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Dear Mr. Griffith:

There is transmitted herewlth a report
entitled "Report on Feaslbility of Feather River
Pro jJect and Sacramento-San Joaquin Delta Dlversion
Projects Proposed as Features of The California
Water Plan.,"

This report has been made in accordance
with the terms of an agreement dated February 1,
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California Central Valleys Flood Control Association
and the Department of Public Works of the State of
California, acting through the agency of the State
" Englneer.

Sincerely yours,

/s/ A. D. EDMONSTON

A. D, Edmonston
State Engineer
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CHAPTER I. INTRODUCTION

The State Water Resources Board, the Department of
Public Works, acting through the agency of the State Engineer, and
the California Central Valleys Flood Control Assoclation, entered
into an agreement as of February 1, 1951, whereby the Association
agreed to pay $7,500 for the preparation by the State Water Re-
sources Board and the State Engineer of an interim report on the
Oroville Project on the Feather River in the County of Butte.
The information to be set forth in the report is as follows:
(a) The nature and extent of the project works
required for the Oroville project on the Feather River
in the County of Butte, for the storage, conservation,
conveyance and utilization of water for beneficial pur-
poses, including flood contfol, irrigation and other
purposes, and the production and transmission of electric
power;
(b) The cost of such project works and all canals,
conduits, transmission lines and other works required
for the widest practicable coordinated utilization of
proJect water and electric power available therefrom;
(¢) The engineering feasibility of said project
and the possibilities of financing thereof through a
contribution of Federal funds for the portion of the
cost of the project properly allocated to flood control,
and state or local financing of the balance of the

cost.






Work on the preparation of the report, under the terms
of the agreement, was to be diligently prosecuted with the ob-
Jective of completion of the report on or before June 1, 1951, or
as nearly thereafter as possible, A copy of the agreement is

included as Appendix A of this report.

The Feather River

The Feather River is the most important tributary of the
Sacramento River. It has a drainage area above Oroville of about
3,600 square miles. The seasonal runoff of the stream at that
point varies from a mean of about 44 million acre-feet to a
minimum of 1,200,000 acre-feet and a maximum of twice that mean.
Flood flows have occurred up to a recorded maximum of 230,000 .
second-feet. The smallest recorded flow is 300 second-feet on
November 9, 1931. This mean seasonal runoff represents about
one-fifth of that of the entire Sacramento River drainage basin
above the valley floor. It is apparent, therefore, that large
reservoir capacity is required to regulate the magnitude of such
erratic flows, to prevent flood damage and to conserve the waters
for beneficial purposes; namely, domestic, irrigation and in-
dustrial supplies, navigation, salinity control, production of
electric power, and other uses. A substantial part of the surplus
waters of the Sacramento River Basin lies in the PFeather River
area. Studies indicate that only about one-fifth of the mean
seasonal runoff of the Feather River will be required to supply
the ultimate water needs of its immediate service area when pro-
perly controlled and utilized., The remainder would be conserved

to the extent practicable for exportation to areas of deficient
water supply.
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State and Federal Investigations

The State Engineer, following several years of investl-
gation, recommended in his report to the Legislature of 1931
(Bulletin No. 25, Division of Water Resources), as a unit of the
State Water Plan, the construction of a dam at the Oroville site
which would impound 1,705,000 acre-feet of water. This plan was
adopted by the Legislature of 1941. The Oroville dam site 1s on
the main rivér about 1.7 miles below the junction of its North
and Middle forks, and about 5.5 miles upstream from the City of
Oroville,.

Reports of the Secretary of Interior and of the Chief
of Engineers, U. S. Army, issued in 1945, set forth a plan for
the control and development of the waters of the Sacramento and
San Joaquin River Basins. Both of these reports include as units
in their respective plans, Bidwell Bar Reservoir, capacity
1,200,000 acre-feet, on the Middle Fork of the Feather River, and
Big Bend Resefvoir, capacity 1,000,000 acre-feet, on the North
Fork, in lieu of the Oroville Reservoir recommended by the State
Engineer. These Federal reports found that the estimated required
reservolr capacity could be obtained more economically at the
Bldwell Bar and Big Bend sites than at the Oroville site.

The State, in expressing its views and recommendations
on the Federal reports, stated that, "These projects (Bidwell Bar,
Big Bend, and Greenville reservoirs and three power afterbays)
should be deferred until a thorough study has been made of their
ecoromic Justification and until a further investigation has been
mace of all available reservoir sites including the Oroville site

of the State wWater Plan. Reservoir capacity, in addition to

3~
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existing capaclity on the Feather River, should aggregate not less
than 2,500,000 acre-feet for the full practicable development of
the river."

Following the submission of the comments of the State,
extensive work was done by the Bureau of Reclamation in exploring
the foundation conditions at the Oroville site. These conditions
were thoroughly examined and reported upon by competent geologilsts
of the Federal and State departments involved. The foundations |
are considered to be satisfactory for the construction of a dam to
the heights studied. In addition to that work, the Bureau of
Reclamation has prepared new topographic maps of the dam and
reservoir sites (Oroville, Bidwell Bar, and Big Bend) which are
much more accurate than those used in the earlier studies. The
new surveys covering the Big Bend site revealed that the capacity
of the reservoir at that site for the height of dam proposed
would be only about six-tenths the capacity used in the 1945
Federal reports, or about 600,000 acre-feet. This adversely af-
fected the economics of that project materially. It resulted in
an aggregate storage capacity of about 1,800,000 acre-feet for the
Big Bend and Bidwell Bar sites instead of the 2,200,000 acre-feet
used in the 1945 reports. This reduction of capacity was on the
North Fork of the river, which has a substantially larger runoff
than the combined runoffs of the Middle and South forks.

Joint Statement of Representatives of
Federal and State Departments

Further intensive and comprehensive studies were made
by the three interested Federal and State agencies, utilizing the
new and additional data available on the foregoing Feather River

-4
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dam and reservoir sites. These studies resulted in certain
definite conclusions which are set forth in a joint statement
issued at Sacramento on October 10, 1949, by the District En-
gineer, Sacramento District, Depavtment of the Army; Acting
Regional Director, Region 2, U. 8, Bureau of Reclamation, Depart-
ment of Interior; and the State Engineer of California, as follows:
(a) The Feather River above Oroville with a mean
annual runoff of U4$ million acre-feet, represents one-
fifth of the runoff of the entire Sacramento River Basin;
and a substantial part of the surplus waters that may be
developed over and above local needs could be made avail-
able for exportation to areas of deficient water supplies.
Therefore, these waters should be conserved and utilized
to the fullest practicable extent in planning for the
development of the waters of the State.
(b) Large surface reservoir capacity at or near
Oroville is required to control and conserve the erratic
stream flows which range from a minimum annual runoff of
1,200,000 acre-feet to a maximum of 9,000,000 acre-feet,
with flood flows ranging up to 230,000 second-feet.
(¢) The reservoir capacity on the lower Feather
River should be between 2,500,000 and about 3,007,000
acre-feet, for the purpose of properly controlling its
flood waters and conserving such waters for beneficlal
purposes.
(@) The most advantageous and feasible location for
constructing storage capacity of 2,500,000 to about
3,000,000 acre-feet 18 at the Oroville site, about 5.5

-5-
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miles upstream from the City of Oroville. The dam site
is suitable topograbhically and the foundation conditions
at the dam site are considered satisfactory for construc-
tion of a reservoir to such capacity.

(e) PFurther studies should be directed immediately
to (a) formulating a plan for the construction of reser-
voir capacity in the amount of 2% to 3 million acre-feet
at the Oroville site on the Peather River for flood con-
trol, irrigation, electric power and other purposes;

(b) making estimates of irrigation yleld, electric power
output, flood control, and other benefits which would
result from the operation of the project; (¢) preparing
cost and financial analyses of the project; and (d)

submitting reports thereon.

State-Wide Water Resources Investigation
The State Legislature with the passage of the State

Water Resources Act of 1945 (Chapter 1514, Statutes of 1945)
announced a detailed and comprehensive declaration of State water
policy. This act declares that the State should study and coordi-
nate all water development projects, participate in the construc-
tion of flood control works and projects when benefits exceed
costs, and make recommendations concerning feasibility of projects
after consideration of all beneficial uses of water, with a view
to the greatest and highest use thereof,

In order to carry out its purposes and objectives, the
State Water Resources Act of 1945 created the State Water Re-
sources Board, composed of seven members appointed by Governor

Earl wWarren, to conduct investigations, and advise the Legislature
-6-
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on matters pertaining to the development and control of the water
resources of the State. The Department of Public Works is di-
rected to cooperate with and assist the Board.

The State Water Resources Board is given power to estab-
11ish general policies and prescribe rules and regulations for
administration of the law. A 1947 amendment removed much of the
emphasis of the original act on flood control, and, to a large
extent, placed conservation on an equal basis with flood control.

Implementing a general authorization contained in the
State Water Resources Act of 1945, the Legislature, by Chapter
1541, Statutes of 1947, provided for a State-wide investigation
of water resources, which is presently being conducted by the
Division of Water Resources, Department of Public wbrks, under the
direction of the State Water Resources Board. Continuing approp-
riations have been made for this work beginning in the fiscal
year 1947-1948. The investigation has for its objective the for-
mulation of a plan for the full practicable conservation, control
and utilization of the State's water resources, both surface and
underground, to meet present and future water needs for all bene-
ficial purposes and uses 1n'a11 areas of the State. It has been
designated "The California Water Plan."

It is planned to submit the results of this investiga-
tion in four printed bulletins. Bulletin No. 1 is now in the
process of being printed. It contains a state-wide inventory of
water resources, including tabulations of precipitation, runoff,
flood frequencies, and quality of surface and ground waters. In
printed form, it will comprise some 780 pages--186 pages of text,
486 pages of tables, 90 plates, and 18 illustrations.

-7-
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Bulletin No. 2 will set forth information on present
water utilization and water requirements, including data on land
use, consumptive use of water, and water available under existing
rights and development for present and potential water service
areas throughout the State. Bulletin No. 3 will present "The
California Water Plan" for the conservation, control, protection
and utilization of the waters of the State. Bulletin No. 4 will
summarize in concise form the data and information contained in
the first three bulletins.

Field and office work have been carried on concurrently
on all phases of the investigation in preparation for the fore-
going bulletins. Excellent cooperation has been received from
Federal and State agencies and others in making the studies and
formulation of the prospective plan.

The data in Bulletin No. 1 relating to runoff of the
stream systems in California may be summarized by seven maJjor

geographical areas (see accompanying plate), as follows:

Drainage Area Seasonal Runoff

Square Per cent Average in Per cent

miles of total acre-feet of total
North Coastal 19,586 12.4 28,886,000 4L0.8
San Francisco Bay 4,409 2.8 1,240,000 1.8
Central Coastal 11,28, 7.1 2,448,000 3.4
South Coastal 10,955 6.9 1,227,000 1.7
Central Valley 59,424 37.5 33,637,000 47.5
Lahontan 32,907 20.8 3,177,000 b5
Colorado Desert 19,730 12,5 179,000 0.3
Total 158,295 100.0 70,794,000  100.0

-8-
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The foregoing tabulation does not include the seasonal
runoff of the Colorado River, estimated at about 18,000,000 acre-
feet per year on the average under natural conditions at the
International Boundary and in which California has rights in the
annual amount of 5,362,000 acre-feet.

It may be noted from the foregoing tabulation that about
two-fifths of the average seasonal runoff of the entire State oc-
curs in the North Coastal area and nearly one-half in the Central
Valley (Sacramento and San Joaquin River drainage basins).

In all studies leading to the formulation of plans for
the development and utilization of the water resources in any par-
ticular area, first and prime consideration is being given to the
requirements, both present and ultimate, for all uses in the local
area, before a determination is made of the amounts of surplus
waters that may be available for exportation to areas of deficient
supply. For example, in the North Coastal area provision is being
made not only for domestic, municipal, irrigation and industrial
uses, but also for development of hydroelectric power, propagation
of fish and wild life, and recreational needs.

Studies with reference to water utilization and water
requirements have not been completed but preliminary estimates are
avallable which are believed to be sufficiently accurate to make a
preliminary comparison of the water supply in each major geo-
graphical area with its probable ultimate water reQuirement.
Comparing these ultimate water requirements of the several areas
with the available water supplies therein, it is found that the
North Coastal and Central Coastal areas and the Sacramento River

Basin have available water supplies in excess of their ultimate

-9-
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needs. On the other hand, the San Francisco Bay area, the San

Joaquin River Basin (including Tulare Lake Basin), and the South
Coastal, Lahontan and Colorado Desert areas, have ultimate water
requirements far in excess of their avallable local water supplies.
It is apparent, therefore, that in any plan for the ulti-
mate development and utilization of the water resources of the
State, water must be transferred from the areas of surplus water
supply to the areas of deficiency. The areas from which these sur-
pluses must come are the Sacramento Riwer Basin and the North Coastal.
The Central Coastal surplus exists only in the narrow coast line
southerly from the Monterey Peninsula and is relatively small in
total quantity and the area is lacking in suitable reservoir sites
for the regulation and control of such surplus waters. On the
other hand, many reservoir sites feasible of development from en-
gineering and geologic standpoints exist in the North Coastal
area and the Sacramento River Basin. In the North Coastal area,
more than 50 dam and reservoir sites have been found physically
feasible of development to an aggregéte reservoir capacity of
16,000,000 acre-feet and capable of being utilized to produce
more than 2,000,000 kilowatts of electric power, three-fourths of

the present total of 2,600,000 kilowatts of hydroelectric power

installations in California. In the Sacramento River Basin,

reservoir sites in excess of 40 in number and capable of storing
more than 15,000,000 acre-feet of water are also physically feas-
ible of development. With these installations, the ultimate re-
quirements of those two areas can be met and, in addition, surplus
waters provided to areas of deficient water supply.

On the basis of the inventory of the water resources

-10-
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and estimates of the ultimate water requirements so far made,
adeqguate water supplies can be developed and regulated from Cali-
fornia's water resources, including California's rights in and to
the waters of the Colorado River, in available surface reservoir
sites and ground water basins to meet the probable ultimate water
requirements in the State without importing water from a source

outside of the State of California, such as the Columbia River in
the Pacific Northwest.

Central Valley Project

The Central Valley Project Act of 1933 (Chapter 1042,
California Statutes 1933) authorized the construction of the Cen-
tral Valley Project, a portion of the State Water Plan, comprising
a system of works for the development and utilization of the water
resources of the Sacramento and San Joaquin River drainage basins.
A special State agency, the Water Project Authority of the State
of California, was created to carry out construction, and then to
operate and maintain the project. The members of the Authority
are the Director of Public Works, Chairman, Director of Finance,
Attorney General, State Controller, and State Treasurer. The
Authority was authorized by the act to issue and sell revenue bonds
under certain conditions in the amount of $170,000,000 for the
purpose of constructing the project. The bonds were to be secured
entirely by revenues from the sale of commodities resulting from
the operation of the project. However, no construction work has
been performed by the Authority.

Major General E. M. Markham, Chief of Engineers, U. S.
Army, by letter dated April 6, 1934, transmitted a report of the

Board of Engineers for Rivers and Harbors on review reports
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theretofore submitted on Sacramento, San Joaquin and Kern Rivers,
California, to the Chairman of the Committee on Rivers and Harbors,
House of Representatives. The letter of transmittal and the re-
port were printed as Document No. 35, Committee on Rivers and
Harbors, House of Representatives, U. S., 73rd Congress, 2nd
Session. The Chief of Engineers in submitting the report makes
the following finding:

"10. The Federal interest in the conservation of
water by the construction of the Kennett (now Shasta) Dam
largely exceeds in my opinion that evaluated by the di-
vision engineer and the Board, since by remedying the
intrusion of salt water into the delta of the Sacramento
and San Joaquin Rivers, it eliminates from consideration
Federal participation in the construction and operation
at great cost of locks and structures to prevent such
intrusion, and assures a free and open passage for the
highly important navigation through the channels of the
delta. Based on this aspect of the case, as well as the
direct benefits to navigation and flood control on the
Sacramento River, I find that the general and Federal
benefits from the construction of the Kennett Dam on
the plans now proposed by the State warrants a special
direct participation of the Federal Government of
$12,000,000 in the cost of this structure."

The Rivers and Harbors Act, approved August 30, 1935
(Public Law 409, T4th Congress), adopted the foregoing House
Committee Document No. 35 and authorized the expenditure of
$12,000,000 for the purposes as recommended by the Chief of En-
gineers in that document.

In 1934 an application was made by the Water Project
Authority to the Public Works Administration for a grant and loan
for the construction of the entire Central Valley Project. The
project was examined by several Federal agencies, practically all
of which submitted favorable reports. However, the Public Works

Aiministration never issued a final report and no grant and loan

vere made to the State.

-12-
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On September 10, 1935, the President allotted $20,000,000
from the Emergency Relief Appropriation of 1935 for the construc-
tion of Priant Reservolr and certain other facilities to be chosen.
This amount was subsequently reduced to $4,200,000 but restrictions
as to the units to be constructed, and the execution of repayment
contracts prior to beginning of econstruction, were waived.

The first Congressional appropriation for continuation

of construction of the Central Valley Pro ject was $6,900,000 con-
tained in the First Deficiency Bill, approved June 22, 1936. Six
million dollars of this amount were allocated for construction of
Friant Dam and irrigation facilities therefrom.

Legislation effecting a complete reauthorization of the
Central Valley Project as a Federal undertaking was enacted in the

Rivers and Harbors Act (Public No. 392, 75th Congress, lst Session)
approved by the President on August 26, 1937. This act provided:

"Sec. 2., That the $12,000,000 recommended for ex-
penditure for a part of the Central Valley Project,
California, in accordance with the prlans set forth in
Rivers and Harbors Committee Document Numbered 35,
Seventy-third Congress, and adopted and authorized by the
provisions of section 1 of the Act of August 30, 1935 (49
Stat. 1028, at 1038), entitled 'An pct authorizing the
construction, repair, and preservation of certain public
works on rivers and harbors and for other purposes',
shall, when appropriated, be avallable for expenditure in
accordance with the said plans by the Secretary of the
Interior instead of the Secretary of War: Provided, That
the transfer of authority from the Secretary of War to
the Secretary of the Interior shall not render the ex-
penditure of this fund reimbursable under the reclamation
law: Provided further, That the entire Central Valley
pro ject, Callfornla, heretofore authorized and estab-
lished under the provisions of the Emergency Relief
Appropriation Act of 1935 (49 Stat. 115) and the First
Deficiency Appropriation Act, fiscal year 1936 (49 Stat.
1622), 1s hereby reauthorized and declared to be for
the purposes of improving navigation, regulating the
flow of the San Joaquin River and the Sacramento
River, controlling floods, providing for stor-
age and for the delivery of the stored waters thereof,
for the reclamation of arid and semiarid lands and lands
of Indian reservations, and other beneficial uses,

-13-






and for the generation and sale of electric energy as a
means of financially aiding and assisting such under-
takings and in order to permit the full utilization of

the works constructed to accomplish the aforesaid
purposes: . . ."

It was provided that the provisions of the Reclamation Law, as
amended, should govern the repayment of expenditures and that the
dams and reservoirs should be used ". . ., first, for river regu-
lation, improvement of navigation and flood control; second, for
irrigation and domestic uses; and, third, for power."

A further reauthorization of the Central Valley Project
18 contained in the Rivers and Harbors Act (Public No. 868, 76th
Congress, 34 Session), approved October 17, 1940. This amendment
authorized the "construction under the provisions of the Federal
reclamation laws of such distributlon system as the Secretary of

the Interior deems necessary in connection with lands for which

stored waters are to be delivered, . . .™:

A further reauthorization of the Central Valley Project
was made in Public Law 356, 81st Congress, approved October 14,
1949, to include the American River development. The enactment

reads as follows:

"That the Central Valley proJject, California,
authorized by section 2 of the Act of Congress of
August 26, 1937 (50 Stat. 850), is hereby reauthorized
to include the American River development as herelnafter
described, which development 18 declared to be for the
same purposes as described and set forth in the Act of
Congress of August 26, 1937 (50 Stat. B50). (Emphasis
supplled.)

"Sec. 2. The American River development shall
consist of: Folsom Dam and Reservoir having a storage
capacity of approximately one million acre-feet, to be
constructed by the Corps of Engineers at such point
below the confluence of the North Fork and the South
Fork of the American River near the city of Folsom,
California, as the Secretary of the Army and the Chief
of Engineers after consultation with the Bureau of
Reclamation and other appropriate State, Federal, and

“14..



-
I
) - .
. o
N ~ -
. )
:
o~ T -
.-
14
S

F—
.
o
.

i
PR : - -
1
- .-
‘
. +
o .
RPN ..
. BN
. . . L. -
. .
B g
. .
- , . . .
) o .
.- - :
- .
’ /.
L, .
. fX . ; -k
o, o .
.
N R . C.
.- A
R P . 3

o
v

. . . .
v
Y - .
.. - ..
.. ~ .t
-
. N
. .
oL :
y e
. PN
- KOS
TR .
RN
. Iy S
. .
Sy 3
. "
.



local agencies may find most advisable; and the following
features for the development and use of water, to be con-

. structed, operated, and maintained by the Secretary of the
Interior through the Commissioner of Reclamation: A hydro-
electric power plant with a generating capacity of approxi-
mately.one hundred and twenty thousand kilowatts, and
necessary hydroelectrie afterbay power plants and necessary
electric transmission lines to the nearest practical inter-
connection with the Central Valley project transmission
system; a storage dam with a capacity of approximately
forty thousand acre-feet to be located on Sly Park Creek,

a tributary of the North Fork of Consumnas River, with
necessary appurtenant works, including a diversion dam on
Camp Creek, tunnel, conduit, and canals for the delivery

of water to lands in El Dorado County, and incidental works
appurtenant thereto. . ."

Public Law 839, 81st Congress, reauthorized the entire
Central Valley Project heretofore authorized, to include an irriga-
tion canal generally known as the Tehama-Colusa Conduit,

" . . . to be located on the west side of the Sacramento
River and equipped with all necessary pumping plants and
appurtenant works, beginning at the Sacramento River near
Red Bluff, California, and extending southerly through
Tehama, Glenn, and Colusa Counties 80 as to permit the
most effective irrigation of the irrigable lands lying

in the vicinity of said canal and supply water for in-
dustrial, domestic, and other beneficial uses for these
lands in Tehama, Glenn, and Colusa Counties or such al-
ternate canals and pumping plants as the Commissioner of
Reclamation and the Secretary of the Interior may deem
necessary to accomplish the aforesaid purposes,"

and also,

" ., . an irrigation canal generally known as the Chico .
Canal, to be located on the east side of the Sacramento
River and equipped with all necessary pumping plants and
other appurtenant works, beginning at the Sacramento River
near Vina, California, and extending through Tehama and
Butte Counties to a point near Durham, California, so as
to permit the most effective irrigation of the lands lying
in the vicinity of said canal and supply water for in-
dustrial, domestic, and other beneficial uses for these
lands lying within Tehama and Butte Counties or such al-
ternate canals and pumping plants as the Commissioner of
Reclamation and the Secretary of the Interior may deem
necessary to accomplish the aforesaid purposes."

The act provides for the repayment of the expenditures
made for the works authorized thereunder to be governed by the



R .
< R
..
o
'
[
4 s
DS
, -
M »
.
Y .
.-
. Ky
ot
~ '
‘
- t
‘o -
ot f
[ AR
‘
o
ro .
.
"
. .
-y
4 .o~
N
- Lo

R ¥
- N
I
F S
‘ .
P
e
.\ ,
T
‘. .
. .
LN
e ’

Ll
v
8] R
4
T~
R
S
. .
-
-

t
- .
Pl
.
* »
‘
AR
e
i -
.
ca .
-
T ~
s
~ .
’ '
. -
[
iy -
1 N
- .
L)
~
~
- ~

’

o .
B

-
LR

- .
R
[N
.
PN
P
Y
- -
<

\

- ¢

'
L
. “

L1
RN
ey
y

s
(O N
I
e
{9

-
—
~
3
&
. ‘

-
r .
-

:
2




Reclamation Law. The operation of the works 18. to be coordinated
and integrated with the operation of the existing features of the
Central Valley Project. It is thereafter provided in Section 5

of the act that mo expenditure of funds shall be made for construc-
tion of the canals until the Secretary of the Interior, with
approval of the President, has submitted to the Congress, with
respect to such works, a completed report and finding of feasibility
under the provisions of the Federal reclamation laws."

The Central Valley Project is designed to accomplish the
following objectives: (1) provide additional water supplies for
irrigation; (2) provide water for industrial and domestic use;

(3) improve navigation on the Sacramento River; (4) increase flood
protection along the Sacyamento and San Joaquin rivers; (5) control
salinity in the Sacrameﬁ;o-San Joaquin Delta region; (6) produce
hydroelectric power for project requirements and commercial sale;
and (7) preserve fish and wild life.

The Federal Government, through the agency of the Bureau
of Reclamation, initiated construction of the Central Valley Pro-
Ject in October 1937, when work was started on the Contra Costa
Canal, with the funds made available from the Emergency Relief
Appropriation Aét of 1935, and, with subsequent Congressional
appropriations, has practically completed the original features
thereof. These features comprise Shasta Reservoir and Power Plant,
Keswick Dam and Power Plant, electric power transmission lines from
the hydroelectric power plants at the Shasta and Keswick dams 1n
Shasta County to Tracy in San Joaquin County, Delta Cross Channel,
Contra Costa Canal, Delta-Mendota Canal, Friant Reservoir, Madera
Canal, and the Friant-Kern Canal.

-16-
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The total estimated cost of the completed project, com-
Pxising the foregoing major features and also water distribution
Systems, electric power connecting transmission lines, substations
and switchyards, a steam-electric plant in the Sacramento-San
Joaquin Delta area, American River Development, Sacramento Valley
Irrigation Canals, and miscellaneous features, was estimated on
January 1, 1951, by the Bureau of Reclamation and Corps of Engineers
at $676,080,000.

Water was first stored in Shasta and Friant reservolrs
in the season of 1943-44., Power was first generated at Shasta
Power Plant in June 1944, and at Keswick Power Plant in October
1949. The first diversion of water was made into the Contra Costa
Canal in August 1940, into the Madera Canal in June 1944, and into
the Friant-Kern Canal in July 1949. The Delta Cross Channel, Delta-
Mendota Canal, and Tracy Pumping Plart of the latter canal, are
expected to be in operation in July of this year.

Federal appropriations for the American River Development
have been $8,500,000 for the work being performed by the Corps of
Engineers, and $2,851,000 for the work assigned to the Bureau of
Reclamation. Considerable foundation excavation work for the main
dam, and construction of a number of auxiliary dams, has been per-
formed by the Corps of Engineers, and orders for power plant equip-
ment have been placed by the Bureau of Reclamation. Completion
date of the Folsom ProJject will be largely determined by the ap-
propriations made for 1ts construction by the Congress. A tenta-
tive time now set for completion of this project is the early part
of 1955.

The Division of Water Resources has made extensive studies

-17-
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of the operation of Shasta Reservoir to meet its several require-
ments according to law and existing agreements, and also in co-
ordlnation with Folsom Reservoir, since the latter reservoir is
an integral part of the Central Valley Project and therefore the

ob Jectives and requirements thereof are the same as for Shasta

Reservoir. Certain phases of these studies which have an important

bearing upon the operation of the Feather River Project are prew

sented and discussed later in this report.

Scope and Outline of Report

As previously stated hereln, the objective of this inves-
tigation 18 to report upon the Feather River Project with reference
to its (a) engineering feasibility, and (b) financial feasibility
under State and local financing, with financial assistance from the
Federal Government in the interest of flood control, both when
operated as an independent unit and when operated in coordination

with projects which could utlilize water and electric power pro-

duced by the Feather River Project. These latter projects include

those which would divert water from the channels of the Sacramento-
san Joaquin Delta westerly to Santa Clara and Alameda counties and

southerly to the lands on the west side of the San Joaquin Valley

and to areas south of the Tehachapl Mountains. In connection with

the studies and analyses relating to the aforementioned diversion
projects, the Oroville Reservoir of the Feather Rilver Project is
operated to supplement the water supply avallable from other sources

in the Sacramento-Zan Joaquin Delta so as to furnish & continuous

supply to such diversion projects. The Feather River Project and

the projects diverting from the Sacramento-San Joaquin Delta are
delineated on Plate 1.
-18-






The subject matter of this report is presented in

five chapters, as follows: Chapter I, Introduction; Chapter I1I,

Feather River Project; Chapter III, Sacramento-San Joaguin Delta
Diversion Projects; Chapter IV, Fimancial Analyses; and Chapter

V, Conclusions and Recommendations.

Additional supporting data are presented in appendices

to the report, as follows: A, Agreement between State Water

Resources Board, the California Central Valleys Flood Control
Association, and the Department of Public Works; B, Feather
River Project - Operation Studies Oroville Reservoir, 1921-1947
by months; C, Feather River ProJject - Water Uses and Diversions
from Sacramento-San Joaquin Delta, 1921-1947 by months; D, Esti-
mated Cost, Santa Clara-Alameda Diversion; E, Estimated Cost,

San Joaquin Valley-Southern California Diversion; and F, Plates

for Feather River Project Report, Numbers 1 to 15.
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CHAPTER II. FEATHER RIVER PROJECT

The Feather River Project as presented and discussed in
this report comprises the following major features: (a) dam on the
Feather River 1.7 miles below the Junction of the North and Middle
forks of the stream and 5.5 miles above the City of Oroville in
Butte County, (b) power plant at the dam, (c¢) afterbay dam and
power plant 4.5 miles below the main dam and one mile above the
City of Oroville, (d) the Delta Cross-Channel, and (e) an electric
power transmission line from the power plants to a substation near
Bethany in San Joaquin County,

The Division of Water Resources has previously prepared
a "Report on Comparison of Oroville, Big Bend and Bidwell Bar
Reservoir Sites for Development of Feather River," dated August
1949, That report was made with the objective of selecting the
best site or sites for major reservoir storage on the Feather River.
It was concluded in that report that major storage capacity can be
most feasibly and economically providéd at the Oroville Reservoir
site. The report indicated that the lowest net annual cost per
acre-foot of irrigation yield with the reservoir operation for
irrigation with incidental power, would be for a capacity of about
1,750,000 acre-feet. However, in order to secure a more nearly
complete control of the Feather River, a greater reservoir capacity
in the amount of 3,500,000 acre-feet is required. It 1s believed
that such capacity should be adopted to secure a more complete con-
trol of the uvrunoff of the stream for the purpoms of flood control
and irrigation in the Sacramento Valley and electric power pro-
duction, and as a firming supply to waters now available in the

-20-
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Sacramento-San Joaquin Delta in the winter months of most years, for

possible exportation to the Santa Clara Valley, San Joaquin Valley,

ana to southern California. Therefore, this report will make in-

qQulry as to the feasibility of constructing a reservoir of
3,500,000 acre-feet capacity at the Oroville site and operating the
r¥eservolr to furnish flood protection to lands and improvements
along the Feather River and to supply supplemental water to the
local water service areas and for exportation to the above mentioned
axreas, and for production of electric power.

The Feather River Project is discussed and data thereon
are presented in this chapter as to (a) water supply, (b) reservoir

operation, (c) cost estimate, and (d) flood control benefits.

Water Supply

The water supply available at the Oroville Reservoir
site 1is based upon recorda obtained by the United States Geological

Survey at the stream gaging station on the Feather River near

Oroville since October 1901. The drainage area above the present

gage which is about 5.5 miles upstream from Oroville, 1is 3,610

square miles. Prior to October 1934, the gage was located at

Oroville and the drainage area was 3,640 square miles.

Water and Power Developments above Oroville Reservoir

Power and irrigation storage and diversion on the
Peather River above the Oroville Reservoir site have considerable
influence upon the runoff which reaches the dam site. The storage

reservoirs are shown on Plate 2 and are listed hereafter.

-21-






Branch of river

Reservoir on which located Storage capacity

Lake Almanor North Fork 649,800 acre-feet
Butt Valley n 50,000 "
Buck's Storage " 103,000 "
Buck's Diversion " 5,843 n
Mountain Meadows L 24,000 "
Three Lakes " 513 "
Grizzly Forebay o 1,112

Rock Oreek" " L,660

Cresta o L, 440

Round Valley West Branch 1,285 "
Philbrook v 4,875 "
Lake Wilenor n 8,600 "
Lost Creek South Fork 5,200 "

The power and irrigation diversions which 4o not return

to the stream above Oroville are:

Name Annual Diversion
Palermo Canal 14,500 acre-feet
Porbestown Ditch 15,500 "
Hendricks Canal 41,000 "
Miocene and Wilenor

Canals 38,100 "
Total 109,100 acre-feet

In addition to the foregoing developments and diversions,
the Oroville-Wyandotte Irrigation District is giving consideration
to the development of a power and irrigation project on the South
FPork of the Peather River above Oroville. The proposed plan is to
store 42,000 acre-feet at the Little Grass Valley reservolir site
on the main South Fork and 55,000 acre-feet at the Lost-Sly reser-

-22-
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voir site on Lost Creek, a tributary of the South Fork, B8torage

of 4,800 acre-~feet on Slate Creek, a tributary of the Yuba River,
and diversion of the stored water to the Lost-Sly Reservolr is also
planned as part of the project. Use of the stored water from these
reservoirs for irrigation as well as for power ig contemplated but
it was assumed that for the present the water would be returned to
the stream above Oroville Reservoir after use for power at the pro-

posed Woodleaf and Forbestown power plants.

Pregent Impaired Flows at Oroville Reservoir

In making the reservoir operation studies, the period
1921 through 1947 was used to determine power output and irrigation
eupply, while a longer period, 1902 through 1947, was used to de-
termine the effect of the reservolr on flood flows. For the period
1921 through 1947, the stream was assumed to have reached present
development, and the present impaired inflow to Oroville Resgervoir
was computed from the U.S.G.S. recorded flows corrected for atorage
and release in the reservoirs of the Oroville-Wyandotte proposed
plan desoribed above, without the inclusion of any Yuba River water
from Slate Creek.

For the periodv1902 through 1920 the historical natural
flow of the Feather River at Oroville was computed and the present
impaired flow calculated by correcting for storage and release at
the power and irrigation reservoirs of the upper Feather River
described previously. The storage and release corrections for
Butt Valley, Bucks storage and diversion, Mountaln Meadows, Three
Lakes, Grizzly Forebay, Round Valley, Philbrook, and Lake Wilenor

regervoirs were taken as the average of the last 10 years of opera-

-23-
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tlon. Lake Almanor storage and release was found by making an op-

eratlion study of that reservolr using the natural flow of the North
Fork at Prattville, corrected for Mountain Meadows storage and re-
lease, as the inflow., The storage and release for the proposed
Little Grass Valley and Loat-8ly xeservoirs was found by making op-
eration studies of these reservoirs using estimated inflow and a
release equal to the maximum ocontinuous flow obtainable for the
period 1928 through 1934, The diversions of the Palermo, Forbestown,
Hendricke, Miocene, and Wilenor ocanals were deducted from the natural
flow. The amounts of these diverslons were taken as the average of

8 years of operation, 1942 through 1949,

The natural and present impeired flowe were estimated on

a monthly basis and are summarized by yeare for the period 1902-1947
in Table 1.

Stream Flow Into Sulsun Bay

In the operation studies of the Oroville Reservoir one of
the objectives was to firm (create a supvly without deficiency) the
exoess waters avallable in the Sacramento-San Joaquin Delta for ex-
port to areas to the west and south. In thls connection the flow
into Suleun Bay including that for salinity control was computed.

The amount of this flow was computed in a study made of the combined

operation of Shasta and Folsom reservoirs. In this study mandatory

releases were made from the Shasta and Folsom reservoirs to meet the

requirements of the Central Valley Project. These releases were

sufficient to supplement flows from other sources to make water

avallable for the following:
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1.

2,

3.

b,
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Riparian and appropriative rights along the Saoramento
River from Shasta Resgervoir to Sacramento.

Maintenance of flow of 5,000 second-feet at Knights
Landing for navigation.

Consumptive uses and evaporation in the Sacramento-
San Joaquin Delta.

A supply to the Contra Costa Canal of 55,000 acre-feet
per year.

A supply to the West Delta Uplande of 80,000 acre-feet
per year.

Requirements under the Exchange Agreement.

Salinity ocontrol to Antioch (4,500 second-feet into
Sulsun Bay).

Use was made of estimated return flows for meeting requirements

downstream from Knights Landing.

After meeting all of the foregoing requirements, the

study showed that there would have been an additional firm yleld

from Shasta Reservolr under an irrigation schedule of 550,000

acre-feet per year and a firm irrigation yleld from Folsom Reser-

voir of 975,000 aore-feet per year.
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Table I

ANNUAL FLOWS OF THE FEATHER RIVER AT OROVILLE DAM SITE
Drainage Area 3,610 square miles

All guantities in 1,000 acre-feet

: : + Presgent : : Pregsent
! Year : Natural : impaired ¢! Year ¢ Natural : impaired
: :  flow : flow : : flow H flow :
: 1902 : 4,695.5 : 4,329.0 : 1926 3,609.8 : 3,215,8
T 03 5,419,7 ¢+ 5,016.7 27 5,416,8 : L, 64l 4
T obk: 8,71h4,1 : 8,427.6 28 3,867.8 @ 3,436,9
t 1905 : 4,025.5 : 3,745,1 : 2 2,618,4 : 2,660.8
: : : ¢ 1930 3,237.5 ¢+ 2,934,7
: 06 : 7,316,4 : 6,913.2 : : :
: 07 : 9,389.4 : 9,024, 5 31 1,619.8 + 1,445,5
H 08 : 3,36903 : 3'13706 32 : 3,077.3 : 2,50“’.9 .
09 : 8,157.2 : 7,722, : 33 ¢ 2,042,5 : 1,771.5
*t 1910 : 4,066.3 : 3,830, 3 2,032,6 : 1,787.6
: : : : 1935 ¢ 4,179.5 :+ 3,759,8
: 11 : 6,990.2 ¢ 6,603.5 : : , :
: 12 : 2,318,3: 2,087.9 : 1936 : 4,217.8 : 3,942.2
: 13 ¢ 3,073.7 ¢ 2,761.2 : 37 : L,489,4 : 3,984.4
: 14+ 7,868.5 : 7,440.9 ¢ 38 : 7,325.6 : 7,065,0
1915 : 6,195.8 : 5,861.7 : 39 : 1,747.2 ¢+ 1,550.8
: : : t 1940 6,301.3 :+ 5,815.2 :
: 16 : 7,080.2 : 6,108.8 : : :
: 17 ¢ 4,820.,2 ¢ 4,493.9 : 41 : 6,614,2 : 6,156.0 :
¢t 18 : 2,790,2 : 2,575.5 : 42 : 6,282.6 : 5,943.1
: 19 ¢+ 3,583.6 : 3,235.9 : 43 : 5,189,6 : 4,886.8 :
: 1920 : 3,123.4 : 2,874,8 : 44 : 3,063,5 : 2,762.8
: : : 1945 ¢ 4,031.7 ¢ 4,026.8 :
: 21 : 5,126.3 :  L,756,2 : : :
: 22 : 5,245.5 : 4,880.4 : 46 : 3,240.3 : 3,235.4 :
: 23 ¢+ 2,790.3 : 2,510.4 47 2,193.3 : 2,208,6 :
¢ 2h ¢ 1,819.9 ¢ 1,201.2 : : :
: 1925 ¢ 3,106,9 2,687.6 :

The mean annual natural and impaired flows for the
period 1902-1947 are 4,502,100 aore-feet and 4,186,200 acre-feet,
regpectively, and the same flows for the period 1921-1947 are
3,855,500 acre~-feet and 3,547,200 acre-feet respectively.
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Reservoir Operation

Two operation studies of the Oroville Reservoir have been
made for the purpose of this report. One study was made to provide
for downstream prior rights, flood control, power generation, and
an incidental irrigation supply. The second study was made to pro-
vide for downstream prior rights and additional requirements of the
Feather River service area, flood control, firming of excess flows
in the Sacramento-San Joaquin Delta to make possible a continuous
diversion therefrom, and the generation of power.

In making both of these operation studies, the following
assumptions and criteria were used:

(1) The water supply used was the present impaired run-
off of the Feather River at Oroville dam site, estimated as describ-
ed in the section of this chapter on water supply, and set forth
by years in Table 1.

(2) The areas and capacities of the Oroville Reservoir
used were those obtained from topographic maps made by the Fair-
child Company, by photogrammetric methods, for the U. S. Bureau of
Reclamation in 1946. In computing these data, maps on a scale of
1 inch equals 400 feet, with contours at ten-foot intervals were
used. The areas and capacities for the reservoir are shown in
Table 2. |

(3) In the coordinated operation studies of the Shasta
and Folsom reservoirs for the Central Valley ProjJect, the calcu-
lation of the releases required from the reservoirs to meet re-
quirements in the Delta was predicated on the assumption that the
Feather River flow into the Sacramento River would continue as

under present conditions. Therefore, in this study, certain
-27-






Table 2

Areas and Capacities of Oroville Reservoir
United States Geological Survey datum

:HeIght of dam:Water surface:Area of water:Capacity of :
: 1in feet :elevation in : surface : reservoilr H
: (5-foot : reservoir : in acres :in acre-feet.:
: freeboard) : in feet : : :
: N : : :
: 10 : 200 s 0 : 0 :
: 30 s 220 : 26 : 200 :
: 50 : 240 : 67 1,100 :
: 70 : 260 : 115 3,100
: 90 : 280 : 200 @ 6,300 :
H 110 : 300 s 00 : 11,300 :
: 130 : 320 : 45 18,700 :
150 : 340 : 605 29,200 :
: 170 : 360 : 799 : 43,300
: 190 : 80 : ‘995 61,200 :
: 210 : 00 : 1,189 83,100
230 : 420 : 1,450 : 109,500
: 250 : 440 : 1,705 : 141,000 :
270 460 : 2,000 : 178,500 :
H 290 480 : 2,327 : 221,700 :

310 : 500 : 2,685 : 271,800
330 : 520 : 3,085 : 329,400
: 350 : 540 : 3,500 : 395,300
: 370 : 560 : 3,927 : 470,000
H 390 : 580 : 4,340 : 552,700 :
: 410 : 600 : 4,738 : 643,300

: 430 : 620 = 5,250 ¢ 743,200 :
: 450 : 640 : 5,785 : 53,400 :
: 470 : 660 : 6,35 : 975,100 :
: 490 : 680 : 6,970 : 1,108,300 :
510 : 700 : 5,618 : 1,254,100
: 530 : 720 : ,260 : 1,812,600 :
550 : T40 : 8,950 : 1,584,600 :
: 570 : 760 : 9,675 : 1,770,700 :
: 590 : 80 : 10,450 : 1,972,000 :
: 610 : 00 : 11,220 : 2,188,600 :
630 : 820 : 12,050 : 2,421,200 :
650 H 840 s 12,900 ¢ 2,670,800 ¢
: 670 : 860 : 13,780 : 2,937,700 :
: 690 : 880 H 14,600 : 3,221,600 :
710 : 900 : 15,450 : 3,522,800 s

-28-
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releases from Oroville were made to replace these uncontrolled
flows in months when they were depended upon in the former study
to meet the Central Valley Project requirements. These releases
averaged 134,000 acre-feet per year and occurred mostly in the
months of July, August, and September.

(4) Evaporation losses from the reservoir surface were
taken as 3.5 feet per year .net, to take place in the months of
April to November, inclusive.

(5) The installed capacities of the power plants at
the Oroville and Oroville Afterbay dams would be 440,000 kilo-
watts and 25,000 kilowatts, respectively.

(6) The overall efficiency of the Oroville power plant
was assumed to be 83 per cent while operating at heads between
the maximum head of 703 feet and the design head of 558 feet, and
from 83 per cent to 78 per cent, on a straight line basis, from
the design head down to half the maximum head of 351.5 feet,
Plant efficiency for the Oroville Afterbay plant was assumed to
be constant at 80 per cent.

(7) Power load characteristics of the Pacific Gas and
Electric Company system as of the year 1949 were used, as

follows:
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Monthly Peak Kwh. per Kw. Upper Limit
f

Month AniSag gﬁak Annugi Peak Loggnggizor 100% g. P.
Jan, 90.7 Ly2.0 65.5 35.5
Feb. 87.9 396.4 67.1 39.3
Mar. -84.3 4os.2 67.8 34.1
Apr. 86.6 hyo,2 70.6 ha2.7
May 88.3 463.2 70.5 42,7
June 97.6 503.8 1.7 40.8
July 100.0 545.3 73.3 53.3
Aug. 99.4 545.0 73.7 53.1
Sept. . 94.6 yr2.7 69.4 39.8
Oct. 91.9 449.9 65.8 40.6
Nov. 90.8 “h24 .3 64.9 37.3
Dec. 96.8 45,8 61.9 33.3
Total . 5,553.8 63.4

(8) A system load of sufficient size to utilize all
the installed hydro-capacity in kilowatts was assumed, energy out-
puts were limited to amounts that could be used within that system
load, and minimum power releases were made to produce sufficient
energy in conjunction with an assumed auxiliary steam-electric
plant output to meet the system energy requirements.

(9) Reservoir operating criteria were used to permit
the maximum use of water through the power plants and at the same
time give assurance that no operational failure would occur in
any year, or period of years, as dry as those experienced in the

period studied.
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(10 It was assumed that the design of the power tur-
bines would be such that the discharging capacity at the maximum
head would be equal to that at half the maximum head. This as-
sumption results in a design head of about eight-tenths of the
maximum head, above which full output capacity of the installed
generating equipment may be obtained. At one-half of the maximum
head only one-half the output capacity 1s available. Between the
deaigh head and the minimum head the output capacity is assumed
to vary with the three halvea power of the head. In this study
the auxiliary power supply is assumed to be steam-electric
capacity.

(11) The dependable capacity of the Oroville and after-
bay power plants was taken as the difference between the annual
system peak demand and the auxiliary steam-electric capacity
required, both expressed in kilowatts.

| (12) Flood control operation was considered to be a
primary function of Oroville Reservoir. PFlood flow storage
space was reserved beginning with a zero reservation on the
first day of November and increasing on a straight line basis to
the maximum reservation of 500,000 acre-feet on the 15th day of
November. This maximum reserve was held until the first day of
April and then allowed to reduce uniformly to a zero reservation
on the first day of May. Purther discuasion of the flood con-

trol operation appears later in this chapter.

gg;ration of Oroville Reservoir Primarily
or pPower (eneration

Using the foregoing criteria, a study was made of the
3,500,000 acre-foot Oroville Reservoir and its afterbay, operated

..31 -
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Primarily for the generation of power, for the period 1921-1947.
This study shows that an average annual output of 1,742,600,000
kilowatt-hours of electric energy could have been generated in
that period at the hydroelectric power plants, with a dependable
plant ocapaocity of 348,100 kilowatts. Also, with this operation,
a firm irrigation supply of 500,000 acre-feet per year, in addi-
tion to present downstream prior rights, based on 1947 diversions,
would have been available. The inflows to the reservoir, reser-
voir storage, releases, and electric energy outpuﬁs with this
operation for the period 1921-1947, by years in Table 3, by months

in the tabulation included as Appendix B of this report and graph-
1cally on Plate 4.
Operation of Oroville Reservoir to

rovide Water for Continuous Diversion from the
Sacramento-San Joaquln velta

In this study, the 3,500,000 acre-foot Oroville Reser-
voir was operated to firm excess waters, available in the
Sacramento-San Joaquin Delta in winter months of most years, to
provide a continuous draft for export from the Delta by pumping
to Santa Clara Valley, San Joaquin Valley, and southern California.
The study covered the period 1921-1947.

In making the study, the reservoir was operated first
to meet the requirements of the Feather River Service Area,
which 1is located on the Sacramento Valley floor with Nelson on
the north, Butte Creek and the Sutter By-pass on the west, the
Feather River channel on the east, and the Jjunction of the river
with Sutter By-pass as the southerly limit. There are 322,200
acres of gross irrigable area within the service area. This area

is shown on Plate 3. The qther criteria used in making the study
are those previously stated,
~32-






33

4 H : 3 H 3 H 3 ]
2 6e6CTT ¢ 6°C6Ey ¢ T°t1¢ ¢ g6z’ {14 . ) . . : : ; : :
tr€6ZeT t vezltT t ey 3 Seiary m.mmw.ﬂ RS A yloorter viSte to7Iy 1 Coby f T-96iT 1 ZeSIeds ;o ov6r
: o.gMn”« H a.tw~.n t 9°TS ¢t 0°000°C : U°[8S°T 3 S°Siv'/ N.MMM.o“ M.Mwn H“ w.ﬂmw ” m”nm ” w”nww”m ” u.mwwu I :
2 T°t68°t ¢t 0°899°C 0°tS 5 9°%ZLCT t G EE€B'T * €°LSEC ¢ 9°L0oB°TI: T*€06 : o°tf . . ‘
. [ e [} [ [ o . W : Noﬁ* : ONN*QN : . .
” 188 ‘1 “ zecovee : $°0$ “ 1°9€Z ‘2 : T*566°t : §*€95°¢ ” ¥°/88°T: 9°€¥0°Ts 0°159 Te6y ¢ w.uﬂﬂ.« t m.mwm.m “ %m “
H H 3 H H 3 4
3 €o16z°¢ L2Y{ 24 . ¢ . . . . . [ 3 ! :
RPN S M.mm., NP A I R L S S A 4 TR 4 S I
T E°T6ZT : weLrE’T ¢ 8°0F : ¥eLGET 3 ZT°€90°T * S°ZL0°T : 0°T¥Z : o°¥etr’ : 0 €9 ¢ ” Covboft 1+ Letiicr % :
t €o162°T ¢+ 9°¥6T‘T ¢ S°Ly : 9°060°C t €°980°T : G°686°T : L°6¥T @ n.nao.“. o.ﬂ J .5 1 Coaset b STl b €€ )
LA ¥t : P9 : : 24l 0’169 ¢ L°6€ 3 9°BLTT ¢ 6°¥osT : ZE s
: €6zt “ €°802 ‘2 w 1 8414 “ $°868°2 M T ” ¥°89.°C “ ¥°62T 3 gezggtt o°1€9 94 % T°6ES°T 1 SeSwrt ¢ 1f 3
: ¢ 3 s 3 H s ] s
T 9e9ZLT 3 Z°¥68°C 970§ 3 9°806°CT : S°U99CT t 9TWRLIT 2 To6¥S 1 6°8¥S°T: 0°T1€9 T To6Y ¢ Tee6E‘T : LwE : .
. H LJ b . [ 3 H . e L] . . . . GQN : Oﬁﬁ.ﬂ :
” u.mmu”“ : M.MMMHM : m.nm : M.omouw : ETAM : 970652 ¢ 1°891 1 0°944°1: 0°1€9 :  ZeZy t T-0LE°T : @°099°T : €2 t
A S B AU K i O S B S
. : : i H H L] L d L ) * “ L ] . n
“ €et6zt “ (34 4 ¢3¢ : gy 3 8°cLe ‘1 “ (3433 Ad : 0°¥0¥°‘Z : Lo9Ey : 9°0zELs o.gnw : 9°9y 3 M.nhn.ﬂ ” m.m“w.m “ %w :
: €°T6T°T ¢ TUESET 1 9°0%¥ : 0°0PS°TL : 9°¥S6 : §°68L°T : §+€9¢ : $°6L : 38 {4 : . : : : :
P € : ' : :oo ' 9 : 9 = 0°9€ 3 B°€16 : 9°/e9‘t * 6T :
: M.mme“ “ m.mmwuw : w.”m : M.mmnHw : w.aaMuﬂ “ n“nnuuu : PoTiT ¢ yeETa‘Ts o0°tE9 3 €e€C ¢ ZeCovz N.How.~ LI < :
t 1661 ¢ ¥ewY/'Y ¢ ¥°15 “ a.m o. 3 M.h« .A : u.nnm.« . «”nmm. P§elt6 b ootrey L334 PoTEESTE o oviotsz : €2 :
; LgeE L v ve L4 Me.w ' .uoa.« : n.ono.v m 8 nwm.nn 0°91Z  0°1€9 1°09 ¢ T°€C%‘T ¢ vyeome‘y  ZZ %
' : ) : 868 : 8°99€ ‘T ; 0°90/‘y ' 8°504 n” 4*65€ “ 0°t€9 “ 0§ t teéBE€T : Te9%l'yY 1t tzéT ¢
ro (b)) @ (¢tr) (tr) 3 for) : (6) (8) (L) 2 (9) v (8) 3 ») ” &) “ w 1
n n. L ] . * L] L ] . ANv . ﬂ w
~¢“nnuu«x ; ooy oooun Mooy ooonu ¥d°ov ooonu ¢uﬂﬂnu«x“ : “ ” “.vu.oq ooouu.os.oc 90012 °+4° 0V 0001: v s
”ooo.ooo.nn “ t 1000°000°T: theartyde: t s :. “ “ ”
: X ” m 3 td0A0 puU®: wHyeq t H H H] H
: : H 3sjeqano 3 ay ¢ weodly H] H ] H
H : ] H H 1T0d3UOD 3 *3J°009: 90TAJS? ] H $ H
” n H Jeel H : poold :0€€°C Jo: Jaeard H 3 3 t
: ; “ «ﬂnqu “ m iy@noayy : ALyddne: aeyyvey: ] H H] H]
: H : ejewa 3 v H] 03 3 H] Jeek £ H H]
Ml.-“w“u . .-«o”.-o““o.- ”aoqu..oac?ﬂ“ oucun u Ml_ﬂ_...ao H tpue uoyipretL o3t juem 3 s Jo 3sayg ¢ H 3
olayerly : sesere : ' 38 : Io0ue 3 14 2] maduocou ] juom_:-~oagnbea: H Qo 3 dpoadesed ! H
s d1oazesey : ojJjoeyy! - _Jdeaod t-paynbeys 30N ¢ ¢ oBwaoye 0% 3 H
3 “ . ‘1~-270A10001 WMOI] 9089OTOY igogyvaioduaj: Jjoasesey @ a0TJur : Jw0x 3
s  §

% 00 90 %0 ea Ss 0s e M .

9300] 014 UoyIeAT( WIL10Q

of US=-03UsESIONS YL TA WOTIVUTIPI0N) U UOTIeded(:

Axewans penuuy

UoTIVIOU0H Iea0d pue ‘uoyre@paay ‘roxjuod
poord 20) FupjededQ Jyoadsesey eyriacdp

403r04d HIATH ¥XHIVId

€ stqv}






08 PP 00 20 g0 0 e 0 Be ey e

-3

H H H $ $ 3 H [ 3 H H H H

9°zvl‘t ¢ €°80S°C ¢ 6°Ly ¢+ ToLLST  : 8cTBLY ¢ L°6TS°C ¢ t-wie‘r ¢ §°Loo‘r: €°Zz9 ¢ 0°SY % LezzTT i ToLySE t uwem 3
s H : : 3 ] H ] : t ] s awek /73

] $ H ] H H H H H H H H H

H $ : H H H : H H : 3 H H

Ge2Gp‘T t z*06L°T 3 €°6y = z°G88°C : @°SES°T * T°LE€9°T t $°6ZS : T°T9VL: o°T1C9 ¢ €°vy t Y°6€%°C t 9°80Z°C t Ly 3
3 {50 SR ENAT {144 SR §°09 * 0°000°C : S°€OT‘T : ZT°ST9C 2 T°STIT : 9°Ct¥e : 0°1€9 ¢ T°6Y : 1°896°T t PeGLZE t g9v :
H 4 : : H H H 3 4 : H H t

9°€e6°T ¢+ [°wi8‘C 9°0S * §°068°C : 8°SE€T‘Z : @°@PS°C : €°9CTT t 0°99L : 0°t€9 ¢ 16y : T*6ES‘T t 8*9T0‘yY : S t
ToPEST ¢ 6°L6S°T ¢ §°0% : T°¥WELT : 0°Cw9°r : €°CTL‘T : 1°Z66 : €°5L0°T: o°1f9 @ 88y ! T°€LS°T t 8°T9L°T : v 3
Leo8T°C : 0°056°‘y T°TIS b S*B6BT : yewlET : 9°[Le‘Y : 9°029°C 5 $°0/9 ! 0°1f9 T°6y * T°€ES‘T 3 @°988‘y : €¥ s
veZvsée ¢ 0°€66°G ¢ 9°TIS t 0°000°C 3 0°0LL‘C 3 6°66T°9 : €°LEP‘S t $°6S ¢ o°tf9 ! 9°05 : S°9¥8‘T t T°t¥6S 1 Ty :
138 {1944 : 9*v0t1 ‘9 : 24 ¢4 : 0°000°¢ : €°909°2 : p°6$6°S : 0°6TTS ! 6~ée1 t 0°1€9 : 86y : L°€69°T $ 0°951°9 : 6t ”
(€1) “ (z1) “ (t1) “ (o1) “ (6) “ (s) “ (£) “ (9) “ (s) “ (v) ” (€) “ (@) “ (V) “







The ultimate consumptive irrigation use requirement of
the Feather River Service Area, including the areas now having
prior rights to Feather River water, 1s estimated to be 631,000
acre-feet per year over and above effective rainfall. Assuming
an irrigation efficiency of 65 per cent, the gross requirement of
the area would be 970,000 acre-feet per year. Thé difference be-
tween the former and latter figures was considered to be available
return flow with a month lag between diversion and eventual arrival
in the Delta. The monthly distribution of the foregoing amounts
and the return flow 1is shown in the following tabulation:

% of Gross Consumptive Return
Month Total Requlirement Use Flow
sam. 5 Qu%rtities'1n'1;§§5:3creafee%
Feb,. 0 0 0 0
Mar. 1 9.7 6.3
Apr. 5 48.5 31.6 3.4
May 16 155.2 101.0 16.9
June 20 194.0 126.2 54.2
July 22 213.4 138.8 67.8
Aug. 20 194.0 126.2 T4.6
Sept. 12 116.4 75.7 67.8
Oct. 4 38.8 25.2 bo.7
Nov. 0 0 0 13.6
Dec. 0 0 0 0
Total 100 970.0 631.0 339.0



s



The study shows that with the avallable excess water
in the Delta supplemented by releases from Oroville Reservolr it
was possible to obtain a continuous flow for diversion of 3,930

second-feet without deficiency, or about 2,845,000 acre-feet

annually, over the 27-year period of operation. The incidental
hydroelectric energy obtainable at generation from the power
pPlants at Oroville and Oroville Afterbay dams would have been
1,777,000,000 kilowatt hours annually with a dependable capaclty
of 232,000 kilowatts. The inflows to the reservoir, reservoir
storage, releases for the several purposes for which the reser-
voir was operated and the electric energy output for the period
1921-1947, are shown by years in Table 3, by months in the tabu-
lation included as Appendix B of this report, and graphically on
Plate 5.

Inflows to the Sacramento-San Joaquin Delta, and the
uses of those inflows for the period 1921-1947 are shown by years

in Table 4, by months in the tabulation included as aAppendix C of
this report, and graphically on Plate 6. The inflows to the
Sacramento-San Joaquin Delta comprise uncontrolled flows; spills
from existing reservoirs, except Shasta Reservoir; return flows;

Central Valley Project requirements in and from the Delta, and
spills, with coordinated operation of Shasta and Folsom reservoirs;

and Oroville reservoir water required to make possible a continuous

diversion of 3,930 second-feet from the Delta. The diversions com-

prise the Central Valley ProJject requirements for salinity control,
consumptive use 1in the Delta, use on the west side Delta Uplands,

export through the Contra Costa Canal, and the Exchange Contract.

They also comprise a water supply for lands adjacent to the Delta-

Mendota Canal when available from excess flows and the continuous

flow of 3,930 second-feet for export to the Santa Clara Valley,

-36-



. . ) . . A :
. . X 4 . < !
. v : - .
.o . P P .
’ . - . .
. B . . . . [N
. s B . L. X . - f i
. . PN . [ . . -
. ¢ ! . PN
» ° . .
. O : . . . N .
., . . , .
’ . v . . . . . .
.
. 2
- . .
. . PN . - - . :
. . . . - -
. ' N N »
. . [ . - *
. . . . . - . '
. . Lt P . ! . - . .
< . . . . B
S . . . . L v ) . - . M A . ’ . -
. . . . “ . “ ' N ' Lo .
0 . e y . . . : ' e
. o . - . . . . . . . .
‘ .. . . . . s a .
. . T. . - N . T .
’ ‘. - o .
. . H b . . .




tsnonujyU0HI0Y AOTJUIuoTeITaa]T

s ELICTY

teayidumsue) i pejenyssg tpedgnbeys

oy aoyJug 3
3

[ H [ [] [ s 3 13 [] 1 [ H [ H
3L°v¥8°C  :6°6ov’ot 0°1Y 14°€49°S t0°tee 36°962 °t 18°GCT 30°95Z°C Z°¥¥O 96 9LE  :6°¥PO’L tvezZ9¢ ! '
,u.vvau« uc.uaa”v freot 1€°99¥‘S 19°6LL 16°962 ‘1 18°6€ T 20°852°¢C ,«.vuv.wﬁna.w«c .n.aoo.“ ,n.me.na ,mm :
~a.v¢o.« 12°2vtly  f0°19 397 €SS i1 €ve 26°96z°t tg°6CT 30°852°C 30°4£4°6 35°4SC  10°¥BI‘T 35°G6Z ‘8 1S S
,m.«ma.« 51081, :0°1v9 'P°T106°S te°t1se $6°96Z ‘1 18°4€1 16°992°C :6°228°2132°49T  *€°€60°T t0°¥9r°lL L} { S
”n.v¢. 4 “w.m-.v ”ﬂ.oﬁ “ﬁ.o«v.m 3 A 1Y 26°96Z°t 38°$€T 20°0SZ°C 18°T5G°€C 36°YPZ  t5°Z€B T v PP ¢l 3 O |
3 : [ 4 H H H H H H H
3evye‘T  19°8LZ‘9 0°19 18°€6¥‘S 11°Cos 16°962°T  18°SET  20°85Z°C P°CEOCTNILoV9S  26°89S°T 18°€T1L%6 10€6T °
2L°v¥8°T  20°€60°Y :0°19 TUY6Y*S  36°tow $6°96Z°t 18°5E T 10°8S2‘C $2°969°€ t9°€oT  0°94L°t 19°¥69°, 16z ¢
Y6250 15°00€“ET 56 10°PTS‘S iyevie 16°962°1 18°6€T 36°99Z‘C *0°PSB BT 9*STL T 29°0TZ¢T 18°LB6°ST gz ¢
1/°wve’r  24°CZv Iz :9°Col 10°845¢S 1€°Lg8 36°96Z ‘1 18°5¢1 20°852°C 11°50T°8Z1S°0TIC‘C 19°€S9  0°TYTI‘WZ sfz 3
si°we‘Z 30°650°0T 35°6€ 2€°506°G :9°vi8 16°96Z°t 18°4¢1 30°85Z°C 19°€09°ST3Z TSy  198°02C€°T tg°0fe‘Cl 393 3
H 3 H H H H H $ H 3 H ] H H
t°w¥8‘T  3T°%08°6 1°80T 12°895°S :6°(98 26°962 ‘1 te°GE1 10°052¢C 19 0 P STI0°6LE  3G°6LL  t6°TIE ‘v 157 8
16°768°C  3Z°1085°C it°*oOt 1°9Ep*S  1*LEL 36°96Z 1 39°5C T 1€°992°C t0°0Z0°€C 26°98Z v°61e°T :/[°T1Z€‘9 192 3
tovve‘T  39°6L1‘8 10°19 36°€95°S  te°zl8 3€°962°t 18°6€1 10°8GZ°C 1L°66L°CT2L"096  :S°Lt€  tL*Cr6‘tn € 3
3L°W8°C :9°060°0Z :0°CT1T $U°GL5°G v vee 36°96Z‘y 18°6ET 10°89Z°C 1[°98L°SZ3C°€B6°C 10°91Z  1v*lL9‘te 1z 8
1L°vye ‘e 20°€ 19°196°S _ :6°048 36°962°¢ 19°6E1 30°892°C 28°196°52:€°124°C ¢ s
H H s : : ] s [} H
: s t s t Auwdwo) 3 1 ] t t s : t :.I
: s : s : Touw) g t : < t H t L
3 : s wareq ¢ t  yZneqeatd 3 s 3 $830 1IN0 gouzeaeyy: : :!
: H : 1T L t pus ‘Lued: : s s ITOIIN00 ; <4 q000S51 : :
$WIUL0 JTTIUDS i uy S3sTXG: ! -mo) [wuwy! s spuwydq H 1 POOTl ; of¢L ot : t
$ uzleyjznos: tsyuemeagnbs t oyn] uvg ¢ t wyreqg ¢ 1 tg@noayqy uoysaeAl s s
tpus Lo TTWAS t ~od 3o0f 3 s ‘fuedumopy @ 3 (17, ¥ (*3d°vesg ¢ ] PUT ;_1p emon: : %
uinbeop ueg: ~odd LTIvAC $IOue) ISATYS t Jo sjusms Qo5Y )? 100AT 1548 UII0E0 I sIjoAIESES $ s
t “LoYTeA ¢ T (wijus) @ t sBugy puw @ t =eagnbea: wiyeq @ 1 J0a0 ¢ oprAOad:eT[TAGQ PURE ¢
H .JIwy) 2 H sA0QY H uﬂ“"“ ues! H Oh-..:“ toqy oOoquys t pejswa § oy el mos[o4 Jo? 3
H wyueg 3 (TT90()~5¢ snydans w3 t puw se3wySt $ sy} puw : saejwa 3 J0g3WA PUWIOS WITe(:UoTIRIedd puwi :
3 o3 uoys ¢ sjusE :uega [wuNH: PoIIu() usexy: t 0961 uy : suyyes @ ‘doppsaemmPiuy aejwa: sjusmdoreat H
$«20AFp 40): ~sagnbeas: wyopusy @ 1-0q¢6CET L2 $ JInpuod t Jo jwems: t Jemod : snydans: -ep juesead: :
3 s3groes t jeefoad t -mareq 03t (WOl ! LInf pejupt s 3800 HOVOIOWN ! [0l 1405 Lrpw: juemerdt Lq pejjypoms Y¥OA :
t OféE Jo 3 AeyrwA : gueowfpws t ‘jusumesady: Uyl SeSSOY! wWIU0H t Jueasad: -otJtoedet —dns 033 UIsSEQ JeATYS ¢
tousyogJeps [vajus) 3 el H te3uwm{oxy jJjoluorivdiodvast [1¢Y t oy Leg 3 UTOAJNSIY LIT0AIRSON UTNDBOp uwWS: s
t SnOYIIA 2 Jo t oy 403 3 3 syuemoaInd: puw sjusw: Jo sjusm: unsyng @ 1OTTTAOCIOISTITAOI(: ~03UNWNLODSS 3
t ALyddns isweoxe Uy peaJdesea ! 4 -9d 3%0mt -odynbea I =sagnbes: eguy 1 wodj wouj ! wWodJ wATeq! P
t Jeyea 1 wyeg : 4Lyddns @ 103 POYISATP! UOTIWDTIIY: Jeywa T Aoy} ¢ tpesweTOdIpeseeTed: s
3 . s
: ;

308[ odd Ze[19A [¥43uUe) W3 jo 8 jusmedjnbey

*umwsm .-ounmw i

300 )-0490% (Q00°T BT STITIUNMD
Lxwwung ywnuuy
93700 uTnbeor UNE-0JUSWRJIOES WOJd] SUOTSISAT( DUV SOS[) L03%)

403r0ud YIAIN HIHIVAL

¥ %1q9}



.-

. e
LI ]
.

. .

'
P N
.
s .
. . .
L. P .
P . M .
M .
: . » .
. .
.
. . .
¢
.

R
. e
23
—_—
e e
N
>
’



3 ) ] ] ] H 3 t [3 ] H k] H t
1ve9ve ‘2z 16°¥T9ET ¥ 99 1 23 (S 3 TYAL 1] 16°962°t 18° 66t 30°092°C € BTZ 6T 39°680°1:$°L00%s € LT ‘9T tusem 1
s ] 3 : s s : 3 :. t t ] Jasel [z
] ] 3 3 ] ] 3 t 4 b H 3 H :
3 t 3 3 $ H ] H H H H L] 3 :
AL 4 M4 $0°€90°S  16°6¢ 124159 35°929 16°962°t 187561 10°952°C 24°6T9°0T 30°5vS 2T°T19P’T 19°€C19°s 3Ly 3
(VA4 4 ¢ I AL T2 44 § ERT M 1) 1€°€96°S  19°Z/e 16°962°1 19°6¢€1 10°052°C 2/°GS8 79T 39c0rTiTi9°tye  tS°tlg‘Ct 19% s
H s 4 $ 3 ) 3 H 3 3 H 3 H H
VAL (£ 20°€68°9T t0°19 18°€09°S  I1°€1€ 16°962°t 38261 10°96T¢C 19°L15°ZT 19°1ST°T10°99L 10°009°6X 16y 3
15°z90°2 1€°78T°L  10°19 19°8L5°G  10°€Le 16°962°t 184t 16°992°C 6°128°TT  :9°L00°T5€°SL0°T 30°6€L‘0T vy 3
A8 4 M sre€lvor o't U 28 VAN R VAL T 16°962°‘t 39°6€1 30°852C 36°4ST¢9Z 3T1"9€6°C16°0L9 16°056°t2 i€y :
YALZ £ 14 10°P¥E LT to°CTT 16°¥66°S  3Z°v06 16+ 962t 19°6€T $0°832°C 16°TS0°CE  $9°605°635°66 10°CaveLL 5Ty s
1,°v¥8°7 F6etZ0‘cE o€t 16°966¢6  18°506 16°96z°t 18°6€T 10°892°C 1p1€L%E 19°0€T¢436°68T  t0°Cov‘se 133 s
H H 3 H 3 3 H 3 3 3 H 3 : :
16°248°2 19°Ce6'¥Z  :0°19 14°895°G  11°658 26°962°1 18°661 16°99Z°C 3€°€09°0C 36°STT CIY*ST8  20°2L9°9T 06T ¢
FAS 4 M4 19°€88‘C  10°81 $L°€6v‘S  t0°Co8 16°967°¢t 1g°6€t 30°85Z°C 3€°G6E6 18°LTZ  16°60L°T t0°Z4vYL 366 t
VAR 4 L3 1£°€28°6C  to°fTr 15°962°G  34°49S 1€°962°t te°5C1 30°05Z°C 3[°26Tty 3Z°6L'93C Ly 12°8%€ ‘¥E 19€ 3
VAL L 19°605¢4T 10°19 12°895°¢S  1S°Lls 26°962°t 19°6€t 30°862°C 19 wET‘EY 2T C€ZBTiZ*Co6  35°sov ‘ol 8¢ 3
16°268°¢ 16°849°ST to°19 10°v95°C  tv°vee 1629621 $8°S€T 36°9929C $6°€TE°TT 36°206°T19°6¥0'T *0°TLE ‘BT 19¢€ !
3 3 ] 3 ] 3 3 s 3 3 H g 3 $
$ (tyy 3 {er) 1+ (1) “ (or) (6) 3 (s) 2 (Z) v (9) ” (s) M v) “ (¢) “ &) “ (1) “
] $ 3




. ; .
S, . . . - .- . . . . e o e . e e e s e e
.o . : ! . . DY ot . : ) R .
. - . b .
. . . - “ . - - -
. - N
N . . L
. - - .o . . . .
R . . . ' A N .
- A
. R . . . : . . . . N
- . . 7 . . . t “ .
. N . LN . A - . - - . .
. . et e 4 - - . . c
N
P v . . . )
} ‘ - .. N - . - P .-t -
- . ‘ . N Y - .
. . . “ .. e B . . . N +




San Joaquin Valley and southern California. It 1s shown that this

flow would have been available without deficiency in all years of
the period studied.

Estimated Cost of Feather River Project

The costs of the several features of the Feather River
Project have been estimated, based upon current prices of construc-

tion. The estimates are presented herein for (a) Oroville Reservoir
and power plants, (b) transmission lines and substations, and (c)

Delta Cross Channel. The estimated cost of the reservolr includes
acquisition of necessary lands and rights of way, relocation of
rallroads, highways and roads, and construction of dams and power
plants.

Oroville Reservoir

The Oroville dam site is located in Sections 1 and 2,
T. 19 N., R. 4 E., and Section 35, T. 20 N., R. 4 E., M,D.B.& M.,
and is immedlately upstream from State Highway No. 24 crossing of
the Feather River about 5.5 miles from Oroville. The site has
been mapped by the Division of Water Resources on a scale of 200
feet to the inch with a contour interval of 10 feet. This topo-
graphic map was used in laying out the dam and appurtenant works
and estimating construction quantities.

Geology of dam site. - Elmer C. Marliave, Supervising

Engineering Geologist, Division of Water Resources, examined the
Oroville dam site and sources of aggregate for dam construction
on February 8, 9 and 10, 1949, and has reported as follows:

The foundation rocks at the site are entirely metamorphics
and while appearing to be largely meta igneous may contain meta
volcanics and meta-sediments. The terms amphibolite, amphibolite
schist and greenstones are applicable generally to this type of
rock. They strike across the channel and dip steeply upstream in
a favorable attitude, and are strongly Jjointed. Where exposed
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along the channel section and for some sixty feet upwards the rock
1s hard and fresh with tight Joints through a few narrow mud seams
and shear zones are somewhat softer. Upwards on the abutments rock
exposures &are very few and practically all data must be deduced from
core drilling. The rock exposed- in the channel area should prove
suitable for overpour spillway 1f moderately protected.

Just upstream from the proposed axis the high rock line
along the channel drops sharply, There are also indications of more
pronounced Jointing and deeper weathering. This 1s undoubtedly due
to some structural control not as yet evident. Also, there appears
to be some structural feature striking diegonally downstream from
- right to left abutment from point upstream from axis on right
abutment to a point on axis on left abutment at about elevation 300.
It may represent a shear or closely spaced joints or a difference
in rock type but it should be thoroughly explored as it cuts through
left abutment under the proposed structure.

Moderate grout requirements are anticipated to consolidate
portions of the foundation area. If this can be done, considerable
excavation can be eliminated. It is assumed that fresh rock with
clean or stained Jjoints that is not badly sheared can be grouted to
provide a suitable foundation. Such areas could also be drained
whether grouted or not if deemed desirable. A suitable grout cur-
tain could be placed near the upstream face and this might well
feplace a cut-off. The developed surface should be uneven enough
after shaping to preclude the possibility of sliding.
| The right abutment appears to have the most even slope
and has a light brush and tree growth. Soil is estimated to aver-
age about eight feet in depth. Below this 1s a zone of weathered
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rock grading into fresher rock at depths of about twenty feet on

the average, though still strongly Jjointed. From twenty to about
fifty feet the rock appears to be reasonably tight and contains

only minor defects. An average of about 55 feet of stripping is
estimated, of which about 30 per cent can be removed by power shovel.
Grouting on this abutment is anticipated to be about 50 per cent
greater than on the left abutment.

The channel proper averages about 80 feet in width and is
entirely in fresh rock with minor defects. The channel is estimated
to contain 50 feet of gravel and about ten feet of stripping will
be necessary to shape the gorge and remove soft seams. Adjacent to
channel section the hard fresh rock rises to about 60 feet above the
channel and most of the stripping here will be taken care of in
shaping the section.

The slope of the left abutment is a little steeper in the
lower third than right abutment and has a poorly defined bench or
possibly remnant of a terrace about halfway up where the slope
becomes much gentler. Soil cover is estimated to be about six feet
deep and supports a light to moderately dense growth of brush and
light trees. Suitable foundation appears to exist at slightly
shallower depth over this abutment and stripping will average an
estimated 45 feet. Grouting in moderate amounts should be anti-
cipated.

| An overpour spillway can be utilized at this site by
affording moderate protection to the rock near downstream toe.
A natural saddle at about elevation 865 and a ravine below it
offers a suitable spillway location. Rock of good quality should
be found about 30 feet below surface in this saddle. Lining

-L1-






would probably be needed for a short distance from the spillway 1lip.

Ample quantities of coarse aggregates may-be obtained from
the 0ld dredge tailings southwest of Oroville. There may be some
recoverable quantities of sand and fine aggregate in this material.
The pebbles and cobbles are lergely metamorphics and will require
little washing.

Several million yards of clean quartzose sand, with small
gravel to 1 inch, is located near Pentz and is derived from hydrau-
lic operations in the Cherokee mine. More sand is obtainable from
unproven nearby sources and large quantities could be shipped by
rall from Marysville.

Proven quantities of earth materials are scant though
there should be unlimited quantitieswest of Oroville in the valley.
The tuffaceous beds near the foothills may not prove acceptable for

£111 for a high dam.

Several suitable sites for low afterbay dams may be found
between the site and the town of Oroville.

This area 1s considered to be one of low seismic activity.

Of particular interest is the condition of right abutment
between elevations 500 and 750. The U.S.E.D. core drill hole 1F2
did not look promising. U.S.B.R. holes on either side appeared
better as they were drilled so as to cross-cut the foliation.
There 18 an area between the elevations mentioned that may require
deep excavation. This seems8 to be eritical and other exploration
should be pointed towards proving . the suitability of this area.
A test pit would be the most suitable means of exploring. If
possible, the adJacent area should be grouted prior to sinking the
shaft. Similar work should be done on left abutment. Core drill
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holes ére a second choice for etplération but might be used first
to determine the areas to be explored by shaft., The apparent
structural feature on left abutment near axis at elevation 300
should be explored by drift or drill holes.

The following conclusions are submitted in the report:

1. A safe ccrnerete gravity or earthen dam can be
bullt at this site to a height of arcut 700 feet.

2. The best geologlc lcrestion appears to be at
site now proroged. The rock arpears to be fresher
and sounder than along the upstream area. There are
small and possibly large slides upstream, and weather-
ing appears to have proceeded to greater depths in this
area.

3. Ample quantities of coarse aggregates are
available in the vicinity of Oroville and considerable
sand 1s avallable near the town of Pentz, about 5 and.

8 miles respectively from the site by air line.

4, The most unfavorable situation is the
fracturing and jJointing of the foundation rock which
has allowed weathering to conslderanle depths and will
therefore require a great deal of rock excavation.

5. An overpour spillway is feasible and a
topographic saddle and draw beyond right end offers
another spillway possibility.
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Improvements flooded. - The Oroville Reservoir, capacity

3,500,000 acre-feet, would flood 15,450 acres of land up to eleva-
tion 900 feet, U. S. Geological Survey datum. The. height of dam
above stream bed would be 71l feet. The lands submerged were
evaluated by field inspection and checked against recent property
sales by the revenue stamps attached to\deeds in the county re-
corder's office. The following table sets forth the estimated
value of the lands that would be acquired.

Land Type Acres Unit Cost Total Cost
River channel 1,350 $ 2 $2,700
River bank and highway 954 5 4,770
Right of way 452 5 2,260
Pasture land 19,311 10 193,110
Timber land 3,478 20 69,560
Industrial land 61 200 12,200
Irrigated land 234 300 70,200
State park T7 260 20,000
Cultivated (Non-irrigated)

land a7 250 4,250
Total lands to be acquired 25,934 $379,050

A preliminary relocation of the main line of the Western
Pacific Railroad -between San Francisco and Salt Lake has been
made by the U. S. Bureau of Reclamation for the 3,500,000 acre-
foot capacity of Oroville Reservoir. Engineers of the Western
Pacific Railroad and the Division of Water Resources have examined
the location and it has been accepted by the three agencies as a

feasible location. The construction quantities involved in the
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relocation have been rﬁrnished to this office by the Bureau of
Reclamation and unit prices as of the present have been applied to
those quantities in estimating the cost of the relocation.

The proposed railroad relocation would be about 23.4
miles long as shown on Plate 7 and would replace 27.1 miles of
existing line which presently is located along the main river and
the North Fork above Oroville,

Features of the proposed relocation include 23,4 miles
of main track; four complete passing tracks; five railroad tunnels
with a total length of 3.4 miles, the longest tunnel with a length
of 8,550 feet; 5,000,000 cubic yards of roadway excavation, and
three bridges. The first bridge across the Feather River across
Oroville Afterbay Reservoir would be about 1,100 feet long. The
second bridge would be a combination railroad and highway bridge
over West Branch of Feather River with main structure 1,870 feet
long and length along highway deck 2,210 feet. The distance of top
of highway deck above streambed is 470 feet. The third bridge
would be 1,000 feet long across the North Fork of the Feather River.
The present railroad follows closely above the bed of the river
on 8 maximum ascending gradient of one per cent compensated from
-Oroville to the divide of the Sierra Nevada at elevation 5,000
feet near Portola. The maximum ascending gradient on the existing
main track for the first 13.6 miles above Oroville does not ex-
ceed O.4 per cent, the remaining 13.5 miles to Intake does not
exceed 1 per oent (compensated). The maximum degree of curvature
on the existing line that would be flooded is 10 degrees. The
total curvature on the same portion of line is 572 degrees and
16 minutes. The grade on the relocated line has been held to a
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maximum of one per cent (compensated) and includes adverse grade
of about 9.4 feet. The maximum degree of curvature on the relocated
line would be 5 degrees. The total curvature on the relocated line
would be 133 degrees and 6 minutes.

The proposed State Highway relocation as shown on Plate 7
would be about 17.5 miles in length and would replace 20.5 miles
of existing highway and the cost thereof is included as part of the
project.

The costs of relocating the Feather Falls railroad and
County roads were estimated and are inocluded in the cost of the
Oroville Reservoir. The Palermo Canal whioch would be flooded
would be supplied by an outlet through the dam on the left abut-
ment. For infrequent years of low reservoir stage, the cost of
a pumping plant to serve the canel has been added to the projeot
cost.

_ The Las Plumas Power Plant of the Pacific Gas and Elec-
tric Company has been evaluated on the following basis: The aver-
age annual power generation 1939-1949, inclusive, of 430,600,000
kilowatt hours was valued at 6 mills per kilowatt hour at the plant.
Operation and maintenance annual charge was deducted and a net
revenue at the plant of 42,463,400 obtained. The last installa-
tion in the plant, which was built in 1908, was in 1916, Assuming
1916 to 1951 as 35 years of elapsed life and with a total life of
70 years, the present value of annual net revenues for the next
35 years at a rate of .0855 resulted in a figure of $27,181,000.
This is considered the amount that the company would have to in-
vest to return the net revenue it will receive for the remaining

life of the poﬁer plant and also meet depreciation, insurance,
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local and state taxes and a cost of money of 5 per cent on their
investment.

The cost of power and telephone lines that would be flood-
ed have been evaluated. A summary of the cost of flooded lands and

improvements and relocations and acquisitions is as follows:

Lands $379,000
Improvements 1,800,000
State Highway 3,600,000
County roads 532,000
County road bridges 532,300
Telephone lines 269,600
Power lines 537,800
Peather Falls Railroad 756,000
Western Pacific Railroad 28,181,400
Las Plumas Power Plant 27,181,000

Palermo Canal outlet and pump 0,000
Total $6327%9.IUU

The figure of $28,181,400 for the cost of relocating
Western Pacific Railroad includes the cost of a combination rail-
road and highway bridge across the west Branch of the Feather River.

Dams and power plants. - In estimating the cost of the

main dam a gravity concrete dam section, curved in plan, was used.
The upstream face of the section used was vertical for heights up
to 400 feet. PFor heights in excess of U400 feet the face was ver-
tical to a point 400 feet below the crest and from that point sloped
upstream on a slope of .4 to 1. The downstream slope was .8 to 1
for all heights of the dam. The crest width was assumed at 30
feet. The crest length of the concrete dam would be 5,700 feet.
A layout and cross-section for the dam are shown on Plate 8.
Excavation depths to sound rock foundation varied from
40 feet at the upper extremity of the right abutment to a maxi-
mum of 80 feet at about 1,150 feet from that point toward streagm-
bed. This depth was continued for a thousand foot length in
the same direction, then gradually decreased to 10 feet at
the river channel. Excavation depths through the channel e -
. =b7-
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were 10 feet of rock and 50 feet of gravel. On the left abutment
the excavation depths were increased from the 10-foot depth at
channel edge to a maximum of 90 feet at a point about 700 feet
di stant toward the upper extremity of the left abutment. This
depth was continued, in the same direction, for 300 feet and then
decreased to 40 feet in a distance of 600 feet and from that point
on increased to 50 feet at left abutment extremity.

A double row of holes at 10-foot centers to a depth of
50 feet was estimated for the upstream grout curtain. An allowance
was included for consolidation grouting of about 25 per cent of the
foundation area.

Two auxiliary earthfill dams are required at low points
in the periphery of the reservoir. The type of the earth dams is
a center impervious section blanketed on each side with pervious
materials. The impervious section has a top width of 10 feet and
1l to 1 side slopes were carried to 20 feet below natural ground.
Excavation under the impervious section included 1 to 1 side slopes
from the bottom of excavation to ground surface. The pervious
blanket sections on each side of the impervious section have a ten
foot top width and slope on 2% to 1 to intersection with natural
ground with a shallow surface stripping under the sections. The
dike on the southerly rim of the reservoir has a crest length of
1,340 feet and a maximum height of 35 feet above natural ground.
It is located in Sections 7 and 18, T. 19 N., R. 5 E. The other
auxiliary dam is 1,060 feet long with a maximum height of 45 feet
above natural ground. It is located near the right abutment ex-
tremity of the concrete dam.

Using the flood control reservation of 500,000 acre-feet
of reservoir space the upper 35 feet of the reservoir was so
8-
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utilized. Twenty-seven 1l0-foot diameter steel lined outlets in 3
banks through the spillway section of the dam were estimated to dis-
charge the ocontrolled flow capacity of 100,000 second-feet.

The spillway design flood was taken as the estimated 1 in
100 year frequency of ocourrence flood with its crest followed thres
days later by the orest of the estimated 1 in 1,000 year flood.

The estimated orests were 294,000 second feet and 470,000 second
feet, respectively. Spillway capacity was dbased on passing the
spillway design flood through the flood control openings in the dam
and over the spillway, utilizing reservoir retention, and limiting
the enoroachment on the dam.rreeboard. The spillway capaocity at
normal pool elevation is 292,000 second feet and would de ocontrollec
by four 33-feet by 110-feet long hydraulically operated, segmented,
steel drum gates set In the orest of the spillway.

The power plant would be located on the left abutment
below the dam at the end of the spillway apron., Steel penstooks
were carried through the dam and laid on concrete saddles on benche:
cut in the rock below the dam to the power plant.

Estimates of cost have been prepared of the Oroville Afte:
bay Dam and Power Plant located about one-half mile above the high-
way bridge across the Feather River in Oroville.

Interest during construction has been included at a 3 per
cent rate over half the estimated construction period applied to the
oonstruction cost plus fifteen per cent for contingencies and 10
per cent for engineering and administration.

The estimated costs of the Oroville Dam, power plant
and Oroville Afterbay and power plant are set forth in the follow-
ing tables,
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COST OF OROVILLE RESERVOIR

WITH

FLOOD CONTROL FEATURES

Height of dam above streambed
Capacity of reservoir

Capacity of spillway

Capacity of flood control outlets

April 1991 orices

Exploration and core drilling

Diversion of river during construction
Clearing reservoir site

By-vass tunnel at dam for railroad

Excavation for dam, 4,562,400 cu.yds. @ $1.00 to $4.00

Mass oconerete, 13,791,600 cu.yds. at $10

Reinforced conorete, 72,500 cu.yde. @ $40 to $100
Auxiliary dame, 596,400 cu.yds. at $0.50 to $1.50
Trash rack steel and miscellaneous metal work

Cooling oconorete including pipe
Foundation treatment

River outlet conduits, 4,324,000 lbs. at $0.25

Ring seal gates, 12,722,000 1lbs. at $0.45
Spillway gates, 6,316,000 1bs., at 80,30
Reinforcing steel, 13,000,000 lbs. at 30.15
Spillway bridge

Permanent camp

Lands and improvements flooded

Reloocation of Western Pacific R.R.

Relocation of State Highwa
Relocation of Electric Utilities

~g Plumas Powor Plant
Palermo Canal outlet and pumping plant

Subtotal

Administration and engineering, 10 per cent

Contingencies, 15 per cent
Interest during construction

Total cost of dam and reservoir

COST OF POWER PLANT FOR OROVILLE RESERVOIR
440,000 kilowatts

Installed capacity
April 1951 prices

Excavation, 1,135,800 cu.yds. ® $4.00 to 35.00

Penstoock anchors, 4,400 ocu.yds. at 315

Reinforced conorete, 11,640 cu.yds. at 330 to $90
tes and gantry ocranes

Trash racks, coaster ga
Penstocks A
Reinforeing steel, 2,200,000 lbs, at 30,1

5
Building and equipment, 440,000 kilowatts at $81

Subtotal
Administration and engineering, 10 per cent
Contingencies, 15 per cent
Interest during construction

Total cost of power plant

~50-

711 feet

3,500,000 acre~feet
292,000 second-feet
100,000 second-feet

$ 100,000
500,000
2,325,000
2,324,900
18,111,000
3,623,500
ugg,éoo
1,868,000
6,959,000
2,003,600
1,081,000
5,724,900
1,894,800
1,950,000
288,200
500,000
8.999.400
2 3181,‘4‘00
3,600,000
807, 400
27,181,000
30,000

251,468,700
25,146,900
35,729,399

»290,200

$242‘626!100

4,708,600
$ '766,000

877,800
2,211,300

5,550,900
330,000
35,540,000

42,384,600
,938,500
7,407,700
2,777,900

864,508,700
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COST OF OROVILLE AFTERBAY AND POWER PLANT
Height of dam, 70 feet

Capacity of spillway, 390,000 second-feet
Installed capacity of power plant 25,000 kilowatts

April 1951 prices
DAN AND RESERVOIR

Exploration and core drilling

Diversion of river during oconstruction
Clearing reservoir

Excavation for dam, 109,000 ocu. yds. at $4
Mass conorete, 51,600 cu.yds. at $14
Reinforced conorete, 7,120 cu. yds. at 340
Spillway gates

Foundation treatment

Lands and improvements flooded

Permanent camp

Subtotal
Administration and engineering, 10 per cent
Contingencies, 15 per cent
Interest during construction

Total cost of dam and reservoir

POWER PLANT

Intake structure

Tunnel

Penstocks

Permanent camp

Building and equipment 25,000 kilowatts at $190

Subtotal
Administration and engineering, 10 per cent
Contingencies, 15 per cent
Interest during construction

Total cost of power plant

Total cost of dam, reservolr, and
powver plant

-51-

$ 35,000
100,000
52,500
436,000
722,400
284,800
2,466,400
35,000
173,300
50,000

4,355,400

435,500
653,300
163,300

35,607,500

422,600
1,214,000
145,000
100,000

4,750,000
6,631,600
663,200
924,700
248,700

8’ 538’200

$14,145,700






Tranemisslon Line and Switchyard. - The Oroville to

Bethany transmission line consists of one single circult and one
double circult steel tower line. The line traverses moderately
cultivated land for a distance of 150 milee from Oroville Dam to
the terminal switchyard near Bethany. Enroute the line pnasses west
of Wheatland and skirts the east side of Folsom, from which voint
it runs southerly to a point near Bellota and then veers west to the
terminal substation and switchyard near Bethany. The line 1s all
within a light loading are# with reepect to i1ce and wind loads and
pasees over area that will permit from easy to average construction
conditions. The line is shown on Plate 1 and on Plate 14 and the
capital cost ls as follows:

COST OF OROVILLE-BETHANY TRANSMISSION LINE
AND TERMINAL SUBSTATION AND SWITCHYARD

April 1951 prices

Transmission Line

Item

Towers & Fixtures »
Single-Circuit 150 Mi. @ 715,400 82,310,000
Double-Circuit ® v @ 23,100 3,465,000

Conductors & Devices

Single~Circuit "o e 6,360 954,000

Double-Circuit " " e 12,750 1,913,000
Insulators & Hardware

Single-Circuilt " @ 1,130 170,000

Double~Circuit "y @ 2,250 338,000
Groundwire, Grounds & Hardware

Single-Circult »# 7 @ 1,880 282,000

Double-~Circuit " @ 1,880 282,000
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San Joaquin River Crossing 3 500,000

Land and Land Rights 5400 acs. @ 3500 2,700,000
Clearing Land and Rights of Way - - 583,000
Subtotal $ 13,497,000
Administration and engineering, 10 per cent 1,349,700
Contingencies, 15 per oent 2,024,600
Interest during construction 253,100
Total cost of transmission line 17,124,400
Terminsl Switchyard
011 Cirouilt Breaker Positions 5 at $156,000 8 780,000
Alr Break Switch Positions 4 at 36,700 147,000
Transformer Positions 1l at 112,000 112,000
Transformer Bank for
Synchronous Condenser 1l at 485,000 485,000
Synchronous Condenser 1l at 528,000 528,000
Land 5 acres at 31,000 5,000
Subtotal $ 2,057,000
Administration and engineering, 10 per cent 205,700
Contingencies, 15 vner cent 308,600
Interest during construotion 38,600
Total cost of terminal switchyard 2,609,900

Total cost of transmission line and

terminal switchyard $lggzzu!200

Delta Cross Channel. - The Delta Cross Channel wbuld be
required to carry water from the Sacramento River to the San Joaquin
River delta. A channel similar to the Délta Cross Channel of the
Central Valley Project would be required. An allowance also has
been made for dredging in the delta channels. The estimated cost

0of the cross channel is as follows:
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COST OF DELTA CROSS CHANNEL

Inlet works and cross channel 31,000,000
Dredging-enlargement of ochannels
below crose channel 1,500,000 cu.yds. ® $0.30 450,00C
Dredging-inlet channels to pump~
ing out of delta 5,000,000 cu.yds. @ $0.30 1,500,00C
Subtotal 2,950,000
Administration and engineering, 10 per cent 225,000
Contingenclea at 15 per cent L42, 50C
Interest during construction 110,60C
Total cost $3,798,10C

The eetimated total capital cost of the Oroville Reservolir
Power Plant, Afterbay and Power Plant, Oroville-Bethany Transmission
Line and Terminal Substation and Switchyard, and Delta Cross Channel

is summarized as follows:

SUMMARY OF COST OF FEATHER RIVER PROJECT

Oroville Dam and Reservoir $342,626,000
Oroville Power Plant 64, 509,000
Oroville Afterbay and Power Plant 14,146,000
Oroville Transmiassion Line 17,124,000
Terminal Switchyard 2,610,000
Delta Croes Channel 3,798,000
g Total estimated cost ' $4ll,813,000






Flood Control Benefits

The Feather River and its tributaries are among the
Principal contributors to flood flows in Sacramento Valley. There
have been a number of notable floods recorded within relatively
recent years, which, if unoontrolled under present conditions would
have caused heavy damages, loss of property, and hazard po life and
health. The Feather River and its tributaries on the Sacramento
Valley floor are included in the Sacramento River Flood Control
Pro ject. However, the degree of protection provided by existing
leveed channels is not comparable with protection afforded by ex-
isting facilities or by those under construction on other major and

minor streams and floodways within the Pro ject.

Sacramento River Flood Control Pro ject

The Sacramento River Flood Control Project is a system of
works comprising levees, by-passes and weirs and river channel
enlargment designed and constructed for the control and disposal
of flood waters flowing through Sacramento Valley. An area of
about 1,000,000 acres is protected from inundation by these works,
including the metropolitan areas in and around the cities of Sacra-
mento, Marysville, Yuba City, Oroville; many other small communi-
ties and settlements; and intensively developed irrigated agri-
cultural land.

Authorization for construction of Sacramento River Flood
Control Project is set forth in Acts of Congress of the United
States of 19i7, 1928, 1936, 1941 and 1944 and in Acts of the Legis-
lature of the State of California in 1911, 1925, 1927, 1935, 1939
and 1945. The Project is a joint Federal-State-local development.
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Total expenditures to date on the Project amount to about
$120,000,000 divided approximately equally among the United States,
the State of California, and local interests.

The companion Federal and State legislation has been held
to constitute a contract between the two govermments, under the
provisions of which the United States has, since 1941, assumed the
cost of constructing the Project works, provided the State or local
interests furmish, without cost to the United States, all lands,
easements and rights-of-way necessary for the completion of the
Pro ject; bear the expense of necessary highway, railroad and utility
alterations; hold and save the United States free from damages
resulting from construction of the works; and maintain and operate
all works, after completion, in accordance with regulations pre-
scribed by the Secretary of the Army.

The physical works include levees along Sacramento River
from 1ts mouth at Collinsville to Ord Ferry on the west side of the
river and to the Butte-Glenn County 1line on the east side; levees
along both banks of the Feathsr River from its mouth to Honcut
Creek and on the right bank from Honout Creek to Hamilton Bend,
six miles below Oroville; levees along lower reaches of the
American, Bear and Yuba rivers and the south bank of Honcut Creek;
leveed by-passes through the Yolo and Sutter basins operated with
the Moulton, Colusa, Tisdale, Fremont and Sacramento weirs located
on Sacramento River for the purpose of discharging excess river
channel flood flows into Sutter and Yolo by-passes; and the enlarged
Sacramento River channel extending from the mouth of Cache Slough
to Collinsville for ultimate disposal of flood waters into Suisun

Bay. The ma jor features of the Project are shown on Plate 8.
«56-
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Designed capacities of the various features and sections
of this system of works are based upon flood flow quantities of
March 1907 and January 1909, and are set forth in the so-called
"Grant Report" (Senate Document 23, 69th Congress, 1lst Session),
dated December 8, 1925. However, in some instances, the designed
capacities are not the actual capacities determined by stream flow
measurements.

Since the adoption of the plan for the flood control
pro ject by the State of California in 1911, and by the Congress of
the United States on May 15, 1928, the Central Valley Project has
been constructed by the U. S. Bureau of Reclamation. A key feature
of the Central Valley Pro ject is Shasta Reservoir, constructed to
& capacity of 4,500,000 acre~feet, on upper Sacramento River above
Redding. The reservoir 1s operated for flood control, utilizing a
maximum space of 1,300,000 acre-feet for that purpose during the
flood season. It was first operated for flood control during the
1945-46 season. The operation of Shasta Reservoir has a marked
effect on the coﬁtrol of floods in the upper reaches of Sacramento
River and in Butte Basin and Sutter By-pass to the confluence with
Feather River, but lesser effect below that point.

Sacramento River Flood Control Project levees on Feather
River and its tributaries have been generally completed to Pro ject
standards except for a section aggregating about elght and one-half
. miles in length along the right bank in Butte County, and a short
section of Reclamation District No. 10 levee north of Marysville.'
At the former location only inadequate flood protection 1s provided
by the bank of the Sutter-Butte Canal which temporarily serves as

a levees.
-57 -






Historical Conditions

Feather River, under natﬁral conditions, overflowed large
areas beyond its low water channel from Hamilton Bend six miles
below Oroville to its confluence with Sacramento River. The area
sub ject to inundation from Feather River through failure of exist-
ing levees is delineated on Plate 3.

Along the left bank from Oroville to Honcut Creek the
inundation was confined to a relatively narrow strip limited by
bluffs paralleling the river channel. A wider area between Honcut
Creek and the Yuba River at Marysville was subject to inundation.
Below Marysville and the confluence with Yuba River the combined
flow of both streams flooded extensive low lying areas adjacent to
the left bank of Feather River and joined flood waters of Bear
River in the southern portion of the pocket. Overbank flow on the
left bank below Bear River found its way into American Basin and
flooded vast areas extending southward to the American River.

Feather River found greatest opportunity to discharge its
surplus waters along the right bank. At Hamilton Bend overbank
flow through Hamilton Slough coursed westward to enter Butte Basin
where it joined Sacramento River overflows near Colusa. The magni-
tude of this flow from Feather River is evidenced from reports
concerning the 1907 and 1909 floods which state that the rush of
water from Feather River flowed over Butte Basin, breached Sacra-
mento River levees and entered Colusa Basin.

Below Hamilton Bend flood flows overpoured the right dbank
of the river through a number of slough channels leading to Sutter
Basin, among which was Gilsizer Slough passing through the area now
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occupied by Yuba City. The entire area between Feather River and
Sut ter Basin south of Gridley with the exception of the Marysville
But tes was subject to inundation.

Prevention of overflow and reclamation of lands bordering
Feather River were undertaken by unorganized individual effort soon
after the first rush of settlers following the discovery of gold in
1848. The first organized efforts toward reclamation were the for-
mation of Levee District No. 1 in 1873 and Levee District No. 9 in
1879 aleng the right bank of Feather River from a point about six
miles upstream from Yuba City downstream to a point opposite the
mouth of Bear River and the formation of the Marysville Levee Com-
mission in 1876. There was no further effort toward organization
until the period between 1907 and 1913 when nearly the entire
remaining ares subject to overflow from Feather River waters, in-
cluding the American Basin, formed into nine separate reclamation
districts numbered, in order of formation, 777, 784, 803, 817, 823,
833, 1000, 1001 and 10. The lack of coordination among the activi-
ties of the various districts resulted in the construction of
levees of competitive height and channels and flowage areas of
inadequate width. The interest of the State of California and
Federal Government in flood control and maintenance of navigable
channels led to authorization of the Sacramento River Flood Control
Pro jeot and formation of the Sacramento-San Joaquin Drainage Dis-
trict, part of which included within its boundaries all of the
areas subject to inundation from Feather River and its tributaries.
The then existing levees were adopted as Project works and most of

them were or are being improved or reconstructed to Project
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standards by the Federal and State governments with varylng degrees
of financial contribution from those sources and from local
‘1nterests.

There were a number of floods of considerable magnitude
during the first two decades following 1850 among which was the
great flood of January 1862. Other notable floods occurred at
various times. However, 1t was not until the U. S. Geological
Survey, in cooperation with the State of California, established
stream gaging stations on Feather River at Oroville in 1902, on
Yuba River at Smartsville in 1903 and on Bear River near Van Trent
in 1905 that quantitative comparison could be made of flood flows
in the Feather River system. The greatest flood since the instal-
lation of those stations occurred in March 1907 with a peak flow
of 230,000 second-feet at Oroville and it appears safe to assume, .
on the basis of fragmentary records, that only the flood of January
1862 may have been of greater magnitude. Three large floods with
peak magnitudes at Oroville in the order of 185,000 second-feet
occurred in January 1909, March 1928 and December 1937.

Between Oroville at the mouth of the Feather River canyon
and Hamilton Bend, the river is flanked by reolling hills and such
areas as may be inundated are of no economic importance. During
the flood of March 1907 the lower portions of Oroville were flooded
to a considerable depth. However, the probability of repetition
of such flooding has been removed by improvement of levees and
dredging the river channel so that the city is now considered to
be safe against floods in excess of any of record.

From Robinson Bend, immedlately upstream from thé bridge
on the Oroville-Gridley Road, to Honcut Creek on the left bank of
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the river there is a relatively narrow strip of high quality agri-
cultural land which is subject to inundation when flows at Oroville
exceed 50,000 second-feet or about two times in three years on the .
average under present conditions. Particularly severe in this reach
1s the condition on a small area at Robinson Bend where overbank
flow at moderate stages causes heavy scour to orchards and the
county road and threatens to change the course of the river. At-
tempts to stabilize the channel and 1limit overflows to specific
areas without undue increase in flood plane elevations have not been
successful. No other efforts toward reclamation have been made on
the left bank upstream from Hancut Creek.

In all floods prior to 1937 water escaped freely into Butte
Basin over the right bank of Feather River at Hamilton Bend. 1In
December 1937 a levee at that location was overtopped and breached
allowing a considorable quantity of water to escape from the main
channel. Condltions at Hamilton Bend had also been changed by gold
dredging operations parallel to the river bank and in the channel.
The levee at Hamllton Bend has been strengthened, raised and extended
and no water has escaped to Butte Basin since 1937. However, peak
flood flows at Oroville have not exceeded 152,000 second-feet between
1937 and the date of this report.

Below Hamilton Bend on the right bank for a distance of
about 12 miles to the Sutter County line no district organization has
been formed to construct reclamation works. Constructed levees
aggregate only 3.5 miles in length. For the remaining distance of
about 8.5 miles protection 1s afforded by the Sutter~Butte Canal,
completed in 1905, the bank of which restrains flood flows to a
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limited degree. With the escape to Butte Basin now restricted that
canal bank probably would not afford protection during a repetition
of the larger floods of record.

Downstream from Honcut Creek and continuing along the re-
mainder of Feather River, overflowa 1nundated extensive areas. The
waters commingled to the west with Sacramento River flood waters.
In 1907 and 1909, at the latitude of Marysville the flooded area
extended westward in a continuous sxpanse for some 25 miles with
only occasional high knolls and alluvial ridges standing above the
flood level. This was before the reclamation of Sutter Baslin and
construction of Sutter By-pass. American Basin, later reclaimed by
Reclamation Districts No. 1000 and 1001, was protected only by low
individual river levees incapable of restraining the flood. The
levees surrounding the City of Marysville withstood those floods as
they have all others since 1875. There were, however, many breaks
on both banks upstream and downstream from Marysville.

After the floods of 1907 and 1909, organized reclamation
was resumed with new vigor and the floods of 1928, 1937 and 1940
were successfully controlled along the right bank. Reclamation Dis-
trict No. 784 along the left bank of Feather River betwsen the Yuba
and Bear rivers was inundated during those floods, as was Reclama-
tion District No. 10 in December 1937. Critical conditions developed
at mnny_localities, particularly near Nicolaus in 1928, below Yuba
City in 1940 and in lower Sutter By-pass during all ma jor floods.

In 1942, a relatively small flood on Feather River to-
gether with Sutter By-pass flows breached the levee of Reclamation
Distriot No. 803 and inundated some 32,000 acres between those two
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channels. 1In 1950 large areas in Reclamation District No. 784 and
adjacent lands and in Reclamation District No. 1001 were flooded.
However, the flood waters came from Yuba and Bear rivers, respec-
tively, at points well upstream from their confluence with Feather
River. 1In this flood, those tributaries established new maximum
peak discharge records, whereas the Feather River had only 92,000

second-feet at crest at Oroville.

Flow Criteria Governing Flood Control

In a report of the State Water Resources Board entitled
"Alternative Plans for Control of Floods in Upper Sacramento Valley",
September 1948, detailed studies were presented showing the effect
of Shasta Reservolr on flood flows in Sacramento Valley above Feather
River. It was shown that the average frequency of occurence of
floods subsequent to the construction of Shasta Reservoir would
equal or exceed Project flood plane elevations on Sacramento River
only once 1n more than 100 years and as infrequently as once in 170
years in Upper Sutter By-pass, whereas on other portions of the
Pro ject the existing degree of protection is not nearly so great.

On Feather River above Marysville the Project flood plane elevation
would have been exceeded four times during the past 50 years and
below Marysville it would have been exceeded at least during three
years and possibly during a fourth in the same period. The esti-
mated long-time probable frequency of such exceedsnce on Feather
River above 1ts confluence with Sutter By-pass 1s about once in 1§

years or less, on the average.

On American River at Sacramento the Project flood plane

would have been exceeded four times during three of the past 50
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Years and the estimated long-time probable frequency of such exceed-
ance is about one year in 25 years on the average. Thus 1t may be
noted that the degree of protection now provided with Shasta Reser-
voir in operation to areas along upper Sacramento River is at least
seven times that now afforded lands and communities along Feather
River and four times that now afforded the City of Sacramento and
environs. The latter condition is being corrected by the construc-
tion of Folsom Reservoir on American River which will provide pro-
tection for the highly developed Sacramento area against a flood
with an estimated frequency in excess of once in 500 years.

The provision of adequate flood control storage on Feather
River at Oroville would give a degree of protection to landowners
and communities along Feather River about equal to that provided by
Shasta Reservoir on upper Sacramento River and would provide addi-
tional reduction in flood flows and attendant flood hazard below the
junetion of Feather River and Sutter By-pass and in Yolo By-pass.

The Pro jeot flood plane at the Gridley Bridge gaging
station is 102.0 feet, U.S.E.D. datum, corresponding to a flow of
about 160,000 second-feet. That quantity and stage has not been
recorded by reason of the relief afforded by flow into Butte Basin
through Hamilton Slough during the larger floods of record. In 194Q
when all flows were confined, the stage at Gridley Bridge reached
101.55 with a flow of about 145,000 second-feet. In this flood it
was necessary to sack road crossings and low points on the Sutter-
Butte Canal bank to prevent inundation of protected lands.

A ocontrolled release of 100,000 second-feet would create a

stage of 99.5 feet, U.S.E.D. datum, at the Gridley Bridge and with
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which only minor additional levee construction along or in lieu of
the Sutter-Butte Canal bank would be required; backwater flooding
on lands north of Robinson Bend in the area between the canal and
the dredger tailings would be reduced; and a lesser area of recently
developed land north of Honout Credk would be subjeot to overflow.
A controlled release of 50,000 second-feet, corresponding to a stage
of 95 feet at the Gridley Bridge, would eliminate practically all
damegingz flows on overflow lands on the left banﬁ between Gridley
Bridge and Honcut Creek. Such flows now occur about two times in
three years on the average. |

Contrciled relszses of 100,000 second-feet or less from
Oroville and iocal inflow btelow tnat point can readily be carried
thirough present leveed channels in the reach from Honsut Creek to
Marysviile. The levees would then provide a high degree of protec-
tion to the intensively developed agricultural and urban area on
both sides of the river.

The adopted Sacramento River Flood Control Project flood
plane on Feather River at Marysville is 76.6 feet, U.S.E.D. datum,
. and about equal to that attalnecd during the flood of December 1937,
During that flood a considerable flow left the Feather River channel
at Hamilton Bend which, if confined, to the river channel would have
created stages in excess of flood plane slevations downstream at
least to the Bear River. The two floods of 1940 reached a stage
approximately one foot below Projeoct flood plane. The flood stages
at Marysville on both Feather and Yuba rivers are influenced by the
combined flows of the two streams. Project flood plane stage is

reached with a combined flow of about 200,000 second-feet. Peak
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flows in Yuba River at Smartsville, about nineteen miles upstream
from Marysville, exceeded 100,000 second-feet during the floods of
1907, 1909, 1928, 1937 and 1950 and were, or would have been, ap-
proximately 100,000 second=-feet at the mouth if oonrined to the
leveed channel. Therefore, it is apparent that in order to ocontrol
flood discharges in Feather River below Marysville to safe channel
capacities it is necessary to limit flood control releases from
Oroville Dam to 100,000 second-feet.

In all of the foregoing floods, Reclamation Distrioct No.
784, situate along the left bank of Feather River between the Yuba
and Bear rivers, was inundated from Feather River or tributary
streams. Its levees were for many years substandard in height and
located so close to the river bank that the channel capacity was
seriously restricted. However, recent reconstruction, including
necessary set-backs, has ocorrected the limitations on channel
capacity and the levees are now ocapable of withstanding & flood of
200,000 second-feet.

At Nicolaus near the confluence of Feather River and
Sutter.By-pass, the Project flood plane elevation is 52.7 feet,
U.S.E.D. datum. Stages at this station are influenced by the com-
bined discharges of the two water ocoursea. The maximum recorded
stage at Nicolaus was 51.0 feet in 1940. However, the District 70
levee failure on upper Sutter By-pass prevented higher stages at
downstream stations, including Nicolaus which is affected by back-
water from Sutter By-pass. By comparison, the flood of February
1942, which breached the right bank levee of Feather River downe

stream from Nicolaus shortly after the passage of the crest at that

station, reached a stage only one foot below the record stage of
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1940 with flows well below the Project quantities at the confluence
of Sutter By-pass and Feather River. The estimated peak combined
dl scharge is 290,000 second-feet.

Peak flows on Feather River usually reach the confluence
with Sutter By-pass at leasgt 16 Wours prior to the time of arrival
of pesk flows on Sutter By-pass. This condition is significant in
that flood heights in lower Sutter By-pass would not be materisd ly
reduced by the operation of Shaata Reservoir on Sacramento River
when the controlling discharge is from the Feather River system.
Releases from Shasta Reservoir during overation for flood contreol
are designed to limit flows in Sacramento River at Red Bluff and
Chico Landing to 100,000 second-feet and 130,000 second-feet, re-
spectively. Thus, in the earlier stages of a flood, releases equal
to inflow #ro made until storage is required to limit flows to the
adopted criteria. In most floods of record in which the combined
flow of Sacramento and Feather rivers would have created critical
stages in lower Sutter By-pass, if confined to leveed channels, the
instantaneous flow from Sacramento River which would have combined
with the peak discharge from Feather River would have been essenti-
ally the same either with or without the operation of Shasta Reser-
volr for flood ccntrol. Assuming Shasta Reservoir in operation and
all flows confinad to leveed Project channels, critical stages equal
to or greater than those attained in February 1942 would have re-
sulted in lower Sutter By-pass during the floods of March 1907,
January 1909, March 1928, December 1937, February 1940, March 1940

and February 1942. Studies indicate levee failures would have oc-

curred in 1907 and 1909.
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A controlled release of 100,000 second-feet from Oroville
Dam combined with maximum recorded floods from Yuba and Bear rivers
would produce a peak flow into Sutter By-pass from Feather River of
about 215,060 secord -feet which is about the magnitude of actual
peak flows during the two floods of 1940. With Shasta and Oroville
reservoirs in operation during the major floods of record, the total
peak flows in Sutter By-pass below the confluence with Feather River
would have varied from 315,000 to 340,000 second-feet which magni-
tudes are within the limits of safe channel capaocity.

Flood Control Operation of Oroville Reservoir

On the basis of detailed analyses set forth in "Alterna-
tive Plans for the Control of Floods in Upper Sacramento Valley" and
additional studies made for this report it was determined that the
maximum flood control release from Oroville Dam to limit downstream
flows to present safe leveed channel capacities was 100,000 second-
feet. It was further determined that controlled releases must be
limited to 50,000 second-feet in order to relieve unreclaimed over-
flow lands along Feather River from damaging inundation.

Operation studies on Oroville Reservoir were made to de-
termine the flood sontrol storage reservation required to limit
releases, insofar as practicable, to 50,000 second-feet and in no
case to exceed 100,000 second-feet. After several trlal studies it
was found that a reservation of 500,000 acre-feet would accomplish
the desired control with releases limited to 50,000 second-feet
whenever available storage space was more than 400,000 acre-feet,
and to 100,000 second-feet whenever the avallable storage was less

than 400,000 acre-feet. The flood control reservation of 500,000



-1




acre-fect was maintained and used for the control of floods from
November 15 to April 1, after which it was progressively reduced

to obtain a full reservoir on May 1. The foregoing method of flood
control operation would provide regulation for a flood with an esti-
mated frequency of occurrence of about once in 150 years and glve a
degree of protection about equal to that on Sacramento River and
Sutter By-pass with Shasta Reservoir in operation.

Flood control operation of Oroville Reservoir was coordi-
nated with irrigation and power sthdies for the historical period
1903 to 1950. Therefore, the reservoir stage at the beginning of
the flood was that which would have occurred under operation of
Oroville Reservoir throughout that period. The following tabulation
sets forth for each flood of record, the date of occurrence of the
peak discharge, the peak magnitude, the controlled release, the
storage in Oroville Reservoir at the beginning of the flood, the
maximum storage during the flood, and the storage utilized in con-
trolling the flood,

It 1s desired to point out that the tabulation indicates
a storage requirement of 555,000 acre-feet for the flood of January
1909, whereas the maximum space allocated to flood control is
500,000 acre~-feet. This is due to the availability of 750,000 acre-
feet of storage at the beginning of the flood and limitation of re-
leases to 50,000 second-feet until available storage space was re-
duced to 400,000 acre-feet after which releases were increased to
100,000 second-feet. If available storage had been only the
500,000 acre-feet reserved for flood control, only 432,000 acre-
feet would have been utilized to regulate the flood to the prescribed
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PEAK FLOOD FLOWS AND STORAGE REQUIREMENTS
ON FEATHER RIVER AT OROVILLE

Historical Controlled Res.Storage Max, Storage Max,Storage
Date of Peak Peak Flow Release Beg. of Flood During Flood Utilized

Flow 1000 sec,ft. 1000 sec,ft. 1000 ac.ft. 1000 ac.ft, 1000 ac.ft.
Mar,. 3°, 1%3 9903 5000 2986.0 3098.’6 112.‘5
Nov. ulv, 1%3 87.0 50.0 275702 2883.3 126.1
Yov, 2, 1903 90.0 50.0 2922,7 3002.3 79.6
Feb. 16, 1904 101.7 50.0 289‘&.3 3011.7 117.h
Feb. 24, 1504  112.8 100,0 2945.6 3106.1 1605
Mar. 18, 190, 99.8 100.0 3000.0 3106.4 106.4
Jan. 18, 19% 10908 5000 273005 28‘61&02 11307
Kal'. 26, 1% 56.0 50.0 BWOO 3%07 607
Feb. 3, 1907 81.8 50,0 2709.8 2800.3 90.5
Jan. 16, 1909 180.0 100.0 2748,9 3303.9 555.0
Jan. 31, 1911 8,.8 50.0 2702,3 2749.7 47.4
Apr. 6, 191.1 69.7 5000 308303 311709 3‘#-6
Dec. 31, 1913 122.0 5000 2565011’ 272907 16‘6-3
Jan, 25, 1914 64.3 50.0 2910.9 2928.5 17.6
Feb, 21, 1911& 7108 5000 BMOO 302301 2301
Feb. 2, 1915 52.5 6.3 276,0 2768.7 22,7
May 11, 1915 8l.4 8l.4 3500.0 3500.0 0
Feb. 25’ 1917 80.‘6 5000 2%8.7 2960.1 510‘*
Feb. 11, 1919 66.7 50.0 2720,0 2730,6 10.6
Nov. 19, 1920 64.0 1.0 2164.9 2240,9 76.0
Feb. 6, 1925 66.0 1.1 1049.6 1228.,0 178.4
Febo h’ 1926 570‘* lol 192906 197307 M'l
Feb, 21, 1927 94.0 50.0 2913,0 2996.3 83.3
Mar. 26, 1928  185.0 100.0 2958.4 3191.8 2334
Dec. 13, 1929 68.8 1.3 1834.3 1960.8 1265
Apr. 8. 1935 58.6 1.3 1.162.9 123508 7209
Jan, 15, 1936 66.5 1.0 237‘#01 2‘&30.7 56.6
Feb, 21, 1936 85.4 50.0 2862.4 2895.4 33,0
Dec, 11, 1937 185.4 50.0 2694 .4 3007.5 313.1
Mar, 23, 1938 5540 50.0 3000.0 3002,6 2,6
Feb, 27, 1940 132.8 50.0 2701.8 3022.2 320.4
Mar., 26, 1940 59.2 50.0 2963.9 2967.6 3.7
Mar., 29, 1940 152,0 100.0 2986,0 3140.9 154.9
Dec, 16, 1941 63.1 50.0 2707.9 2715.6 7.7
Jan, 27, 1942 76.6 50,0 2979.3 3006,7 27.4
Feb, 6, 1942 110.0 50.0 3000.0 3089,.8 89.8
Jan, 21, 1943  108.0 50,0 2853.5 294,6.0 92.5
Feb., 2, 1945 59.8 50.0 3000,0 3003,3 3.3
Dec, 29, 1945 60,1 50.0 2954 .6 295545 0.9
Nov., 21, 1950 90.9 50.0 3000,0 3058.7 58.7
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flows by reason of the longer period over which releases of 100,000
second-feet would have been made.

In many of the historical floods the entire flood flow
would have been absorbed in Oroville Reservoir with releases limited
to power requirements, by reason of the low reservoir level prevail-
ing at the time. Operation of Oroville Reservoir would have made 1t
possible to regulate releases to 50,000 second-feet in all but six

yoears of the 50-year period of record.

Evaluation of Flood Control

The area protected by flood control works on Feather River
embraces about 300,000 acres and constitutes one of the more highly
developed agricultura1>areaa of the State including not only crop
lands but also large storage, processing and other marketing facili-
ties. The famous "Peach Bowl", which in 1947 produced peaches
valued at $10,000,000 representing about 20 percent of the State's
total, is located on the Feather River flood plain, principally in
Sutter County north and south of Yuba City. In addition there are
large areas devoted to walnuts, almonds and prunes interspersed with
other deciduous fruits extending in a continuous belt along the
right bank of the river from Hamilton Bend to a point opposite Bear
River and, to a lesser degree, along the left bank of the river.
Complete cultural surveys of the Sutter-Yuba ground water basin
were made in 1948 and 1949 in connection with the special coopera-
tive investigation by the Division of Water Resources for the State
Water Resources Board. Culture on & small area in Butte County was
approximated. It 1s estimated that more than one-half the entire

area 1s devoted to the production of irrigated crops, about one-third
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of which is planted to deciduous fruits and nuts. Urban and suburban
developments, farmsteads, roads and utilities occupy about 20,000
acres and the remainder of the area is dry-farmed or fallow land
interspersed with a small amoupt of waste land.

Yuba City and Marysville, with populations of 7856 and
7777 in 1950, respectively, are the principal business and industrial
centers in the area. Gridley, the next most important community, had
a population in 1950 of 3021. The population of the Feather River
flood plain i1s estimated at about 50,000.

A survey of the Feather River flood plain was made to
ascertain the value of lands and improvements and to provide bases
for estimating future values and the possible flood damage that could
be prevented by the construction of Oroville Reservoir. Records of
Pproperty sales for the year 1950 were compared with assessed valua-
tions from which it was determined that the present value of the area
subiect to inundation from Feather River is $340,000,000, including
all'lands, improvements, utilities and personal property. This area
is delineated on Plate 3 to whioch previous reference has been made.
It is to be noted that lands along the westerly side of Sutter By-
pass and below the confluence of Sacramento and Feather.rivers are
not included in the valuation although their flood hazard is in part
attributable to flood flows from the latter stream and its tributar-
ies. The valuations of the entire area and of its various geographi-
cal subdivisions are listed in the foliowing tabulation.

There are no estimates available of damages caused by
floods prior to 1937. During that year and also following the floods
of 1940 and 1942, the Division of Water Resources and the Corps of

-72-






Present Market Value of Lands, Improvements
and Utilities in Feather River Flood Plain

Mar¥et Valives in Dollars

Zone Land Imp:'ovements Utilities Total
IFFT B
North of Honcut Creek 5,560,000 2,450,000 1,760,000 9,770,000

R.D. No. 10 and lands
adjacent to Simmerly Slough 5,810,000 3,160,000 1,760,000 10,730,000

City of Marysville and

envirens 19,660,000 67,930,000 17,530,000 105,120,000
R.D. No. 784 6,170,000 10,820,000 1,580,000 18,570,000
R.D. No. 1001 5,120,000 5,620,000 740,000 11,480,000
RIGHT BANK

North of Gridley and east
of Butte Basin 11,610,000 8,340,000 8,300,000 28,250,000

South of Gridley and north
of State Highway No. 20 2L,240,000 23,480,000 6,320,000 Sk, 040,000

Yuba City and environs 6,100,000 37,9L0,000 13,390,000 57,430,000

South of State Highway No.
20 and east of Sutter

By-pass 18,930,000 22,260,000 3,820,000 45,010,000
Total 103,200,000 182,000,000 55,200,000 3L40,L00,000
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Engineers made damage surveys of all inundated areas. The esti-
mated damage directly attributadble to Feather River, based on costs
and prices prevailing at those times were $931,000 in December 1937,
#300,000 in February and Maroch 1940, and $2,086,000 in February
1942, It was estimated that an adf84¢tional loss of $874,000 would
have obtained in 1942 if the land had been unwatered too late to
rermit planting of summer field orops.

During the decade 1940-50 the population of the affected
area increased about 50 per cent; farm costs and prices have increas-
ed two to three times; replacement cost of farm and home buildings
and personal property increased similarly; and development of the
area has been greatly intensified. Assuming present cost indices
and stages of development, damages during past floods would have
been several times their historical amounts, It 1s belleved that
growth of the area will keep pace with future expansion of the
State as a whole. Continued urbanization in and around Yuba City
and Marysville and more intensive agricultural practices throughout
the area are to be anticipated.

Damage which would occur on the area with a recurrence
of floods such as 1907, 1909 or larger, is dependent upon the loca-
tion of levee fallures, With the elimination of the escapeway at
Hamilton Bend, the most critical section now appears to be along
the right bank at about the latitude of Gridley where inadequate
protection is afforded by the Sutter-Butte Canal bank. For purposes
of estimating flood control benefits creditable to the proposed
Oroville Reservoir it is assumed that levee failure would occur in
the Gridley vicinity and submerge an area of 130,000 acres includ-
ing Reclamation Distriocts Nos, 777, 803, 823; Levee Distriocts Nos.
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l and 9, Sutter County; a portion of Drainage Distrioct No. 1, Butte
County; and considerable unorganized territory. Included in the
area are Yuba City and Live Oak; the Southern Pacific and Sacramento-
Northern rallroads; U. S. Highway 99E, State Highways 20 and 24 and
many miles of county roads; the Sutter—Butte Canal system and many
individual irrigation systems; and 32,000 acres of orchards among

a completely developed agricultural area. The present value of
lands and improvements is estimated to be 157,000,000, About one-
third of the flooded area would be subject to a relatively short
period of inundation during the passage of the flood with depths
probably not averaging more than a few feet. However, about two-
thirds of the area would be inundated for a long period by the
pocketing of flood waters between Feather River and Sutter By-pass
and the inability of such water to drain back into floodways by
reason of continuing high stages therein. In February 1942, when
the flood receded rapidly and there were no succeeding storms to
maintain high stages in Projeot ochannels, the backwater on the
upper half of the flooded area in Levee Distriot No. 1 Sutter County
was not completely drained off until two weeks after the levee
failure. Complete unwatering was not accomplished until one month
after the break. The assumed location of levee failure with recur-
rence of historic floods would result in estimated overbank dis-
charges of 175,000 acre-feet in 1907, 140,000 acre-feet in 1909,
60,000 acre-fect in 1937 and 55,000 acre-feet in 1928, A flood
with an estimated frequency of occurrence of once in 150 years,
which could be controlled in Oroville Reservoir would, if uncon-
trolled, discharge even greater quantities overbank and levee fail-

ures would probadly occur at locations other than in the Gridley
vicinity.
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If it is assumed that the cost of Oroville Dam and Reser-
voir would be amortized over a 50-year period the non-reimbursable
features of the project should be written off during the same period.
Investigation of past trends showed that an average annual increase
in market value of more than four per cent had occurred within the
area between 1930 and 1950, In arriving at the rate of increase in
market value for the 1930-1950 period, no consideration was given
to the extremely low values prevailing during the depression years.,
The market values in 1930 were computed by applying the market-
assessed value ratio for the latter part of the 1920 decade to the
1930 assessed values. The latter had not yet been affected by the
economic collapse although market values had begun to fall, There-
fore the computed trend spans, but is not influenced by, the
extremely low value years.

The area 18 now in a relatively mature state of develop-
ment so that anticipated rates of increase, attridbutable to tech-
no}ogical advances, inflationary influences, increased population
and physical plant expansion, may be scmewnat less than rates in-
dicated by past trends. Therefore, in estimating future valuations
to be protected by flood control works and from which a reasonable
value of the flood control allocation to Oroville Dam and Reservoir
might be determined, it was assumed that the inorement of develop-
ment between 1950 and 1975 would be one-half the 1930-1950 increment,
or two per cent per year, and between 1975 and 2000 one-half that
of the preceding 25-year period, or one per cent per year. On
these bases the valuation of the gross protected area would be
$558,000,000 in 1975 and $715,000,000 in 2000 with corresponding
populations of 82,000 and 105,000, The area along the right bank
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from the latitude of Gridley southerly to Sutter By-pass, most
vulnerable to flooding, has estimated future values of
$257,000,000 in 1975 and $329,000,000 in 2000.

In order to arrive at possible values of flood damage
with a repetition of historioc floods, it is necessary to deter-
mine a percentage of the gross value of property that may be
damaged. The estimated market value at the time of inundation of
the area flooded in February 1942, including improvements, per-
sonal property and utilities is $21,000,000 and damage was esti-
mated at $2,086,000, or about 10 per cent of the market value.

In March 1940 there were about 30,000 acres flooded in Recleamation
Districts Nos. 70 and 1660 in Sutter County with damages estimated
at $1,744,000. This area is similar to that flooded from Feather
River except that a smaller proportion of the land 1s devoted to
orchards. Market values were comparable and damage amounted to
about nine per cent of those values. With the flooding of highly
developed urban, suburban, and suburban-agricultural areas the
ratio of damage to market value would be substantially more than
10 per cent. It has, therefore, been assumed that inundation would
result in damages amounting to 10 per cent of market values on
agricultural lands and to 15 per cent in Yuba City and environs.

In all four of the préviously mentioned floods which
would have exceeded present safe channel capacities, the flow would
pass over the highly developed area north of Yuba City, flood a con-
siderable portion of that community and finally pocket between Sut-
ter By-pass and Feather River. The area has a present‘market value
of $157,000,000 of which $57,000,000 18 in Yuba City and its immediae
environs. By 1975, the mid-point of the amortization period if con-
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struotion were to be started immediately, the estimated values would
be $257,000,000 and $93,000,000, respectively. These values have,
therefore, been used in estimating flood control benefits oreditable
to Oroville Reservoir.

Under the foregoing assumptions, a flood similar to 1907
would cause damage in the amount of $25,100,000. The relationship
between total overflow and damage is not direct in that the more
valuable areas containing highly developed agricultural lands and
urban and suburban developments would be flooded at all times, where-
as the area escaping inundation in the smaller floods would comprise
principally marginal lands near the Sutter Buttes. The flood of
January 1909 would probably cause about 90 per cent as much damage
as that of 1907. The floods of December 1937 and March 1928 would
each cause damage equal to about one-half that of 1907.

The total damage for a repetition of the historical record
of the last 50 years through the amortization period would be
$79,700,000 or an average annual damage of $1,590,000 which, if
capitalized at three per cent, would indicate an allowable flood con-
trol allocation to Oroville Dem and Reservoir of $53,000,000. The
foregoing estimates do not include possible loss of trees due to
prolonged flooding late in the season. Such would be the situation
with a repetition of the 1907 and 1928 floods under which conditions
the average annual losses would be appreciably increased.

In addition to potential damages by levee failure there is
also damege to the unprotected land immediately north of Honout Creek,
Reduced frequency of inundation by construction of Oroville Dam would
create opportunity for improved land use. The flood plane correspond-
ing to 95.0 feet on the Gridley gage, which is now exceeded about two
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times in three years, would be exceeded only about once in seven
years on the average. Similarly a flood plane corresponding to
99.5 feet on the Gridley gage would be exceeded only once in 150
years, compared to about once in four years under present conditions

The reduction in flow from the Feather River and its trib-
utaries would materially reduce flood hazard and maintenance of,
and repair to, levees and other flood control works along Feather
River and lower Suttér By-pass. The remainder of the Sacramento
River Flood Control Project below the confluence of Sacramento and
Feather rivers would receive less tangible but appreciable benefit
from Oroville Dam and Reservolr, particularly when operated coordi-
nately with Shasta and Folsom reservoirs.,

The levees protecting the City of Marysville are among the
strongest and best maintained in the Sacramento River Flood Control
Project. However, it 1s conceivable that failure could occur in
which cuse the damage to the city, which has a present market value
of $105,000,000 and an estimated value for 1975 of $172,000,000,
would be tremendous. Furthermore, the small amount of storage for
flood waters resulting from the inundation of that community would
not provide sufficient relief to the levees protecting other areas
to assure their adequacy during floods such as 1907 and 1909, In
the event of a disaster of that nature dameges might be consider-

ably larger than herein contemplated.
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CHAPTER III. SACRAMENTO - SAN JOAQUIN DELTA
DIVERSION PROJECTS

The agreement between the State Water Resources Board
and California Central Valleys Flood Control Association provides
that the cost of works for the widest practicable utilization of
the water produced dby the Feather River Project be investigated
and submitted in this report. The projects studied in this con-
nection and reported upon herein are the Santa Clara-Alameda
Diversion Project and the San Joaquin Valley-Southern California
Diversion Project. These proJjects would divert water from the
channels of the San Joaquin Delta and would serve areas in need of
supplemental water to meet deficiencies, both immediate and ulti-
mate.

It has been previously stated in Chapter I of this re-
port that the ultimate water requirements of San Francisco Bay
Area, San Joaquin River Basin, and South Coastal, Lahontan, and
Colorado Rlver Desert areas are far in excess of their availabdble
local water supplies. Preliminary studies indicate that Santa
Clara and Alameda counties, located in the San Francisco Bay Area,
will require ultimately substantial water supplies in addition to
rthe local supplies and supplies received from importations of the
City of San Francisco from the Tuolumne River, and East Bay
Municipal Utility District from the Mokelumne River. For the
South Coastal area, 1t 1s presently estimated that a supply of
2,500,000 acre-feet annually will be required ultimately to supple-
ment local supplies, importations by the Metropolitan water Dis-
trict of Southern California of 1,212,000 acre-feet annually from
the Colorado River, and importations by the City of Los Angeles of
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300,000 acre-feet annually from Owens Valley and Mono Basin. It
is further estimated that 2,500,000 acre-feet annually will be
needed ultimately to supplement the water demands in the Lahontan
and Colorado Desert areas in addition to California's rights to
Colorado River water which, in the aggregate, total 5,362,000 acre-
feet annually. The west side of the San Joaquin Valley comprising
about 1,000,000 acres of irrigable land will require ultimately
about 2,000,000 acre-feet of imported water. Therefore, the total
amount of additional imported water needed for southern California
and west side of San Joaquin Valley would be about 7,000,000 acre-
feet annually.

It was also pointed out in Chapter I that supplemental
water supplies for the areas of deficient water supply in the San
Joaquin River Basin, San Francisco Bay Basin, and southern California
to meet their ultimate requirements, must come from the areas of
surplus in the Sacramento River Basin and the North Coastal area
which have water supplies in excess of their ultimate needs.

In studying various plans for importing water from the
areas of surplus to the foregoing areas of deficient supply, the
Division of W.ter Resources has determined that the logical and most
practicable plan would be to utilize the Sacramento-San Joaquin
Delta as a point of diversion.

The plan of utilizing the Sacramento-San Joaquin Delta as
the source of supply and point of diversion has many practical ad-
vantages. The point of diversion is below all riparian owners and

-users of water in the basins above the delta, and, therefore, is not
dependent on the vagaries of a single stream. Water developed in

any part of the Sacramento or San Joaquin River basins could find
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its way by gravity to the delta, and the same 1s true of surplus
water that would be transferred from the North Coastal area to the
Sacramento River Basin.

The area known as the Sacramento-San Joaquin Delta 1is
situated in the lowest part of the Central Valley Basin. In its
original state of nature, it consisted of swamp and overflow lands
gradually built up through the ages by accumulations of decayed
vegetation and deposits of silt brought down by the Sacramento and
San Joaquin rivers. These rivers, upon reaching the delta, spread
out into a network of channels separated by islands in a delta for-
mation, and finally discharge their waters into Suisun Bay, which
forms the northerly arm of San Francisco Bay. The delta has a gross
area of about 500,000 acres, and is roughly 20 miles wide and 50
miles long. It extends from Collinsville and Antioch at the lower
end, to Sacramento on the Sacramento River and Stockton on the San
Joaquin River on the upper ends. The network of channels, for the
most part navigable, have an aggregate length of 550 miles and an
open water surface area of 38,000 acres. These channels are the
source of water supply for the 350,000 acres of land under irriga-
tion in the delta area. A typlcal view of the delta is shown on
the accompanying photograph.

In planning the investigation and report as provided for
in the agreement, it was decided, for the purposes of the report,
to estimate the cost of delivering initially about one-third of the
5,000,000 acre-feet estimated as the supplemental water requirements
for southern California under ultimate conditions, and all of the
ultimate supplemental water requirements of the west side of the
San Joaquin Valley. This required a 6,000-second-foot conduit and
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cost estimates are presented herein on that basis..

Concurrently with the preparation of those estimates,
studies were being made of the water yleld of the Oroville Reservoir.
As previously set forth, 1t was found that the reservoir could be
operated so0 as to make available in the Sfacramento-San Joaquin
Delta channels for .xportation, 3,930 second-feet of continuous flow
of water, amounting to 2,845,000 acre-feet annually, as compared
with the conduit capacity of 6,000 second-feet selected for the San
Joaquin Valley-Southern California Diversion conduit. Since time
d1d not permit a detailed revision of the estimates already in pre-
paration, the estimates for the 6,000-second-foot conduit are pre-
sented herein, with discussion thereon in Chapter IV, "Financial
Analyses."

Estimates are presented herein for the cost of works to
deliver from the delta channels 127,000 acre-feet of water annually
to Santa Clara and Alameda counties. This amount of water 1s much
less than will be ultimately needed in those counties for a supple-
mental supply~and is not to be considered as the amount made avail-
able by an initial development. Further investigation would be
required to determine the magnitude of an initial project which
would be coordinated with an ultimate plan. The project presented
herein is submitted for the purpose of indicating the englneering
feasibility of conveying water from the delta to those areas and
the cost thereof.

A large number of samples of water have been taken from
the Sacramento-San Joaquin delta channels over a period of years
and analyzed for mineral constituents. Some of the analyses have
been complete, and some only partial, furnishing data on chlorine,
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sodium, and total solids, A sample was taken from Italian Slough
on 01d River in the San Joaquin Delta on September 7, 1950, and
analyzed. Expressed in parts per million, the total solids were
250; calcium, 44; sodium, 55; dloarbonate, 106; chloride, 107; and
sulphate, 52. The water wa# of gdvod mineral quality and well suit-
ed for domestic and agricultural uses. Analyses of many other
samples taken in the delta above the point of incursion of sea

water show comparable results.

Santa Clara-Alameda Diversion

The condult to transport water from the Sacramento-San
Joaquin Delta to Santa Clara and Alameda counties would divert from
0ld River 1n the San Joaquin Delta at Italian Slough about a mile
east of Byron Hot Springs. An aerial view of the Delta area in
this vicinity 1s shown on the accompanying photograph. From this
diversion the water would be lifted by pumping from sea level to an
elevation of 722 feet at a tunnel through the Coast Range near
Brushy Peak, approximately two miles north of Altamont Pass. From
this tunnel it would be carriled in a pressure conduit into Liver-
more Valley.

At a point about four miles northwest of Livermore, the
condult would divide into two branches. One branch would continue
northwesterly to a point about two miles westerly of San Ramon,
where the conveyed waters would discharge through a short tunnel
into a proposed storage reservoir in Crow Canyon. The stored
waters would serve the central bay shore area of ApAlameda County.
The other branch would extend southerly, serving the south bay
shore of Alameda County and the east side of Santa Clara Valley.
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Regulatory storage would be provided at a site on Arroyo de Los
Coches near Milpitas and terminal storage at Silver Creek near
Evergreen.

The location of the agqueduct and a profile showing the
general ground elevations and the hydraulic grade line are shown

on Plate 9.

Physical Features of the Project

Brief descriptions of the units of the Santa Clara-
Alameda Diversion project follow. Typical sections of the several
types of conduits and dams to which reference is made are shown on
Plate 12.

Italian Slough Channel. - The actual source of water

supply 1s the 0l1d River channel of the San Joaquin River, but the
diversion point is located on Italian Slough, a tributary channel.
Italian Slough is a leveed and maintained channel, presently used
by several diverters for irrigation supply. Allowance was made in
the study for dredging a length of 15,200 feet of this slough to
carry the ultimate diversion quantity of 365 second-feet in ad-
dition to the flow necessary to serve existing diversions.

Intake Canal. - The intake canal was also planned to

carry the ultimate requirement of 365 second-feet. It would
extend from Italian Slough to Pumping Plant No. 1, a distance of
one mile. Maximum depth of cut at the pumping plant would be
approximately 40 feet. The canal would be unlined.

Pumping Plant No. 1. - The capacity of this plant as

used for this report is 185 second-feet. The static head on the
plant 1s 352 feet. It is proposed to install three pumping units,
one of which would be for "stand-by" purposes. The discharge pen-
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stock would be a 7-foot dliameter reinforced concrete cylinder pipe
2.2 miles in length.

Canal Between Pumping Plants Nos. 1 and 2. - The capa-

city of this canal as used for this report is also 365 second-
feet. It would be concrete lined and about 1.5 miles in length.
The water surface with the design flow would slope from elevation
352 feet at the head of the discharge pipe line from Pumping Plant
No. 1 to elevation 350 feet at Pumping Plant No. 2.

Pumping Plant No. 2. - This plant would have the same

capacity and number of units as Plant No. 1. The static head
would be 363 feet. The discharge pipe line would extend from the
pumping plant to Brushy Peak Tunnel. It would be a 7-foot dia-
meter reinforced concrete cylinder pipe with a length of 2.8 miles,
Its capacity would be 185 second-feet.

Brushy Peak Tunnel. - This tunnel would be of horse-

shoe shaped section, concrete lined, and have a nominal diameter
of 8.7 feet. It would be 1.4 miles in length, and have a capacity
of 365 second-feet.

Brushy Peak Tunnel to Doolan Junction. - The conduit

in this section would be reinforced concrete cylinder pipe. It
would have a diameter of 7 feet for a distance of 1.4 miles from
the tunnel outlet to Livermore Junction, and. 6.5 feet for a
distance of 6.4 miles from the latter point to Doolan Junction
about four miles northwest of Livermore. The capacity of the
first section would be 185 second-feet and the latter section
155 second-feet.

Alameda County Aqueduct. - This aqueduct would be

comprised of 11.1 miles of 5-foot diameter reinforced concrete
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cylinder pipe and a 0.6-mile, 6.5-foot diameter, concrete lined
tunnel near San Ramon into a proposed reservoir in Crow Canyon.
The capacity of the pipe line would be 78 second-feet and that of
the tunnel 156 second-feet.

Santa Clara County Aqueduct. - This aqueduct would be

comprised of 35.8 miles of 5-foot diameter reinforced concrete
cylinder pipe. The first 22.1 miles from Doolan Junction to Air
Point reservoir junction would have a capacity of 78 second-feet,
the next 6.2 miles would have a capacity of 110 second-feet and the
last 7.5 miles, to Evergreen Reservoir, would have a capacity of

75 second-feet.

Reservoirs. - The Crow Canyon reservolr would be formed

by a rolled earth fill dam 165 feet high and would have a storage
capacity of 16,000 acre-feet. The Alr Point reservoir on Arroyo

de los Coches would be formed by a rolled earth and rock fill dam
250 feet high and would have a capacity of 20,100 acre-feet. The
Evergreen reservoir on Silver Creek would be formed by a rolled

earth fill dam and would have a capacity of 6,000 acre-feet.

Cost of the Project

The estimated costs of the several features of the
Santa Clara-Alameda Diversion are based on prices as of April 1951.
The cost for each feature includes those of the necessary lands
and rights of way. Survey information adequate for estimates was
available for the Crow Canyon and Air Point dams and reservoirs,
Costs of other features were based on data obtained from U. S.
Geological Survey topographic maps. A summary of the principal
unit prices used in the estimates are given in the following

tabulation:
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Unit Prices

Slough and intake canal excavation

?0025 per Ouoydo

Canal excavation ?O.LO " " n
Canal bank compaction _ $0.18 n " on
Dam foundation excavation 50.50-0.75
Dam embankment 0.25-0.,85  n »
Tunnel excavation and lining

6.5 foot diameter 3168 per lin.ft.

8.7 " L ”187 " " "
Canal lining 35 * cu,yd
Reinforcing steel in place $0.15 per pound
Reinforced concrete pipe in place

5 to 7-foot diameter $187,000-$431,500 per mile

A summary of the estimated costs of the units of the pro-
Ject, grouped under the types of those units, is given in the fol-
lowing tabulation. A more detailed estimate of cost is included in
Appendix D of this report.

Estimated Cost of Santa Clara-Alameda Diversion

Conveyance Units ,
Italian Slough 9 32,400

Intake Canal 257,200

Canal~-P.P. No. 1 to P.P. No. 2 212,200

Brushy Peak Tunnel 1,411,900

San Ramon Tunnel 537,600

Reinforced concrete pipe 13,825,100
Pumping Plants

Plants Nos. 1 and 2 $2,290,000 2,290,000
Reservoirs

Crow Canyon 51,628,600

Air Point 3,428,400

Evergreen 504,900

Subtotal - - - 5,561,900

Subtotal - Construction 324,128,300

Engineering and administration, 10 per cent 2,412,800

Contingencies, 15 per cent .3,619,200

Interest during construction 904,700
Total capital cost - - =~ $31,065,000

-88.-



e



San _Joaquin Valley-Southern California Diversion

The conduit to transport the exportable water from the
Sacramento-San Joaquin Delta to the San Joaquin Valley and to
southern California would divert from 0ld River at a point near
Bethany and about five miles northwest of Tracy. The water would be
lifted 225 feet into a canal which would convey it to a point near
the south line of Merced County, where a pumping plant would again
1ift it to elevation 400 feet. The canal would then follow approxi-
mately on grade contour along the west side of the San Joaquin
Valley to the Buena Vista Hills where another pumping plant would
1ift the water to elevation 500 feet. Four additional pumping 1lifts
and a canal would deliver the water to the mouth of Pastoria Creek,
3 miles east of Grapevine, at elevation 1,500 feet. At this point
a series of pump l1lifts would raise the water to elevation 3,375 feet
to a tunnel 3.9 miles in length, followed by one 6.6 miles long,
which would convey the water through the Tehachapi Mountains to the
divide between the Santa Clara River Basin and the desert.

The conduit would then extend along the westerly edge of
the Antelope Valley, on the desert side of the mountains, passing
above the Fairmont Reservoir on the Los Angeles Aqueduct. It would
cross Amargosa Creek and follow the south side of that creek, pass
above the Palmdale Reservoir, and cross Soledad Pass at Vincent
and Little Rock Creek below the Little Rock-Palmdale Dam. The
course of the conduit would then . be easterly across the Mojave
Desert to the portal of a 3-mile tunnel at elevation about 3,260
feet, between MoJjave River and Devil Canyon, a tributary of the
Santa Ana River and a source of water for the City of San
Bernardino. The conduit would then be a series of tunnels follow-
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ing the south slope of the mountains north of San Bernardino and
Redlands to a siphon across the San Gorgonio Pass between Beaumont
and Banning. The course of the conduit, mostly in tunnels, would
then bear southerly along the mountains east of the San Jacinto
Valley, passing above Lake Henshaw on the San Luis Rey River and
crossing the headwaters of the San Diego and Sweetwater rivers

to a terminus at an elevation of 2,850 feet on a tributary of the
Tia Juana River. The total length of the conduit would be about
567 miles. The route and profile of the conduit are shown on

Plate 10, which is in six sheets.

Physical Works
A brief description of the physical works of the condult,

divided into sections as determined by the carrying capacity fol--
lows. Typical sections of the conduit, to which reference i1s made
in the description, are shown on Plate 13. As indlcated on that
plate, all canal sections would be concrete lined. The U. S. Geo-
logical Survey topographic maps were used in determining the loca-
.tion of the conduit but an inspection of the proposed location

was made on the ground by the engineers, and the geology along

the line was studied and reported upon by engineering-geologists
of the Division of Water Resources. Data obtained by these geo-
logists were utilized in determining the location of the condult,
the types of materials which would be encountered during construc-.
tion and, 1n some instances, the type of conduit to be used.

Section Mile O to Mile 157.6, Capacity 6,000 second-

Feet, - A series of four pumping plants would 1lift the water from
sea level at a point on 01d River near Bethany to elevation 225
feet. An alternative plan which would bear further investigation
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is to make the 1ift by one pumping plant at a location to the north
of the present intake of the Tracy Pumping Plant of the Central
Valley Project. The alignment of the canal through this section
would approximately parallel the existing Delta-Mendota Canal on
the uphill side and from one-quarter to a half mile from it to
the west. At the several points where it would come close to the
existing canal a field inspection indicates ample room for the
proposed work without interference with the constructed canal.
At Mile 81.7, Pumping Plant No. 5 would 1ift the water from eleva-
tion 202.8 feet to elevation 400 feet. At this point the canal
diverges from its course parallel to the Delta-Mendota Canal and
follows southeasterly along the base of the hills to about mile
92.5 where, after crossing Little Panoche Creek, the route turns
to cross the valley floor, the section terminating at the south
line of Fresno County.

This 157.6-mile section was designed for a capacity of
6,000 second-feet. It would require 156.0 miles of concrete lined
canal, 1% siphons, 191 drainage structures, 80 farm bridges, 65
county road bridges; 16 canal checks, 36 turnouts, and five
pumping plants with an initial installed capacity of 3,755 second-
feet each.

Section Mile 157.6 to 183.5, Capacity 4,200 second-

feet. - The canal through this section would continue southeasterly,

following the easterly slope of the Kettleman Hills, and 1is
located in Kings County for its full length. This 25.9 mile
section was designed for a capacity of 4,200 second-feet., It
would require 25.3 miles of concrete lined canal, 7 siphons, 40
drainage structures, 7 farm bridges, 12 county road bridges,
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3 canal checks and 4 turnouts.

Section Mile 183.5 to Mile 246.0, Capacity 4,000 second-

feet. - The conduit through this section would follow along the
easterly slope of the Lost Hills, and the northeasterly slope at
the base of the Elk Hills, in a general southeasterly direction.
The proposed route turns west at the southeast extremity of the
Elk Hills, follows the south base of the Elk Hills, crosses the
Taft to Bakersfield U. S. Highway No. 399 and circles to the west
of Buena Vista Lake area. This 62.5 mile section was designed for
a capacity of 4,000 second-feet. It would require 1 siphon,
141 drainage structures, 42 farm bridges, 25 county road bridges,
1 highway bridge, 6 canal checks, and 10 turnouts.

Section Mile 246.0 to 290.6, Capacity 3,500 second-
feet. - At Mile 246.0 Pumping Plant No. 6 would 1ift the water

from elevation 350.4 feet to elevation 500 feet. It would have

an initial capacity of 2,795 second-feet. From the discharge
outlet of Pumping Plant No. 6, the conduit would follow southwest-
erly along the base of the Buena Vista Hills to a point about 2
miles west of San Emidio where the proposed route turns abfuptly

to the éast and then southerly to Wheeler Ridge. At the four

mile points shown in the following tabulation, pumping plants would
1ift the water to a saddle in wWheeler Ridge:

Mile Punp;gg Plgnt. Eleg;;é?n 1n4§§?t
271.0 7 493.2  600.0
272.0 8 599.8  800.0
274.0 9 799.6 1150.0
274.3 _ 10 1150.0 1500.0
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The canal would then follow southeasterly along the southern end
of the San Joaquin Valley floor, crossing U. S. Highway No. 99 be-
tween Bakersfield and Los Angeles at a point about one mile north
of Grapevine, to the point where Pastoria Creek debouches onto the
valley floor. The conduit on this 44 ,6-mile section was designed
for a capacity of 3,500 second-feet. The pumping plants would
have initial capacities of 2,550 second-feet. The section would
include 43.2 miles of concrete lined canal, 10 siphons, 97 drain-
age structures, 31 farm bridges, 7 county road bridges, 4 canal
checks, 20 turnouts and 5 pumping plants.

Section Mile 290.6 to Mile 302.4, capacity 2,500 second-

feet. - A short distance up the Pastoria Creek Canyon on the left
side of the canyon is the site for a proposed series of six pump-
ing plants. The pumping plants would 1ift the water from eleva-
tion 1,493.3 to elevation 3,375 feet as follows:

Mile Pumpi;g.Plant gﬁgg;fion 1n§§ft
290.6 11 1,493.3 1,806.9
290.8 12 1,806.9 2,120.5
290.9 13 2,120.5 2,434.1
291.0 14 2,434.1 2,747.7
291.1 15 2,T47.7 3,061.3
291.2 16 3,061.3 3,375.0

The last pumping plant would discharge into the portal
of a 3.9-mile tunnel which would terminate in a tributary of
Pastoria Creek. This tunnel would be followed immediately by
another one 6.6 miles long through the Tehachapi Mountains to
terminate in the vicinity of Quail Lake. The tunnel section would
| -93-






be followed by a siphon at Quail Lake under the state highway from
Gorman to Lancaster. At this point water could be discharged to
Piru Creek, a tributary of the Santa Clara River, or to the Antelope
Valley. This 11.8 mile section was designed for a capacity of
2,500 second-feet. It would include 10.5 miles of concrete lined
tunnel, 1 siphon, 1 turnout, and six pumping plants.

Section Mile 302.4 to Mile 327.0, Capacity 2,000 second-
feet. - The conduit beginning at Mile 302.4 follows through the
hills to the west of the Antelope Valley to the vicinity of Fairmont
Reservoir on the Los Angeles Aqueduct and would be mostly concrete
covered conduit. In the vicinity of the Fairmont Reservoir the
conduit would be about 300 feet above the normal water level of that
reservoir and water could be delivered to the Antelope Valley or to
the Los Angeles Aqueduct. This 24.6-mile section was designed for
a capacity of 2,000 second feet. It would include 2.6 miles of con-
crete lined canal, 20.4 miles of concrete covered conduit, 0.6 miles
of concrete lined tunnel, 12 siphons, 21 drainage structures, 2 fam
bridges, 2 county road bridges, and 1 canal check and turnout.

Section Mile 327.0 to Mile 369.6, Capacity 1,500 second-
feet. - The conduit in this section would continue mostly as a

covered concrete section, along the hills to the west of the
Antelope Valley and follow along the north side of Portal Ridge
to a 6,500-foot tunnel through the ridge and then into a siphon
across Amargosa Creek. The alignment would then follow along the
south bank of the creek, being located south of the San Andreas
Rift Zone. The crossing of the fault area is made by the Portal
Ridge tunnel near its outlet, and by the Amargosa Creek siphon.
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The proposed route continues southeasterly passing about one-half
mile to the southwest of the Palmdale Reservoir, 475 feet above
the normal water level of that reservoir, and crosses the Soledad -
Pass at Vincent. The section ends at the head of a siphon across
Little Rock Creek. The design capacity of this 42.6-mile section
18 1,500 second-feet. It would include 40.6 miles of concrete
covered conduit, 1.2 miles of concrete lined tunnel, 5 siphons,
46 drainage structures, and 1 turnout.

Section Mile 369.6 to Mile 428.4, Capacity 1,200 second-
feet. - From the siphon across Little Rock Creek, which 1s loocated

downstream a short distance below the Little Rock Dam, the course
of the conduit would be easterly across the Mojave Desert. About
15 miles west of Victorville the proposed alignment takes a
southeasterly course, crossing U. S. highways 395 and 66, and runs
thence to a point about one mile south of Hesperia where it turns
abruptly south. There would be a three-mile tunnel between the
Antelope Valley and the West Fork of the Mojave River. The con-
duit would continue southerly to a point near Cedar Springs where
there would be a three-mile tunnel through the San Bernardino
Mountains to Devil Canyon, a tributary of the Santa Ana River,
and a source of water supply for the City of San Bernardino. The
design capacity of this 58.8-mile section 1s 1,200 second-feet.
The conduit would include 4.0 miles of concrete covered conduit,
46.7 miles of concrete lined canal, 6.4 miles of concrete-lined
tunnel, 9 siphons, 54 drainage structures, 34 farm bridges, 9 county
road bridges, 2 highway bridges, 6 canal checks, and 2 turnouts.
Section Mile 428.4 to Mile 444.3, Capacity 1,100 second-

feet. - The conduit in this section would be a series of concrete
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lined tunnels with a capacity of 1,100 second-feet, along the south-
westerly slope of the San Bernardino Mountains. The 15.9 mile
length 18 all 15 foot diameter concrete lined tunnel, with one
turnout,

Section Mile 444.3 to Mile 461.3, Capacity 850 second-

feet. - The conduit in this section would continue as a series

of concrete lined tunnels running in a general southeasterly direc-
tion, with a siphon crossing at the Santa Ana River, and would end
at a point about 2 miles northeast of Beaumont. This 17.0 mile
length of 850 second-foot capacity conduit would include 16.9 miles
of concrete lined tunnel, 1 siphon and 1 turnout. |

Section Mile 461.3 to Mile 48613, Capacity 800 second-

feet. - A single barrel steel siphon would carry the water across
the San Gorgonio Pass on a route about due south between Beaumont
and Banning. The conduit would then continue southeasterly as a
series of tunnels through the San Jacinto Mountains. This 19-mile
section of 800 second-foot capacity conduit would include 12.1
miles of concrete lined tunnel, a 6.9 mile long siphon and a
turnout.

Section Mile 480.3 to Mile 539.8, Capacity 500 second-

gggg.'- The conduit would continue southeasterly to the San Jacinto
River, then southwesterly and southerly through the mountains into
San Diego County as a series of tunnels, Affer crossing the San
Diego County line the conduit would be a concrete lined canal
section passing to the north and east of Lake Henshaw and about
250 feet above the normal water surface of that lake. The pro-
posed route turns southerly opposite Warner Springs, skirting the
Lake Henshaw area. This 59.5-mile section of 500-second foot
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capacity conduit would include 29.8 miles of concrete lined canal,
29.1 miles of concrete lined tunnel, 1 siphon, 47 drainage struc-
tures, 7 farm bridges, 5 county road bridges and a turnout.

Section Mile 539.8 to Mile 546.2, Capacity 300 second-

feet. - The conduit in this section would run southeasterly with a

short section of canal and then through a series of concrete lined
tunnels through the mountains to the San Diego River. This 6.4~
mile length of the 300-second-foot capacity conduit would include
1.9 miles of concrete lined canal, 4.5 miles of concrete lined
tunnel, L drainage structures, one farm bridge, a county road
bridge, and 1 turnout.

Section Mile 546.2 to Mile 566.6, Capacity 200 second-

feet. - The conduit would continue southerly to a terminus at

Horsethief Canyon, a tributary of Cottonwood Creek. The 20.4 miles
of 200-second-foot capacity conduit would be all in concrete lined
tunnel and include turnouts at the Sweetwater River and at the
terminus.

The 566.6 miles of conduit from the Sacramento-San Joaquin
Delta to the tributary of Cottonwood Creek in San Diego County would
include 368.0 miles of concrete lined canal, 65.0 miles of concrete
covered conduit, 117.6 miles of concrete lined tunnel, 13.4 miles
of siphon, and appurtenant structures as checks, turnouts, drainage
structures, wasteways, bridges and fencing along the canal right
of way.
Cost of the Project

The estimated costs of the several features of San
Joaquin Valley-Southern California Diversion are based on prices

as of Apf‘il 1951. Rights-of-way have bean inecluded in the egtimate
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for two parallel conduits of the same size as estimated for the

single conduit. It has been considered that rights-of-way

for

ultimate requirements should be purchased under the initial plan.

A summary of the principal unit prices used in the estimates are

given in the following tabulation:

UNIT PRICES USED IN COST ESTIMATE OF SAN JOAQUIN
VALLEY-SOUTHERN CALIFORNIA DIVERSION

Canal excavation - earth $0.18 to $0.30 per

" " rock 1.50 per

" trimming - earth .25 to .30 per

" " - rock 1.50 pér

" embankment - .20 to .25 per

" lining - concrete 20.00 to 30.00 per

Covered conduit excavation - earth ‘ .30 per

" " " - rock T 1.50 per

" " backfill .25 per

" " concrete 30.00 per

Tunnel excavation 18.00 to 35.00 per

" timbering 300.00 per

" lining -~ concrete 35.00 per
Structures

Excavation - culverts 1.00 per

n - siphons .75 per

n - bridges 1.50 per

Reinforced concrete -~ culverts 60.00 per

" " - siphons 55.00 per

" n - bridges 65.00 per

" " - turnouts 50.00 per

" n - drainage inlets 60.00 per

Timber - bridges 300.00 per

Steel siphons and pumping plant discharge pipes .185 per

Miscellaneous steel .35 to .50 per

Reinforcing steel .15 per

Structural steel .40 per

Right-of -way fencing 1,650.00 per

c.y.
cly.
8.Y.
s;y.
c.y.
c.y.

c.Y.
c.Y.
c.y.

c.y.
M.B.M

c.y.

c.y.
c.Y.
c.y.
c.y¥.
c.y.
C.Y.
c-y.
C.Y.
M.B.M
1b.
1b.
1b.
1b.
mile
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Pumping plants - building and equipment

No. 1 24,100 kw. H= 50.5 feet) $238.00 per kw.
No. 2 24,000 kwe (H= 50.3 feet) 238,00 per kw.
No. 3 24,000 kw. H= 50,3 feet) 238,00 per kw.
No. ll' 35’900 kw. H= 7502 feet 176000 per kw,
No. 5 96,000 kw. H= 201.0 fest 117.00 per kw.
No, 6 53,700 kw. (H= 151.3 feet) 134.00 per kw.
No. 7 34,900 kw. (H= 107.6 feet) 152.00 per kw.
No. 8 65,000 kw., (H= 200,7 feet) 119,00 per kw.
No. 9 113,800 kw. (H= 350.7 feet) 103.00 per kw.
No.1l0 113,500 kw. (H= 350.3 feet) 103.00 per kw.
No.ll 97,800 kw. (H= 314.1 feet) 108,00 per kw.
No.l2 97,900 kw. (H= 314.4 feet) 108.00 per kw,
No.1l3 97,900 kw. (H= 314.3 feet) 108.00 per kw.
No.l4 97,900 kw. (H= 314.2 feet) 108.00 per kw.
No.1l5 98,000 kw. H= 314.6 feet) 108.00 per kw.
No.l6 98,300 kw., (H= 315.5 feet) 108.00 per kw.

In making the final plans of the canal, the number and
design of the pumping plants may be materially changed. The pump-
ing unit sizes and 1ifts selected for this report were used because
information is available on costs of pumping plants having units of
similar size, operating under similar heads. To obtain the costs
of plants having large units, operating under high heads, would
require special Qesigning, which was not feasible for this report.
The estimated costs of the plants are believed to be adequate to
cover any revised installation.

Detailed cost estimates of the San Joaquin Valley-Southern
California Diversion by carrying capacity in second feet, in four-
teen numbered sections, are included as Appendix E of this report.

A summary of the estimated cost by sections is given in the following
tabulation: |

ESTIMATED COST - SAN JOAQUIN VALLEY-~SOUTHERN CALIFORNIA
DIVERSION :

Section 1 Delta to Fresno-Kings County Line
Mile 0.0 to mile 157.6 ,
6,000 second-feet capacity $128,520,000

Section II Presno-Kings County Line to Kings-
Kern County Line
4,200 second-feet capacity 13,057,000

=90~
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Section III

Seotion IV

Section V

Section VI

Seotion VII

Section VIII

Section IX

Seotion X

Seotion XI

Section XII

Section XIII

Seotion XIV

Total

Kings-Kern County Line to Buena
Vista Hills
Mile 183.5 to mile 246.0
4,000 second~-feet capaocity

Buena Vista Hills to Pastoria Creek

Mile 246.0 to mile 290.6
3,500 second-fest capacity

Pastoria Creek to Quail Lake
Mile 290.6 to mile 302.4
2,500 second-feet ocapacity

Quail Lake to Falrmont Reservoir
Mile 302.4 to mile 327.0
2,000 second-feet capacity

Fairmont Reservoir to Little Rock
Creek
Mile 327.0 to mile 369.6
1,500 second~rfeet capacity

Little Rock Creek to Devll Canyon
Mile 369.6 to mile 428.4
1,200 second-feet capacity

Devil Can&on to Alder Creek
Mile 428.4 to mile 44L.3
1,100 second-fest capacity

Alder Creek to Beaumont
Mile 4L44.3 to mile 461.3
850 second-feet capacity

Beaumont to North Fork San Jacinto
River
Mile 461.3 to mile 480.3
800 second-feet capacity

North Fork San Jacinto River to
Lake Henshaw
Mile 480.3 to mile 539.8
500 second-feet capacity

Lake Henshaw to San Diego River
Mile 539.8 to mile 546.2
300 second-feet capacity

San Diego River to Horsethief Canyon

Mile 546.2 to mile 566.6
200 second~-feet capacity

-100-

$ 23,666,000
80,895,000
161,842,000

54,829,000

75,171,000
L4, 430,000
46,028,000

39,755,000

43,968,000

55,189,000
5,842,000

21,317,000
$794, 509,000
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Santa Barbara-Ventura Diversion

A conduilt route that would serve Santa B;rbara, Ventursa,
and part of 3San Luis Obispo counties has also been studied. At
a point on the main San Joaquin Valley-Southern California Diver-
sion conduit about 252.5 miles from the diversion point in the
Sacramento-San Joaquin Delta, and about four miles northeast of
Maricopa, a series of seventeen pumping plants would 1ift the water
from elevation 497 feet in the conduit, across the Maricopa Flat, tp
elevation 3,000 feet in Cienega Canyon in a distance of about 12.3
miles. A canal would begin at the top of the pump 1lifts and run
to the south of U, S. Highway 399 to the east side of Cuyama
Valley. It would then follow the east side of the valley, Just to
the east of Highway 399, to Mile 33.4 near the mouth of Quatal
Canyon, a tributary of the Cuyama River, near the Santa Barbara-
Ventura County line, At this point a series of four pump lifts
would raise the water to elevation 3,500 feet, with the conduit
between the 1ifts being parallel and adjacent to U. S. Highway 399
up the Cuyama River. The conduit would continue along the east
side of the Cuyama River to Mile 41.9 where it would cross the
highway and Cuyama River in a siphon to the portal of an 8.1 mile
tunnel which would terminate in Lacosca Creek, a tributary of
Mono Creek, which runs into the Santa Ynez River above Gibraltar
Reservoir. A tunnel starting at the terminus of the 8.1 mile

tunnel at Lacosca Creek, and extending southeasterly for 7 miles,
would deliver water into Matili ja Creek, a tributary of the Ventura
River. With additional conduits water could be delivered to parts
of the Cuyama Valley not served enroute by the condults.

The route and profile of this diversion are shown on
Plate 11.
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CHAPTER IV. FINANCIAL ANALYSES

In order to evaluate the financial feasibility of the
Feather River Project as & single unit and also in conjunction with
the Sacramento-San Joaquin Delta Diversion Projects, several
financilal analyses have been prepared and are presented in this
chapter. The analyses are made utilizing capital costs previously
set forth in Chapter III of this report. Certain costs are con-
sidered as the interest either of the Federal or State government
and are shown as non-reimbursable. The annual costs include in-
terest, repayment, replacements, operation and maintenance, in-
surance and general expense. Each analysis is made on the basis
of 2 per cent and 3 per cent interest. The same interest rate
is carried through the items of repayment and depreclation.

It 18 to be noted that these analyses are based upon
- the assumption that the entire electric power and water output
would be sold at the ouset of the project operation at the prices
set forth in the several analyses. Therefore, these analyses must
be considered of a preliminary nature and only indicative of

financlal feasibility.

List of Analyses

The financial analyses made in this report, each on the
two interest rates, are as follows:
1A. Feather River Project - All costs reimbursable,
B. Feather River ProjJect - with certain costs
non-reimbursable.
2. Feather River Project and Santa Clara-Alameda
Diversion.
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The

considered in

Feather River ProJject, Santa Clara-Alameda
Diversion and San Joaquin Valley Diversion to
mile 246.0.

Feather River Project, Santa Clara-Alameda
Diversion and San Joagquin Valley-Southern
California Diversion.

Feather River ProJect, Santa Clara-Alameda
Diversion, and San Joaquin Valley Diversion

to mile 2&6.0, with cost of excess capacity of
San Joaguin Valley conduit allocated to deferred
use and repayment.

Capital Costs

estimated capital costs of the several features

the financial analyses are summarized as follows:

Oroville Dam and Reservoir $342,626,000
Oroville Power Plant 64,509,000
Oroville Afterbay and Power Plant 14,146,000
Oroville Transmission Line and Substation 19,734,000
Delta Cross Channel 3,798,000
Santa Clara-Alameda Diversion 31,065,000
San Joaquin Valley-Southern California
Diversion 794,509,000
Total Cost $1,270,387,000

Non-reimbursable Costs

With the exception of Analysis No. 1, it has been assumed

in the other analyses that the Federal Government would contribute

to the Feather River Project without reimbursement the sum of

#50,000,000 in interest of flood control since thé Oroville Reser-

voir would be

operated to control floods on the Feather River result-

ing in substantial benefits to lands and communities along that
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river. There is a well established Federal policy for Federal
financial participation in projects of this character.

Also, with the exception of Analysis No. 1, it has been
assumed in the other analyses that the State of California would
contribute to the Feather River ProJect, without reimbursement,
the sum of $86,296,000, in the interest of flood control and water
development by assuming the costs of lands and improvements flooded
and relocation of utilities involved. It would appear that such
financial participation would be justified in accord with the
policies set forth in Chapter 1514, Statutes of 1945.

Electric Power Revenue From Feather River Profject

The power revenue from the project is considered as being
derived from the sale of the project output as commercial power.
This output consisting of 1,777. million Kwh. annually will result
in delivery at the Bethany terminal switchyard of about 1,670
million Kwh. annually. It is believed that the value of this
power at the terminal switchyard, it being approximately at load
center of Northern California, will be 7 mills per Kwh. This is
somewhat less than the present cost of power delivered by the
power company now serving the area from either the hydro or steam

plants that it has recently construdted.

Cost of Power for Pumping

The power. for pumping at the Santa Clara-Alameda diver-
sion pumping plants and at pumping plants 1, 2, 3, 4 and 5 of the
San Joaquin Valley-Southern California diversion will be transmit-
ted from the Bethany Switchyard of the Feather River Project. Cost

of power at any of the aforementioned pumping plants is considered to
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be 7 mills, the commercial rate mentioned above plus the cost of
transmission to the pumping plants, or 7.2 mills per Kwh. for de-
livered energy.

The 7.2 mill rate above is predicated on pumping water
from the Sacramento-San Joaquin Delta at a constant rate. Under
one of the financial analyses appearing subsequently in the report,
this assumption is replaced by a varying month to month irrigation
demand. Under the latter, power amounts required in summer months
are much in excess of amounts in winter months. This results in
less annual kilowatt hours per kilowatt of installed capacity there-
by increasing the cost of power to pumping plants 1, 2, 3, 4 and 5,
to 7.4 mills per kilowatt hour.

The basis of the cost of power for pumping for plants
Nos. 6 through 16 as used in this report is the generation of the
power by a modern steam-electric plant and a transmission system to
the eleven plants to be served. In this connection three locations
for the steam-electric plant and transmission system were investi-
gated. Two of the possibilities studied were alternate locations on
the shore of the Pacific Ocean, one near Oceano with a transmission
line up the Cuyama River Valley and over the divide to the San
Joaquin Valley to the vicinity of Maricopa and then to the pumping
plants; the other a location in the Ventura-Point Hueneme area with
two possible transmission routes to the pumping plants. A field in-
spection of the two alternate routes from the ocean and analysis of
costs involved indicated that the better route was Oceano to pumping
plants. The locations of Oceano steam-electric plant and trans-
mission system are shown on Plate 15. The capital cost of this

plant and the transmission system is shown in the following table.
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Cost of Oceano Steam-Electric Plant and

Transmission System to San Joaquin Valley Pumping Plants

Total ocost

Steam-Electric Plant and Step-up Substation

1,178,200 Kw. @ $160 $188,500,000

Transmission System

Towers and fixtures

Single oirouit 9.2 miles @ $18,140 167,000

Dzutle circult 335.5 miles @ $27,190 9,122,000
Conductors and devices

Single circuit 9.2 miles @ $6,370 59,000

Dcuble oircuit 335.5 miles @ $12,740 4,274,000
Insulators and hardware

Single circuit 9.2 miles @ $1,130 10,000

Double circuit 335.5 miles @ $2,260 758,000
Groundwire, grounds and hardware

Single circuit 9.2 miles @ 31,880 17,000

Double circuit 335.5 miles @ §1,880 631,000
011 oircuit breaker positions 14 @ $156,200 2,187,000
Air break switch positions 13 @ $36,800 478,000
Right of way and clearing 2,217,000

Sub-total - - - $19,920,000
Engineering and administration 10% 1,992,000
Contingencies 15% 2,988,000
Interest during oconstruotion 374,000

Total cost transmission system - - - $25, 274,000
Total cost steam-electric plant and trans-

mission system - - - $213,774,000
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Having decided on the best location for a steam-electric
Plant on the ocean shore and a transmission line route to the
pumping plants, there remains the comparison of that scheme with
an inland steam-electric plant and transmission system. The loca-
tion of the inland plant was taken at pumping plant No. 7 near
Wheeler Ridge. The steam plant condenser cooling water would be
taken from the canal. The annual costs of the two power sources
have been set forth on a unit cost basis for 1 kilowatt of capacity
and 8,760 kilowatt hours annually -delivered at the pumping plant

motor terminals as follows:

Oceano Steam-electric Plant Basis

Production Requirement

Kw. Kwh
Pump and motor availability factor at 95¢ I.05 78,760
System losses and unaccounted for energy at 15% 1.2, 10,350
Power plant availability  factor at 85%¢ 1l.46 10,350

Steam Plant Cost

Current steam plant cost is estimated at $160.00 per Kw.

including stepup transformers but excluding transmission
ine,

Producticn economy is assumed at 630 Kwh. per bbl. oil.
Annual Expense

Per Cent
Fixed Charges 2 per cent E per_ cent
Cost of money 2.00 3.00
Insurance «30 «30
Replacements 3.12 2. 74
Amortization 1.18 .89
Total - - - 6.60 6.93

Operating Expenses

Steam plant 0 and M including general expense ;5,00
Stepup transformers O and M including general
expense
Sub-total - -
Standby fuel 0.5 bbl., at $1.70 per bbl.
Total - -
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Steam-electric Unit Annual Expense

2 per cent 3 per cent

Power plant and stepup trans-

formers fixed expense $15.40 $16.20
0 and M including general expense 7.85 7.85
Standby fuel .85 .85
Total 325.20 $25.00
Fuel 0il Increment (630 Kwh./bbl. $1.70 oil at plant connection)
Fuel cost to furnish one Kwh. to pump motors 1.18x$1.70:630
= 3.2 mills
Cost of Power at Generation to Furnish Pumping Requirements
Mills per Kwh
2 per cent 3 per cent
Fixed and operating expense
(8760 Kwh/yr.) 2.76 2.86
Fuel increment 3.20 3.20
Total at generation 5.95 .
Cost of Power Delivered
Mills per Kwh
2 per cent 3 per cent
Production 5.96 . §.06
Transmission .20 .21
‘Total 6.16 6.27
Inland Steam-electric Plant Basis
Production Requirement
_ Kw Kwh
. .Pump and motor avallability factor at 95% 1.05 8,760
- System losses and unaccounted for
energy at 10% 1.1 9,750
Power plant availlability factor at 85% 1.3 9,750

Steam Plant Cost

Current steam plant cost is estimated at $160.00 per Kw. including
stepup tranaformers but excluding transmission line.

Production economy is assumed at 510 Kwh. per bbl. of oil.
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Annual Expense
Per Cent

Fixed Charges 2 per cent 3 per cent
Cost of money 2.00 3.00
Insurance .30 .30
Replacements 3.12 2.74
Amortization 1.18 .89

Total 6.60 93

Operating Expenses
Steam plant 0 and M including general expense $5.00
Stepup transformers O and M including general

expense A4
Standby fuel 0.5 bbl. at $1.90 per bbl. .95
Total .40

Steam-electric Unit Annual Expense 2 per cent 3 per cent

Power plant and stepup transformers
fixed expense $14.50 $15.30
O and M including general expense 7.50 7.50
Standby fuel .95 +95
Total $22.95 - $23.75

Fuel 011 Increment (510 Kwh/bbl. $1.80 011 Plus 10¢/bbl. freight)

Fuel cost to furnish one Kwh to pump motors 1.11x$1.90:510
= 4,15 mi1ls.

Cost of Power at Generation to Furnish Pumping Requirements

Mills per Kwh
2 per cent 3 per cent

Fixed and operating expenses

(8760 Kwh/yr.) 2.62 2.7l
Fuel increment 4.15 4.15
Total at generation 6.77 6.86

Cost of Power Delivered

Mills per Kwh
2 per cent S per cent

Production 6.77 6.86
Transmission .02 .02
Total 6.79 6.88
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It will be noted that the Oceano Steam-electric plant
and transmission system basis gives the lowést unit cost of power
from the two power sources compared above., A unit cost of power
for pumping, 6.3 mills per kilowatt hour has been used in the
analyses presented with this report.

Bases of Annual Charges

The annual costs are set up upon 2 and 3 per cent interest
rates for each analysis. The same rate is used for interest, re-
payment, and for sinking fund rate for replacements. Annual charges
include interest, repayment, replacements, operation and maintenance,
insurance and general expense. The following tabulation lists the

bases for annual charges.

Interest - 2 and 3 per cent.
ﬁegaxgent -~ 50 years on 2 and 3 per cent sinking
fund basis.

Replacements - on 2 and'3 per cent sinking fund basis,

Item Life in Years
Dam 100
Gates, valves and steel pipe 50
Canal lining and structures 50
Covered concrete conduit 100
Tunnels 100
Concrete pipe 80
Transmission lines 45
Substation 33
Pumping plant 50
Hydroelectric power plant 50

Operation and Maintenance
Dam and reservoir

First 25,000 acre-feet at $0.12 per acre-foot
Next 75,000 acre-feet at ,06 per acre-foot
Next 900,000 acre-feet at .,035 per acre-foot
Next 2,000,000 acre feet at ,023 per acre-foot

Canals

Lined .005 times capital cost
Unlined .01 times capital cost
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Covered conduit
.0025 times capital cost
Tunnels

Pumping plants

#1, 2 and 3 $2.00 per Kw
#4 & 7 1.50 per Kw
#5, 9, 10, 11, 12, 13,

14, 15 and 16 .70 per Kw
#6 .95 per Kw
#8 .85 per Kw

Transmission line
230 Kv - 1 single and 1 double circuit $370 per mile
Hydroelectric power plants

440,000 Kw at $1.75
25,000 Kw at 3.50

Substations
230 Kv at 2.3 per cent of capital cost plus ils,ooo
115 Kv at 2.3 per cent of capital cost plus 9,000
Insurance
Hydroelectric plant .0012 times capital cost
Pumping plant .0012 " " "
Transmission lines .0012 n " "
Substations .0012 " " n

General Expense

Dam and reservoir
.0032 times capital cost

Diversion condults
Hydroelect ric plants §

" " n "
Pumping plants

Other electric facilities " " " n
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Financial Analysis No. 1A.

This analysis includes the Feather River Project whose

capital cost has been estimated as follows:

Oroville Dam and Reservolr
Oroville Power Plant

Oroville Afterbay and Power Plant
Oroville Transmission Line
Terminal Switchyard

Delta Oross—Channel

Total

$342,626,000
64,509,000
14,146,000
17,124,000
2,610,000

3,798,000

$44b,813‘000

The assumption made in this analysis i1s that all the above

costs would bear interest and be repald in full,

The annual charges

as estimated on the bases previously set forth are as follows:

Interest Rate

Item 2 per cent
Interest 2 8,896,400
Repayment 5,248,800
Replacements 1,995,700
Operation and Maintenance 1,469,500
Insurance 111,200
General Expense 1,423,400

Total Annual Cost $19,145,000

Revenues - .

3 per cent

$13, 344,300
gan
1,469,500

111,200
1,423,400

$21.222.800

2,845,000 acre~feet delivered to Delta at 33.00 3 8,535,000

311,000 acre-feet delivered to Feather
River Service Area includes new
water and amount to firm orior
righte at

1,670,000,000 kilowatt hours at Terminal
Substetlion at 7 mills

Totel revenue
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Revenues less annual charges
e & Interest Rate

Analysis No, 1 2 per cent 3 per cent
Revenues $20,847,000 $20,847,000
Annual charges 19,145,000 $21, 594,000

Surplus 1,702,000
Defiocit 747,000

The analysie indicates that under the assumptions made all
annual charges would be met, with the use of a 2 per ocent interest
rate, as well as a surrlus of 31,702,000 and with the use of a

3 per oent interest rate am annual deficit of 5747,000 ocours.

. Financial Analysis No. 1B .

This analysis includes the same items as included in
inalysis No. 1. The assumption is made however, that $50,000,000
vould be non-reimbursable in the interest of flood control snd thet
the State would contribute to cost of the project to the extent of
paying the cost of reservoir lands and improvements flooded, re-
locations and cost of Las Plumae Power Plant, an amount of
§86,926,000, The sum of the non-reimburesable items subtracted from
the total cost results in a total reimbursable cost of $307,887,000,

The annual costs as estimated on the bases previously set forth are

a8 follows:
Interest Rate

Iten 2 per cent 3 per cent
Interest $ 6,157,900 $ 9,236,500
Repayment 3,633,100 2,731,000
Revlacements 1,995,700 1,299,900
Operation and Maintenance 1,469,500 1,469,500
Insuranoe 111,200 111,200
General expense 1,423,400 1,423,400

Total annual ocost $14,790,800 916,271, 500
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Revenues

2,845,000 acre-feet delivered
to Delta at 31.00 § 2,845,000
311,000 aore-~feet delivered
to Feather River
Service Area,includes
new water and amount
to firm prior rights,at 31.00 311,000
1,670,000,000 kilowatt houre at
Terminal Station at 7 mills 11,690,000

Total 814,846,000

Revenues less annual charges

Analysis No. 1B
Interest Rate

2 per cent 3 per cent

Revenues $14,846,000 514,846,000

Annual gharges 14,791,000 16,272,000
Surplus 9 ,

Deficit $ 1,426,000

This analysis indicates that all annual charges could be
met with a slight surplus at the 2 per cent rate and with a deficit
of 31,426,000 at the 3 per cent rate. With the rate for water in-
oreased in both classifications as set forth above to $1.50 per
aore-foot the surplus at the 2 per cent rate becomes $1,633,000
and at the 3 per cent rate becomes $5152,000 rather than the

deficit shown above.

Financial Analysis No., 2

This analysis includes the Santa Clara-Alameda Diversion
charged with the unit cost of water from the Feather River Project
as developed in Analyses Nos. 1A and 1B The capital and annual
charges of the Santa Clara~Alameda Diversion under a l1l2-month con-
tinuous pumping schedule to utilize 127,000 acre-feet of water from

the Sacramento-San Joaquin Delta are as follows:
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Capital Cost $31,065,000

Annual Charges Interest Rate

2 per cent 3 per cent

Interest $ 621,300 $ 931,900
Repayment 366,600 275,509
Replacements 156,500 96,300
Operation and Main-

tenance 130,100 130,100
Power charges

123,200,000 kwh at $.0072 887,000 887,000

Insurance 3,500 3,500

General expense 99,400 99,400
Total annual cost $2,264,400 $ 2,423,700
Unit cost of water
Analysis Nc. 1A assumptions
127,000 acre-feet at $3.00 §$ 381,000 $ 381,000
Total cost of water 2,645,400 2,804,700
Unit cost per acre-foot 20.83 22.08
Analysis No. 1B assumptions
127,000 acre-feet at $1.00 $ 127,000 127,000
Total cost of water 2,391,400 2,550,700

Unit cost per acre-foot 18.83 20.08

127,000 acre-feet at 1.50 190,500 190,500
Total cost of water 2,454,900 2,614,200
Unit cost per acre-foot 19.33 20.58

The analysis indicates that under the assumptions of
Analysis No. 1A without any non-reimbursable funds the unit cost

of water delivered to terminal storage points of the plan would
be $20.83 per acre-foot with interest at 2 per cent and $22.08
per acre-foot with interest at 3 per cent. Under assumptions of
Analysis No. 1B with certain non-reimbursable capital items the
unit cost of water delivered to terminal storage points of the
plan would be $18.83 per acre-foot at the 2 per cent interest
rate and $20.08 per acre-foot at the 3 per cent rate. The unit
cost would be increased 50 cents per acre-foot over the latter
figures if cost of water pumped from the Delta would be $1.50

per acre-foot.
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Financial Analysis No. 3

This analysis includes the Feather River ProJject, the
Santa Clara-Alameda Diversion, and the San Joaquin Valley Diversion
to mile 246.0, at Buena Vista Hills.

The capital costs are herewith recapitulated:

Oroville Dam and Reservoir $342,626,000
Oroville Power Plant 64,509,000
Oroville Afterbay and Power Plant 14,146,000
Oroville Transmission Line and
Terminal Switchyard 19,734,000
Delta Cross Channel 3,798,000
Santa Clara-Alameda Diversion 31,065,000
San Joaquin Valley Diversion 190,561,000
Total 666,439,000
Non-reimbursable costs 136,926,000
Repayable cost $529,513,000

In this analysis 127,000 acre-feet (on a continuous flow
basis) would be furnished to Santa Clara and Alameda counties and
2,000,000 acre-feet to Fresno, Kings and Kern counties, utilizing
a water supply without deficiency from the Sacramento-San Joaquin
Delta on the following irrigation demand:

Oct. Nov. Dec. Jan. Feb. Mar. April May June July Aug. Sept.

per cent
5.0 3.0 3,0 4.0 4,0 8.0 1:1.0 12.0 14,0 14.0 12.0 10.0

The assumptions are made that $50,000,000 would be non-
reimbursable in the interests of flood control and that the State
would contribute to the cost of the project the cost of reservoilr
lands and improvements flooded and the relocation of utilities 1in

the amount of $86,926,000.
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The annual costs as estimated on the bases as previcusly

set forth are as follows:

Itenm 2 per cent 3 per cent
Interest #$10, 590, 300 ¢l15,885,400
Repayment 6,248,300 4, 696 800
Replacements 3,398,100 2,246,400
Operation and maintenance 2,#27,#00 2, h27 4,00

Power charges
Santa Clara-Alameda Diversion
123 200,000 kilowatt hours
t §.0072 887,000 887,000
Power charges
Ssan Joaquin Valley Diversion
l 152 500,000 kilowatt hours
$.oo7u 8,528,500 8,528, 500
Insurance 206 500 206,500

General expense v 2,1%2,600 2,1%2,600
Total annual cost 535, , 337, ,
The annual revenues from sale of power and water would be
as follows:

Revenues
311,000 acre~-feet to Feather River Service Area
includes new water and amount to firm
prior rights at 341.00 $311,000
127,000 acre-feet to
Santa Clara-Alameda

Diversion at  $20.00 2,540,000
2,000,000 acre~feet to
San Joaquin Valley at $11.50 23,000,000
1,670,000,000 kilowatt hours at
Terminal Substation at 7 mills 11,620,000
Total 337, )

Revenues less annual charges
Interest Rate
2 per cent 3 per cent
Revenues $37,541,000 $37,541,000
Annual charges 34,418,700 37 I010,600
Surplus ¢ 2 ’
The analysis indicates that under the assumptions made all
annual charges would have been met with a surplus of $3,122,300 on
the 2 per cent basis and with a surplus of 73530,400 on the 3 per

cent rate,
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Financial Analysis No. 4

This analysis includes the Feather River Project, the
Santa Clara-Alameda Diversion and the San Joaculn Valley - Southern ,
Californla Diversion

1
1

The capltal costs inoluded are herewith recapltulated.

Oroville Dam and Reservoir 8 342,626,000
Oroville Power Plant 64,509,000
Oroville Afterbay and Power Plant 14,146,000
Oroville Transmisslion Line and

Terminal Switchyard 19,734,000
Delta Cross Channel 3,798,000
Santa Clara-Alameda Diversion 31,065,000
San Joaouin Valley - Southern

Celifornia Diversion 794,509,000

Total cost 1,270,387,000
Non-reimbursgable costs 136,926,000

Repayable ocost $1,133,461,000

The assumption ie made that 350,000,000 would be non-
reimbursable in the interests of flood control and that the State
would contribute towards the project to extent of the cost of
reservoir lands and improvements flooded and relocation of utili-

ties an amount of $86,926,000,

The annual costs as estimated on the bases as vreviously

set forth are as follows:
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