clearance the following:

Point San Pablo . ______ o __ $75.200,000
Army Point __._______ e 49,800,000

Difference . _ $25,400,000
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The convenience to other interests is of great importance. The Mare
Island Navy Yard is loecated above Point San Pablo but below Car-
quinez Strait, naval officers will object to the barrier. On account of
the greater number of vessels which pass San Pablo than through the
upper end of Carquinez Strait, there will be less objection to the upper
site.

Barriers at both sites will serve as bridges. The San Pablo location
will replace a ferry now in operation—the upper site in Carquinez
Strait will serve both for rail and vehicular traffic and will replace
1wo ferries

The opportunity to combine the barrier with the Southern Pacific
railroad at Port Costa should not be overlooked. The railroad company
is contemplating the construetion of a bridge to replace the present
ferry. If the Army Point-Sunisun Point site is selected by the railroad,
the barrier can not be bwlt on this site. In some respeets this is the
most attractive site and until final determination is made of the loca-
tion, no permit should be given for a bridge across this place.

STORAGE AND RELEASE TO CONTROL SALT WATER

This method of solving the salt water problem has been suggested
m several recent publications of the Department of Public Works.
Examination in detail of the proposals shows that ‘‘salt water control’’
means the supplying of water of less than 100 parts chlorine per 100,000
to the delta lands Emmaton on the Sacramento and Jersey Island
on the San Joaquin arc the limits of control and no suggestion has
been made that it is practical to release water to supply Antioch or
any of the lower industrial area. This, in fact, leaves out of consider-
ation the area now most seriously damaged.

Studies by the Division of Water Rights based on records including
the year 1925 show that to control salinity below 100 parts chlorine
per 100.000, the combined flow of the Sacramento at Sacramento and
San Joaquin at Vernalis (both points about the head of tide water
in late summer) must exceed the following figures:

Cubic feet

For control at per second
FEmmaton and Jevsey I<land ______ . ____. 3500
Auntioch e 5000
Collinsville 5500
Qukland and Antioch ferry _ oo o G000

These quantities will depend to some extent upon the months pre-
ceding the period when control is desired and will, of course, vary
with the diversions below the points of measurement. Furthermore,
storage of water above tide level will affect the matter by limiting the
distance salt water is forced downstream by spring floods.

To effectively supply these quantities of water will require very
large storage capacity m dry yvears.

In 1924, ctorage in excess of a million acre-feet would have been
required to control salinity-at the Oakland and Antioch ferry and
370,000 2t TWmmaton and Jersey. In 1926 over 500,000 acre-feet
would ha= been required at the Oakland and Antioch ferry and
200,000 acre-feet at Emmaton and Jersey. Storage in large amount
would be needed about half the vears at Emmaton and Jersey and
every year for control at the Oakland and Antioch ferry.
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The above is under the assumption that storage and diversions in
these two vallevs do not increase A< shown earlier. this eondition
has already becn violated, for there has never been such increased
activity in building storage reservoirs as in the period sinee 1924,
Many reservoirs are planned for consiruction in the near future.
Furthermore, diversions increase every vear. Estimates of the quan-
tities required for storage control must therefore be continuously
revised upwards.

Release of stored water, to control salinity. will oceur in dry
parts of the year and to the greatest extent in dry years. To effectively
control the right of storage and release, all riparian owners below the
reservoir must agree to the arrangement As the law now stands, the
use of such a reservoir may be enjoined and it will be impossible to
prevent, except through litigation, the riparian owners from diverting
the released water. This difficulty can be removed by condemmation
of rights along the stream. The problem looks too large for human
aecomplishment in any reasonable time and at any reasonable cost.

To one acquainted with water problems in California, it does not
seem reasonable to expect that in the dry part of a dry year a flow
of 5000 or more feet per second would be allowed to pass pumps and
ditches, under which crops were suflering, in order that salt water
could be pushed back into the ocean.

As to the cost of storage reservoirs to accomplish the release for salt
control, there is little definite information which permits a comparison
of costs. The following statements are of some interest:

Kennett Reservoir is proposed by the State Department of Public
Works as a unit in the ‘‘Coordinated Plan.”” (See Bulletin 13, Depart-
ment of Public Works, 1928.) The recommended reservoir capacity is
2,940,000 acre-feet; the estimated cost of dam and rights of way is
$55,000,000; of power plant $25,000,000; a total of $30.000,000. With
allowances for prior rights, mean annual irrigation yield of reservoir
will be 2,838,000 acre-feet. In minmmum yvears the deficieney would be
large; 19 per cent in 1920, 42 per cent 1n 1924. If this reservoir were
depended upon for salinity control. the entire available supply would
be needed to eontrol salt water at the mouth of the river, leaving no
water for the area depending on this reservoir for irrigation. In other
words, the very year when the reservoir is most needed it would be of
little practical use. Furthermore, Kennett 1s not practicable unless
operated to generate electriec power. If the water is held and released
for salt water coutrol, the power value is greatly decreased.

Iron Canyon Reservoir is proposed as a seeondary unit in the ‘“ Coor-
dinated Plan.”’” (See Bulletin 13 of Department of Public Works.)
The recommended capacity is 1,121.900 acre-feet; the estimated cost of
dam and power plant is placed at $26.000,000; the canal system to
utilize this water is estimated at $30,000,000. The reservoir may be
utilized in controlling salinity. To quate from the above mentioned
report, page 115:

“‘Sacrificing the power features at Iron Canyon dam would, with
other construction unchanged with the exception of the arrangement of
outlets through the dam, supply a reserve storage of 361,600 acre-feet
of water in Iron Canyon Reservoir to overcome, or alleviate, the salt
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water menace in the delta region should such be desirable. Such use
is not advocated, but it is demonstrated that there are possibilities along
this line.”’

Should the irrigation feature likewise be disregarded, Iron Canyon
would provide a net annual irrigation draft of 800,000 acre-feet or just
about enough water to control salt water as low as the mouth of the
river—provided the water could be carried past head gates and pumps
on its way to tidal waters. Under this condition the power feature
would be sacrificed to a larger extent. It is difficult to picture a dry
year when water and power are both searce, in which it would be pos-
sible to release a large quantity of water, disregarding its best use for
power, and have the the riparian and appropriative users of water
along the hundred and fifty miles of the Sacramento River permit this
flow to pass by uninterrupted to tide water. The plan does not look
practieal.

Other reservoirs may be used for the same purpose, that of increasing
the flow to control salt water. For example, a reservoir on Feather
River has been suggested, another on the American at Folsom. Both
of these reservoirs will have value for power development and that value
will be greatly reduced if a large quantity of water is held for saline
control. The most practical suggestion:is in connection with a reservoir
on Dry Creek, north of the Mokelumne, the water to be diverted from
the Mokelumne River., The rights obtained by the East Bay Municipal
Utility District for storage in Liancha Plana Reservoir practically elimi-
nate thig reservoir from consideration.

In connection with the proposal for storage and release of water, it
should be remembered that the State Department of Engineering has
made the suggestion as a temporary expedient, with the espectation
that permanent relief would be brought about by the construetion of
the salt water barrier. This state of affairs would leave the delta lands
dependent on a temporary right to be replaced by a permanent right
which would be arranged for at some;later time. With the growing
condition of Cahfomla and the eertamtv that the temporary supply
will be invaded by increased diversions; this is a very precarious water
right, not one which will satisfy the delta land owners. Furthermore,
the plan does not consider users below the delta, either towns or indus-
tries.

New industries will not be attracted by any temporary improvement
in water conditions. Some permanent solution must be reached. It is
important to California to have the decision made at once so that the
great industrial expansion now going on can be located to a maximum
extent in this state.

WATER FROM OUTSIDE SOURCES

Water may be brought in from outside sources to supply the towns
and industries along the Straits and Suisun Bay. It is not likely that
the agricultural lands ean be reclaimed by any outside source of water
on aceount of the high cost. But for the uses of towns and factories it
is possible to secure outside water.

Under present conditions water can not be drawn at any point on
tide water without either running the risk of getting salt water or of
mnterfering with rights already vested. It may be possible to pump
during the fresh water period into reservoirs and to pipe the water thus
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stored along the waterfront, supplying both domestic and industrial
consumers. Reservoirs of good size are available in the Montezuma
hills north of Suisun Bay and a few small reservoirs are found on the
south side of the bay. No estimate has heen made of the cost of this
method. Surveys beyond the scope of this report would be required.
It is known that the cost would be large, though cheaper than any other
known source.

Other possible outside sources are:

Eel River—A supply which has been suggested for both San Fran-
ciseo and east bay cities. The distance to Carquinez Strait is 125 miles.
Harroun estimates the cost at $22,000,000 to carry 50,000,000 gallons
daily to south sides of Carquinez Straits.

Conn Valley—A small tributary to Napa River with probable yield
of 10,000,000 gallons daily. Cost not known but the supply would only
furnish a part of present needs and wonld provide nothing for future
growth.

Putah Creek—A tributary of Sacramento north of Dixon. Cost not
known. About 50 miles north of Suisun Bay. Complicated with
riparian claims. All storage at considerable distance in mountains.

Mokelumne or Cosumnes—Drainage Sierras north of Stockton. Cost
unknown. Early rights conflicting. About 75 miles distant.

Pumped water from San Joaquin Valley—It has been suggested that
the irrigation distriets in the San Joaquin Valley could deliver pumped
drainage water into the river to be pumped out above salt water limit
and delivered to industries and towns along the bay through pipe lines.

East Bay Municipal Utility Distriect—The main pipe line of this
district parallels the bay shore from Antioch to Bay Point. To secure
water from it the area must enter the distriet. The distriet has voted
$64,000,000 to complete a 60 m.g d. supply. Water will be costly if the
entire cost is eollected from rates, and there is little incentive for Contra
Costa County and towns to enter this organization. The water is too
costly for the heavy industries, such as now are located along the water-
front.

All of these sources are so distant and costly that the supplies are
more of the nature of domestic supplies than of cheap industrial water
supplies such as are required in any large and growing industrial
region. None of them solves the salt water problem as affecting con-
struction along the waterfront and none of them can possibly be made
available for agricultural industries on the hay lands.

THE BARRIER AS A UNIT IN THE STATE COORDINATED PLAN OF
WATER CONSERVATION

A plan for the development and use of all waters of the state upon a
coordinated plan has been presented in part to the Legislature of the
State Department of Public Works. This plan provides for the storage
and utilization of all water required in the Sacramento Valley and the
transmission of excess water to the San Joaruin Valley for use on lands
for which insufficient water can be supplied from loecal sources. The
salt water barrier is a nceessary unit in this plan, for water can not bhe
carried through the delta with tidal flow bringing salt water in and out
of the channels twice a day.
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GENERAL DEVELOPMENT OF BAY REGION

The entire bay region is interested in the salt water problem in
that the prosperity of the region immediately concerned affects the pros-
perity of the cities. The industrial territory along Carquinez Strait is
essential to the well being of the whole state. The industries are funda-
mental to modern civilization. Oil, gasoline, lubricants, steel, ferti-
lizers, sugar, leather, timber, soda, chlorine, fire-proof roofing, paper
board, brick, tile, flour, mill feed, and the remaining varieties of manu-
factured products are necessities of modern existence. To have them
abundant and cheap is greatly to the advantage of modern society.

Many of these factories would be classed as nuisances if located in a
large city, on account of the odors. Carquinez Strait and Suisun Bay
have regular winds which prevent a serious nuisance in this locality.
Other communities are not so fortunately situated.

The ratio of factory employees to population of towns is about 1 to 4.
This means that the population of the towns immediately surrounding
the industries will grow as the industries thrive. This population in
towns makes a market for the products of the cities and the multitude
of manufacturing establishments which have located in the ecities. The
heavy industries in turn furnish raw material for use 1n the factories in
the cities.

As a result of this interlocking of interests, the large cities of the bay
region have a direet interest in seeing a salt water harrier established.
Behind it, around the fresh water lake thus created, there will grow up
a thriving community engaged in the production of essential materials
which could not be produced within the cities themselves.

CALIFORNIA NOW IN THE INDUSTRIAL AGE

California is now in an age of industrial growth. Approximately
one-third of the people of the state are engaged in manufacturing and
mechanical industries as compared with less than 20 per cent engaged
in agriculture, forestry and animal husbandry (the next largest class
of workers). The present growth of the state is due largely to the
activity in industrial matters.

Students of population growth recognize eycles of increase in popula-
tion. There seems to be a definite limit to the number of people that
can be reached in any set of circumstances. The growth of California
very well illustrates three eycles of growth. In the early days of the
state, mining was the attraction and the whole life of the community
centered around the mines. As mining reached its climax in the seven-
ties, agriculture came to the forefront and there was a continuous
growth on this account. The agricultural era lasted until about 1915.
In the meantime, through the disecovery of oil and the unprecedented
development of the electrical industry, cheap power was made available
and manufacturing began to grow. At present there is very little
actual increase in agricultural population but a large increase in indus-
trial activities. So far as it is possible to see in the future, our growth
will be industrial. Agriculturists have learned to grow more crops with
less man power and there is comparatively little likelihood of any large
increase in agricultural population. The problems of the state are
nowadays to a large extent those of the people of the towns and eities
and industrial areas.
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DISTRIBUTION OF BARRIER COST

Several interests should share in the cost of this barrier. As has been
shown, conditions now existing have been brought about Ly develop-
ments on the higher parts of the watershed, an area covering 32,000
square miles. The bay cities will be contributing to the salt water
problem by diversions which they propose to make out of the watershed.
The agricultural interests through both valleys are using fresh water in
such a way as to contribute to the salt water troubles of the delta lands
and the industrial territory. The power companies through use of
water in the watershed also affect the problem, and in addition these
companies are interested in the increase and prosperity of the industrial
region. QOther public utilities in this region have the same interest in
its prosperity.

The problem is so large and its interests so widespread that it may be
said to be state-wide in scope.

The federal government, through its control of navigation, as well as
its general interest in the prosperity of the ecountry, is likewise inter-
ested in the problem. The California Debris Commission and the River
and Harbor work under the Chief of Engineers of the Army already are
engaged in river improvement and in control of reclamation work so far
as it affects navigation. 1t would appear reasonable, therefore, to have
participation in this construction work by the federal government.

Local interests which will receive direct and tangible benefits from
this barrier, such as the towns. cities and lands which can use water
directly from the fresh water lake ahove the barrier, should contribute
to the cost of the structure. The delta lands so far as they divert water
from tide water levels should also be included in the area contributing
because of benefits.

Railroads and vehicular traffic utilizing the barrier as foundation of
a bridge should pay the value of this service. It seems reasonable that
railroad and vehicular traffic could reasonably contribute a large sum
for the use of the bridge.

It appears from examination of Young’s estimates that the sum of
$45,000,000 will complete a barrier with a bridge at a point near the
upper end of Carquinez Strait. A detailed economie study should be
made to determine the proportion of the cost that should be borne by
each interest involved.

SUMMARY

1. Carquinez Strait marked approzimately the boundary between salt
and fresh water under natural conditions.

2. Prior to diversions for irrigation, Suisun Bay was brackish in late
summer, and salt water may have penetrated as far as Antioch, but
only for a few days at a time in years of lowest run-off.

3. If the water now diverted for irrigation and held in storage were
released, natural conditions would again be brought about.

4. The dry year of 1918, in which the urge of war had encouraged
heavy plantings of rice and other erops in the Sacramento Valley,
resulted in penetration of salt water into the delta for a longer time
and to a greater distance up-stream than ever known before.

5. Examination of available information shows that the yearly
mereased diversion of water, which had been going on since irrigation
commenced in the valleys of California, had been gradually affecting
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the movements of salt water. This slow effect was hardly noticed
until 1918

6. Irrigation and storage are not solely responsible for the influx of
salt water. The load of hydraulic mining debris deposited in the
streams draining the Sierra Nevadas is a minor factor in the problem.
As the sediment moves down-stream the tidal prism is changed and the
movement of water is affected.

7. Leveeing and reclamation of marsh lands, around the bays and
in the delta region, have had a slight effect upon tidal movements. The
net effect of leveeing marsh land has been to decrease the tendency of
salt water to flow up-stream.

8. Leveeing of basin lands and diversion of floods through by-pass
channels has had an important effect in sending floods rapidly to tide
water and in reducing the late-summer flow of water, which under
natural conditions was stored and slowly released from basins,

9. Dredging, particularly in lower portions of the rivers and in the
navigation channels of San Pablo Bay, has increased the tendency for
salt water to flow up-stream. Dredging in Suisun Bay and in the deep-
water channels to Stockton may have the same tendency. All increases
in channel depth and in straightening of approach have a tendenecy to
inerease up-stream flow of salt water, though a quantitative estimate of
this tendeney can not be made.

10. Irrigation now diverts the entire low flow of all streams entering
the San Joaquin Valley. The only flows reaching tide water in late
summer and early fall ave return waters—seepage from irrigation.

11. Pumping plants on the west side of the San Joaquin Valley, lift-
ing water to the west side slopes, now divert more water during late
summer than enters tide levels from the river. The San Joaquin delta
under present eonditions is dependent in late summer of dry years on
flow from the Sacramento River. Additional pumping plants are being
installed and there will be a greater tendency in the future than in the
past for salt water to flow up-stream into the delta channels.

12, Irrigation in the Sacramento Valley in late summer diverts prae-
tically all the flow of streams entering the valley floor. The flow of
the river at Sacramento, the head of tide water, is now largely return
seepage or waste from canals. The low flow at Sacramento was 500
second-feet m 1920; 2750 in 1921; 3200 in 1922; 3100 in 1923; 705 in
1924 ; 2760 in 1925; 1330 in 1926; and 3420 in 1927.

13. The area irrigated in the delta of both rivers is now 360,000 acres.
The quantity of water used by this land has not been determined with
any accuracy. Comparing erops and other conditions affecting use of
water, it is probable that the annual consumption approximates 12 aere-
feet per annum. Twenty per cent of the annual amount is used in the
summer months of greatest evaporation. At this rate the consumption
of water by the delta area is at the rate of 2100 second-feet in the sum-
mer. This exceeds the flow into tide water by the river in all years of
low flow.

14. Records of salt content of the water have been collected by the
Division of Water Rights since 1917. The area of delta land sur-
rounded by salt water (100 parts chlorine per 100,000) at high tide is
shown in the following table:

i
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Approzimate stream Area in delta
flow before diver- surrovnded by
sStois i per cent salt water—

Year R of normal acres
1924 e 24 169,000
1925 74 8,600
1926 e 83 58,000
1927 e 100 5.000

15. Contrary to popular opinion, the period since 1918 has not been
one of stagnation in irrigation development. A number of large storage
reservoirs have been built and placed in operation since then. Of
approximately 4,000.000 acre-feet of storage reservoirs on streams drain-
ing through Carquinez Strait, 55 per cent, or 2,723,000 acre-feet, have
been built since 1920. Diversions of water, particularly on the lower
San Joaquin River, have inereased.

The area under irrigation has steadily increased in both valleys. In
1926 it is estimated that 1,250,000 acres were 1rrigated in the floor of
the valley, with 3,900,000 acre-feet of water by diversions from streams
draining toward Carquinez Strait. If mountain valleys and lands irri-
gated from wells are included, the total area irrigated is probably over
1,750,000 acres.

16. Further extensions of irrigated area are being planned in both
valleys. Within the next five vears the bay cities will have diverting
capacity of about 185 second-feet and will control 431,000 acre-feet of
storage reservoirs. These enterprises will tend to increase the salt-
water menace. There is reason to expect the same menace of salt water
as oceurred in 1920, 1924 and 1926 to be present every year.

17. Salt water will penetrate the lower delta region every summer
under present conditions. The distance water will flow up-stream will
depend less and less upon the flow of streams into the valleys as the
inerease in use of water continues. Abcut one-half of the delta is likely
to be menaeed any year. The area may extend beyond thig line.

18. There is now no legal control of diversivns, other than by the
slow and costly process of litigation, except upon a few small tributary
streams where the Division of Water Rights has completed adjudica-
tions. Litigation between lower users of water in the delta and upper
riparian users and appropriators has been in progress for several years.
Other litigation may be started. The legal processes are so slow, cum-
bersome and costly that little result is to be expected for many years,
1f ever.

The outeome of present litigation will be disastrous if the courts
uphold the eontentions of either of the parties to litigation. If the delta
lands have riparian rights to the waters, a larce arca of land will have
to release water, and storage reservoirs constructed by power companies
will be decreased in efficiency and value. On the other hand, if the
courts decide that riparian rights do not attach to lands on tide water,
the delta will be further menaced by salt water and there will be grave
danger of permanent injury to a large area of land.

19. The engineering study of a salt water barrier made by Walker
Young of the Burcau of Reclamation, in evooperation with the Depart-
ment of Public Works of the State of California, concludes that the
construction of such a barrier is feasible. Investigations were made at
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three sites—Point San Pablo. Dillon Point and Army Point. The esti-
mated cost of the barrier with and without bridges is given in the table
on page 60.

20. This barrier will maintain a fresh water reservoir free from tidal
fluctuations and currents other than those caused by the How of river
water toward the sea. The level of water up-stream of barrier will be
maintained at the highest practical level. Young estimates this level
at elevation 2.5, U. 8. G. S., or 6.0 on tide gage. It is probable that
this height of water will be controlled by conditions of levees in the peat
areas. As these levees become more stable the level can he increased.
Flood levels will not be increased above those of tloods in the past, in
fact flood conditions will be improved in all but the most severe and
protracted floods.

21. The salt water barrier, if built, will affeet agriculture and the
industries and activities along the bay and lower river as shown in the
following statement:

A. AGRICULTURE

(a) A salt water barrier at Point San Pablo will make fresh water
available for the irrigation of 51,000 acres of marsh and 48,000 acres
of high land around San Pablo Bay. There 1s no known source of
water for this area of land at present. If such lands are increased
$50 an acre above cost of irrigation works, the total increase in value
will be $4,950,000,

(b) A salt water barrier in Carquinez Strait or at Army Point will
make fresh water available for 163,000 acres (marsh 70,000 acres; high
lands 93,000 acres) around Suisun Bay. There is no other kndwn
source of water for this area. At $50 an acre. the inereased value above
cost of irrigation works will be $8,150,000.

(¢) Either location of barrier will solve the irrigation problem for
the lands now irrigated from tide waters in the delta and adjoining 1t.
The area now watered is about 360,000 acres. The total area of irri-
gable lands is estimated as 458,000 acres. The area menaced by salt
water is 169,000 acres. The value of this land is $35,000.000. Improve-
ments at 20 per cent of land value add another $7,000,000.

There will be some increment in value to all the delta area from the
security which the salt water barrier will bring about.

(d) The salt water barrier will benefit the areas up-stream from
tidal lands by removal of litigation which is now a source of expense
and apnoyance and which is an obstacle to future projects.



SALT WATER BARRIER

Comparison of Estimated Costs for Alternate Design at Four Sites,
DISTINGUISHING FEATURES OF ASSUMPTIONS OF DESIGN

Highway and Rallway Bridge Locks
Minimum lers
Estimated Clearance or
No- Cos at Locks Derks Towers No. Location Stze
ARMY POINT-SUISUN POINT AND ARMY POINT-MARTINEZ
1 $46,300,000 No Bridge 3 In Suisun Point Z((J)xSO
50x60
2 49,800,000 50 Ft. Single Concrete 3 In Suisun Point do
3 54,100,000 50 Ft. Single Concrete 3 In Suisun Point 50x60
4 56,900,000 50 F't. Single Concrete 3 Offshore from Suisun Pt, T0x80
5 58,500,000 50 F't. Single Concrete 3 Offshore from Suisun Pt. 50x60
6 77,300,000 50 Ft. Single Concrete 3 Offshore from Martinez 70x80
BENICIA-PORT COSTA
7 40,200,000 No Bridge 4 In Benicia 50x60
46,200,000 50 Ft. Single Concrete 4 In Benicia 50x60
DILLON POINT-ECKLEY
38,900,000 No Bridge 4 In Dillon PPomnt 15 70x80
19 44,700,000 50 Ft Double Concrete 4 In Illon Foint 15 70x80
11 44,900,000 50 Ft, Double Steel 4 In Dillon Point 15 70x80
12 47,600,000 135 Ft Double Steel 4 In Dillon Point 15 T0X80
13 50,400,000 60 Ft. Double Concrete 4 In Dillon Point 21 70x80
14 50,600,000 50 Ft. Double tee 4 In Dillon Point 21 70x80
15 53,300,000 135 F't, Double Steel 4 In Dillon Point 21 70x80
16 97,100,000 50 I't. Single Concrete 4 Tn T™illon Pomnt 15 70x890
POINT SAN PEDRO-POINT SAN PABLO
17 66,000,000 No Bridge 4 Tn I’oint San Pablo 70x82
18 75,200,000 50 Ft. Single Concrete & In Point San Pablo 70x82
19 82,100,000 50 Ft. Single Concrete 5§ In Point San Pablo T0x82

One estimale only 1s given for the Army Point-Martinez Location—Estimate No 6
This sitec was not drilled—Estimates based largely on assumed foundation conditions except for 8 I, Co. test pile data.
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(e) The salt water barrier is a step j
the state’s plan of supplying water te Fathern San Joaquin Valley
—a step in the coordinated plan of { Fdevelopment. It is the first
portion of the project which should be built.

the direction of carrying out

B. INDUSTRIES

Industries occupy a large area of land along the waterfront of
San Francisco and San Pablo bays, Suisun Bay and Carquinez Strait.
Between Oleum and Antioch there are seventeen large industrial plants
and a number of smaller ones. On the north side of the straits there
are two large industries besides the Mare Island Navy Yard and Benicia
Arsenal.

These industries are of the ‘‘heavy’’ type, fundamental industries,
which produce essential produets necessary both in war and peace.
Steel and iron, petroleum products, chemicals, fertilizers, powder and
fuse works, leather, brick and tile, flour and feed, roofing lumber and
wood produets, fish, canned goods and sugar are produced in large
quantities. The produets of these works have an annual value of
$250,000,000 I'reight in and out of the distriet approximates 14,000,-
000 tons a vear Expenditures for electric power average $300,000
a year The average number of employees is 8500, having an annual
payroll ot about $15,600,000. The portion of the population of towns
and suburban territory dependent on these industries includes 30,000
inhabitants.

The industries are large users of water. At present ten million gal-
lons a day are used. not including the navy yard or arsenal, and the
annual inerease in use by the establishments 1s one million gallons a day.

Immediately adjoining the industrial area ahove described are other
large establichments which could receive henefit from the fresh water
reservoir created above the barrier. If the zone along the waterfront
to Richmond were meluded. the annual value of products for the whole
territory would be $£515,000,000, the number of employees 17.000; the
annual payroll $29,000,000, A part of this area 1s within the East
Bay Municipal District.

Since the salt water menace became widely advertised through the
Antioch litigation. only one new industry of large size has heen estab-
lished in this terrtiory  The factories already established have con-
tinued to grow, but the uncertainty about fresh water has discour-
aged new industries secking location. I['resh water in large quantities
at low prices is essential to the prosperity of such establishments.
Water from any existing utility or municipal distriet is too high in
price for these ‘‘heavy’’ industrial plants.

Ordinarily such works locate where water can be had for the cost of
pumping, and such manufacturing establishments will not go to any
place where practically free water is not available There iz no other
location in California suitable for heavy industries where this condition
can be created.

The establishment of new basic industries will be attracted by
abundant cheap water TIf California does not provide the proper loca-
tion, Seattle or Portland or some other northern locality will offer
greater indurements and many industries will establish Pacific Coast
branches in these northern cities. There are in these other states large

areas of land where pure fresh water is abundant and may be had for
20 ApP—G7182
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the cost of pumping from permanent running streams. Further than
this, rates for water in the cities are cheaper than in California. Below
are given the costs of 500,000 gallons of water in the prinecipal Pacific
Coast cities:

Cost of 500.000 Gallons of Water Per Month

San FrancisCo oo $157.56
Oakland e oo . 161.71
Los Amgeles e - 7216
Stockton . ________ - ——— - 5450
Portland 4431
Seattle 32.04

One of the greatest needs of the state today is a fresh water reservoir
around which factories could he located with assurance of a permanent
supply of water. Probably no single accomplishment in the construe-
tion program now under discussion would do more toward progress.
More factories mean greater population and more local markets for
agrieultural produce, and the general level of prosperity of the state
will be raised.

Salt water is detrimental to the piping and more costly to handle in
factories of this sort. The increased annual cost to the users of saline
water is estimated to be $300,000 a year through deterioration of equip-
ment and piping in the industries now established. This sum capitalized
at 6 per cent means the equivalent of an investment of $5,000,000.

Some of the industries, notably the sugar refinery at Crockett and
the chemical works at Pittsburg and Nichol, require water free from
saline matter. The presence of salt water in the river for long periods
of each year has been the cause of much expense and annoyance in
these establishments, and brings seriously to consideration the ability
of these factories to continue to exist under the trying conditions.

The salt water harrier will remove the cause of additional expense
to the plants now located here, will encourage their more rapid growth,
and will offer a great incentive to new establishments to locate here
Large industries require, in addition to large quantities of pure water,
cheap power, efficient transportation faeilities, preferably both by rail
and water, and a good climate attractive to labor. The lower river
and upper bay regions lack only water. The salt water barrier will
supply this single deficiency. If the barrier is not built, California,
without doubt, will lose many important factories.

C. DOMESTIC WATER SUPPLY

The domestic water supply of towns along the straits in Suisun Bay
is high in price and limited in quantity. Vallejo, the only exeeption
to this statement, recently has constructed Gordon Valley Reservoir on
Suisun Creek, and has a permit to store 10,000 acre-feet and to divert
5000 acre-feet annuallv. Other towns have no large amount of water
for future growth. In fact lacK of available water has been a deterrent
to the location of industries and the resultant increase in population.

A salt water barrier will solve the water difficulties. If the harrier
is located at San Pablo Point, the entire area can be supplied with fresh
water ; if the barrier is located at Army Point or in Carquinez Strait,
all towns on Suisun Bay and in the lower river will he on fresh water;
towns below the barrier, such as Crockett. can he readily supplied with
short pipelines heading above the barrier.
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Either barrier will be of benefit to the city of Sacramento in pre-
venting the upflow of tide and reduncing the menace of sewage water
heing ecarried toward the water intake

D. TRAFFIC ACROSS STRAIT

Routes of travel between mnorthern and southern parts of the
state naturally pass through Carquinez Strait. The Scuthern Pacifie
Company maintains ferries for trains between Benicia and Port Costa
and for passengers between Vallejo Junction and Vallejo. The Sacra-
mento-San Francisco Railroad maintaing a train ferry from Mallard
to Chipps Island. A bridge for vehicular traffic now crosses the strait
just below Crockett. A ferry for automobiles and passengers is main-
tained between Martinez and Benicia.

At Richmond an automobile ferry is in operation a short distance
below the site of the proposed salt water barrier at Point San Pablo.

A barrier at San Pablo can be made to serve as a bridge. There
are now two applications for bridge permits near this place The esti-
mated cost of these bridges is from $10,000,000 to $20,000,000. The
difference between the eost of a barrier with and without bridge is
estimated by Young to be $9,000,000.

At Army Point a bridge 50 feet above water increases the cost
$3,500,000; at Benicia a bridge 50 feet above water level increases the
cost $6,000,000; at Dillon Point a bridge with a clearance of 50 feet
- increases the cost $3,800,000; a bridge with eclearance of 135 fect
increases the cost $8,700,000. Approximate figures indicate that a rail-
road bridge near the location of the present Southern Pacific ferry
between Benicia and Port Costa will cost in excess of $10,000,000.
Upon this estimate railroad transportation could bear a part of the
cost of barrier. Vchicular traffic is growing so rapidly that there will
be need for a second bridge across the straits within a few years.

E. POWER COMPANIES

The power companies ave interested in the salt water problem
because it has decreased their market for power by discouraging new
plants from locating here and by reducing the growth of those already
established.

The litigation over water rights may seriously affect their plants
supplied from storage in the mountains.

F. FISHING INDUSTRY

Fishing in the bay and rivers is important. Salmon, shad and
striped bass are important commercial fish. Smelt and smaller fish
are important in furnishing food for commercial varieties. Sturgeon
are nearly extinet, but it is the endeavor of the Fish and Game Com-
mission to prevent complete extinction and to encourage increases in
this species.

The salt water barrier will be an obstacle to migrating fish during
low water season. Young’s plans provide for fishways and it is his
belief that fish will use the locks and that on the whole the barrier
will not obstruct the migration. Objection to any forms of barrier
will be raised by the fishing industry. Wherever the structure is
built there will naturally be some obstruction to free migration of the
fish. It is probable, however, that the structure can be so designed
and opcrated as to do only a small amount of damage.
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G. NAVIGATION

Any barrier is an obstacle to free movement of vessels, and it is to
be expected that owners of vessels will object to the project. This
objection arises from the delays caused by using locks and the danger
of handling vessels in such restricted guarters, particularly in foggy
periods.

As to delays, it may be said that ordinarily the time lost in transit
through locks will be regained by the freedom from adverse eurrents
above the locks. While this will depend upon the place to which
the vessel is bound, it is believed that for the great bulk of traffic the
delay is likely to be small.

The danger to vessels maneuvering in approach to locks is of course
real, but with the safeguards now provided for vessels the risk is
small and there are compensating advantages. The ability to dock
without tidal currents, as wonld bhe true above the barrier, is both a
saving in time and reduction of rick. The cleansing action of fresh
water upon the bottoms of ocean-going vessels is valuable.

The fear that the barrier will cause silting in channels or create
changes in the Golden (ate bar does not seem to be well founded.
Sediment moves almost entirely at flood times when the barrier will
be open and the eurrent constantly down-stream. The movement of
sediment will probably be facilitated rather than retarded.

Owners of shipping facilities are of course interested in the growth
and prosperity of the communities served The industrial area which
will grow up around the fresh water reservoir above the barrier will
produce freight for vessels at a greatly increased rate. The depth of
water through Suisun Bay and to Stockton will be inereased to
26 feet under the plan already adopted by congress. The depth of
channel will be ample for from 73 to 88 per cent of the vessels nor-
mally entering the Golden Gate during a year.

In considering the location of the barrier, the extent of shipping
is important. The farther downstream the greater the traffic through
locks, the greater quantity of water required for lock operation, and
the greater will be the objection by the shipping interests. In this
regard the upper location of the barrier will meet with the least
objection.

The Navy Yard is above San Pablo site and naval officers will prob-
ably be impressed with the difficulties presented by the barrier in
time of war. Here we have another and important reason for the
selection of the upper site.

H. STRUCTURE BUILT IN WATER

Teredos and other wood-destroying animals have caused damage to
structures in San Francisco Bay waters in excess of $25,000,000 since
1914, aceording to estimates made by the San Francisco May Marine
Piling Committee. In the upper bay region teredos have gone as far
as Antioch. All structures built in water which may become brackish
must be constructed of treated piles or of concrete. Brackish water
carried up by tides will continue to cause greater expense in all strue-
tures built in water and greater maintenance costs. It is difficult to
measure this damage in dollars, but it is a very considerable sum
annually.
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A salt -‘water barrier will reduce the maintenance cost of structures
and will make it practical to build structures as economically as was
done prior to the invasion of salt water.

SOLUTION OF THE SALT WATER PROBLEM

23. The salt water problem may be partially solved in several ways,
but completely only in one way. Conditions may be ameliorated by
storage and release of water from reservoirs to push back the salt water
or water supply from outside sources may be brought in to supply
fresh water through conduits or pipes.

The only satisfactory solution of the problem is the salt water barrier.

These methods are briefly discussed below:

STORAGE AND RELEASE TO PUSH BACK SALT WATER

24.  This method of solving the salt water problem has been sug-
gested in several recent publications of the Department of Public
Works. Examination in detail of the proposals shows that ‘‘salt water
control’’ means the supplving of water of less than 100 parts chlorine
per 100,000 to the delta lands.

Emmaton on the Sacramento River and Jersey Island on the San
Joaquin are the limits of control and no suggestion has been made that
it is practical to release water to supply Antioch or any of the lower
industrial area. This, in fact, leaves out of consideration the area
now most seriously damaged.

Studies by the Division of Water Rights based on records including
the vear 1925 show that to eontrol salinity below 100 parts chlorine
per 100,000, the combined flow of Sacramento River at Sacramento
and the San Joaquin at Vernalis (both points about head of tide water
in late summer) must exceed the following figures:

Cubic feet

For control at per serond
Emmaton and Jersey Island__________ 3500
Antioch _—__._____ 5000
Collinsville 5500
0. & A. Ferry 6000

These quantities will depend to some extent upon the months preced-
ing the period when control is desired, and will, of course, vary with
the diversions below the points of measurements. Furthermore, stor-
age of water above tide level will affect the matter by limiting the
distance salt water is foreed downstream by spring floods.

To effectively supply these quantities of water will require very large
storage capacity in dry years.

In 1924 storage in excess of a million acre-feet would have been
required to control salinity at the O. & A. Ferry and 200,000 acre-feet
at Emmaton and Jersey.

Storage in large amount would be needed about half the years at
Emmaton and Jersey, and every year for control at the 0. & A. Ferry.

The above is under the assumption that storage and diversions in
these two valleys does not increase. As shown earlier, this condition
has already been violated, for there has never been such increased
activity in building storage reservoirs as in the period since 1924.
Many reservoirs are planned for construction in the mnear future.
Furthermore, diversions increase every year.
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Estimates of the quantities required for storage control must there-
fore be continuously revised upwards.

Release of stored water, to control salinity, will oceur in dry parts of
the year and to greatest extent in dry years. To effectively control the
right of storage and release, all riparian owners below the reservoir
must agree to the arrangement. As the law now stands, the use of such
a reservoir may be enjoined and it will be impossible to prevent—except
through litigation—the riparian owners from diverting the released
water. The difficulty can be removed by condemnation of rights along
the stream. The problem looks too large for human aceomplishment in
any reasonable time and at reasonable cost.

To one acquainted with water problems in California, it does not
seem reasonable to expect that in the dry part of a dry year a flow of
5000 or more feet per second would be allowed to pass pumps and
ditches, under which cerops were suffering, in order that salt water could
be pushed back into the oecean. As to the cost of storage reservoirs to
accomplish the release for salt control, there is little definite information
which permits a comparison of costs. The following statements are of
interest :

Kennett Reservoir is proposed by the State Department of Public
Works as a unit in the ‘‘Coordinated Plan.”” (See Bulletin 13 of the
Department of Public Works, 1928.) The recommended reservoir
capacity is 2,940,000 acre-feet; the estimated cost of dam and rights of
way is $55,000,000; of power plant $25,000,000; a total of $80.000,000.
With allowances for prior rights. the mean annual irrigation yield of
reservoir will be 2,838,000 acre-feet. In minimum years the deficiency
would be large; 19 per cent in 1920; 42 per cent in 1924. If this reser-
voir were depended upon for salinity control, the entire available sup-
ply would be needed to eontrol salt water at the mouth of the river, leav-
ing no water for the area depending on this reservoir for irrigation.
In other words, the very year when the reservoir is most needed it
would be of little practical use. Furthermore, Kennett is not prac-
ticable unless operated to generate electric power. If the water is held
and released for salt water control, the power value is greatly decreased.

Iron Canyon Reservoir is proposed as a secondary unit n the ‘‘ Coor-
dinated Plan.”” (See Bul. 13, Dept. of Public Works.) The recom-
mended capacity is 1,121,900 acre-feet; the cost of dam and power plant
is estimated as $26,000,000; the canal system to utilize this water is esti-
mated at $30,000. The reservoir may be ntilized in controlling salinity.
To quote from the above mentioned report, page 115:

‘‘Sacrificing the power feature at Iron Canyon dam would, with other
construction unchanged with the exception of the arrangement of out-
lets through the dam, supply a reserve storage of 364,600 acre-feet of
water in Iron Canyon reservoir to overcome, or alleviate, the salt water
menace in the delta region should such be desirable. Such use is not
advocated, but it is demonstrated 1hat there are possibilities along this
line.”’

Should the irrigation feature likewise be disregarded, Iron Canyon
would provide a net annual irrigation draft of 800,000 acre-feet or just
about enough water to control salt water as low as the mouth of the
river—provided the water could be carried past head gates and pumps
on its way to tidal waters. Under this condition the power feature
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would be sacrificed to a larger extent. It is difficult to picture a dry
year when water and power are both searce, in which it would be pos-
sible to release a large quantity of water, disregarding its best use for
power, and have the riparian and appropriative users of water along
the hundred and fifty miles of the Sacramento River permit this flow
to pass by uninterrupted tofide water. The plan does not look practical.

Other reservoirs may be u&or the same purpose, that of increasing
the flow to control salt Watel‘l':{_‘;g‘or example, a reservoir on Feather
River has been suggested, and-gmother on the American at Folsom.
Both of these reservoirs will have value for power development and that
value will be greatly reduced if a large quantity of water is held for
saline control The most practical suggestion is in connection with a
reservoir on Dry Creek, north of the Mokelumne, the water to be
diverted from the Mokelumne River. The rights obtained by the East
Bay Municipal Utility District for storage in Liancha Plana Reservoir
practically eliminate this reservoir from consideration. In connection
with the proposal for storage and release of water, it should be remem-
bered that the State Department of Engineering has made the sugges-
tion as a temporary expedient, with the expectation that permanent
relief would be brought about by the construction of the salt water
barrier. This state of affairs would leave the delta lands dependent on
a temporary right to be replaced by a permanent right which would be
arranged for at some later time. With the growing condition of Cali-
fornia and the certainty that the temporary supply will be invaded by
inereased diversions, this is a very precarious water right, not one which
will satisfy the delta land owners. Furthermore, the plan does not con-
sider users below the delta, either towns or industries.

New industries will not be attracted by any temporary improvement
in water conditions. Some permanent solution must be reached. It is
important to California to have the decision made at once so that the
great industrial expansion now going on can be located to a maximum
extent in this state.

WATER FROM OUTSIDE SOURCES

25. Under present conditions the towns and industrial area can not
look to any place within tide water level for a source of water. Above
tide levels the following are the prinecipal supplies which may be con-
sidered :

Eel River,

Conn Valley,

Putah Creek,

Mokelumne or Cosumnes,

Pumped water from irrigation districts, San Joaquin Valley,

East Bay Municipal Ulility Distriet.

All of these sources may be considered, but as all are distant, with
long pipe lines and other costly works, they will be able to supply water
only at relatively high cost, prohibitory to the types of factories now
located in Contra Costa and Solano counties. Piping water across
these straits will be a very costly and diffienlt affair. The barrier
removes the necessity of any pipe line ¢rossing.



— 170 —

LOCATION OF BARRIER

26. For the purpose of providing fresh water to cities, industries and
agriculture on adjoining land, the lowest location of the barrier accom-
plishes the most. However, water supply, cost and eonvenience to other
interests must be considered before the lceation can be selected. The
following may be said on these points:

Water Supply. The attached tables give the requirements for fresh
water above the barrier upon the assumption that development is com-
plete. These figures, in part, are taken from the Young report—in
part are the results of studies made for this investigation.

Requirements for the full year are:

Army Point 1,160,000 acre-feet
Point San Pablo - 2,024,000 acre-feet
Difference —_____ 864,000 acre-feet
For the irrigation period May to September, inclusive, the requirements are:
Army Point_—___________ — — 638,000 acre-feet
Point San Pablo 1,236,000 acre-feet

Additional storage on the headwaters will be required to supply the barrier at’
San Pablo.

Cost. Young's estimate of cost of barrier with bridge of clearance of 50 feet is as
follows:

Point San Pablo - — _$75,200,000
Army Point 49,800,000
Difference $25,400,000

Convenience of Other Intecrests. San Pablo site is below the Mare
Island Navy Yard, a great obstacle. Navy men will be against the
project. Shipping interests will be more inconvenienced with the lower
site occupied. At present about two-thirds of the vessels that pass
Point San Pablo continue upstream above Army Point. The San Pablo
site will be a convenience to vehicular traffic, The Army Point site will
be convenient for both vehicular and railroad traffic, though at present
vehicular traffic is cared for by the Carquinez Bridge.

FINAL CONCLUSION

27. If the salt water barrier is built at Army Point to carry vehicles
and railroads, and the proper part of the cost paid by these interests,
the salt water problem can be solved permanently and cheaper than by
any other solution that has been suggested.

The cost of a bridge for rail and automobile traffic at Army Point
can not be determined without more work than is possible in an investi-
gation such as this. It can be safelv said, however, that the cost will
exceed $10,000,000. Automobile traffic over the Carquinez Bridge
(which has been in use less than a year) is at the rate of approximately
1,100,000 automobiles a year and is growing rapidly. There will be
economie justification for an auto bridge at Benicia before it can be
built. Awutomobile traffic will justify an expenditure of over $10,000,-
000. The two combined will be over $20,000,000. If this figure is
taken as the value to transportation, there will be left, approximately,
an equal sum to be paid by other benefits.

Iron Canyon Reservoir, the only definite storage reservoir suggested
for temporary control, will cost $26,000,000 The salt water barrier
would permanently solve the difficulties for a smaller sum.
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TABLE 1
Average Miles Traveled by Water Barge California-Hawalian Sugar Company

Yoar Jan Fel Mar, Apr May June July Aug. Sept. Oect. Nov, Dec
1908 19.8 11.6 25 140 12y 167 263 26,8 33.2 27.1 24,83 25.7
1909 69 0 45 7.7 5.0 47 105 194 23.2 242 210 117
1610 9.6 100 3.8 30 64 108 204 26.7 27.6 254 24.6 1997
1911 116 23 16.2 10 2.1 07 5.7 16.4 23.2 245 247 255
1912 220 16.1 145 12,7 8§38 7.1 17.6 247 244 242 190 185
1913 164 13.6 13.2 99 69 10.3 21,0 25.7 26.6 278 26.1 204
1914 2.1 12 16 25 22 3.4 103 200 244 245 239 237
1915 16.4 2.3 31 43 26 3.7 12,6 20.8 244 24,2 230 175
1916 4.9 0.5 10 2.3 64 58 132 226 250 21.7 21.2 154
1917 16,0 131 65 6.3 35 48 155 249 26.2 260 251 344
1918 24,3 15.1 96 6.2 9.2 150 27.0 385 372 230 231 210
1919 20.4 94 77 5.7 43 141 3538 377 377 268 257 253
1020 23.8 240 17.2 120 12,9 17,4 2690
TABLE 3
Commercial Fishing—San Pablo and Suisun Bays and
Sacramento and San Joaquin Rlvers
(Varieties)
Shad Striped Bass Total
Planted Planted Pounds
1,573,713 759,733 6,862,494
1,409,322 668,290 5,937,924
797,128 599,698 3,907,953
1,109,445 682,717 3,567,228
1,285,334 906,869 4,436,148
1,538,736 658,244 4,837,089
2,439,441 836,301 6,054,588
902,202 749,573 2,913,551
4,103,012 644,789 5,668,272
Total, 9 Years.. 22,610,701 15,158,332 6,506,214 44,175,247
Mean o_—._____ 2,501,189 1,684,259 722,913 4,908,361

The run of fish will vary from year to year mn accordance with weather, feed and
unknown factors.

A low or high run for one year may not mean absolute evidence of either increase
or decrease in the specles

For example, the extremely low run of salmon in 1927 does not necessarily mean
still lower run m 1928, and similarly with shad in reverse tendency.

However, there secems to be a general decrease in salmon, probably an increass
In shad, and a static condition in striped bass.



TABLE 2

Combined Flow of Sacramento and San Joaquin Tributaries
(Flow wn Second-IFeet)

Year . Mar, Apr. May June July Aug Sept. Oct. Nov. Dec.
1916 92,200 99,830 88,621 73,060 55,619 23,900 11,112 9,300 12,261 11,522 19,986
191% 56,000 34,521 71,153 69,307 63,407 20,082 187 8,309 7,875 8,639 11,071
1918 2 50,360 51,091 39,145 3,183 9,563 6,885 8,621 13,041 11,956 12,118
1919 58,664 44,848 63,100 65,606 18,261 8,975 7,275 7,049 7,733 7,17 11,460
1920 9,550 26,7569 41,822 49,582 27,404 9,931 6.722 6,059 8,657 39,737 48,539
1921 5 69,470 55,291 65,385 50,246 15,6086 8,287 7,435 7,589 8,389 19,407
1922 50,030 41,389 61,190 109,494 82,327 20,879 9,022 7,329 8,334 11,828 35,715
1923 22,089 23,785 55,29 54,199 31,844 17,138 9,798 8,809 10,004 7,810 7,919
1924 19,248 10,222 15,623 14,438 7,007 5,981 5,601 5,171 7,056 13,214 15,029
1925 89,005 34,394 63,127 59,990 32,824 13,486 9,030 8,635 8,626 9,36 11,720
1926 __ 57,317 26,323 60,494 30,503 13,603 9,732 8,523 7,864 7,730 32243 31,338
1927 109,044 54,556 75,100 59,973 45,353 16, 1984 11,349 10,652
No allowanee for power storage or regulation
Combination of and

Sactamento at Red Bluff, Mokclumne at Clements,

Feather at Oroville, Stanislaus at Knights Ferry,

Yuba at Smartsville, Tuolumne at La Grange,

Bewr at Van Trent, Merced at Exchequer,

American at Fair Oaks, San Joaquin at Friant,

TABLE 4
Population of Bay Counties—U. §. Census
1920 1910 1900 1890 1880 1870 1860 1850

State -~ 3,426,861 2,377,459 1,485,053 1,213,398 864,694 560,247 379,994 92,597
Alameda - 344,171 246,131 130,197 93,864 62,976 24,287 8,9
Contra Costa 53,889 81,674 18,046 13 515 12,625 8,461 5,728 R
Marin ———- 217,342 25,114 15,702 13,072 11,324 6,903 3,334 323
Napa ——-- 20,678 19,800 16,451 16,411 13,235 7,163 5,621 405
Sacramento 91,029 67,306 45,915 40,339 34,390 26,830 24,142 9,087
San Francisco-— - 506,676 416,912 342,782 298,997 233, 959 149,473 56,802
San Joaquin 79,905 50,731 35,452 28,629 24,349 21,05 9,435 3,647
San Mateo —co e 36,781 26,585 12,094 10,087 8,669 6,635 3,214
SOIANO oo e —mm e 40,602 27,5569 24,143 20,946 18475 16,871 7,169

— oLl —
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TABLE 5
School Enrollment Bay Shore Districts—Contra Costa County
Elementary Schools: 19156 1921 1927
Oakley .o _ 86 118 168
Antioch - 333 454 731
Pittsburg —___ — ——-- 668 1,122 1,485
Bay Point__ - 85 _—— 162
Martinez .___ 403 792 1,068
Port Costa - 122 108 1%
Carquinez (Crockett) e 447 572 617
Selby - 72 99 128
ROGEO e 108 132 198
Pinole Hercules___ 227 268 217
San Pablo__ - e 182 227 282
Richmond .___ ——— - 2,288 3,380 3,997
Total Elementary._ . ________ 5,020 7,262 9,118
High Schools:

Antioch _.__ —_—— - } 105 142 149
Pittsburg _ 183
Alhambra, Martinez 121 294
John Swett, Crockett 119 206
Richmond - ______. 655 754
Total High School 1,037 1,586
Total both__________ . 8,299 10,704

TABLE 6
Water-Borne Trafflc, U. S, Englneering Department Data

(Total movement. tonnage and values in thousands of tons and
thousands of dollars)

Sufsun Bay Carquinez Strait San Pablo Bny Gnnd Total
Year ons Value Tons Value Tons Valu Ton: Value
No Data Incl. 1n San Pablo 11,9486 5912,542
No Data Incl. in San Pablo 4,330 152,206
$7,034 1Incl 1n San Pablo 4,634 184,476 4939 $191,510
13,877 2,079 $97,991 1,696 54,620 4,208 166,488
19,670 1,720 2 019 96,177 4,301
32,006 No Data 2,652 118,234
43,764 No Data 2 466 109,022
651,066 No Data 4,200 156,999
88,870 7,673 183,000 4 754 234,409 16,631 506,079

90,687 17,844 135,522 4,667 260,920 16,716 487,129

Totals are only shown where data are complete for all diviaions.

In addition to above, in 1926, there was a total of 1,752,000 tons valued at $124,-
n77,616 to or from the Sacramento and San Joaquin rivers, most of which passed
through Carquinez Stralt. However, all of this having origin and destination In the
above Bay division, it appears there algo.

Railroad ferry freight trafic across Carquinez Strait was, in 1925, 2,706,000 tons;
in 1926, 2,650,000 tons.

TABLE No. 7
Ocean-Goilng Water-Borne Trafflc, U. S§. Engineering Department Data
(Tonnage wn thousands of tons and valucs in thousands of dollars)

Suisun Bay Carquines Strait San Pablo Bay Grnnd total
Year ons Value Tons alue Ton Va Value
1925 ___ 2,659 $43,823 5,188 $147,485 4, 011 $66 999 11 858 $258, 307
1926 e 2,495 41,173 4,264 107,228 3,866 58,942 10, 1625 207,343

Data do not permit a separation of bay business from ocean-going business previous
to 1925, and Carquinez Straits data are entirelv lacking for the years

The magmtude of the petroleum products traffic and the proportion of the total it
occupies are obvious when the following tables are compared with the above

8ulsun Bay Carqulnez Straft San Pablo Bay Grand total
Year Tons Valus Value Tons Value Tons Value
1925 2,464 $34,391 4,415 $49,662 3,837 $45,715 10,716 $129,667
1926 . __ 2,168 33,663 3,409 40,454 38,708 43,837 9,285 117,954
OUTGOING BAY AND OCEAN WATER-BORNE PETROLEUM PRODUCTS
1926 547 $20,811 2,949 $38,217 1,019 $19,783 4,515 $78,811
1926 e 615 29,989 2,746 35,197 940 23,837 4,301

Does not include Standard Oil Co Richmond plants.
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TABLE No. 8

Sacramento and San Joaquin River Traffic, U, S. Engineering Department Data

(Tonnage and values)
Sacramento River
'ona v

Year alue

1910_ 496,147 $29,622,151
1911 - R 505,285 32,139,048
1912 477,292 7,755,325
1918 el 733,694 35,856,791
1914. —— 721,090 38,211,760
1915 _____ 766,935 38,027,703
1916 ___ 875,780 46,908,093
1917 — 947,690 96,820,992
1918____. - 1,053,610 113,991,123
1919 —— 1,666,025 78,601.238
1920___ 1,377,700 53,946,146
1921 976,596 52,092,263
1922 1,291,135 60,606,728
1923 — 1,264,821 62,470,235
1924 —-——- 1,796,104 58,662,997
1925_ ——— 1,427,230 80,500,145
1926 1,222,993 85,315,284

Contains also movements between river points only.

TABLE No. 9

8an Joaquin River

Tons Value
631,681 $32,878,108
600,128 35,768,215
632,691 38,854,539
820,399 38,341,174
772,156 35,479,741
831,234 36,358,240
824,222 42,179,160

1,890,856 50,367,760
2,114,382 65,204,825
647,156 54,100,043
692,306 42,203,211
646,657 37,263,122
678,751 34,291,675
697,773 38,027,909
727,499 38,185,313
849,687 47,192,499
934 809 58,455,662

Water Requirements for Operation of Salt Water Barrler When Fully Developed

(Quantities 1 second-feet)
POINT SAN PaABLO

1 2 3 4 5 6 7 8
Fish ladder__ 35 35 35 35 35 35 36 35
Industries, etc. 322 322 322 3232 322 322 322 322
Gate leakage. 166 166 166 166 166 166 166 166
Oper locks__ 705 9705 705 1705 705 705 705 705
Evaporation _ 250 300 450 650 950 1,200 1,250 1,170
Irngation .. __._ _._. ___ __ 610 1,680 2,290 1,910
Flushing ____ 200 200 200 200 200 200 200 200

9 10 11 12

35 35 35 35
322 322 322 322
166 166 166 166
705 705 705 705
1,020 800 500 200
1,150 _._ ___ ___
200 200 200 200

Totals 8. F.__ 1,678 1,728 1,878 2,078 2,988 4,308 4,968 4,508

TABLE No. 10

3,598 2,228 1,928 1,628

Water Requirements for Operations of Sait Water Barrler When Fully Developed

(Quantities 1n second-feet)
ARMY POINT

1 ] 3 4 5 [ 7 8 ] 10 11 13
Fish ladder__ 35 35 35 35 35 35 35 35 35 35 35 35
Industries,etc. 155 156 165 156 1656 155 156 155 155 155 185 165
Gate leakage_. 166 166 166 166 166 166 166 166 166 166 166 166
Oper. locks_. 246 246 246 246 246 "46 246 246 246 246 246 246
Evaporation .. 110 146 200 288 422 555 522 455 355 222 89
Irmgation .. _.. ___ __ _——~ 380 lOaO 1,430 1,190 710 _._ ___ __.
Flushing .___ 200 200 200 200 200 00 200 200 200 200 200 200
Totals, S F__. 912 948 1,002 1,090 1,604 2,382 2,787 2,514 1,967 1,157 1,024 891
TABLE 11
Water Requirements Above Salt Water Barrier When Fully Developed
(Quaniities 1 acre-feet)
Army Polint
point Ban Pablo
January —_— 56,000 102,600
February oo e 52,500 95,500
March ———- 62,000 115,000
April __ - 65,000 123,000
May — 98,500 184,000
June ______ —— 147,500 256,000
July - ———— 171,000 305,000
Aug‘ust ________ 154,000 277,000
September - 117,000 214,000
October .__ —— —— 71,000 137,000
November _.._ — 61,000 115,000
December __ 54 500 100,000
Total8 e e 1,110,000 2,024,000
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November 30, 1928.
Joint Legislative Committee to Investigate
the Water Resources of California,
Mr. B. S. Crittenden, Chairman,
139 North A Street,
Traey, California.
DEar SiR:

On November 20th the writer appeared before yvour honorable com-
mittee in behalf of the American River Flood Control District and,
after dwelling brieflv on some of the phases of the American River
situation, was granted the privilege of presenting a more complete and
detailed statement in written form.

It is now manifest that to serve the most broadly beneficial publie
interests, the scope of the American River development must be extended
io that of a major project. As such, it must necessarily have an
important bearing upon interests other than those pertaining to the
controlling of floods. Jt is therefore proposed to discuss also certain
other relevant features which appear to warrant the serious consider-
ation of your committee.

In order. however, that our primary purpose may not be obsecured,
1t is desired at the oulset to define the issue with whiech we are prin-
cipally concerned and to direct your attention to the magnitude of the
stakes involved therein. The area within the boundaries of the Ameri-
can River Flood Control District, some 22,500 acres, includes the cities
of Sacramento and North Sacramento. The population of this area
is estimated at 104,000 and the assessed property valuation is approxi-
mately $105.000,000. No later than last spring the American River
again vented its fury on this region and about 13,000 acres were
flooded to depths up to twelve feet. The levees of Sacramento held,
but the unprotected city north of the American suffered heavy losses
of property and at least one death was directly attributable to the
flood. Railroads and highways were submerged and for a period of
days there was no traffic over the roads leading north and east from
Sacramento.

This is by no means the first time these conditions have obtained
and there is no assurance whatever that within the next three months
a thousand families may be forced from their homes. The State of
California has aided in the reclamation of about one million acres of
agricultural land. When one considers this faet, it seems ineredible
that the just demands of a rapidly growing community immediately
adjacent to the capital shall go unheeded.

For the past four years the development of the American River at
Folsom has claimed the attention of those interested in conservancy
measures and in particular. those concerned with flood econtrol by
storage regulation. At the last Legislature an act was passed specifi-
cally defining the obligations of any private interests to be traded
with by the state in return for control of certain of its properties at
the Folsom penitentiary. This acet in effect burdens the promoters
with the expense incidental to the installation and operation of flood
control features which must necessarily be incorporated in the dam in
order to acecomplish the desirable purposes. It also comprehends the
solution of the salinity problem of the delta region.
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Since this act was drawn, radical changes have occured in the situa-
tion both as to flood abatement and salinity control and an urgency
heretofore not sensed has become apparent. The flood of March, 1928,
has most foreibly brought home to the people a full realization of the
menace which exists in the uncontrolled flow of the American River
and vigorous action is now being had by the American River Flood
Control District in an endeavor to solve the flood control problem.
To those who have studied the situation it is obvious that the most
economical solution involves regulation of flood flows by storage. It
is further obvious that the provision of such regulation can not long
be deferred. The rapidly growing community north of the American
River is wholly at the mercy of the vagaries of that stream. The loss
of life, destruction of property and adverse publicity suffered by the
capital of this state in the recent flood is freshly in the minds of those
most vitally interested. Development is being retarded. To defer
action is to invite a disaster, recovery from which may not be accom-
plished in generations.

Those who have suffered from the incursion of salt water in the
delta region have entertained great hope for the early construction of
a salt water barrier. The plan has been fully investigated by state and
federal engineering forces. These investigations reveal that the prob-
able ecost would vary from $45,000,000 to $90,000,000 according to the
site selected. It was hoped that a considerable proportion of this cost
would be borne by transportation interests in return for use of the
proposed structure as a bridge across the straits. This hope has been
dispelled by an announcement of the Southern Pacific Company which
settles the issue by proceeding with the immediate construction of a
bridge near the Carquinez ferry. Thus it appears that immediate
amelioration of the salt water nuisance can be had only hy the releasing
nt impounded waters.

A practical aecceptance of this condition is now evinced by the
attitude of the delta interests. These interests now propose the forma-
tion of a delta conservancy distriet, the major purpose of which will
be to provide a means for sharing in the cost of storage works proposed
under the coordinated plan or any other works capable of remedying
the situation. This has all the appearance of a broad-minded proposal.
It should, to our notion, receive the sympathetic support of all state
agencies and be hastened to an early consummation.

The dilemma with which that region is confronted has been forced
upon it by a natural and orderly agricultural development of the Sac-
ramento and San Joaquin valleys. The holders of up-stream agricul-
tural lands have taken water as they pleased and now insist that the
delta, although admittedly injured, must solve its own problem and
meet the costs incidental to such solution. Tremendous stakes are
involved in the delta controversy, involving an area of approximately
600,000 acres from which is derived an annual erop production of
hetween $50,000,000 and $70,000,000. The most valuable agricultural
land of the state is in this region and permanent damages due to the
infiltration of salt water have already attained vast proportions.

By standing on their riparian rights and vigorously pressing the
suits now filed, the delta interests ean jeopardize every appropriator in
the two valleys. The outcome of such litigation is, of course, uncertain
but it cannot fail to result in at least a temporary paralysis of develop-
ment and great expense.
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Fortunately, the inclination of the delta is toward constructive
measures. This is indicated by the spirit of the proposed distriet and
the apparent willingness of the land to contribute toward a storage or
conservancy project.

It is noted that the delta interests have looked toward the proposed
Kennett and Iron Canyon reservoirs as a possible solution of their
problems. Our purpose is to bring most emphatically to the attention
of all parties the faet that the construction of either of these reservoirs
would in no measure provide control of flood waters where such control
15 most necessary and urgent, the American River area.

It is, of course, true that the construction of either of these units of
the coordinated conservancy plan will go far toward solving the salinity
problem and, at the same time, be heneficial to the irrigation, navigation
and flood control interests of the upper valley. But public policy
demands that any development of natural resources shall be so planned
as to confer the greatest benefits to the greatest number of beneficiaries
and, further, shall be timed so far as is humanly possible, to meet their
urgent requirements.

During a normal summer the salinity problem is not acute; the great-
est necessity for augmented flow occurs during seasons of subnormal
precipitation and this necessity coincides with the maximum require-
ment for irrigation water. Appropriations from the Sacramento River
now amount to nearly double the low flow of the stream. As the devel-
opment, of the upper valley progresses, these appropriations must be
inereased and it becomes apparent that during a critical season such as
1924, draft from the river would seriously diminish the amount, of water
dedicated to salinity control. In such case state regulation would
become necessary and restriction of diversions could be accomplished
only by a close policing of the entire stream. The first concern of the
proposed delta distriet is to secure unimpaired delivery of water, the
storage cost of which is partially borne by it.

Flood flow regulation by these upper reservoirs is desirable but will
not become absolutely essential until development of the upper valley
region has progressed to such a point that the present defenses are
inadeguate and unless the present rate of development 15 greatly aceel-
erated, this lies many years in the future.

Irrigation has progressed rapidly in the upper Sacramento Valley.
Prior to 1911, diversions from the river were insignificant but with the
stimulus of war time prices, great strides were made in the use of water.
In nearly every case appropriations were made far in excess of 1mme-
diate requirements and many years must elapse before development is
so intensive as to require that all the water approprmated be actually
put to beneficial use. It seems proper that conservation and regulation
of the use of the present stream flow should be practiced before a great
expenditure is made primarly for an added supply. We are inclined
to the opinion that the irrigation interests may best be served by a con-
solidation of their present position rather than by any great immediate
expansion. If an expansion of irrigated land is desirable it seems
reasonahle that aveas without any supply should be provided for first.

The major American River project.

During the past summer further investigation on the American

River has indicated that the Auburn Reservoir may be developed in
21 apP—(7182
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conjunction with the Folsom Reservoir. The combined capacities of
these storage units is 953,000 acre-feet. The Coloma Reservoir which
at the date of this memorandum is being further studied, has a capacity
of 750,000 acre-feet. There is reason 1o believe that a satisfactory
dam site will be found and 1f this proves to be the case. the combined
storage capacity of the development will he 1,700,000 acre-feet.

Operated as flood control works the Ifolsom and Auburn units are
capable of safely reducing flow down the American River to a maximum
of 80,000 second-feet. The inelusion of Coloma Raservoir in the plan
will effect a further reduction to a maximum of 60,000 second-feet with-
out interference with the power output.

A method of water release from Folsom and Auburn reservoirs can
be devised whereby salinity can be controlled to F'mmaton and Jersey
in all years, including the critical season of 1974, with but a slight
reduction in power yield. The addition of Color a Reservoir will pro-
vide control fully in line with any sane reqrivement of the delta
interests.

The outstanding advantage to be gained through the adoption of the
American River development as the first, unit of the coordinated plan
rather than one on the upper Sacramento River is that of early con-
summation. We have endeavored to indicate the urgeney of the situ-
ation both as regards flood econtrol and abatement of the salinity menace.
Development at Kennett or Iron Canyon will in no manner alleviate
the deplorable situation which exists along the American River and
only by a stretehing of the imagination can one visualize aid to the
delta within the next generation from these sources.

It seems obvious that either of the great developments of the upper
Sacramento must be carred forward as state-owned projeets. The
writer presents no brief for or against public ownership and wishes to
avold any participation in injecting this highlv controversial subject
into the problem bhefore us. However, the situation appears to demand
recognition of the fact that publicly owned entities have not the faculty
of moving rapidly. The uncertainties surrounding the upper Sacra-
mento projects—legislative, legal and financial—are sueh that only a
confirmed optimist would hope for the beginning of construction within
the next decade. And ten years more might well be required to bring
the project to completion .

It has been suggested that early construction of the American River
project might retard the upper Sacramento project by saturation of
the power market. Our contention, hased upon a close study of avail-
able statisties, is that the output from the American will long since have
been absorbed before the Sacramento power eomes on the market

The primary purposes of Kennett reservoir in the ecoordmnated plan
is to make np the deficiency which exists in the water supply of the
San Joaquin Valley. Power produetion is but a means to that end
Flood control and the abaterment of the salinity menace are henefits of
secondary importance. Salmuty control and wrigation of the San Joa-
quin Valley are contradictory in effect ; the one requires that impounded
water be passed down the river channel to the sea, while the other pre-
supposes diversion. Why, then, 1s 1t not logical to provide on the
American a development which shall be specifically dedicated to salinity
control and allow the Kcnnett project to fulfill the purpose for which
it was originally conceived?
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The matter of immediate absorption of the power output from the
American project is to our belief wholly within the power of the state
administration. We have been advised as to the attitude of the Pacifie
Gas and Electric Company in the matter of state conservancy measures.
We are informed as to the increment of demand upon its system and
can visualize no physical ohstacle relating to absorption at a satisfactory
rate. Armed with this knowledge, the task of the adnimistration in this
matter does not appear difficult; it iy our belief that it can not only
guarantee absorption at a satisfactory rate, but can so influence the
rate at which power is to be purchased as to greatly decrease the sug-
gested contribution to the construction fund and at the same time insure
a proper and legitimate profit to the promoters and their financial
backers.

Briefly stated, the power consumers of the state will share in paying
for the benefits to be conferred through flood regulation and salinity
control, but 1t is not to be inferred that their eost will in any measure
be increased. Predicated upon the data now at hand, the produetion
costs from this project will be approximately the same as from Kennett
or Iron Canyon and being much nearer to load centers, no great trans-
mission costs or losses are involved No power development project
occupies a more advantageous position with relation to the points of use.

The desirable purposes sought by the several interests can be accom-
plished by a concentration of development on the American River for
the next few years, and. being without cost to the parties benefited, its
most violent opponent can not demonstrate the plan to be untimely or
not in accordance with sound economic doctrines.

Advantages to American River Flood Control District.

The outstanding advantages to be gained by the American River
Flood Control District through the regulation of flood discharges by
the American project are those which bear directly upon the cost of
reclamation. They may be summarized as follows:

Decreased size of flood channel—Without regulation the required
flood channel will be 2400 feet wide; it is economically impossible to
continue such a channel to the easterly boundary of the distriet and
some 3000 acres of excellent river bottom land would be denied protee-
tion under such a plan. The construction of Folsom Reservoir alone
will permit the reduction of flood channel width to 1000 feet and the
levees can be extended to protect all land in the district.

Under the recently approved federal legislation (Curry bill), it
would appear that the State of California would be obligated to acquire
such lands as are necessary within by-passes for projects yet to be con-
structed, of which the American River Flood Control District is a part.
The rights to be acquired have been tentatively appraised at an average
of $200 per acre and may be considerably greater. The 2400-foot flood
channel contains approximately 1200 acres and the 1000-foot channel
about 650 acres. It is therefore obvious that the saving to the state
through the adoption of the narrower chaunnel will be at least $110,000.

Decreased channel maintenance—The permanent saving through
maintenance of a smaller channel which will devolve upon the state
will be considerable, both as to the removal of obstructions to flow in the
overflow portion and the removal of detritus from the river bed.
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Channel sedimentation is one of the important engineering problems
which must be solved by the district. While the laws governing the
transportation of debris by running water are not generally under-
stood, it is unanimously agreed that the scouring effect of a continu-
ously maintained large flow is greater than that of occasional great
floods. The matter of channel maintenance is important. It was thor-
oughly argued at hearings on the plan of reclamation sponsored by
Messrs. Tibbals and Percival, and many agree that deficiencies in this
regard accounted for the failure of the plan.

Partial use of flood channel—The revenue resulting from use of por-
tions of the flood channel may properly be expected to yield a revenue
to the state. It becomes apparent that, with regulation, the frequency
of floods in excess of the capacity of the present river channel will be
greatly decreased and that some of the flood channel lands may be put
to a practically continuous agricultural use. The limited industrial use
which may be had for lands subject to intermittent floods will also be
extended.

Decreased length of bridges~—Regardless of the width of flood chan-
nel adopted, all obstructions to flow must be removed. The existing
railroad fills must be replaced by trestles and where necessary the
grades must be raised to conform to the proposed flood planes. While
the advantages of the lesser channel width are obvious, the district at
this time is not prepared to make a statement as to the allocation of
these costs.

The highway leading northerly from the Twelfth Street Bridge is one
of the main arteries of travel from Sacramento and traffic counts have
indicated that between 11.500 and 12,000 vehicles pass over it every
day. To obviate grade crossings at the two railroad intersections, sub-
ways have been constructed. These are flooded whenever the American
River leaves its banks and a flood discharge which might otherwise do
very little damage suspends traffic for several days after the high
water has receded. For this reason. the present location is regarded as
temporary, If the 2400-foot flood channel is found necessary, the
Highway Commission proposes an elevated strueture passing over the
railroad tracks with a maximum height above ground of about 45 feet.
With the 1000-foot channel the present location can he used. it hemg
necessary only to substitute a short trestle between the Twelfth Street
Bridee and the proposed levee.

The Highway Commission engineers have estimated the cost of the
long overhead crossing at $787.000. The shorter structure wonuld cost
less than $100,000, making the saving on this item alone $637,000.

Aside from matters pertaining to cost and maintenance, decreased
lengths of trestles are desirable from the point of view of the traveling
public  Causeways are dangerous, time consuming and subject to con-
gestion  Thev represent most of the detrimental features which high-
way engineers endeavor to avoid and in these cases are particularly
obnoxious on account of the density of traffic.

Loss of assessable area.—The wider flood channel which will be neces-
sary without reservoir regulation, will contain approximately 15 per
cent of the total area of the distriet. Tiand along the river, being lowest
in elevation, will probably be assessed at a ma<imum rate. Tt therefore
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appears that the loss in assessed valuation through adoption of the
wider channel mav approach 25 per cent of the total for the district.
This, of course, has the effect of inereasing the charges against the
remaining area and to that extent renders the acceptance of the project
by the people more doubtful.

Regardless of its width any flood channel along the American River
will constitute an eyesore and will forever be a barrier to the develop-
ment of the two muniecipalities. As their expansion continues, this
area will become more valuable and the economie loss will become more
acute and more obvious. Many broad visioned people anticipate the
ultimate consolidation of the two cities and in view of the rate of
expansion in the last decade it seems not unreasonable to believe that
such a consolidation will receive serious consideration within the next
few years. A wide flood channel will go far toward defeating such a
movement.

Improved chance for passage of bond issue. The benefits from flood
protection become tangible only at infrequent intervals, and except in
times of stress, it is difficult to impress upon the average woter the
desirability and necessity for such protection. Herein lies the district’s
greatest problem. During the last few years. the people of Sacramento
have rejected in whole or in part several issues, all of which provided
for the construction of works which would have been tangible in aspect
and of continuous and definite use to the taxpayer. No less than three
bond issues will have been presented during 1928 and if any are
sucecessful, taxation must be increased. Other issues being contem-
plated for 1929, the district must face unfavorable psychological
reactiens resulting from them.

It seems obvious that, to be successful, the cost of the project must
be held to an absolute minimum. This is possible only with regulation
by reservoirs. The people of the district are quite generally aware that
such regulation is feasible and economical and failure of the negoti-
ations between the state and Kieffer et al. will have a decidedly adverse
effect upon the chances for the success of a bond election.

Urgency of the situation. -

Those interested in flood abatement, salinity control and irrigation
supply have given practically unanimous endorsement to the coordi-
nated water conservancy plan which is now being given careful study
by your committee. All recognize the many difficulties in its consum-
mation, but all are principally concerned with the matters of cost and
time element. ’

As regards flood regulation and salinity eontrol the situation amonnts
to an emergency. The position of American River Flood Control
Distriet certainly demands prompt action and obviously enough of
the land holders of the delta can not and will not tolerate an indefiinite
continuance of the situation which has been foreced upon them. The
solution offered by the proposed major project on the American River
is to all practical purposes, immediate in its effects; it requires very
little or no expenditure of public funds and, if shrewdly haudled, can
be put into operation in such a manner as to insure lasting benefits to
the state.

The conditions which obtained at the time of the enactment of the
so-called Folsom bill have radically changed. The flood discharge upon
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which the State Reclamation Board and California Debris Commis-
sion designed its plans was 128,000 second-feet:; the flood of March,
1923, at 1ts erest exceeded 180,000 second-feet. An unexpected element
has been introduced by the proposed upper reservoirs, which combined
with the Folsom plan would appear to offer a final solution to hoth
flood and salinity problems. TUnanticipated difficulties have been
encountered in reconciling the economies of the projeet with existing
legislation, the burdens specifically imposed being greater than the
prospective revenue from power appears fo warrant.

A suggestion has been made as to the propriety of securing legisla-
tion at the coming session, to validate any contract which may be
made with the private interests involved m the American River situa-
tion and to effeet the formation of the delta distriet proposed by Mr.
Hadsell. We can conceive no legislation more essential under existing
conditions or more broadly beneficial to the Sacramento Valley and
we can not refrain from earnestly recommending such action.

Conclusions.

1. It is believed that immediate public policy can be better served
by storage on the American River. than on the Sacramento; this belief
being founded on the following grounds:

(a) There would be no interference with the passage of water
intended for salinity control. A regulated flow of 4000 second-feet
being possible during seasons of eritieal salinity, the delta region will
be freshened nearly to the Sacramento Short Line ferry.

(b) Protection from inundation will be afforded to the thickly
settled and rapidly growing city of North Sacramento, which is now
wholly unprotected. Ultimate regulation to a maximum flow of 60,000
second-feet being possible, the American River problem will be solved
and a menace to the city of Sacramento will be definitely removed.

{e) A great block of power will he made available at a cost not in
excess of that to be produced by proposed upper Sacramento develop-
ments. '

2. It is believed that the state 1s eonfronted with a situation having
all the aspects of an emergency:

(a) The delta interests will no longer tolerate the destruction of
property and loss of income due to the encroachment of salt water and
unless some definite and constructive measures are adopted toward
ameliorating the situation, disastrous litigation will ensue.

(b) A determination in the matter of American River Flood Control
District must be had at the earliest possible moment and unless a
reduction of cost is made possible through storage regulation the people
will probably reject the project.

(e) Construection of storage works by the state is so uncertain and
so subject to delay as to warrant its rejection as a possible solution.
The introduction of a political football into the situation will in no
measure benefit the parties now injured or subjeet to injury.

3. A solution of the obstacles to the signing of a contract with some
responsible organization should be diligently sought and, if the solution
is not found, the obstacles should be removed by further legislative
enactment.
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(a) Some such contract is the key to the entire situation. No one ean
foresee the course of events or anticipate the outcome of controversial
elements contained in a discussion of the coordinated plan of water
development.

(b) Such a contract clears the way for the consummation of the
larger project which to the best of our present knowledge, solves this
important problem which now confronts the state.

(e¢) The American River project involves no great expenditure of
public funds and its benefits may be had with a minimum of delay.

Respectfully submitted.
A. M. BARTON,
Chief Engineer and General Manager,
State Reclamation Board.
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SUPPLEMENTAL REPORT OF COMMITTEE

(Submitted to the Legislature April 9, 1929.)

The report of this committee presented to the Legislature on January
18,1929, set for the methods pursued by it in the study of the water prob-
lems of this state and certain general conclusions arrived at. Also, cer-
tain projects or proposed undertakings for the immediate and later
development of sources of water supply, storage and distribution were
enumerated, but without particular regard to the financing of the same,
and without recommending whether suech work sheuld be undertaken
by the state or by the state and federal government, or by distriet
plan, either through a combination of counties, cities, or other political
subdivisions.

Sinee the submission of such report your committee has given further
consideration to the basic prineciples or policies which it believes and
accordingly recommends should govern or control in the gradual and
ultimate realization and accomplishment and fullest utilization of the
coordinated plan referred in the previous report of this committee and
Bulletin No. 12 of the State Engineer’s Office; and your committee also
recommends the construction of certain units thereof as hereinafter
set forth,

The comprehensive stidy made by the State Engineer’s Office since
1921 has supplied the state with a fund of detailed and technical engineer-
ing data and information with reference to the water supply, resources,
and needs of the various sections of the state and the engineering fea-
tures involved in securing a more equal distribution of water from
the areas of excess to areas of deficiency, that is and will be of incaleu-
lable value to this state. Many sections of the state have already reached
their fullest development unless additional water supply can be fur-
nished; and, indeed, certain large areas are in a state of decline and
retrogression because withdrawal of water from sources of supply in
excess of their replenishment. This is notably true in the South San
Joaquin Basin, where thousands of acres and millions of dollars worth
of property, highly produective if supplied with sufficient water at not
prohibitive rates, are facing ultimate exhaustion of water supply through
steady and constantly sinking water levels. Likewise, the seriousness
of the condition prevailing in the great delta area of the Sacramento
and San Joaquin will become more and more acute should further
withdrawal of waters occur in the upper reaches of the Sacramento and
San Joaquin rivers. We observe vast areas of the state, and masses of
people locked in litigation that is rendering further development impos-
sible, and which will produce results of inestimable damages irrespec-
tive of which side may be suceessful in such litigation. In fact, it is
evident that state aid of some sort is imperative. The solution, if pos-
sible, of the immediate problem facing these vast areas of the two great
valleys, presents matters of such diversified and varied importance that
the adoption of certain general yet basic principles by the state seems
necessary.

The ultimate development of this state will be largely dependent
upon the fullest use of its water resources. The total water supply of
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California is hardly sufficient for its ultimate needs. The day will
come when the state will find a need and use for every drop of water
that falls within the territorial limits. The easily developed waters are
now in full use and practically exhausted. The future must depend on
storage and more expensive supplies. The conservation and most com-
plete use of water will be vital to the future prosperity of the state,
and as already indicated, the demand for more water in vast areas is
even now most urgent. Years of threatening shortage in rainfall, as
the present year indicates it will be, causes apprehension as to the con-
sequences that necessarily and inevitably follow.

Past methods of use and development of our water resources indi-
cate that the course of least cost has been followed, and that without
regard to the fullest and most beneficial use thereof. No general or
coordinated plan has been followed with reference to the development
of water resources. In view of the magnitude of the areas affected,
the diversity of uses to which the water resources of our state can and
should be put, the number of streams available as future sources of
supply, and the diversity of ownership of existing projects, and the
inseparable direct interest of the millions of people who live in or tribu-
tary to the areas affected, it seems to necessarily follow that only under
a state policy will it be possible to eoordinate the future development
of the state’s water resources and secure the maximum conservation
thereof and economic benefit therefrom.

It is accordingly suggested and recommended that the state adopt

a policy for the maximum conservation and economic use of its waters
as follows:

1. Conservation.

It shall be the policy of the state to conserve, or to encourage and
direct the conservation of the waters of the state, both surface and
underground, for public use and protection, and to the end that such
waters may be put to the greatest beneficial use, whether through publie,
quasi public or private agencies, by storage, control, diversion, trans-
portation, spreading, and any other means.

2. Coordination of Development.

It shall be the policy of the state that future development of water
resources in California shall be coordinated in its physical, economic
and other aspects to the fullest extent practicable with due regard to
ultimate costs and maximum uses and benefits. With reference to such
coordination two important factors are recognized :

(a) The coordination of all uses of water, including domestie, muniei-
pal, irrigation, industrial, flood control, navigation, power, mining,
salinity control and other uses that may arise.

(Typical projeect, involving such eoordinated
use is Kennett Project, infra.)
(b) The coordination of water supplies between the time and place

of origin and time and place of use, and by means of transportation of
water in excess of the needs of the water sheds of origin from such water
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sheds to areas of deficient water supply to correet unequal geographie
distribution.

(This is indieated in the proposed transporta-

tion of waters from the North Sacramento
Basin to the South San Joaquin Basin, as
set tforth in DBulletin No 12, and infra.)

3. State Direction.

It shall be the policy of the state to assume the direction and control
of the formulation, outlining, execution and operation of the general
plan contemplated herein. This does not necessarily mean that the
state must undertake construction and maintain the units of such plan;
and whether or not the state undertakes such construction or mainte-
nance, or whether 1t be done through other public, quasi public. or
private agencies, the state shall assume direction and eontrol thereof,
shall not allow development minucal to 1ts adopted pohicies, and shall
encourage development by public agencies or private initiative in accord
with or not in confliet with such policies.

4. It shall be the policy of the state to extend to areas of surplus
water, from which, under the coordination policy or the development
thereof, areas of deficient water may obtain a supply. Definite and
valid assurance that such areas of surplus from which water is or may
be taken shall have a right to ample water for their ultimate needs,
superior and prior to that of the areas of deficiency to make use of
such surplus. In the event of impounding water by storage, such areas
or water sheds from which water is taken shall be entitled to use their
prior water rights acecorded hereunder, upon payment or agreement to
pay such consideration for waters used therefrom as may be reasonable
and proper under all the circumstances and conditions relating thereto,
making due allowance for the initial prior right of such areas to such
surplus waters.

5. Assurance to Areas of Deficiency.

It shall be the policy of the state to extend to areas of deficient water,
which under the coordinated policy have obtained water from the
areas of surplus, assuranee of physieal availability of permanent sup-
plies by means of a progressive plan of construction of storage and
other units as required by the needs of all areas, both those of surplus
and deficiency, dependent upon the sources under consideration, this
policy to be secondary to and limited by No. 4 above.

6. Control of Water Rights.

It shall be the policy of the state that control of water rights, water
and the use thereof in this state, in so far as the same does not interfere
with vested rights therein or thereto, be reserved to the State of Cali-
fornia and shall not be exercised by the national government except in
its proper regulation of navigable waters for the benefit of navigation
alone.
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7. Protection of Water Rights.

It shall be the policy of the state that future water rights granted by
the state shall be in accord with the policies herein set forth; the water
filings heretofore or hereafter made by the state shall be maintained
and waived in favor of projects in accordance or not in conflict with
plans or policies herein set forth.

8. Private Interests.

It shall be the poliey of the state that the future plans, developments,
projects and physical units of any and all private parties, companies,
corporations, public or munieipal utilities, or other agencies, shall con
form to and not conflict with any policy set forth herein.

9. Reservation of Sites and Rights of Way.

It shall be the policy of the state that the sites for the necessary
physical units, as may from time to time be required as necessary for
the consummation of the policies set forth herein, shall be acquired by
purchase, donation or by cooperation with the federal government,
state, county, and other agencies, or the exercise of eminent domain,
or by agreement or by any other means deemed necessary.

10. Apportionment of Costs.

It shall be the policy of the state that the costs of the execution of a
plan under the policies set forth shall be apportioned according to
benefits received. State assistance shall be given in accordance with
state-wide benefit. Full utilization of available by-products, such as
sale of hydro-electric power shall be made, to the end that projects or
units may be self-financed to the fullest extent possible.

11. Federal Aid.

It shall be the policy of the state that federal contributions shall be
requested by the state upon the basis of navigation, flood eontrol, irriga-
tion and other benefits that would acerue to the nation at large.

12. It shall be the policy of the state to make contributions to flood
control, storage, or other projects, in conformity with and in the pro-
portions hereto made, to isolated projects, not inecluded in the coordi-
nated plan proper.

(Example Los Angeles Flood Control, proposed
Santa Ana Flood Control infra, page 193 )

13. Distribution of Water.

It shall be the policy of the state that the state shall administer the
distribution of water in accordance with respective rights thereto, and

as may be necessary to assure successful operation of a plan exeeuted
under these policies.

14. Supervision of Dams.
It shall be the policy of the state that the state shall supervise the

design, construction and operation of dams over a minimum size to
be determined by law, in the interest of public safety.
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15. Federal Departments.

It shall be the policy of the state that the federal government and its
several departments shall be notified of the adoption of these policies
herein included, and of plans thereunder, and be requested to assist
the State of California in the execution of these policies and plans by
granting of permits and licenses on government lands so as to conform
with the state’s policy and plan.

16. State Departments.

It shall be the poliey of the state that all departments of the govern-
ment of the State of California shall be notified of the adoption of these
policies herein included and of plans thereunder, and any and all
works under the control or direction of such departments shall con-
form to said policies and plans or shall not be in conflict therewith.

17. Plan,

It shall be the policy of the state to adopt a coordinated plan for the
execution of the policies herein set forth, the same being substantially
as set forth in Bulletin No. 12, subject to policies herein recommended
and any modification that may hereafter be deemed necessary and proper.

18. Administrative Machinery.

It shall be the policy of the state that adequate and appropriate admin-
istrative machinery be ereated, and necessary appropriations be made
for the execution of the policies set forth herein.

The ultimate accomplishment of such coordinated plan will neces-
sarily require many years. The construction of units thereunder should
be progressive and in accordance with the needs of the state and as
economic conditions may warrant. The plan must be pursued upon
fairly conservative grounds with due regard to the ability of the people
and the state to bear the costs thereof and to pay for the same, and the
capacity of the state and the available markets of the world to consume
the produects thereof to the reasonable advantage of the producers and
agricultural interests involved.

PARTICULAR PROJECTS DEMANDING IMMEDIATE CONSIDERATION

Your committee endeavored to give full consideration to study the
major water problems in all sections of the state.

This included the proposed aqueduet from Colorado River to the
metropolitan area in southern California, as well as the problems in
San Bernardino, Riverside, Orange and San Diego counties. The con-
sideration was state-wide and not sectional. But there was no intent
or desire to force or recommend state contribution or foree or claim state
control in projects or undertakings where such aid or contribution was
not desired. In fact, where municipalities or combinations thereof,
or distriets, or political subdivisions, desire or are eapable of undertak-
ing and earrying through the construction of units or projeets without
state aid, such course is to be commended.

Accordingly, when the city of Los Angeles and other southern Cali-
fornia cities expressed their preference to finance, own and operate the
proposed aqueduct without assistance from the state they confirmed
the policy that has heretofore prevailed in all sections of the state with
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reference to municipalities furnishing their municipal needs in this
respect, and enabled the commitiee to feel that it could and should
properly abandon any further elaim by individuals that such aqueduct
be considered a state project.

Kennett and San Joaquin Valley Projects.

Your committee herein reaffirms its conclusions set forth in its pre-
liminary report that the Kennett Dam should be constructed for the
primary purpose of relieving the salinity problem in the Delta, and
the furnishing of water to the San Joaquin Valley by means of dams,
pumping plants, aqueducts and levees, as mentioned and described in
our former report, because of the critical conditions that exist in such
areas. We further believe that because of the magnitude of the under-
taking; the extent and diversity of the areas affected and the benefits
to be derived, that these projects are of state-wide interest, and should
be constructed by the state through the lending of its credit at the
earliest possible time. Through the sale of electric power that can be
generated by installation of a power house at the dam, a large part, if
not all of the cost thereof as well as interest charges thereon, can be
realized. This has been demonstrated in such distriet projects as the
Merced, South San Joaquin and Qakdale, Nevada and other irrigation
districts.

In arriving at our conclusions on methods of financing these projects,
among other things it is necessary to consider the following faets and
conditions: Kennett Dam, if constructed, should not be operated alone
for primary power. It should be operated in the interest of navigation,
flood control, furnishing of water to San Joaquin Valley and fresh
water to the delta, and as near as possible to industrial plants located
along Carquinez Strait, as well as for power. In fact the sale of power
is the most available source of revenue. But the other uses and benefits
indicated malke availahle sourees of revenue that will eontribute sub-
stantially to the costs.

Such construetion and operation of this dam will tend to solve the
critical water problems in the Big Basin of northern California and the
hay section as far as Antioch. As new areas are developed in the Sac-
ramento Basin through use of waters from this source, contribution and
payment should be made, therefore, upon a reasonable basis having
due regard to original prior right to such water, and as the saline ques-
tion is removed from the delta area, land values there will be reestab-
lished and some payment should be made to state for the benefits thus
conferred.

This method of operation of the dam, however, will make it less attrae-
five as a project to be constructed and operated by private interests
because of the diminution of the quantity of primary power due to the
uses of water for other purposes just mentioned.

The construction of Kennett by the state, even though operated for
the purposes mentioned, will, however, bring returns to the state of a
very substantial amount from the sale of power which may be generated
as a by-produect.

The cost of Kennett dam and pump house and the reservoir site will
be the sum of $70,000,000. This amount was arrived at after careful
study by the State Engineer and a large board of consulting engineers.
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Likewise, it was determined that the San Joaquin project mentioned
will cost $24,000,000.

Kennett Dam when constructed will accomplish the following:

It will supply the Sacramento River, and the channels in and about
the delta of the San Joaquin and Sacramento Rivers as far as Antioch
with a supply of additional water over and above that now actually
used by lands taking water from the river channels during the dry
months of July, August and September, and make available for exporta-
tion into the lower San Joaquin Vallev through an exchanged water,
after providing and guaranteeing not less than 5,000 second-feet and
the delta at Antioch, sufficient water to relieve the needs of that section.

It will also lower the flood level of the Sacramento, which will increase
the factor of safety from overflow, benefiting navigation above Sacra-
mento. solving the salt water problem as far as Antioch, and making
it available for the industrial sites along Carquinez Strait by a conduit.
The ndustries there located have expressed a willingness to pay a
reasonable price for water thus made availahle for their use. Because
of the foregoing, and the aid to navigation and flood control substantial
aid might properly be expected of and received from the various sources
of revenue that will be thus available, the Kennett project is practically
self-financing.

The ecritical conditions mentioned in our previous report are the
direct result of the natural development which has taken place during
the past 40 years, in which municipalities, districts, power companies,
and agriculture generally have participated. It is obvious that should
additional water be taken from these rivers which are now depleted
by such development until this condition has been echanged, these crit-
ical problems will go from bad to worse.

The state is interested in correcting these conditions and making
possible future development as the economic needs require, of all of the
remaining waters arising in the water sheds surrounding the Big
Basin of northern California. These facts and conditions warrant some
state contribution at least to the extent that the project will not finance
itself.

We recommend then that the state submit to the people the proposi-
tion of issuing and selling bonds of the State of California in sufficient
amounts to construct these units.

The San Joaquin unit is dependent for its ultimate usefulness to the
fullest extent upon the completion of the proposed exchange of waters
as indieated in Bulletin 12. Certain practical difficulties are suggested
with reference thereto, but they do not appear to be unsurmountable.
Tn fact, exchanges of water under somewhat similar conditions have
been made in other states and in view of conditions existing in this
state, the same results should be possible herein.

However, the sale of any bonds for the undertaking of such work,
should bonds be voted therefor, should not be made until the neces-
sary agreements have been executed which will accomplish or enable
the state to effect the exchange of waters contemplated. And the areas
ultimately benefited should be so organized in distriets, otherwise, that
they might contract for and undertake to pay a fair share of the costs
incident to securing and furnishing the water to the deficient area.

The particular projects herein specifically mentioned must be con-
sidered and developed m aceord with general policies to be adopted by
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the state as indicated herein, and subject to the express rights and
priorities mentioned.

PARTICULAR PROJECTS DEMANDING IMMEDIATE
CONSIDERATION

SANTA ANA RIVER PROJECT

The Santa Ana River Project mentioned in our previous report is
a joint flood control and conservation project. It involves the complete
development of the Santa Ana River and its tributaries and the protec-
tion of highly improved districts from overflow and flood damage. The
cities and rural districts of three of our largest and most highly devel-
oped counties are direetly interested and involved

Not only have the districts within these counties suffered great and
irreparable injury as the result of winter seasonal floods, but thousands
of acres of highly improved lands depend entirely upon this river and
its tributaries for their water supply.

Not only does this river and its tributaries furnish the surface supply
Tor 1rrigation and domestic use in these counties, but also is the direct
and only source for all of the underground water upon which this vast
territory depends. The water levels in this territory have greatly
receded, and unless conservation of the winter floods is affected, great
damage will he sustained.

The engineering department of the state has worked out a plan for
the complete development of this river and its tributaries which will
effectively protect against storm damage and conserve all winter flood
water so that it may be put to beneficial use. The cost of this develop-
ment is estimated by the State Engineer as thirty million dollars. The
plan involves the construction of dams in the higher reaches of the
tributaries of this river. as well as at or near Prado, in Orange County.

The state has heretofore adopted and approved a policy of contrib-
uting to such projects. The Sacramento Valley and the Los Angeles
flood control are perhaps the most outstanding examples where such
policy has been applied.

In the application of this policy it has been the practice of the state
to require contribution from those receiving benefits.

In the case of the Lios Angeles flood control, the contribution was 50
per cent by the state and 50 per cent by the distriet benefited. In the
Sacramento Valley the contribution was one-third by the state, one-
third by the government, and one-third by the district. We helieve
that a proper contribution by the state for the Santa Ana River devel-
opment would be fifty per cent of the entire cost, leaving 50 per cent
to be borne and paid for by the counties and districts benefited. By
applying this prineciple it would be proper for the state to make a con-
tribution of fifteen million dollars toward this development, leaving the
balance to be borne and paid by the interested distrviets. ILike other
projects recommended, the state would be benefited by increased reve-
nues derived from additional improvements made possible by protec-
tion from floods and the complete conservation of the flood waters of
this great river system.
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The total cost of these three projects then would be the sum of
$109,000,000. Of these three projects Kennett Dam will furnish power,
the sale of which will be remu_nerative, and it is estimated that the

power from this dam will bring in annually to the state the sum of
$4 500,000. This power should be disposed of so as to repay the bonds
and interest to such an extent as possible.

It is obvious that the cost to the state, should these bonds be refunded
from time to time, would be very little, after the Kennett Dam is in
operation. The increased value in the property of the state, the benefit
to municipalities and industry would be enormous and benefits direct
and indirect would be reflected throughout the state.

We recommend that the project consisting of Kennett and the system
of pumping plants, conduits, and levees. heretofore mentioned for the
San Joaquin Valley, on the conditions mentioned and that $15,000,000
for flood control and conservation in the Santa Ana River and its tribu-
taries be submitted forthwith to the people of the state in the form of
a bond issue to finance the same, at the earliest practicable time.

SALT WATER BARRIER

The salt water barrier has received very careful consideration during
the past eight years by the State Engineer and the Consulting Board
of Engineers and by this committee. Data taken from Mr. Walker
Young’s report and a report by Mr. Thomas H. Mean is set forth in
our previous report.

Without doubt, the salt water barrier is an integral unit in any plan
which the state may adopt for the fullest conservation and use of the
fresh water of the Sacramento. This will be true after the water with-
drawals down the San Joaquin, endanger the 5,000 second-foot mini-
mum which is to be guaranteed the delta region.

Even with the construection of additional units such as Ameriean,
Feather, Bear and Yuba River units, the demand of the Sacramento
and San Joaguin area may be such as to require the salt water barrier.
When such need shall exist, however, the barrier should be built.

The State Engineer and consulting engineers in the state report have
continuously refused to recommend the salt water barrier as one of the
first units to be constructed by the state on the ground that the Kennett
project would produce greater benefits at a less expense to the state,

During the past few months various proposals have been advanced
by those interested in the construction of the salt water barrier relative
to financing same and additional uses to be considered, such as transfer
of Sacramento River water to sonthern Cahifornia And latest sug-
gestion of use of such water in southern California presents problems
of sufficiency of supply, engineering and financing that are of such
magnitude that intelligent action thereon at this time is out of the ques-
tion. The conditions prevailing in the delta, Sacramento and San
Joaquin basins are of such critical nature that further delay in grant-
ing or at least recommending remedial measures seems unwarranted.

‘We believe that the relief which will be afforded to the delta region,
should the Kennett unit herein recommended be constructed, will be
of such wide beneficial effect, not only to agricultural, but as well to all
other, ineluding industrial interests located at or near Carquinez Strait
that the recommendations made herein should have the unqualified sup-



— 195 —

port of the entire delta and metropolitan area. It seems advisable to
undertake these projects as recommended, and secure the benefits to
accrue therefrom, rather than to overload our recommendations with
projects which at this time would jeopardize the adoption or approval
of any projects whatever by the people.

Therefore, it would seem at this time that the salt water barrier
should not be included in the initial bond issue. It is evident that
more study and investigation should be given to it to ascertain for a
certainty which location should be chosen; the effect of its operation
on navigation; the benefits which would be derived by particular
areas; the etfect upon the levee system of the delta; and that a more
definite and satisfactory investigation be made during the coming
biennium, to the end that there would be more unanimity in the con-
clusions of the engineers. We recommend that a further study and
investigation of this proposed project be made by some competent
body and report thereon made to the next session of the Legislature.

AMERICAN RIVER

We affrm our conclusions in regard to the development of the
American River watershed. This appears to possess attractive features
as a supplementary unit to Kennett Dam in the coordinate plan and
with prospects of private financing should eliminate state charges
and at the same time yield a return that will materially aid the state
in carrying the cost of the San Joaquin unit. We urge the diligent
prosecution of megotiations by state agencies to the end that flood
menaces from the American River water shed be removed as soon
as possible. ¢

FEDERAL AID

We feel that the federal government is interested in the development
of Kennett. upon the grounds of its well established policies regard-
ing navigation and flood comtrol. Therefore, every effort should be
put forth upon the adoption of the program of construction herein-
before mentioned to obtain federal aid.

Whenever such federal aid is obtained it should inure to the benefit
of the state in repayment of the amount of money which the state
may have advanced or reducing the amount of bonds to be sold in
the construction of Kennett and the San Joaquin Valley project.

We recommend that the Legislature memorialize congress tp at once
investigate the needs for this development and to approve the same
and appropriate such sum or sums as it deems just in the premises.

We recommend that bills, resolutions, constitutional amendments
or other measures be prepared necessary for the carrying out of the
recommendations hereinbefore made.

Respectfully submitted.

Senators : H. C. NrLsox.

Rarpe E. SwING.

Epwix A, MUELLER.
Assemblymen: B. S. CRITTENDEN.

VAx BERXNARD.

Frank W. MIxXTER.

E. G. Apams (possible appendix).

22 APP—6T182
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SUPPLEMENTAL REPORT OF RALPH E. SWING

I concur in the majority report, hut it does not adequately express
the policy whieh I believe the state should pursue with reference to
its water resources.

It 13 an admitted faet that unless these resources are conserved
and all flood waters made available for use, the state will soon reach
its maximum development.

In a comparatively few vears we have seen communities econverted
into vast metropolitan areas and industrial distriets, and villages
transformed into large and thriving cities. The use of water has of
necessaity kept pace with this growth, and frequently at the expence
of the farming and urban areas.

The right to the use of practically all available water has already
passed into private ownership, and the development of nearly all
projects which offer any return upon the investment has been ecarried
to completion in the interest of those financing the project The cream,
so to speak. of all the state’s water resources has been skimmed off by
private interests, leaving only that which, hecause of its remoteness
from point of use or inaccessability, is unattractive for private develop-
ment. vet the conservation of which 1s necessary if the state’s growth
is to continue.

Investigation has conclucively established that there is annually
during the flood season enough water wasted to provide for all reason-
able and necessary uses for complete state development.

Private capital can not be enlisted for the conservation of flood
waters where the financial return is little or none. It therefore
devolves upon the state to undertake the protection of its own future
and its own resources. While I do not favor the state embarking
in commercial ventures or undertaking projects which ean well be
carried on by its citizens, I do feel that conservation of all flood waters
for use within the state is a proper field for state intervemtion. A
reasonable plan for carrying this policy into effect should extend
over a period of wears, and should be more or less definite in its first
inception so that the projects not provided for in the first expenditure
would be assured proper comsideration as the mneeds of the state
require ‘their respective development.

It 1> my helief that the state’s activities should be twofold in nature:
(a) The construction of such dams as mayx be necessary throughout
the state to conserve and hold back all surface waters not necessary
for the supplying of vested rights. both surface and subsurface, and
thus make these excess waters available as a supplemental supply for
those alveady eclaiming rights to the use thereof, as well as making
available the unappropriated excess for new development and for
supplying nses not now established The eniire cost of such develop-
ment would of necessity be a state charge, for there would be no direct
return, except such ineidental return as may be derived from the
sale or rental of power rights or from the rental of execess water.
which wonld be small in eomparison with the cost.

(b) In those instances where water 1s conserved and retained in any
reservoir construeted by the state over and above that necessary for
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the supplying of all rights within the water shed, the state should
have power to transport such unappropriated excess to districts of
deficieney, and thus make available in such deficient distriets new
water., or at least a supplyv not naturally tributary thereto. When
able, the district or territory benefited by the transfer of such water
should pay the cost of transportation, but in many instances the com-
munities thus have served may not he financially able to carry the
burden In such cases it would be proper for the state to adopt a
policy of making the transfer of such unappropriated water upon
condition that the benefited distriet or territory pay all or at least
a part of the cost of such transportation in annual charges or rentals.
The moneys so received. together with that which may he received
from the sale of power rights, should go into the development fund
to aid in refiring bonds which may necessarily be voted for such
developments.

The logical plan for carrying out such a policy would be to submit
the entire general scheme for full development of the water resources
of the state to the voters for their approval or rejection. and in the
proposition submitted should be ineluded a direction to the Legislature
to provide from year to year the funds necessary to carry on such
development as the state’s needs should require. Of course it would
not be erther necessary or advisable to vote bonds in any specific sum
for such purpose, but authority could very well be reposed in the
Legislature to authorize the issnance of bonds in such amounts and
at such times as might be necessary to earry on such development,
extending over a period of years. the most urgent projects bheing
given ecarliest consideration. The Department of Public Works or
some other department of the state government could be empowered
to prepare and submit to the Legislature recommendations as to the
developments which should take place in the succeeding biennium
and submit a budget of the amount of money necessary for carryving
out such recommendations.

This plan would cause complete development and would insure all
parts of the state receiving proper consideration of their respective
interests.

The plan would necessarily have to be incorporated in a constitu-
tional amendment so drafted that the coordinated water development
scheme referred to in the reports of the state engineer and sueh other
projects as may be deemed necessary to carry out the plan above
suggested, could be approved by the voters, with the proviso that
the work should be ecarried on as the state’s development may require,
and in such constitutional amendment the Legislature ecould be
empowered and authorized to cause bonds to be issued and sold in
such amount and at such times as mayv be necessary to meet the
budget as recommended by the state department. Such bonds, of
course, should not be authorized by the Legislature except by a two-
thirds vote, thus insuring the voters that money would not be expended
except for projects which were strictly within the poliey ahove referred
to. Perhaps it would be well to insert in such amendment authoriza-
tion for the immediate construetion of those projeets which this com-
mittee has in its report deemed sufficiently urgent to require immediate
development. Such a plan should meet the demand of all who are
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interested in a complete development of the water projects and at
the same time insure immediate development of those projects now
claimed to be necessary.

Unless some such plan is followed, I fear the voting of bonds for
a particular project may result in a contented feeling in the terri-
tories thus favored, so that the voters of those favored distriets would
not be vitally concerned in future proposals, and might perhaps be
incelined not to support them, whereas, if the entire plan of progressive
development were submitted, all districts within the state would be
equally interested, for each would know that eventually the develop-
ment of all the state’s water resources would be carried to completion,
and that they would thereby receive their proper benefit. I feel con-
strained to urge upon the Legislature a very careful consideration of
such a plan before coming to a final determination in the premises.

Respectfully submitted.
RarpH E. SwinG.

I concur with such parts of the foregoing report as are consistent
with the separate report filed by me herewith:

The committee appointed under and by virtue of Assembly Concur-
rent Resolution No. 30 was charged with the duty of seeking and
digesting all available and adequate information to enable members
thereof to consider a state-wide plan for the conservation and use of
the water of the state.

In the preliminary report submitted by your committee to the
Legislature of the State of California, dated January 18, 1929, the
conclusions and recommendations of the committee were that the
coordinated plan for the development of water resources as sum-
marized in Bulletin 12, summary of ‘‘Report of the Water Resoureces
of California and a Coordinated Plan for Their Development,’’ as filed
with the Legislature in 1927, by the State Engineer and the Depart-
ment of Public Works, Division of Engineering and Irrigation, be
approved as the plan and poliecy to be followed by the state, subject,
of course, to such modifications and changes as further studies would
make advisable.

In the report submitted to the Legislature in January of this year,
the following projects were deemed necessary:

(1) Kennett Dam, approximate cost of which will be._______________ $70,000,000
(2) Salt water barrier at or near Army Point crossing from the east-

erly shores of Solano County to the westerly shores of Contra

Costa County, at or neur Suisun Bay, the approximate cost of

which will be 50,000,000
(3) San Joaquin Valley dams, pumping plants, agueducts, and levees

for the purpose of pumping and transporting water from the Sacra-

mento River to the San Joaquin River, the approximate cost of

which will be e 24.000,000
(4) Santa Ana flood control consistent with the policy as applied to the

Sacramento River and Lus Angeles flood control. the approximate

cost of which will be _____.________ _- 10,000,000
(5) Los Angeles aquedget _____ - . . _________ 150 000,000

Your committee, pursuant to the directory portion of Assembly
Concurrent Resolution No. 30 was informally of the opinion that a
coordinated plan for the statewide conservation and use of the waters
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of the state demanded a state-wide bhond issue large enough to con-
struct the five units recommended in the report submitted to the
Legislature of the State of California in January of this year.

But spokesmen, purporting to speak for the city of Los Angeles
and other southern California cities, stated that it was the preference
of Los Angeles and vicinity to finance, own and operate the proposed
acqueduct described in No. 5 above without any assistance from the
state.

The attitude of the Water and Power Bureau of Lios Angeles County
and the spokesmen for the south ereated a situation which eliminated
a balanced program upon which a state-wide bond issue could be
predicated.

Until the attitude of Lios Angeles had become definite with regard
to its view to own, operate, and pay for the aqueduct without assistance
from the state, the committee informally was committed to the salt
water barrier as a part of a balanced state program.

After the committee bowed to the will of the local authorities in
Los Angeles who did not desire to be interfered with in the con-
struction of, or the administration of their local water problems,
even though the cost of the aqueduct will be greater inasmuch as the
committee has acceded to their views, the question then arose as to
the expedient way in which to interest the state in the water problems
of the state without the benefit of a balanced program.

Construction of the bay barrier will establish on the San Francisco
Bay probably the greatest industrial area on the Pacific coast enhanc-
ing property values and creating wealth throughout the entire San
Francisco Bay section and central California and northern California.
Suggestion has been made by opponents of the barrier that Los
Angeles would oppose the report if the barrier were included, on the
theory that the barrier will ereate and establish this great industrial
area; but we are unwilling to subseribe to any such proposal and
question very much its wisdom and the desirability of the people of
Los Angeles to create any such impression. Knowing the people of
that section as I believe I do, I feel confident that they will not be
guided by any such selfish, narrow or questionable consideration and
that they would join with the people of other sections of the State
of California and help keep alive the spirit of a great California
and one California.

THE ELIMINATION OF THE BARRIER, THEREFORE, FROM
THE PROGRAM AT THIS TIME IS ACCOMPLISHED NOT
BECAUSE OF THE LACK OF MERIT OR NECESSITY OF THE
BARRIER, BUT BECAUSE OF POLITICAL EXPEDIENCY.

The statement in the foregoing report to the effect that should the
Kennett unit be comnstructed, it will be of such beneficial effect not
ounly to agriculture, but as well to all other, including industrial
interests located at or near Carquinez Strait, is not founded on fact
or on sound engineering judgment as can be demonstrated by the
opinions of competent engineers.

The correctness of the statement above referred to is proven by an
cxamination of the Walker Young report filed in the office of the
State Engineer. and the report of Thomas H. Means, incorporated
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in the report submitted to the Legislature of the State of California,
January 18, 1929, bemng Exhibit **C’7 therein.

Kennett Dam is not large enough to hold water at 100 parts per
million chlorine at Antioch in a dry vear, even without taking 3000
second-feet to the San Joaquin. The Kennett Dam alone with the
San Joaquin pump will speed up the time at which salt water reached
Antioch each year and will give the tervitory below Antioch prac-
tically permanent salt water. Too, the proposed water to be held
at Antioch is ten times too salty for industrial use and four times
too salty for continued agricultural use.

In 1927, a year with rainfall above normal, for a period of over
four months, the water at Antioch would have been at the limit pro-
posed. In 1924, a <hort water vear, to maintain water of this quality
at Antioch it would have taken 50 per cent of all the streams that
flow into the drainage area flowing into Carquinez Strait to maintain
the water at Antioch at the proposed limits—a manifest impossibility.

If 3000 second-feet of water was taken into the San Joaquin from
the Sacramento, in the years 1918, 1920, 1923, 1924, and 1926, and
probably 1929, the Kennett Dam would not be large enough to have
maintained the proposed xalinity at Antioch.

The irrigation season in this district normally starts in May. In
a normal year, the salt water would reach Antioch, under this plan,
on July 1, giving only two months in which land could be irrigated.
In dry years. the salt water would reach Antioch soon enough so
that the water could not be used at all for irrigation.

‘With construction of the Stockton channel, the <alt water will flow
into the delta even quicker and further aggravate the present condition.

The statement in the supplementary report to the effect that the
salt water barrier should not be included in the initial bond issue for
the reasons therein set forth, is erroneous. Walker Young, U. S.
Reclamation Engineer, and one of the outstanding engineers to have
considered the salt water barrier, states that the erection of the barrier
will not have a detrimental effect upon the levees. The Young report
was compiled after 18 months study and investigation and has been
on file 1n the office of the State Engineer for more than sixteen months.
This work was done at a cost of $85,000, to which industry contributed
most generously. The report never has heen published, notwith-
standing frequent requests having been made for its publication, and
is only available at times in the office of the State Engineer. This
report unqualifiedly recommends the barrier. See also page 151,
report of the joint committee of the Senate and Assembly dealing
with the water problems of the state, submitted to the Legislature on
January 18, 1929,

I have an authoritative statement that the Kennett Dam will not put
five thousand second-feet of fresh water at Antioch. but that amount
of water will be placed seven or eight miles above Antioch. This
will create a situation in the delta which will find sixteen hundred
pounds of salt to every ome million pounds of fresh water. enough
to contaminate with salt the entire lower delta area. It will also be
necessary for the industries at Pittsburg, Avon, Martinez, Bay Point,
and the California Hawaiian Sugar Refinery at Crockett, and the
Tnion Qil Company at Oleum, to construet an aqueduct 34 miles long
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at a cost of approximately ten mlhions of dollars in order to reach
the fresh water proposed above.

The salt water barrier is of greater state-wide value in the improve-
ment of water conditions mn Califormia than any other project recom-
mended by the committee. The immense quantity of fresh water
which would serve to reeclaim 175,000 acres of agricultural lands
would be available should the salt water Dbarrier be constructed.
Water sufficient to supply the San Joaquin Valley would be possible
without interfering with the normal flow of the Sacramento River.
It is generally conceded that the fresh water problem of the San
Joaquin Valley will not be fully remedied with the construction of
the Kennett Dam alone. It is conceded that only by the construction
of the barrier will the problems of the San Joaquin Valley be definitely
and finally solved.

There would be abundant water to augment the municipal water
supply of the southern cities of the state including Lios Angeles.
The hand of good fellowship carrying a water supply helpful to the
south will mean a unified, prosperous California; a state indivisible.

The <alt water which has rendered precarious the sitwation of the
delta country would be entirely alleviated.

A ighway bridge is also made possible to amortize $10,000,000 of the
cost  Sale of water to industries. municipalities, and agrieulture
assessiuents made on the reclaimed land will also assist in the cost
of the barrier. Suggestion has been made that an appropriation of
$15,000.000 may be secured from the federal government, who will
be interested from the standpoint of the benefit that will result to
navigation through the construction of the bharrier.

Therefore. it can readily be seen that the barrier will be practically
self-financing. It should in future be deemed advisable to construct
the barrier at Dillon Point, which is several miles below Army Point
as recommended in the report of January 18, 1929. The barrier may
be constructed at $15,000,000 less eost.

Traffic studies show that a second bridge across Carquinez Strait
to accommiodate automobile traffic will be needed long hefore the
barrier can be constructed, so that if the barvier is built at Dillon
Point the revenue from the highway bridge will still be available.

The San Joaquin Valley as a matter of law or of right cannot claim
the waters of the upper Sacramento Raver, and has no right to any
portion of Kennett revenue to pay for its pump and lift svstem, We
should keep in mind the faet that Kennett is designed primarily for
tiood control purposes and for storage of water for irrigation. The
sale of power is simply a happy incident that will bring a certain
amount of revenue. We must keep in mind always the knowledge
that as water is released for irrigation purposes it will diminish the
guantity of power that might be developed and thereby curtail the
revenue to be received from that source. The revenue of Kennett,
if any thereof is to be allocated to any other project, should be allocated
to the barrier. as it is naturally and geographically a part of and has
to do with the water of the Sacramento River.

Agricultural stimulus by reason of the fresh water behind the
barrier, would be such as to reclaim areas now dormant for agricul-
tural purposes in Solano, Contra Costa, Sonoma, Napa, Marin, and
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Alameda counties, and would make these and counties adjacent thereto
among the most produetive agricultural areas of the state.

Industries north of Carquinez Strait and areas south thereof would
thrive. Alameda County and the city and county of San Francisco
would be materially benefited. Eminent engineers such as Walker
Young, Thos. H. Means, C. E. Grunsky, and Vincent Wright, have
all subseribed to the theory outlined above.

The industrial area of Contra Costa County from Antioch to Rich-
mond is produeing $550,000,000 annually in manufactured products
and gives employment to more than 18,000 persons with an annual
pay roll of $30,000,000. The agricultural area, immediately adjacent
to it is producing $110,000,000 annually.

I submit, therefore, that this great area that is contributing so
much to the prosperity of California can not be ignored, and that
political expediency has no place in the spirit or action of the people
of the great State of California.

I recommend that the state submit to the people of the state the
proposition of issuing and selling bonds of the State of California in
the sum of $159,000,000 to cover the four units, to wit: Kennett Dam,
Bay Barrier, Pumping and Lift system for San Joaquin Valley and
the Santa Ana Flood Control.

I submit that bills, resolutions, constitutional amendments or other
measures should be prepared for carrying out the recommendations
made herein,

‘Wi R. SHARKEY.

SUPPLEMENTAL STATEMENT OF E. G. ADAMS

I do not concur in that part of Senator Sharkey’s minority report
in which he suggests political expediency as the reason the salt water
barrier is not recommended as among the first units of the coordinated
plan to be financed and built.

I do, however, believe that the importance and necessity of the bar-
rier, particularly at a lower point than Army Point, has been under-
estimated by the majority of the committee. I believe the barrier
would be a sound and justified economic investment for all of Cali-
fornia at this time. I believe further that the conceded need for a
foreign water supply for southern California should be substantially
recognized by the state at this time by provision in the initial bond
issue for state aid to such projects of state-wide interest as the aqueduet
from the Colorado River to the Coastal Plain and the All-American
Canal and that the committee should not have accepted as the unques-
tioned conviction of the people of southern California the declarations
and decisions of the individuals and groups mentioned by Senator
Sharkey.

But the partial, or commencement program, contemplated in the
final report of the committee, which report I have signed, will have
my whole-hearted support.

E. G. Apams,
Assemblyman, 49th District.
o
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