RTD-101

STATE OF [CALIFORNIA
EARL WARREN
GOVERNOR

PUBLICATION OF
STATE WATER RESOURCES BOARD

REPORT ON

FEASIBILITY OF
FEATHER RIVER PROJECT

AND

SACRAMENTO-SAN JOAQUIN DELTA

DIVERSION PROJECTS

PROPOSED AS FEATURES OF
- THE CALIFORNIA WATER PLAN

MAY, 1951



RTD-101


MOUNT LASSEN

Documenta Dert.




TON, STATE ENGINEER EARL WARREN C. H. PURCELL
EF OF DIVISION GOVERNOR OF CALIFORNIA DIRECTOR

STATE OF CALIFORNIA

Deparement of Public Works

SACRAMENTO 5
F WATER RESOURCES

LIC WORKS BUILDING DOCUMENTS
DEPT.

May 17, 1901

| ' lir. C. A. GRIFFITH, Chairman
) State Water Resources Board
#i% Public Works Building

' Sacramento, California

? DEAR IMR. GRIFFITH: There is transmitted

' herewith a report entitled "Report on Feasibility
of Feather River FProject and Sacramento-San Joaquin
Delta Diversion Projects Proposed as Features cof tihe
California Water Plan."

This report has been wade in accordancc
with the terms of an agreement dated February 1,
1951, between the State Water Resources Board, the
California Central Valleys Flood Control Associaticn
and the Department of Public Works of tlhe State of
California, acting through the agency of the State
I'ngineer.

Sincerely vours,

(Signed) A. D. EDMONSTON

A. D. Edmonston
State Engineer

2—(0667

286



RONTISPIECE
JPTER OF TRANSMITTAL

EGANIZATIO), STATE WATER RESOU I{(‘I‘H
BoARD
ROGANIZATION, STATE DEPARTMENT UI‘ PUBLIC
WORKS, I)I\ ISION OF WATER RESOURCES
HAPTER I. INTRODUCTION
The Feather River ____ _
State and Federal Investig: \tions___________
Jomt Statement of Representatives of Federal and State
epastments oo __ S
State-wide Water Resources Inv vstu_:amuu_
Central Valley Project_
Scope and Outline of Rt-]unl __________
HAPTER II. FEATHER RIVER PROJECT.
Water Supply
Water and Power Developments Above Oroville
Reservoir
Present Impaired Flows at Oroville ]{PHPHU]I ,,,,,,,,,
Stream Flow Into Suisun Bay________________ e
Eeseevoir Operation .. .. . __

Operation of Oroville I{P\FHOH P mmll]\ i'm
Power Generation N
Operation of Oroville Reserveir to Provide “.Jtﬂ for
Continuous Diversion From the Suacramento-San
Joaquin Delta ___.______ e S
Estimated Cost of Feather River Project

Oroville Reservoir

Geology of Dam Rite

Improvements Flooded
Dams and Power Plants____
Transmission Line and Switchyard
Delta Cross Channel______ '
Flood Control Benefits __________________ e
Saeramento River Flood Control Project ____
Bligtorical Conditions __ . . . ... ... 2
Flow Criteria Governing Flood Control __

Flood Control Operation of Oroville Reservoir
Evaluation of Flood Centrol

OF CONTENTS

Page
3
51
9

10

11
11
11

12
12

]6

22

26
26
26
27
27
29
30
31

=3

CHAPTER II1. SACRAMENTO-SAN JOAQUIN
DELTA DIVERSION PROJECTS____
Santa Clara-Alameda Diversion - __
Physical Features of the Project__.____
Ttalisn Slotgh Ohavpel. oo o
Intake Canal
Pumping Plant Ne. 1__
(Canal Between Pumping Plants Nos. 1 and 2_______
Pumping Plant No. 2. - - .. o o oo

Brushy Peak Tonnel.. . o cumaan o i

Brushy Peak Tunnel to Doolan Junction
Alameda County Aqueduct_
Santa Clara County Agqueduet__
Reservoirs
Cost of the Projeet_________
Unit Prices _
Estimated Cost nf H.lum Ll'u‘\ A].imed.: l)l\ﬂm)u____.
San Joaquin Valley-Southern California Diversion ______
Physical Works
Deseription of Sections of Conduit by L.dp.lut:u: _____
Cost of the Project
Unit Prices .__
Estimated Cfost of San Joaquin Valley-Southern
California Diversion _______
Santa Barbara-Ventura Diversion__________ o

CHAPTER IV. FINANCIAL ANALYS
List of Analys
Capital Costs
Nonreimbursable Costs
Electric Power Revenue From Feather Ihw:
Cost of Power for Pumping
Bases of Annual C h.ng«\__________ﬂ

Financial Analysis No.
Financial Analysis No
Finaneial Anal No.
Financial Anal No
Financial Anal; No.
Financial Analysis No. 5

Financing ____
CHAPTER V (OY( T USIONS A\T}

RECOMMENDATIONS

Conelusions P R

Recommendations




TABLE OF CONTENTS-Continued

APPENDICES

C. Feather River Projeet—Water Uses and Diversions from
Sacramento-San Joaquin Delta, 1921-1947, by months__
D. Estimated Cost, Santa Clara-Alameda Diversion
L. Estimated Cost, San Joaquin Valley-Southern California
Vb i L TR WU SO S
F. Plates for Feather River Project Report Numbers 1 to 15 =

TABLES

Page
A. Agreement between State Water Resources Board, the
California Central Valleys Flood Control Association,
and the Department of Public Works_____ _____ _____ b3
B, Feather River Project—Operation Studies Orvoville Res-
ervoir, 1921-1947, by months______ e Tt g s B a7
Page
1. Annual Flows of the I'eather River at Oroville Dam Site 18
2. Areas and Capacities of Oroville Reservoir_____.___ _____ 19
3. Oroville Reservoir Operating for Flood Control, Irrigation,
and Power Generation__ Dt i S e I 20

4. Water Uses and Diversions from Saeramento-San Joaquin
Delta

PHOTOGRAPHS

VRN S . L e e e TN S ol I e i ) ————_Frontispiece

b
Sacramento-San Joaquin Delta________ e el G A 36

LIST OF PLATES

Flate
", Drainage Areas in California (following page 12)
(Following page 88)

1 TFeather River Project and Sacramento-San Joaquin Delta
Diversion Projects

2  Feather River Project—Water and Power Developments above
Oroville Reserveir on Feather River

3 Feather River Project—Flood Plain and Water Service Area

4 Teather River Project—Oroville Reservoir, Operating Pri-

marily for Power

Feather River Project—Oroville Reservoir, Operating in Co-
ordination with Sacramento-San Joaquin Delta Diversion
Projects

Feather River Projeet—Water Uses and Diversions from Sac-
ramento-San Joaquin Delta

=214

(=-]

Plate

Feather River Project—Relocation of Existing Facilities

Oroyille Reservoir

8 TFeather River Project—Oroville Dam and Afterbay

9 Santa Clara-Alameda Diversion

10 Han Joaquin Valley-Southern California Diversion

11 Santa Barbara-Ventura Diversion

2 Typical Sections of Works for Santa Clara-Alameda Divers

Project

13 Typieal Sections of Conduit for San Joaguin Valley-South
California Diversion Project

14 Feather River Project—Power Transmission Line, Qrov
Dam to Bethany Substation

15 Oceano Steam-Electrie Plant and Transmission Line to Pu!

ing Plants on San Joaquin Valley-Southern California Ca

ORGANIZATION

STATE WATER RESOURCES BOARD
C. A. GRIFFITH, Chairman, Azusa

R. V. MEIKLE, Turlock
ROYAL MILLER, Sacramento
PHIL D. SWING, San Diego

H. F. COZZENS, Salinas
B. A. ETCHEVERRY, Berkeley
CLAIR A. HILL, Redding

A. D. EDMONSTON, State Engineer
Secretary and Engineer

SAM R. LEEDOM, Administrative Assistant




ORGANIZATION

STATE DEPARTMENT OF PUBLIC WORKS
DIVISION OF WATER RESOURCES

G PORCHNL. oo 7" 0 S e a o
A. D. EDMONSTON __

P. H. VAN ETTEN_ s : S e

This Report Has Been Prepared Under the Direct Supervision
of the State Engineer

The designs,

cost ES“JHG'GS U”d reservoir o er "J
P a“o“ Si dl'es

ject and the text thereon were prepared by el o

steam-electric plants, and estimates of cost and value

THEODORE NEUMAN of electric power were prepared by

— Supervising Hydraulic Engineer
assisted by isted b

assisted by
—Senior Electric Utilities Engine
~ e _Junior Civil Engine

GORDON L. LONG

JOHN R. TEERINK ____ - Associate Hydraulic Engineer
LUCIAN J. MEYERS - Assistant Hydraulic Engineer
M. GUY FAIRCHILD

C. K. FELLOWS - __Junior Civil Engineer
RCHALL ..

W. R. i
R.MADSEN. - Junior Civil Engineer
JAMES C. MORRIS

A. F. NICOLAUS ~ = Junior Civil Engineer
ARTHUR J. WALTERS.
O. L. WOODARD.

FRED J. GROAT ____
JACOB ANGEL

_______ - Senior Hydraulic Engineer

v . e
The geologic examinations and reports on the dam sites
and on the diversion conduit lines were made by

——_Assistant Civil Engineer
E. C. MARLIAVE

......... - Supervising Engineer-Geologi

assisted by

—eeeeeee___Junior Civil Engineer ROBERT T. BEAN _

- Associate Engineering Geologi
WALLACE D FUQUA,, g ring Geo ogi

S Junior Engineering Geologi

e Junior Civil Engineer Estimates of future water requirements and use were

prepared under the supervision of
W. L. BERRY_

,,,,,,,,,,,,,, ~— Supervising Hydraulic Enginee

,,,,,,, — Supervising Hydraulic Enginee
assisted by

WILLAM L. HORN__ ___ Senior Hydraulic Enginee

DAVID B. WILLETS....____ sSenior Hydraulic Enginee

JOHN W. SHANNON ‘Associate Soil Technologi¢

SHUART R RE. —-Assistant Civil Enginee

ROY N. HALEY Assi ivi
L= e ——Assistant Civil Enginee
oS NORMAN D. SR - Associate Economis

——Junior Civil Engineer

- Junior Civil Engineer

The section on floed control benefits in Chapter Il
was prepared by

GERALD H. JONES_ Principal Hydraulic Engineer

W ER G. Lol e T S i i ] 1 S T S T y
ALI SCHULZ SUpeer ing Hydrﬂuhc Englneel’ he P’a e and d awmg were prepc\' ed b

JOHNIL. JAMES. . -~ -

e e —Senior Delineatol
- Associate Hydraulic Engineer BV RLINRSEN. — ~—Senior Delineato

KENNETH A. LLOYD__
BETTY QUAN

assisted by
BRADSHAW HARRISON __
PAUL E. HOOD___

i e Dl e i

e A ————Junior Civil Engineer Deli
P Bl SR R S --Delineatol

The report w

as edited by

T. R. MERRYWEATHER

Administrative Assistant

—————— Principal Hydraulic Enginee

(10)

S0 Lol ... Director of Public thf

e Assistant State Engin ¥

transmission lines o

CHAPTER |

INTRODUCTION

The State Water Resources Board, the Department
:'.i’ubli(: Works, acting through the agency of the

Lol . e State EngingState Engineer, and the California Central Valleys

flood Control Association, entered into an agreement
“as of February 1, 1951, whereby the association agreed
to pay $7,500 for the preparation by the State Water
‘Resources 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 re-
guired for the Oroville project on the Feather River
in the County of Butte, for the storage, conservation,

EDWIN D. MURRAY,/SUPBFViSinQ Electric Utilities Enging comveyance and utilization of water for beneficial pur-

poses, including flood control, 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 ;

(e) The engineering feasibility of said project and
the possibilities of finaneing thereof through a contri-
bution 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 objective 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 run-
Oﬂf of the stream at that point varies from a mean of
about 41 million acre-feet to a minimum of 1,200,000
acre-feet and a maximum of twice that mean. Flood
flows have oceurred up to a recorded maximum of
230,000 second-feet. The smallest recorded flow is 300
séeond-feet on November 9, 1931. This mean seasonal
Punoff represents about one-fifth of that of the entire
Sacramento River drainage basin above the wvalley
floor. Tt is apparent, therefore, that large reservoir
Capacity is required to regulate the magnitude of such
frratic flows, to prevent flood damage and to conserve
?hf‘ waters for beneficial purposes; namely, domestic,
Itrigation and industrial supplies, navigations, salinity
tontrol, production of electric power, and other uses.

A substantial part of the surplus waters of the Sacra-
mento River Basin lies in the Feather River area.
Studies indicate that only about one-fifth of the mean
seasonal runoff of the Keather River will be required
to supply the ultimate water needs of its immediate
service area when properly controlled and utilized. The
remainder would be conserved to the extent practicable
for exportation to areas of deficient water supply.

STATE AND FEDERAL INVESTIGATIONS

The State Enginecer, following several years of in-
vestigation, recommended in his report to the Legis-
lature of 1931 (Bulletin No. 25, Division of Water
Resources), as a unit of the Ntate 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 is on the main river about 1.7 miles below the junc-
tion 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 Reservoir, capacity 1,000,000 acre-feet, on the
North Fork, in lien of the Oroville Reservoir recom-
mended by the State Engineer. These federal reports
found that the estimated required reservoir capacity
could be obtained more economically at the Bidwell Bar
and Bie Bend sites than at the Oroville site.

The State, in expressing its views and recommenda-
tions on the federal reports, stated that, *‘These proj-
ects (Bidwell Bar, Big Bend, and Greenville reservoirs
and three power afterbays) should be deferred until a
thorough study has been made of their economic justi-
fication and until a further investigation has been made
of all available reservoir sites including the Oroville
site of the State Water Plan. Reservoir eapacity, in
addition to existing capacity 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 Ree-
lamation in exploring the foundation conditions at the
Oroville site. These conditions were thoroughly exam-
ined and reported upon by competent geologists of the
federal and state departments involved. The founda-
tions are considered to be satisfactory for the construe-

(A1)




12 FEATHER RIVER PROJECT

tion 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 (Oro-
ville, Bidwell Bar, and Bie Bend) which are much
more acenrate 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 affected 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 vunoff 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 ageneies,
utilizing the new and additional data available on the
foregoing Feather River 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 Engineer, Sacra-
mento District, Department of the Army; Acting
Regional Director, Region 2, T, S. Bureau of Recla-
mation, Department of Interior; and the State Enei-
neer of California, as follows:

(a) The Feather River above Oroville with a mean
annual runoff of 44 million acre-feet, represents
one-fifth of the runoff of the entire Sacfamento
River Basin; and a substantial part of the sur-
plus waters that may be developed over and
above local needs could be made available for
exportation to areas of deficient water supplies,
Therefore, these waters should be conserved and
utilized to the fullest practicable extent in plan-
ning for the development of the waters of the
State,

(b) Large surface reservoir eapacity at or near Oro-
ville is required to control and conserve the er-
ratic stream flows which range from a minimum
annual runeft of 1,200,000 acre-feet to a maxi-
mum of 9,000,000 acre-feet, with flood flows
ranging up to 230,000 second-feet.

(e) The reservoir capacity on the lower Feather
River should be between 2,500,000 and about
3,000,000 acre-feet, for the purpose of properly
controlling its flood waters and conserving such
waters for heneficial purposes.

(d) The most advantageous and feasible location
for constructing storage capacity of 2,500,000
to about 3,000,000 acre-feet is at the Oroville
site, about 5.5 miles upstream from the City of
Oroville. The dam site is suitable topographi-
cally and the foundation conditions at the dam

site are considered satisfactory for constructio
of a reservoir to such capacity.

(e) Turther studies should be directed imnn'diat::]‘,
to (a) formulating a plan for the construetig:
of reservoir eapaeity in the amount of 25 to§
million aere feet at the Ovoville site on th
Feather River for flood control, irrigation, eleg
tric power and other purposes; (b) making e
timates of irrigation yield, electrie power oup
put, flood control, and other benefits whic
would result from the operation of the project
(¢) preparing cost and financial analyses of thg
project (d) submitting reports thereon,

STATE-WIDE WATER RESOURCES
INVESTIGATION

The State Legislature with the passage of the Stats
Water Resources Act of 1945 (Chapter 1514, Statute
of 1945) announced a detailed and comprehensive ded
laration of state water poliey. This act declares that tiy
State should study and coordinate all water develop:
ment projects, partieipate in the construction of flood
control works and projects when benefits exceed costy
and make recommendations concerning feasibility of
projects after consideration of all beneficial uses of
water, with a view to the preatest and highest nse
thereof,

In ovder to carry out its purposes and objectives, the
State Water Resources Act of 1945 created the State
Water Resources Board, composed of seven members
appointed by Governor Barl Warren, to conduet in-
vestigations, and advise the Legislature on matters pes-
taining to the development and control of the water
resources of the State. The Department of Public
Works is directed to cooperate with and assist the
beard.

The State Water Resources Board is given power 1o
establish general policies and preseribe rules and regu-
lations for administration of the law. A 1947 amend-
ment removed mueh of the emphasis of the original act
on flood control, and, to a lavge extent, placed conserva-
tion 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 Works, under the
direction of the State Water Resources Board. Continu-
ing appropriations have been made for this work be-
ginning in the Fiscal Year 1947-1948, The investigation
has for its objective the formulation of a plan for the
full practiecable conservation, control and utilization
of the State’s water resources, both surface and under-
ground, to meet present and future water needs for all
beneficial purposes and uses in all areas of the State.
It has been designated ‘‘The California Water Plan.”’

1t is planned to submit the results of this investiga-
tion in four printed bulletins. Bulletin No. 1 is now
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FEATHER RIVER PROJECT 1:

a the process of being printed. It contains a state-wide
pventory of water resources, meluding ’rahulafin_ns
o p;ret‘ipifation. runoff, flood frequencies, and l]l?'rl]ljr)'
if surface and ground waters. In printed form, it will
jomprise some 780 pages—I186 pages of text, 486 pages
of tables, 90 plates, and 18 illustrations,

Balletin No. 2 will set forth information on present
water utilization and water requirements, including
jata on land use, consumptive use of water, and water
svailable under existing rights and development for

resent and potential water service areas throughout

the State. Bulletin No. 3 will present ‘“The California
Water Plan’’ for the conservation, control, profection
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 coneur-
rently on all phases of the investigation in preparation
for the foregoing bulletins. Excellent cooperation has
been received from Federal and State agencies and
others in waking 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 major gceoeraphical areas (see accompanying
plate), as follows:

Drainage area
Square Percent
miles  of total

Neasonal runoff
Average in  Percent
acre-feet  of total

Noeth Coastal ________ 19586 124 28,886,000 408
San Irancisco Bay 4,409 2.8 1,240,000 1.8
Central Coastal 11,284 7.1 2.448,000 3.4
South Coastal . 10,955 6.9 1.7
Central Valley ___ hY 424 370 475
Lahontan s e 32907 208 4.5
olorado Desert . 19,730 12.5 0.3

e 158,295 100.0 70,794,000 100.0

The foregoing tabulation does not inelude the sea-
sonal 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
9,362,000 acre-feet.

It may be noted from the foregoing tabulation that
about two-fifths of the average seasonal runoff of the
entire State occurs 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
I any particular area, first and prime consideration is
being given to the requirements, both present and
‘ﬂtimate, for all uses in the local area, before a deter-
Mination is made of the amounts of surplus waters
that may be available for exportation to areas of de-
ficient supply. For example, in the North Coastal area
Provision is being made not only for domestie, munici-
Pal, irrigation and industrial uses, but also for develop-
ment of hydroelectric power, propagation of fish and
Wild life, and recreational needs.

3—60667
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Studies with reference to water utilization and wa-
ter requirements have not been completed but pre-
liminary estimates are available which are believed
to be sufficiently accurate to make a preliminary com-
parison of the water supply in each major geographical
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 needs. On
the other hand, the San Francisco Bay area, the San
Joaguin River Basin (including Tulare Lake Basin),
and the South Coastal, Lahontan and Colorado Desert
areas, have ultimate water requirements far in excess
of their available local water supplies.

It is apparent, therefore, that in any plan for the
ultimate deyelopment and utilization of the water re-
sources of the State, water must be transferred from
the areas of surplus water supply to the areas of defi-
ciency. The areas from which these surpluses must
come are the Sacramento River Basin and the North
Ceastal. 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 [or the
regulation and control of such surplus waters. On the
other hand, many reservoir sites feasible of develop-
ment from engineering 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 aggregate reservoir capacity of
16,000,000 acre-feet and capable of being utilized to
produce more than 2,000,000 kilowatts of electrie
power, three-fourths of the present total of 2,600,000
kilowatts of hydroelectric power installations in Cali-
fornia. 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
feasible of development. With these installations, the
ultimate requirements 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
and estimates of the ultimate water requirements so
far made, adequate water supplies can be developed
and reeulated from California’s water resources, in-
cluding California’s rights in and to the waters of the
Colorado River, in available surface reservoir sites
and eround 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 con-
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struction of the Central Valley Projeet, a portion of
the State Water Plan, comprising a system of works
for the development and utilization of the water re-
sources of the Saeramento and San Joaguin River
drainage basins. A special state agency, the Water
Project Authority of the State of (lalifornia, was cre-
ated 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 con-
ditions in the amount of $170,000,000 for the purpose
of constructing the project. The bonds were to be se-
cured entirely by revenues from the sale of commodities
resulting from the operation of the project. However,
no construction work has been performed by the au-
thority.

Major General E. M. Ma rkham, Chief of Engineers,
U. S. Army, by letter dated April 6, 1934, transmitted
a report of the Board of Engineers for Rivers and Har-
bors on review reports theretofore submitted on Sacra-
mento, 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 report were printed as Document No. 35, Commit-
tee on Rivers and Harbors, House of Representatives,
U. 8. 73d Congress, 2d 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 division 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 participa-
tion in the construetion and operation at great cost
of locks and structures to prevent such intrusion,
and assurves 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, T find that the general and
Federal benefits from the construction of the Ken-
nett Dam on the plans now proposed by the State
warrants a special direct participation of the Fed-
eral Government of $12,000,000 in the cost of this
structure,”’

The Rivers and Harbors Act, approved August 30,
1935 (Public Law 409, 74th Congress), adopted the
foregoing House Committee Document No. 35 and au-
thorized the expenditure of $12,000,000 for the pur-
poses as recommended by the Chief of Engineers in
that document,

In 1934 an application was made by the Water
Project Authority to the Public Works Administra-
tion for a grant and loan for the construction of the en-

tire Central Valley Project. The project was examj
by several federal agencies, practically all of which
mitted favorable reports. However, the Public W
Administration never issued a final report and no gpy
and loan were made to the State.

On September 10, 1935, the President allotted $i
000,000 from the Emergency Relief Appropriatioy
1935 for the construetion of Friant Reservoir and ¢
tain other facilities to be chosen. This amount was g
sequently reduced to $4,200,000 but restrictions a
the units to be construeted, and the execution of repé

ment eontraets prior to beginning of construetion, y
waived.

The first Congressional appropriation for crmtin",'.,_, .
* #

tion of construction of the Central Valley Project
$6,900,000 contained in the First Deficiency Bill, a4
proved June 22, 1936. Six million dollars of this amoyd
were allocated for construction of Friant Dam
irrigation facilities therefrom. :

Legislation effecting a complete reauthorization ©
the Central Valley Project as a Federal undertaki
was enacted in the Rivers and Harbors Act (Publie ¥
392, 75th Congress, 1st Session) approved by the Pre
dent on August 26, 1937. This act provided ;

““Sec. 2. That the $12,000,000 recommended £

expenditure for a part of the Central Valley Proje
California, in accordance with the plans set forth |
Rivers and Harbors Committee Document Number
35, Seventy-third Congress, and adopted and authe
ized by the provisions of section 1 of the Act @
August 30, 1935 (49 Stat, 1028, at 1038), entitlé
‘An Act authorizing the construction, repair, ar
preservation of certain publie works on rivers ai
harbors and for other purposes’, shall, when appn
priated, be available for expenditure in accordan
with the said plans by the Secretary of the Interit
instead of the Secretary of War : Provided, That tl
transfer of authority from the Secretary of War
the Secretary of the Interjor shall not render the e
penditure of this fund reimbursable under the recl
mation law: Provided further, That the entit
Central Valley project, California, heretofore al
thorized and established under the provisions of th
Emergency Relief Appropriation Act of 1935 (£
Stat. 115) and the First Deficiency Appropriatio
Act, fiscal year 1936 (49 Stat, 1622), is hereby rt
authorized and declared to be for the purposes ¢
improving navigation, regulating the flow of the Sa
Joaquin River and the Sacramento River, controllin
floods, providing for storage and for the delivery o
the stored waters thereof, for the reclamation of ari
and semiarid lands and lands of Indian reservi
tions, and other beneficial uses, and for the gen
eration and sale of electric energy as a means 0
financially aiding and assisting such undertaking
and in order to permit the full utilization of th
works constructed to accomplish the aforesaid pus
pogeg: * * = 2

=
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swas provided that the provisions of the Reclanlaé
Law, as aniended, should govern the I‘Ppi:l_\'ll}t_‘llt ;)l
snditures and that the dams and Teservoirs shqu C
ased ¢ * * ¥, first, for river regulation, improve-
of navigation and flood uou?rol; second, f(,'f irri-

n and domestic uses ; and, third, for power. )
A further reauthorization of the Central Valley
oieet is contained in the Rivers au(} Harbors Act
liec No. 868, 76th Congress, 3d Session), zE])l)l'D\’c(l
ber 17, 1940. This amm‘ulmml.t authorized the
eonstruetion under the pl'mtismus of the Fe(le\rél rec‘laj
ation laws of such distribution system as the Secretary
‘the Interior deems mnecessary in L'(_)llll@("l'l(n.l with
ds for which stored waters are to be delivered,

A further reauthorization of the Central Valley
roject was made in Public Law 356, 81st Congress, ap-

proved October 14, 1949, to include the American River
: evelopment. The enactment reads as follows :

“That the Central Valley project, (,‘al.ifnrni;::
authorized by section 2 of the ;‘i\r‘r of Congress of
August 26, 1937 (50 Stat. 850), is hereby reauthor-
ized to include the American River r!('a'clo,m-n{naf as
hereinafter described, which dﬂ‘(‘]ﬂ})ul(‘]if; s de-
clared to be for the same purposes as (’F-\‘("’n"f?)r‘..’-(] (.' '.”.1,
set forth in the Act of Congress of August 26, 1937
(50 Stat. 850). (Emphasis Supplied.)

“Sec. 2. The American River development shall
eonsist of : Folsom Dam and Reservoir having a sitor-
age 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 a-ud
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 V\.'iﬂl
the Bureau of Reclamation and other appropriate
State, Federal, and local ageneies may find most ad-
visable ; and the following features for the develop-
ment and use of water, to be constructed, operaufd.
and maintained by the Secretary of the Interior
through the Commissioner of Rwlam:}timl: A h.,\'dm-.
electric power plant with a generating capacity of
approximately one hundred and 1'\\-ent_y tiu.msand
kilowatts, and necessary hydroelectric attorl.)a‘\'
pbwer plants and necessary electric tl‘ﬂtlfﬁi‘l]liﬁsi.oll
lines to the nearest practical inter-connection with
the Central Valley project transmission system; a
storage dam with a capacity of appmxinmtﬂ].\'_f'ortv
thousand acre-feet to be located on Sly Park (‘-1:00](.
a tributary of the North Fork of Consumnas Ihvm'-.
With nm:-oe.:sar_v appurtenant works, illclllt]ing a di-
version dam on Camp Creek, tunnel, conduit, and
tanals for the delivery of water to lands in El Do-
rado County, and incidental works appurtenant
Bllreto * * » 7

Public Law 839, 81st Congress, reauthorized the en-
tire (lentral Valley Project heretofore authorized, to
Mclude an irrication canal generally known as the

ehama-Colusa Conduit,

f4% % % to be located on the west side of the Saera-
mento River and equipped with all necessary pump-
ing plants and appurtenant works, bq,t_r'il.lfling_' at the
Sacramento River near Red Bluff, California, and
extending southerly through Tehama, Glenn, a.nd
Colusa Counties so as to permit the most eﬁ.ef‘t[w
irrigation of the irrigable lands Iving in the x"uﬂnlty
of said canal and supply water for industrial, d.o-
mestie, and other beneficial uses for these lands in
Tehama, Glenn, and Colusa Counties of snc!l e?i‘[m'«
nate canals and pumping plants as the ('01111!11.‘-‘.#1()1.1(-‘1‘
of Reclamation and the Secretary of the ll.\tc’rmr
may deem necessary to accomplish the aforesaid pur-
poses,”’

and also,

fOEE ¥ an drrigation eanal generally known as the
Chico Canal, to be located on the east side of the Sac-
ramento River and equipped with all necessary
pumping plants and other appurtpnal}t wc_n:ks.. ‘begl.n-
ning at the Sacramento River near Vina, ( zﬂli,orn_m.
and extending through Tehama and Butte (Yuuntu:s
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 indus-
trial, ('hmlestie, and other beneficial uses fnrlthem)
lands lying within Tehama and Butte Counties or
such alternate canals and pumping plants as the)
Commissioner of Reclamation and the Se(-rvt‘a ry of
the Interior may deem necessary to accomplish the
aforesaid purposes.’’

The act provides for the repayment of the (n\'peu(}i-
tures made for the works authorized Thermltltlm" to be
governed by the Reclamation Law. The operation of
;110 works is to be coordinated and integrated wltvh the
operation of the existing foa‘ru:m'»s (;f t]w‘ ('u_ntra] Valley
Project. Tt is thereafter provided in Section 5 of t‘he
act that “‘no expenditure of funds shall be 11‘1;1(1(—: for
construction of the canals until the Seeretary ot‘ the
Interior, with approval of the President, has submitted
to the Congress, with respect to !?u.('h works, a com-
pleted report and finding of feasiblhty}mder the pro-
visions of the federal reclamation laws.”’ -

The Central Valley Project is designed to accomplish
the following objectives: (1) provide additional _w:ltel'
supplies for irrigation; (2) provide \\'a‘Fer fnr indus-
trial and domestic use; (3) improve 11&11'1_Qat1911 on the
Sacramento River; (4) increase flood protection along
the Sacramento and San Joaquin rivers; (5) c'()ll‘fr'ol
salinity in the Sacramento-San Joaquin Delta region ;
(6) pl-'udw'e hydroelectric power for project require-
ments and eommercial sale; and (7) preserve fish and
wild life.

The Federal Government, through® the agency {)f:
the Bureau of Reclamation, initiated construction of
the Central Valley Project in October, 1937, when
work was started on the Contra Costa Canal, with the
funds made available from the Emergency Relief Ap-
propriation Act of 1935, and, with subsequent congres-
sional appropriations, has praectically completed the
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original features thereof. These features comprise
Shasta Reservoir and Power Plant, Keswick Dam aﬁd

Power Plant, electric power transmission lines from
th.(- hydroelectric power plants at the Shasta and Kes-
wick Dams in Shasta County to Tracy in San Joaquin
Connty, Delta Cross Channel, Contra Costa Canal
Delta-Mendota Canal, Friant Reservoir, Madera (i‘anul.
and the Friant-Kern Canal, - '

'l'l1e.tptal estimated cost of the completed project
comprising the foregoing major features and also \\:aTE‘I:
(11:~m~‘thmiun systems, electric power connecting trans-
mission lines, substations and switehyards, a steam-
electric plant in the Sacramento-San Joaquin Delta
area, J\tmeriuﬂn River Development, Sacramento Val-
]o_v_ Irrigation Canals, and miscellaneous features, was
estn-natv(l on January 1, 1951, by the Bureau of Recla-
mation and Corps of Engineers at $676,080,000. 7

‘\Vat.m' was first stored in Shasta and Friant Reser-
voirs in the season of 1943-44. Power was first gener-
at.od at Shasta Power Plant in June 1944, and a? Kes.
wick Power Plant in October 1949. The first diversion
of water was made into the Contra Costa Canal in
f\ugust 1940, into the Madera Canal in June 1944, and
into the Friant-Kern Canal in July 1949. The ]‘)Glfil
Cross Channel, Delta-Mendota Canal, and Traev
.Pumping_l’lzmt of the latter canal, are expected to be
in operation in July of this vear.

Federal appropriations for the American River De-
velopment have been $8500,000 for the work being
performed by the Corps of Engineers, and $2.851 ()OB
f(ll' the work assigned to the Burean of Rec-lamat.ion
Considerable foundation excavation work for the nmh{
dam, and construction of a number of auxiliary dams
has been performed by the Corps of Enginec:rs. Elll(i
orders for power plant equipment have been placed
by the Bureau of Reclamation. Completion date of the
Folsom Projeet will be largely determined by the ap-
p:'opriat?uns made for its construction by the t‘ongress.
:-\ tentative time now set for completion of this project
is the early part of 1955.

. The Division of Water Resources has made exten-
sive s‘fudies of the operation of Shasta Reservoir to
me_et' 1ts several requirements according to law and
existing agreements, and also in coordination with
Folsom Reservoir, since the latter reservoir is an in-
tegral part of the Central Valley Project and therefore
the objectives and requirements thereof are the same
as for Shasta Reservoir. Certain phases of these studies

which have an important bearing upon the operag
of the Feather River Project are presented and
cussed later in this report.

-

SCOPE AND QUTLINE OF REPORT

.-'\_r-: previously stated herein, the objective of this
vestlg?tion is to report upon the Feather River Prg,
ect with reference to its (a) engineering feasibilj
and ‘(b) financial feasibility under state and loca]
naneing, with financial assistance from the Feds
Government in the interest of flood control, both wi
operated as an independent unit and when opera
in coordination with projects which could utilize wy
and'elecetric power produced by the Feather Rj
Project. These latter projects include those w
would divert water from the channels of the Sae
mento-San Joaguin Delta westerly to Santa Clara A
Alameda Counties and southerly to the lands on {5
west side of the San Joaquin Valley and to areas so
of tI}e Tehachapi Mountains. In connection with {
Nt_ll(]l(‘&‘ and analyses relating to the aforemention
diversion projeets, the Oroville Reservoir of
Feather River Project is operated to supplement §
water supply available from other sources in the Sia
ramento-San Joaquin Delta so as to furnish a (-un- 1
uous supply to such diversion projects. The Feathiy
!{IVPI' Project and the projects diverting from .
Saeramento-San  Joaquin Delta are delineated
Plate 1.

The subject matter of this report is presented in fi
chapters, as follows: Chapter I, Introduetion: ('ha
ter 1I, Feather River Project; Chapter IIT.,QH(‘
mento-San Joaguin Delta Diversion Projects; Chap :
IV, Financial Analyses; and Chapter V, C(;nclusio !
and Recommendations. ' ;

_Additional supporting data are presented in apj
dices to the report, as follows: A, Agreement Betwe
State Water Resources Board, the California Cent
Valleys Flood Control Association, and the Depat
ment of Public Works; B, Feather River Project:.
Operation Studies, Oroville Reservoir, 1921-1947. |
znf)ut]ls; C, Feather River Project—Water Uses all aum
Diversions From Sacramento-San Joaquin Delta, 19
1947, by months; D, Estimated Clost, Santa Clar’a-A !
meda Diversion ; E, Estimated Cost, San Joaquin Vi
ley-Southern California Diversion; and F, Plates fi
Feather River Project Report, Numbers 1 ’to 15.

s Feather River Project as presented and dis-
in this report comprises the following major

. (a) dam on the Feather River 1.7 miles
the junction of the North and Middle Forks
stream and 5.5 miles above the City of Oroville
te County, (b) power plant at the dam, (¢) af-

- dam and power plant 4.5 miles below the main
ad one mile above the City of Oroville, (d) the
(ross-Channel, and (e) an electric power trans-
line from the power plants to a substation
ethany in San Joaquin County.

Division of Water Resources has previously
red a ‘‘Report on Comparison of Oroville, Big
] and Bidwell Bar Reservoir Sites for Develop-
t of Feather River,”” dated August, 1949. That
was made with the objective of selecting the
e or sites for major reservoir storage on the
River. Tt was concluded in that report that
storage ecapacity can be most feasibly and
mically provided at the Oroville Reservoir site.
report indicated that the lowest net annual cost
ere-foot of irrigation yield with the reservoir
ted for irrigation with incidental power, would
a eapacity of about 1,750,000 acre-feet. However,
der to secure a more nearly complete control of
eather River, a greater reservoir eapacity in the
ant of 8,500,000 acre-feet is required, Tt is believed
such capacity should be adopted to secure a more
lete control of the runoff of the stream for the
pses of flood control and irrigation in the Saera-
it Valley and electric power production, and as a
ng supply to waters now available in the Sacra-
to-San Joaquin Delta in the winter months of
years, for possible exportation to the Santa Clara
v, San Joaquin Valley, and to Southern (Cali-
a. Therefore, this report will make inquiry as to
feasibility of constructing a reservoir of 3,500,000
feet capacity at the Oroville site and operating
reservoir to furnish flood protection to lands and
ovements along the Feather River and to supply
lemental water to the local water service areas
for exportation to the above mentioned areas, and
production of electriec power,

he Feather River Project is discussed and data
thereon are presented in this chapter as to (a) water
fmﬁply. (b) reservoir operation, (¢) cost estimate, and
{d) flood control benefits.

i WATER SUPPLY

- The water supply available at the Oroville Reser-
%ﬂ' site is based upon records obtained by the United

CHAPTER I
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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, is 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
Feather 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 arve listed hereafter.
Branch of
river on which Storage
located capacity
North Fork 649,800 acre-feet
~ North Fork 50,000 acre-feet

Reservoir
Take Almanor_ . ——
Butt Valley -

Buck's Storage . North Fork 103,000 acre-feet
Buck’s Diversion______ Nort h Fork 5,843 acre-feet
Mountain Meadows_ - North Fork 24,000 acre-feet
Three Lakes_ North Fork 513 acre-feet

1,112 acre-feet
4,660 acre-feet
4,440 acre-feet

North Fork
_ North Fork
North Fork

Grizzly Forebay.
Rock Creek_____ .

(97, .11 (PSRN 0
Round Valley___.____ West Branch 1,285 acre-feet
Philbrook . West Branch 4,875 acre-feet

8,600 acre-feet
5,500 acre-feet

_ West Branch
South Fork

Lake Wilenor_____
Lost Creek .

The power and irrigation diversions which do not
veturn to the stream above Oroville are:

Annual
Name diversion
Palermo Canal ., ————- 14,500 acre-feet

15,500 acre-feet
41,000 acre-feet
38,100 acre-feet

Forbestown Diteh -
Hendricks Canal S
Miocene and Wilenor Canals. [

Total _—__ S [— = 109,100 acre-feet

In addition to the foregoing developments and diver-
sions, the Oroville-Wyandotte Irrigation District is
giving consideration to the development of a power
and irrigation project on the South Fork of the Feather
River above Oroville. The proposed plan is to store
42,000 acre-feet at the Little Grass Valley reservoir
site on the main South Fork.and 55,000 acre-feet at the
Lost-Sly reservoir site on Lost Creek, a tributary of
the South Fork. Storage of 4,800 acre-feet on Slate
(reek. a tributary of the Yuba River, and diversion of
the stored water to the Lost-Sly Reservoir is also
planned as part of the project, Use of the stored water
from these reservoirs for irrigation as well as for power
is contemplated but it was assumed that for the present
the water would be returned to the stream above Oro-
ville Reservoir after use for power at the proposed
Woodleaf and Forbestown power plants.

(17)
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Present Impaired Flows at Oroville Reservoir

In making the reservoir operation studies, the period
1921 ?hrough 1947 was used to determine pdwer output
and irrigation supply, while a longer period, 1902
throu;.rl'l 1947, was used to determine the effect of the
reservoir on flood flows. For the period 1921 through
1947, the stream was assumed to have reached present
development, and the present impaired inflow to Oro-
ville Reservoir was computed from the U. 8. G. S. re-
corded flows corrected for storage and release in the
reservoirs of the Oroville-Wyandotte proposed plan
deseribed above, without the inclusion of any Yuba
River water from Slate Creek. l

For the period 1902 through 1920 the historical na-
tural flow of the Feather River at Oroville was com-
pute:d and the present impaired flow caleulated by cor-
recting tor storage and release at the power and i;'riga-
tion reservoirs of the upper Feather River deseribed
previously. The storage and release corrections for
Butt Valley, Bucks Storage and Diversion, Mountain
Meadows, Three Lakes, Grizzly Forebay, Round Valley,
Philbrook, and Lake Wilenor Reservoirs were taken as
the average of the last 10 years of operation. Lake
Almanor storage and release was found by making an
operation study of that reservoir using the natural flow
of the North Fork at Prattville, corrected for Mountain
Meadows storage and release, as the inflow. The storage
and release for the proposed Little Grass Valley and
Lost-Sly Reservoirs was found by making opei‘ation
studies of these reservoirs using estimated inflow and a
release equal to the maximum continuous flow obtain-
able for the period 1928 through 1934. The diversions
of the Palermo, Forbestown, Hendricks, Miocene, and
Wilenor Canals were deducted from the natural flow.
The amounts of these diversions were taken as the
average of eight years of operation, 1942 through 1949.

The natural and present impaired flows were esti-
mated on a monthly basis and are summarized by vears
for the period 1902-1947 in Table 1. e

Stream Flow Into Suisun Bay

In the operation studies of the Oroville Reservoir one
of the objectives was to firm (create a supply without
deficiency) the excess waters available in the Sacra-
mento-San Joaquin Delta for export to areas to the
west and south. In this connection the flow into Suisun
Bay including that for salinity eontrol was computed.
The amount of this flow was computed in a study made
of the combined operation of Shasta and Folsom reser-
voirs. In this study mandatory releases were made from
the Shasta and Folsom Reservoirs to meet the require-
ments of the Central Valley Project. These releases were
sufficient to supplement flows from other sources to
make water available for the following :

1. Riparian and appropriative rights along the
Sacramento River from Shasta Reservoir to Sacra-
mento.

2. Maintenance of flow of 5.000 second-feet at
Knights Landing for navigation.

o Feather River service area, flood control, firming
flows in the Sacramento-San Joaquin Delta
possible a continuous diversion therefrom, and
neration of power.

ing both of these operation studies, the follow-

3. Consumptive uses and evaporation in the Saecry
mento-San Joaquin Delta.
4. A supply to the Contra Costa Canal of 55,00
acre-feet per year. N
2. A supply to the Delta Uplands of 80,000 acpa
feet per year. mptions and criteria were used:
Requirements under the Exchange Agreement. The water supply used was the present im-
Salinity eontrol to Antioech (4,500 second-feet intg od runoff of the Feather River at Oroville dam
Suisun Bay ). wstimated as deseribed in the section of this chap-
_water supply, and set forth by years in Table 1;
" The areas and capacities of the Oroville Reser-
»d were those obtained from topographic maps
by the Fairchild Company, by photogrammetrie
ods, for the U. S. Bureau of Reclamation in
In computing these data, maps on a scale of
b equals 400 feet, with contours at 10-foot inter-
ere used. The areas and capacities for the reser-
e shown in Table 2.
' In the coordinated operation studies of the
a and Folsom reservoirs for the Central Valley
set, the calculation of the releases required from
eservoirs to meet requirements in the delta was
ated on the assumption that the Feather River
¢ into the Sacramento River would continue as un-

=

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 additiong) ™

firm yield from Shasta Reservoir under an irrigatioy

schedule of 550,000 acre-feet per year and a firm irrica

tion yield from Folsom Reservoir of 975,000 acre-tee
per year,

TABLE 1
ANNUAL FLOWS OF THE FEATHER RIVER
AT OROVILLE DAM SITE

Drainage Area 3,610 Square Miles
(All Quantities in 1,000 Acre-feet)

L. i J . : :
o Nataral i:ﬁﬁ:ti ) N Present esent conditions I'herefore, in this study, certain
flow ~ e flow 'mii;ﬂ'f*d s from Oroville were made to replace these un-
oW .
= - olled flows in months when they were depended
0 4,695.5 4320.0 || 1926____. 2,609.8 3,215.8
1903. . 5.410.7 5,016.7 || 1927, 5,416.8 15414 TABLE 2
1904 . .. 8,714.1 8,427.6 ) 1928_____ 3,867.8 3,426.9
1905 4,025.5 3,745.1 || 1920 ___ 2,618.4 2,660.8 AS AND CAPACITIES OF OROVILLE RESERVOIR
i 1930_____ 3,237.5 :
1908...._.. 7.316.4 6,913.2 United States Geological Survey Datum
T e 9,380 .4 9,024.5 || 1931.____ 18
{ggs _______ 3,300.3 3,137.6 || 1092 7.3 i -
e 8,157.2 7,722.9 || 1933 ____ 2.5 Vi
e 400868 3,830.4 || 1034, -6  Height of dam in feet “:Idel:':t?g;hi‘::p Area of Capacity of
1925 % : 1 . water surface reservoir
TOR LSl 6,000.2 6,603.5 {8-foot freehoard) r?ic;-::t“ in acres in acre-feet
i) SRS SEEE 2,318.3 2,087.9 || 1936 ... .8
13:: 3,078.7 2,761.2 | 1937..._. 4 o -
wEEEL T 7.868.5 7.440.9 | 1938_____ .6 7,085.0 - 2
ih) - T 6,195.8 5,861.7 || 1930_____ 2 15508 ‘ o 5‘;8 gﬁ 203
1940___ 3 5,815, ] - 7 (
i 4,820.2 4493.9 | 1941 . 6,614.2 6,156. L o 280 200 $.300
2,790.2 2,575.5 || 1942 ___ 6,282.6 5,913. | e 300 300 11,300
3,582.6 3,235.9 ([ 1943 __ 5,180.6 4,886, HEE i 320 445 18,700
3,123.4 2,874.8 || 1944 ____ 3,063.5 2,762.8 8 ) 340 805 29,200
1945 .. 4,031.7 4,026, F 360 799 43,300
§'§i""‘ s i 380 995 61,200
,245.5 4,880.4 || 1946 3,240.3 3,235.1 | TR v 400 1,180 83,100
‘al’:?ﬂg 2,510.4 ([ 1947_____ 2,193.3 2208.6 & | 420 1,450 100,500
3'“)’;-9 ;-g"}-? 440 1,705 141,000
O 1687.6 160 2,000 178,500
e 180 2,327 221,700
1 i . 500 2,685 271,800
The mean annual natural and impaired flows for the 520 3,085 329,400
period 1902-1947 are 4,502,100 acre-feet and 4,186,200 ?.2;3 gg?"j }ggm
acre-feet, respectively, and the same flows for the period 580 4,340 552,700
2 7 Er R a5 600 4,738 643,300
1921-1947 are 3,855,500 acre-feet and 3,547,200 acre- Finlet 520 5.250 743,200
feetrespeetively. = 000 B ‘ 40 5,785 853,400
_________ 660 6,355 975,100
5 Sutk ANNCN 680 6,970 1,108,300
RESERVOIR OPERATION B 700 7,618 1.254,100
o . 720 8,260 1,412,600
Two operation studies of the Oroville Reservoir have e 3875 L 770700
been made for the purpose of this report. One study 780 10,450 1,073,000
o o . " - 800 11,220 2,188,600
was made to provide for downstream prior rights, flood = 80" 3 820 12,050 2,421,200
control, power generation, and an ineidental irrigation | &g = - e 100 e
sl s q i : ! 4 860 13,780 2,937,700
supply. econd study was made to provide for ... : 880 14,600 3,221,600
downstream prior rights and additional requirements = _ = T 900 15,450 4,522,800
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upon in the former study to meet the Clentral 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 eapacities of the power plants at
the Oroville and Oroville Afterbay damns would be
440,000 kilowatts and 25,000 kilowatts, respectively.

(6) The over-all efficiency of the Oroville power
plant was assumed to be 83 percent while operating
at heads between the maximum head of 703 feet and
the design head of 558 feet, and from 83 percent to 78
percent, 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 percent.

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

Monthly Kawh. per Upper limit
peak in % of Kiw. of Monthly of
Month annual peak  annual peak  load factor 100% L.F.
January . 90.7 442.0 65.5 39.5
February - 879 396.4 67.1 39.3
March __ . 843 425.2 67.8 341
April 86.6 440.2 70.6 42.7
May ... 883 463.2 70.5 427
June —____ 97.6 1.7 40.8
B 1] 100.0 3.3 3.3
August ___ 994 37 531
September = 94.6 6G9.4 39.8
October ___ 919 65.8 40.6
November _ 90.8 64.9 373
December . 96.8 61.9 33,8
Totals_ - 5,003.8 63.4

(8) A system load of sufficient size to utilize all the
installed hydro-capacity in kilowatts was assumed,
energy outputs were limited to amounts that could be
used within that system load, and minimum power re-
leases were made to produce sufficient energy in con-
junetion with an assumed auxiliary steam-electrie plant
output to meet the system energy regquirements.

(9) Reservoir operating eriteria 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 oceur in any year, or period of years, as
dry as those experienced in the period studied.

(10) Tt was assumed that the design of the power
turbines would be such that the discharging capaeity
at the maximum head would be equal to that at half
the maximum head. This assumption results in a de
sign head of about eight-tenths of the maximum head,
above which full output capacity of the installed gen-
erating equipment may be obtained. At one-half of the
maximum head only one-half the output capacity is
available. Between the design head and the minimum
head the output capacity is assumed to vary with the

three halves power of the head. In this study the auxil-
iary power supply is assumed to be steam-electric ca-
pacity.
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(11) The dependable capacity of the Oroville and
afterbay power plants was taken as the difference he-
tween the annual system peak demand and the auxili-
ary steam-electrie capacity required, both expressed in

kilowatts.

.( 12) Flood control operation was considered to be a
primary function of Oroville Reservoir, ;
s'fm"agv space was reserved beginning with a zero reser-
vation on th'v first day of November and incroasingl' on
z: straight line basis to the maximum reservation of
.)()(!,l]()(l a.urenf(-vt on the fifteenth day of November
Thls_ maximum reserve was held until the first day oi"
April antd then allowed to reduce uniformly to a zero
reservation on the first day of May. Further (Iiscu%'-;iun
of the flood control operation appears later inuthis

chapter,

O;:)eraﬁon of Oroville Reservoir
Primarily for Power Generation

Using the foregoing criteria, a study was made of the

3,500,000 aere-foot Oroville Reservoir and its afterbayv

1621
1922 ...
1923

1924,
1025. .

1028 ..
1920
1930 ___

1081
1932
1933
1924
1035. .

1636
1937.

27-year mean.

reservalr

1,000
sere-feet
<@

5 ‘ 4,756.2

4.880.4
2,510.4

. ‘ 1.201.2

2,687.6

3.215.8
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opnrated primarily for the generation of power, f
period 1921-1947. This study shows (t}ll::I:‘U::l] at\(n";
annual output of 1,742,600,000 kilowatt-hours of |
tric energy could have been generated in that pef
at the hydroelectric power plants, with a dependa
plant .capac-.it_\' of 348,100 kilowatts. Also, with 1
operation, a firm irrigation supply of 500,000 acre-fy
per year, in addition to present downstream pri
rights, based on 1947 diversions, would have been av
able. The inflows to the reservoir, reservoir stora
1'_(>Ieases, and electric energy outputs with this 6pn
tion for the period 1921-1947, by years in Table 3
mont_hs are shown in the tabulation included as .-\
pendix B of this report and graphically on P[ut'e -1
Operation of Oroville Reservoir to Provide
Water for Continuous Diversion From the
Sacramento-San Joaquin Delta

In this study, the 3,500,000 acre-foot Oroville Res

voir was operated to firm excess waters, available in t
Sacramento-San Joaquin Delta in winter months

Flood flow

TABLE 3
FEATHER RIVER PROJECT

Oroville Reservoir Operating for Flood Control, Irrigation, and Power Generation

Annual Summary
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Dperation in Coordination with Sacramento-San Joaquin Delta Division Projects Operation Primarily for P
) arily lor Fower
| e I - I =
| | Release from reservoir—1,000 acre-feet | I ' ]
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, to provide a continuous draft for export
delta by pumping to Santa (‘lara Valley, San
Valley, and southern (California. The study

uthe period 1921-1947.

ing the study, the reservoir was operated first
j:he requirements of the Feather River service
hich is located on the Sacramento Valley floor

Json on the north, Butte Creek and the Sutter
on the west, the Feather River Channel on the
the junction of the river with Sutter By-pass
putherly limit. There are 322,200 acres of gross
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shown on
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irrigable area within the service area. This area s
Plate 3. The other criteria used in making the

study are those previously stated.

The ultimate consumptive irrigation use require-

TABLE 4
FEATHER RIVER PROJECT

Water Uses and Diversions From Sacramento-San Joaquin Delta

Annual Summary

(Quantities in 1,000 Acre-feet)

Water supply Requirements of the Central Valley Project
[ | I
l | | Water
diverted |
i I | to meet
Water re- ‘ requirements
Uncontrolled| leased from | Water re ‘ ‘ | of Exchange |
inflow to Oroville leased from Estimated [ Agreement, |
delta from | Reservoir | Oroville | Required |  water | dated July
Sacramento-  tosupple- | Reservoir flow into  requirements 27, 1939, }
! San Joa- ment sur- | specifically Suisun Bay of the Consumptive| between |
quin River | plus water for power to prevent | Contra irrigation United |
Basin mod- | in delta generation | encroach- | Costa requirements, States and
ified by 80 as to and water ment of Conduit in | and evapo- | San Joaquin
present de- provide wasted ‘ Total saline 1960 and ration | and Kings
velopments | a continu- aver spill- waters into | the present | losses in | River Canal
and oper- | ous diversion| way and the delta | requirements delta Company,
ation of of through (4,500 sec- of the Columbia
Folsom and | 3,930 sec- flood ond-feet) Delta Canal Com-
Oroville ond-feet control Uplands ‘ | pany, San ‘
Reservoirs | therefrom outlets Luis Canal
| Company,
| and Fire-
| baugh Canal
| Company
(2) 3 (4 (5) (6} (N (8) ‘ (9 |
| . Y B | S
...... 21,486.8 353.7 3,721.3 25,561.8 3,258.0 135.8 1,206.9 870.9
21,637 .4 216.0 3,983.3 25,786.7 3,258.0 135.8 1,206.9 884.4
11,913.7 017.5 068.7 13,799.7 3,258.0 135.8 1,206.9 R72.8
. 6,821.7 1,819.4 286.9 9,028.0 3,266.9 135.8 1,206.9 737.1
] 14311.9 770.5 379.0 154704 3,258.0 135.8 \ 1,206.9 867.5 ‘
13,830.8 1,320.8 452.2 15,603.8 3,258.0 135.8 | 1,206.9 R14.6
24,141.0 653.6 3,310.5 28,105.1 3,258.0 135.8 1,206.9 887.3
15,927.8 1,210.6 1,715.6 18,854.0 3,266.9 135.8 1,296.9 814.4
7.694.6 1,776.0 183.6 9,654.2 3,258.0 135.8 1,206.9 803.5
s 9,719.8 1,548.9 564.7 11,833.4 3,258.0 135.8 1,296.9 803.1
= TA14.4 1,802.5 244.9 9,551.8 3.258.0 135.8 I 1,206.9 735.4
______ 11,464.0 1,003.3 265.2 12,822.5 3,266.9 135.8 | 1,206.9 881.8
8,295.5 1,184.0 257.5 8.737.0 3,258.0 135.8 1,206.9 843.1
8,253.3 1,800.3 421.2 10,474.2 3,258.0 135.8 1,296.9 775.6
| 14,6224 1,044.9 376.9 16,044.2 3,258.0 135.8 1,206.9 883.0
18,371.0 1,010.6 1,902.9 21,223.5 3,266.9 135.8 1,206.9 884.4
20,408.5 903.2 1,823.1 23,134.8 3,258.0 125.8 1,206.9 877.5
34,348.2 7.3 6,797.2 41,192.7 3,258.0 135.8 | 1,296.9 565.7
7472.0 1,700.5 213.8 9,395.3 3,258.0 135.8 | 1,206.9 803.0
- 26,672.0 815.4 3,115.9 30,603.3 3,266.9 135.8 | 1,206.9 859.1
= 33,403.0 189.9 5,138.5 38,731.4 3,258.0 135.8 ] 1,296.9 805.8
27,483.0 59.5 5,509.4 33,051.9 3,258.0 135.8 1,206.9 904.2
21,950.9 670.5 3,636.1 26,157.5 3,258.0 135.8 1,206.9 8RO.7
10,739.0 1,075.3 1,007.6 12,821.9 3,266.9 135.8 1,206.9 879.0
18,600.0 766.0 2,151.8 22,517.8 3,258.0 135.8 1,296.9 913.1
e 13,871.5 813.6 2,140.6° 16,855.7 3.258.0 135.8 1,206.9 872.6
e R613.6 | 1.461.1 545.0 10,619.7 3,258.0 135.8 1,206.9 826.5
'Bar mean | 16,317.3 1,007.5 1,889.4 19,212.3 3,260.0 135.8 1,296.9 R38.7

Total

(10)

5,661.6
5,675.1
5,563.5
5,436.7
5,558.2

5,505.3
5,578.0
5,514.0
5,494.2
5,493.8

5,426.1
5,581.4
5,532.8
5,466.3
5,573.7

5,584.0

5,568.2
5,256.4
5493.7
5,5568.7

5,596.5
5,504.9
5,671.4
5,578.6
5,603.8

5,563.3
5,517.2

5,531.4

ment of the Feather River service area, including the
areas now having prior rights to Feather River water,
is estimated to be 631,000 acre feet per year over and
above effective rainfall. Assuming an irrigation effi-
ciency of 65 percent, the gross requirement of the area
would be 970,000 acre feet per year. The difference be-
tween the former the latter figures was considered to

Trrigation Continuous
supply re- | | water
served for | | supply
the area without
adjacent, ‘ Inflow to deficiency
to Delta- delta in of 3,920
Mendota | excess of second-
Canal Central feet for
when a | Valley diversion
surplus | Project | to Santa
above Cen- | requirements| Clara Valley,
tral Valley | 5—(10411) | San Joaquin
Project re- Valley and
quirements Southern
exists in | California
the delta |
an l (12) (13)
113.0 19,887.2 2.844.7
113.0 20,098.6 2,844.7
61.0 8,175.4 28447
10.1 3,581.2 2,852.5
108.1 0,804.1 2,844.7
39.5 | 10,059.0 ! 2844.7
103.6 22,423.5 2,844.7
39.5 13,300.5 2,852.5
61.0 4,080.0 2814.7
61.0 \ 6,278.6 2,844.7
10.1 4115.6 | 2,844.7
£1.0 | 71801 | 28525
61.0 4,142.2 2.844.7
10.1 ‘ 4,997.8 2,844.7
61.0 | 10,400.5 2,844.7
61.0 15,678.5 2,852.5
61.0 ‘ 17.505.6 2.844.7
13.0 | 35,823.3 2,844.7
18.0 3,883.6 2.844.7
61.0 | 24983.6 2,852.5
113.0 l 33,021.9 I 2,844.7
113.0 27,344.0 2,844.7
113.0 ‘ 20,473.1 2,844.7
61.0 7.182.3 2,852.5
61.0 | 16,853.0 2.844.7
84.0 \ 298, ‘ 2,844.7
39.5 | 053 I 28447
66.4 l 13,614.5 ] 2,846.4
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be &l\’allable return flow with a month lag between di-
\.-f.‘I‘SIE)Il a}ld eventual arrival in the Delta. The monthly
distribution of the foregoing amounts and the return

flow is shown in the following tabulation :

Gross
Require- Consump- Return
Percent ment, tive use, fow
i of 1.000 1.000 1,000
Month total aere-feet acre-feet acre-feet
Jamadry .. 0 0 0 : 0
February ___ 0 0 0 0
March _____ 1 a7 6.3 0
April ______ 5 485 31.6 34
May _______ 16 155.2 101.0 16.9
Fowo 20 194.0 126.2 54.2
s T _ 22 2134 38.8 678
August _____ 20 194.0 'i;
September __ 12 116.4 (";'-Nr
October ____ 4 38.8 0.7
November __ 0 0 0 #:'("
December __ 0 0 ;i.'
Totals ___ 100 970.0 631.0 339.0

The study shows that with the available excess water

in the d.(-lf_a supplemented by releases from Oroville
Rcser_vc_m- 1t was possible to obtain a continuous flow
for diversion of 3,930 second-feet without deficiency
or EEI)()llt 2,845,000 acre-feet annually, over the 27-‘/0'{‘1;
period of operation. The incidental 11ydme]ec_-,trie‘ en-
ergy obtainable at generation from the power plaﬁtﬁ
at Oroville and Oroville Afterbay Dams would have
been 1,781,800,000 kilowatt hours annnally with a
dependable capacity of 232,000 kilowatts. The inflows
to the reservoir, reservoir storage, releases for the sevl
eral purposes for which the reservoir was operated and
the electrie energy output for the period 1921-1947
are sho‘wn by vears 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
s}mw‘n by years in Table 4, by months in the tabula-
?’1011 mcluded as Appendix C of this report, and graph-
ically on Plate 6. The inflows to the Sacran-wn?o-San
J oaquin 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 Reser-
volr water required to make possible a continuous di-
v‘ermon of 3,930 second-feet from the delta. The diver-
sions Cf.;mprise the Central Valley Project requirements
for salinity control, consumptive use in the delta, use
on the Delta Uplands, export through the Contra (‘.&)sta
Ca‘nal, and the Exchange Contract, They also com-
prise 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, San Joaquin Valley and South-
ern California. It is shown that this flow would have
beet} available without deficiency in all years of the
period studied. i
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Moderate grout requirements are anticipated to eon-
idate portions of the foundation area. If this can
™ ’ ‘done, considerable excavation can be elilginatt.zd_. It
o e cns:ts: of the :?ev'eral features of the Feather Ri ﬁsumed that fresh rock with clean or stained J'('JII]TS
?OJELT have been estimated, based upon current prigghat is not badly sheared can be grouted to provide a
qt construction. The estimates are presentecd iler woble foundation. Such areas could also be drained
fo.r ( a) O}‘O\fille Reservoir and power plant, (b) h‘la : er grouted or not if deemed desirable. A suitable
1;31531011 lines and substations, and (¢) Delta (’r at enrtain could be placed near the upstream face
("hﬁlfﬂ.t’l_. The estimated cost of the reservoir 1'1'1(-]711 this might well replace a cut-off. The developed
acquisition of necessary lands and rights of Wav, relgurtace should be uneven enough after shaping to pre-
cation of railroads, highways and roaJd,q, and (f[)‘ll;fl- e the possibility of sliding.
tion of dams and power plants. The right abutment appears to have the most even
Jope and has a light brush and tree growth. Soil is
mated to average about eight feet in depth. Below
is a zone of weathered rock grading into fresher
-at depths of about 20 feet on the average, though

ESTIMATED COST OF FEATHER RIVER
PROJECT

Oroville Reservoir

T}lt‘ T()Pf)n-*i]le dam site is located in Sections 1 and !
T.19N,R.4 E., and Section 35, T.20N.,, R. 4 E, ), jEoe
B. & M, and is immediately upstream fl'om" ‘wt ill strongly jointed. From 20 to about 50 feet the rock
Highway No. 24 erossing of ha Feafher Rivay :lha‘ ppears to be reasonably tight and contains only minor
2.5 miles from-Oroville, The site has been Vmalﬂ)p;do QR average of shout 65 feet/of stripping i estl-
the Division of Water Resources on a scale of 9()(5 fer ed, of which about 30 percent can be removed by
to the inch with a contour interval of 10 I"n;t T}, Power shovel. Grouting on this abutment is anticipated
topographic map was used in laying out the t]a]-n al be about 50 percent greater than on the left abut-

a - P - i <1 - 3 ~me:
8 .ppl_u tenant works and estimating construction guar ment. i i
tities. - The channel proper averages ahout 80 feet in width

and is entirely in fresh rock with minor defeets. The
'(j:'rEOIOg'y ‘of Dam Site. Elmer (. Marliave, Super ﬁﬁn.nel is estimated to contain 50 feet of gravel and
vising Ellt‘!ln?.?rirlg Geologist, Division of Water He: about 10 feet of stripping will be necessary to shape the
sources, examined the Oroville dam site and source gm‘ge and remove soft seams. Adjacent to channel
of ageregate for dam construetion on February 8, !LMion the hard fresh rock rises to about 60 feet above
and 10, 1949, and has reported as follows : ; the channel and most of the stripping here will be taken
The lfomldati(m rocks at the site are entirelv mets ¢@re of in shaping the section.
morphies and while appearing to be largely meta iene. Bhe slope of the left abutment is a little steeper in
ous may contain meta voleanics and Ill(—'t.a-He(“]n(‘hllt&-':m lower third than right abutment and has a poorly
The terms amphibolite, amphibolite schist and oreen Gfined bench or possibly remnant of a terrace about
;‘:f{mes are applicable generally to this type of l'(l(‘ki;? hal;fway up where the slope becomes much gentler. Soil
They strike across the channel and dip steeply up €O¥Veris estimated to be about six feet deep and supports
stream in a fayorable attitude, and are strongly jointed @light to moderately dense growth of brush and light
Where exposed along the channel section and for somi 1ees. Suitable foundation appears to exist at slightly
(')'()‘ feet upwards the rock is hard and fresh with tight iﬁﬁﬂower depth over this abutment and stripping will
Joints though a few narrow mud seams and shear zones @¥erage an estimated 45 feet. Grouting in moderate
are somewhat softer. Upwards on the abutments rock @mounts should be anticipated.
exposures are very few and practically all data musGiiEn overpour spillway can be utilized at this site by
be deduced from core drilling. The rock exposed i i&;ﬁ’Ording moderate protection to the rock near down-
ﬂlf‘ cham}el area should prove suitable for overpout’ StPeam toe. A natural saddle at about elevation 865
spillway if moderately protected. and a ravine below it offers a suitable spillway location.
_ Just upstream from the proposed axis the high rock Rock of good quality should be found about 30 feet be-
line along the ehannel drops sharply. There are also low surface in this saddle. Lining would probably be
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indications of more pronounced jointing and deeper
weathering. This is undoubtedly due to some struc-
tural control not as yet evident. Also, there appears
to be some structural feature striking (liﬁgﬂllﬂlh‘ down-
stream from right to left abutment from a pt‘)int up-
stream from axis on right abutment to a point on axis
on left abutment at about elevation 300, It may rep;'E-
sent a shear or closely spaced Jjoints or a diffei‘enée in

rock type but it should be thoroughly explored as it!

:uts through left abutment under the proposed struc-
ure.

Nieeded for a short distance from the spillway lip.

Ample quantities of coarse aggregates may be ob-
fained from the old dredge tailings southwest of Oro-
Ville, There may be some recoverable quantities of sand
and fine aggregate in this material. The pebbles and
€obbles are largely metamorphics and will require little
Washing.

Several million yards of clean quartzose sand, with
Small gravel to one inch, is located near Pentz and is
derived from hydraulic operations in the Cherokee
Wine, More sand is obtainable from unproven nearby
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sources and large quantities could be shipped by rail
from Marysville.

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

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

This area is considered to be one of low seismic ac-
tivity.

Of particular interest is the eondition of right abut-
ment between elevations 500 and 750. The U. 8. E. D.
core drill hole 1F2 did not look promising. U. 8. B. R.
holes on either side appeared better as they were drilled
so as to eross-cut the foliation. There is an area between
the elevations mentioned that may require deep excava-
tion. This seems to be critical and other exploration
should be pointed towards proving the suitability of
this area. A test pit wounld 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. Clore drill holes are a second
choice for exploration but might be used first to deter-
mine the areas to be explored by shaft. The apparent
struetural feature on left abutment near axis at eleva-
tion 300 should be explored by drift or drill holes.

The following conclusions are submitted in the
report:

1. A safe concrete gravity or earthen dam can be
built at this site to a height of about 700 feet.

2. The best geologie location appears to be at site
now proposed. The rock appears to be fresher and
sounder than along the upstream arvea. There are small
and possibly large slides upstream, and weathering ap-
pears to have proceeded to greater depths in this area.

3. Ample quantities of coarse aggregates are avail-
able in the vicinity of Oroville and considerable sand
is available near the town of Pentz, about five and eight
miles, respectively, from the site by air line.

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

5. An overpour spillway is feasible and a topo-
eraphic saddle and draw beyond right end offers
another spillway possibility.

Improvements Flooded. The Oroville Reservoir,
capacity 3,500,000 acre-feet, would flood 15,450 acres
of land up to elevation 900 feet, U, S. Geological Sur-
vey datum. The height of dam above stream bed would
be 711 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 recorder’s office. The following table sets forth
the estimated value of the lands that would be acquired.
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Land type
River channel

Aeres Unit cost Total cost

bz A AEEEG $2 $2,700
River bank and highway____ 954 ] 4,770
Right of way . ________ . 452 5] 2 2640
Pastore Jand _.. . .. - - 19,311 10 193,110
Timber land __________ ___ 3,478 20 69,560
Industrial land _________ _ 61 200 12,200
Irrigated land _____ N AN 234 300 70,200
Dtate park oo oo y dr 260 20,000
Cultivated (nonirrigated)
177 S . P 17 250 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. 8. Bureau of Recla-
mation 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 construetion quan-
tities involved in the relocation have been furnished 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 wonld 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 8,050 feet; 5,000,000
cubic yards of roadway excavation, and three bridges.
The first bridge across the Feather River across Oro-
ville Afterbay Reservoir would be about 1,100 feet
long. The second bridge would be a combination rail-
road 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 a maximum ascend-

- ing gradient of 1 percent 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 exceed 0.4 percent, the remaining
13.5 miles to Intake does not exceed 1 percent (com-
pensated). 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 de-
grees and 16 minutes. The grade on the relocated line
has been held to a maximum of 1 percent (compen-
sated) 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 relo-
cated line would be 133 degrees and 6 minutes.

The proposed State Iighway relocation as shown
on Plate 7 would be about 17.5 miles in length and

would replace 20.5 miles of existing highway and 4
cost thereof is included as part of the project.
The costs of relocating the Feather Falls railrg
and County roads were estimated and are included
the cost of the Oroville Reservoir. The Palermo (‘ay
which would be flooded would be supplied by an ou]
through the dam on the left abutment. For infreque
years of low reservoir stage, the cost of a pumping play
to serve the canal has been added to the project cost,
The Las Plumas Power Plant of the Pacific
and Electric Company has been evaluated on the fq
lowing basis: The average annual power generatig
1939-1949, inclusive, of 430,600,000 kilowatt hours ws
valued at 6 mills per kilowatt hour at the plant. Operg
tion and maintenanee annual charge was deducted any
a net revenue at the plant of $2,463,400 obtained. T}
last installation in the plant, which was built in 1908
was in 1916. Assuming 1916 to 1951 as 35 vears o
elapsed life and with a total life of 70 years, the presen
value of annual net revenues for the next 35 years g
a rate of 0.0855 resulted in a figure of $27,181,000. Thi
is considered the amount that the company would hav
to invest to return the net revenue it will receive fo
the remaining life of the power plant and also me¢
depreciation, insurance, local and state taxes and
cost of money of 5 percent on their investment.

The cost of power and telephone lines that would b
flooded have been evaluated. A summary of the cos
of flooded lands and improvements and relocations and
acquisitions is as follows : ‘

soint toward streambed. This depth was con-
for a thousand foot length in the same dl‘l'ec-
ien gradually deereased to 10 feet at the river
‘ol Excavation depths through the channel area
10 feet of rock and 50 feet of gra\'el.. On the
utment the excavation depths were mcl‘.eased
the 10-foot depth at channel edge to a maximum
feet at a point about 700 feet (listanjr toward the
r extremity of the left abutment. This depth was
inued, in the same direction, for 300 feet and then
d to 40 feet in a distance of 600 feet and from
int on inereased to 50 feet at left abutment ex-

ouble row of holes at 10-foot centers to a depth
| feet was estimated for the upstream ;!I‘(H'lt cur-
1 An allowance was included for consolidation
suting of about 25 percent of the foundation area.
W auxiliary earthfill dams are required at low
in the periphery of the reservoir. The type of
h dams is a center impervious seetion b]ank(.*ted
h side with pervious materials. The in_lper\'lous
on has a top width of 10 feet and 1 to 1 side slopes
carried to 20 feet below natural ground. Exca-
under the impervious section included 1 to 1
e slopes from the bottom of excavation to g.rl.'ound.

e. The pervious blanket sections on eaci-l side of
impervious section have a ten foot top width and
on 2} to 1 to intersection with natural gl’gllud
" a shallow surface stripping under the sections.
ike on the southerly rim of the reservoir has a

e A 000 t length of 1,340 feet and a maximum height of 35
lmprn;;en]:]ents _____________________________ 1,800,000 bove natural ground. Tt is located in Sections 7
Stoto hiZlGepmiNeiey - - o T 3,600,000 S ciliary dam is
Comtysaata i e~ 5321000 8 T. 19 N, R. 5 E. The other auxiliary da

552,300 ) feet long with a maximum height of 45 feet above

Telephone lines

________________ 269 6 2 s 2 g o v Tlo F nt
Power Mg BRI =7~ :1(:?';;,::1) al_ gml_]nd. It is located near the right abutme
Feather Falls Rajlcogd._____ 756,000 emity of the conerete dam. _

Western Pacific Railvoad___________ 28,181,400 o the flood control reservation of 500,000 acre-
Las Plumas Power Plant 3

27,181,000
30,000

6t of reservoir space the upper 35 feet of the reser-
ir was so utilized. Twenty-seven 10-foot diameter
 lined outlets in 3 banks through the spillway sec-
of the dam were estimated to discharge the con-
ed flow capacity of 100,000 second-feet. )

he spillway design flood was taken as the PHTI-!IIH'(AP(]
100 year frequency of occurrence flood with its
followed three days later by the crest of the esti-
ed 1 in 1,000 year flood. The estimated crests were
000 second-feet and 470,000 second-feet, respec-
y. Spillway capacity was based on passing the
way design flood through the flood (‘()!It‘l‘()l open-
n the dam and over the spillway, utilizing reser-
retention. and limiting the encroachment on the
n freeboard. The spillway capaeity at normal pool
tion is 292,000 second-feet and would be con-
ed by four 33-feet by 110-feet long hydraulically
,‘.l'ated: segmented, steel drum gates set in the crest
' the spillway.

The power plant would be located on the left abut-
ent helow the dam at the end of the spillway apron.
teel penstocks were carried through the dam and laid

Fon) S e $63,799,100 s

The figure of $28181,400 for the cost of relocating |
Western Pacific Railroad includes the cost of a com-
bination railroad and highway bridge across the West
Branch of the Feather River,

Dams and Power Plants. In estimating the cost of 1
the main dam a gravity conerete dam section, curved
in plan, was used. The upstream face of the section
used was vertical for heights up to 400 feet. For
heights in excess of 400 feet the face was vertical to
a point 400 feet below the crest and from that point
sloped upstream on a slope of 0.4 to 1. The downstream
slope was 0.8 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.

Execavation depths to sound roek foundation varied 5
from 40 feet at the upper extremity of the right abut-
ment to a maximum of 80 feet at about 1,150 feet from

. -
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on conerete saddles on benches cut in the rock below
the dam to the power plant. '

Estimates of cost have been prepared of the Oroville
Afterbay Dam and Power Plant located abm_lt one-
half mile above the highway bridge across the Feather
River in Oroville.

Interest during construction has been i].lf:lll(](jd at a
3 percent rate over half the estimated constrlivtmn pe-
riod applied to the construction cost plu's 15 ‘per('-ent.
for contingencies and 10 percent for engineering and
administration.

The estimated costs of the Oroville Dam, Power Plant
and Oroville Afterbay and Power Plant are set forth
in the following tables:

COST OF ORQVILLE RESERVOIR WITH
FLOOD CONTROL FEATURES

res g 711 feet
Height of dam above streambed ______ . i _
(Capacity of reservoir i 3.:;22.323 . .'.mg_gf.:
Capacity of spillway : 2t _-.,m” ~.¢ con i
Capacity of flood eontrol outlets 100, second-fee

April, 1951, prices
Exploration and ecore drilling cmmmme . $1:::%K(’;
Diversion of river during construetion - ___ _ R :;.)r',mm
(learing reservoir site ____ S I 2,325,
By-pass tunnel at dam for railroad " 2,324,900
Exeavation for dam, 4562400 cu. yds. at $1.00 _—
to $400 ____ Ny 18,111,
Mass concrete, 13,791,600 cu. yds. at $1(i. ~__ 137,916,000
Reinforced conerete, 72,500 cu. yds. at $40 to 625,500
$100 e e 3,623,
.\1;?]:;{1;1'); dams, 596,400 (‘1:____\_'(1:1.77?{'$il.-.)ﬂ7f<7| i
'l‘I:flSE r::(?kﬁ;n'el and miseellaneous metal work }.::I(_m::nﬂﬂm(:
Cooling conerete including pipe ‘;‘ii;:!‘i‘j()ﬂ
Foundation treatment R T 2,003,
River outlet conduits, 4,324,000 lh_.l\'. at $0.25 __ 1,931({]‘(0;))
Ring seal gates, 12, 722,000 Ibs. at $0.45_ 1’;\:)4‘80[}
Spillway gates, 6,316,000 Ibs. at $().3(l wmaaT 1.9;0.000
Reinforcing steel, 13,000,000 Ibs. at 015 "J.::H"z(b()
Spillway bridge S ::,()(]'0()()
Permanent camp o o 200,
Lands and improvements ﬂpmle(l ,,,,,,,,,, - ":]Fﬂﬁ})?)
Relocation of Western Pacific RR. -“".‘('.;N).()()()
Relocation of state .hi;.-:hv}':_i,\‘. _____ B = "8[17‘40()
Reloeation of eleetrie utilities R e - lﬂl.()()()
Las Plumas Power Plant __ = SRCINI | ‘m.(m
P'alermo Canal outlet and pumping plant ____ 30, o
251,468,7
Subbota]l o iR —— - $251 7
(2 14 s
Administration and engineering, 10 percent .- 3:2:1-53..;%
Contingencies, 15 pereent oo e "Jgi"‘;l()';()ﬂ
Interest during construetion_ - B 2 ...‘) ‘,-
Total cost of dam and reservoir. _ 8§342,626,100

COST OF POWER PLANT FOR OROVILLE

RESERVOIR

Tnstalled capacity 440,000 kilowntts

April, 1951, prices

Excavation, 1,135,800 cu. yds. at §4 tu—$5 __________ $47024::3::
Penstock anchors, 4,400 cu, yds. at $1n,,' ,,,,, e “:')mm
Reinforced concrete, 11,640 cu. yds. at $30 to $90 ‘,i-u & p
Trash racks, coaster gates and gantry cranes_____ :.31(1];((;()
Penstocks ____. . T e 3,550.¢
Reinforeing steel, 2,200,000 1hs. at $0.15 3.}0,:)(:::
Building and equipment, 440,000 kilowatts at §81 — 35.Fr“l.__1‘(ﬁ
SUbtotal o e $49 384,600
Administration and engineering, 10 percent____ '5-1—‘!;?5"::3
Contingencies, 15 L Z'é’l\'}nn
Interest during construetion .. TTTS
Total cost of power plant. .~ $64,508,700
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COST OF OROVILLE AFTERBAY AND
POWER PLANT

70 feet

390,000 second-feet

25,000 kilowatts

April, 1951, prices

Height of dam,
Capacity of spillway
Installed capacity of power plant

Dam and Reservoir

Exploration and core deilling___________________ $£35,000
Diversion of river during construetion. . _________ 100,000
Ulearine rebermolr: = a o LI 52,500
Execavation for dam, 109,000 cu. yds. at $4_______ 436.000
Mass concrete, 51,600 eu, yds. at $14 ___ T22 400
Reinforced concrete, 7,120 cu. yds. at ' Y 284,800
Spillway gate _________ R R o s 2,466,400
Foundation treatment . __ . . __ . _ - . __ 25,000
Lands and improvements flooded _______________ 173,300
Peritsitient 68MD o e o 50,000

250107 7 IS AT N L M D I e S e P R %4.13-'1-'1.46(1

Administration and engineering, 10 percent.__
Contingenecies, 15 percent_____
Interest during construection

Total cost of dam and reservoir__

Power Plant
Intake structure _
Tunnel ________

$422 600

e e i e 1,214,000
Penstoeks ____ ______________ PRl e 145.000
Permanent oy oo ll’H'l:()ﬂﬂ
Building and equipment 25,000 kilowatts at $190__ 4,750,000

RlbotRL o et T R e £6,631,600
Admi_nisi ration and engineering, 10 percent_______ 8663,200
Contingencies, 15 peveent . - .. - . .. 994,700

Interest during construetion._____
Total cost of power plant___

Total cost of dam, reservoir, and power plant $14,145,700

Transmission Line and Switchyard. The Oroville
to Bethany transmission line consists of one single-
eirenit and one double-cireuit steel tower line, The line
traverses moderately cultivated land for a distance of
150 miles from Oroville Dam to the terminal switechyvard
near Bethany. Enroute the line passes west of Wheat-
land and skirts the east side of Folsom, from which
point it runs southerly to a point near Bellota and then
veers west to the terminal substation and switchyard
near Bethany. The line is all within a light ]m—l.(]ing
area with respect to ice and wind loads and passes over
area that will permit from easy to average construetion
conditions. The line is shown on Plate 1 and on Plate 14
and the capital cost is as follows:

COST OF OROVILLE-BETHANY TRANSMISSION LINE AND
TERMINAL SUBSTATION AND SWITCHYARD
April, 1951, Prices

y o Transmission Line

Towers and fixtures

Single-cireuit ______________ 150 mi. at $15400 $2,310,000

Double-circuit . ____ ———-150 mi. at 23,100 3,465,000
Conductors and devices

Singlecirenit .. 150 mi. at 6,360 954,000

Bouable-elrenit e 150 mi. at 12,750 1,913,000
Insulators and hardware

Single-cireuit 150 mi. at 1,130 170,000

Dounble-clrewit  — e 150 mi. at 2,250 338,000
Groundwire, grounds and hardware

Single-cirenit . ________ 150 mi. at 1,880 282,000

Doubleoltenit — - = 150 mi. at 1,880 282,000
San Joaquin Rivercrossing_______ . 500,000

Ttem

Land_und land rights__________5400 acres at $500 $2,7004
Clearing land and rights of way_ . ________ - .’”1.\%.‘}‘

Subtotal $13,497.0

. There have been a number of notable floods
ed within relatively recent years, which, if un-
lled under present conditions would have caused
damages, loss of property, and hazard to life and
_ The Feather River and its tributaries on the
bamento Valley floor are included in the Sacra-
by River Flood Control Project. However, the
e of protection provided by existing leveed chan-
4s not comparable with protection afforded by

Administration and engineering, 10 percent______ ~
Contingencies, 15 percent ____
Interest during construction ___

Total cost of transmission line

Terminal Switchyard

0il cireuit breaker positions________ 5 at $156,000 dng facilities or by those under construetion on
Air break switeh positions 4 at 36,700 : v . f R
: S S Gl o & - str ' oodways within
Transformer positions ____________ 1at 112000 major and minor streams and wa)

Transformer bank for oject.

_ synchronous condenser —_________ 1 at 485,000

Synchronous condenser 1 at 528,000 mento River F'OOd Com‘rol PFOiECf

Land - SRR b aeres at 1,000 : 1
_ e Sacramento River Flood Control Project 1s a
Subtotal

fem of works comprising levees, by-passes and weirs
1 river channel enlargement designed and con-
ed for the control and disposal of flood waters
ng through Sacramento Valley. An area of about
1000 acres is protected from inundation by these
, including the metropolitan areas in and around
S Cities of Sacramento, Marysville, Yuba City, Oro-
ille; many other small eommunities and settlements;
| intensively developed irrigated agricultural land.
horization for construetion of Sacramento River
d Control Project is set forth in acts of Clongress
he United States of 1917, 1928, 1936, 1941, and
and in acts of the Legislature of the State of
ornia in 1911, 1925, 1927, 1935, 1939, and 1945.
project is a joint federal-state-local development.
expenditures to date on the project amount to
it $120,000,000 divided approximately equally
ong the United States, the State of (‘alifornia, and
il interests.
The companion federal and state legislation has been
to constitute a eontract between the two govern-
ts, under the provisions of which the United States
since 1941, assumed the cost of constructing the
ject works, provided the State or local interests
rnish, without cost to the United States, all lands,
ements and rights of way necessary for the com-
etion of the project; bear the expense of necessary
hway, railroad and utility alterations; hold and
Ve the United States free from damages resulting
construction of the works; and maintain and
ate all works, after completion, in accordance with
ations preseribed by the Secretary of the Army.
The physical works include levees along Sacramento
er from its mouth at Collinsville to Ord Ferry on
e west side of the river and to the Butte-Glenn
14,146, unty line on the east side ; levees along both banks of
liéff,i:‘ Feather River from its mouth to Honcut Creek
37708,006 on the right bank from Honeut Creek to Hamilton
d, six miles below Oroville; levees along lower
ches of the American, Bear and Yuba Rivers and
the south bank of Honcut Creek; leveed by-passes
rough the Yolo and Sutter basins operated with the
onlton. Colusa, Tisdale, Fremont and Sacramento
eirs located on Sacramento River for the purpose of

Administration and engineering, 10 percent_______
Clontingencies, 15 percent
Interest during construction

Total cost of terminal switchyard

Total cost of transmission line and

terminal switchyard $19,734.30

Delta Cross Chanmel. The Delta Cross Channg
would be required to carry water from the Sacrament
River to the San Joaquin River Delta. A channel simi
lar to the Delta Cross Channel of the Central Valle
Projeet would be required. An allowance also has bea
made for dredging in the delta channels. The estimatef =
cost of the eross channel is as follows :

)

COST OF DELTA CROSS CHANNEL

Inlet works and eross channel
Diredging-enlargement of channels
below eross channel___1,500,000 cu. yds. at $0.30
Dredging-inlet channels to pump- ’ )
ing out of delta______ 5,000,000 cu. yds. at $0.30

450,000 1

1.500,
Subtotal

$2,950.00

Administration and engineering, 10 percent________ $2
Contingencies at 15 percent 4
Interest during construetion ______

o,
110,60

PoRal o e = | $3,798.1

The estimated total eapital cost of the Oroville Rese
voir Power Plant, Afterbay and Power Plant, Oroville
Bethany Transmission Line and Terminal Substation
and Switchyard, and Delta Cross Channel is sum
marized as follows:

SUMMARY OF COST OF FEATHER RIVER PROJECT

Oroville Dam and Reservoir. . _____| 8342,626,(
Oroville Power Plant 64,5090,
Oroville Afterbay and Power Plant
Oroville Transmission Line______________________

Terminal Switchyard _____
Delta Cross Channel

_______ " 14,148,000

Total eRLIMALEA COBE e e $444,813,(

FLOOD CONTROL BENEFITS

The Feather River and its tributaries are among th
principal contributors to flood flows in Sacrament
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discharging exeess 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 major features of the
project are shown on Plate 3.

Designed capacities of the various features and see-
tions 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, 1st Session), dated
December 8, 1925. However, in some instances, the
designed capacities are not the actual capacities deter-
mined by stream flow measurements.

Sinece the adoption of the plan for the flood control
project by the State of California in 1911, and by the
Congress of the United States on May 15, 1928, the Cen-
tral Valley Project has been constructed by the U. S.
Bureau of Reclamation. A key feature of the Central
Valley Project is Shasta Reservoir, constructed to a
capacity of 4,500,000 acre-feet, on upper Sacramento
River above Redding. The reservoir is 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 control of floods in the upper reaches of
Qacramento 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 Projeet levees on
Feather River and its tributaries have been generally
completed to Project standards except for a section
aggregating about eight 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 is provided by the bank of the Sutter-
Butte Canal which temporarily serves as a levee.

Historical Conditions

Feather River, under natural conditions, overflowed
large areas beyond its low water channel from Hamil-
ton Bend six miles below Oroville to its confluence with
Qacramento River. The area subjeet to inundation
from Feather River through failure of existing levees
is delineated on Plate 3.

Along the left bank from Oroville to Honeut 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.
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Feather River found greatest opportunity to dis-
charge its surplus waters al ong the right bank. At Ham-
ilton Bend overbank flow through Hamilton Slough
coursed westward to enter Butte Basin where it joined
Sacramento River overflows near Colusa. The maeni-
tude of this flow from Feather River is evidenced from
reports coneerning the 1907 and 1909 floods which state
that the rush of water from Feather River flowed over
Butte Basin, breached Sacramento River levees and
entered Colusa Basin.

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

Prevention of overflow and reclamation of lands bor-
dering Feather River were undertaken by unorganized
individual effort soon after the first rush of settlers
following the discovery of gold in 1848. The first or-
ganized efforts toward reclamation were the formation
of Levee District No- 1 in 1873 and Levee Distriet
No. 9 in 1879 along 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 Clom-
mission in 1876. There was no further effort toward
organization until the period between 1907 and 1913
when nearly the entire remaining area subject to over-
flow from Feather River waters, including the Ameri-
can Basin, formed into nine separate reclamation dis-
triets numbered, in order of formation, 777, 784, 803,
817, 823, 833, 1000, 1001, and 10. The lack of coordina-
tion among the activities of the various districts re-
sulted 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 Sac-
ramento River Flood Control Project and formation
of the Sacramento-San Joaquin Drainage District, part
of which included within its boundaries all of the areas
subject to inundation from Feather River and its tribu-
taries. The then existing levees were adopted as project
works and most of them were or are being improved
or reconstructed to project standards by the Federal
and State Governments with varying degrees of finan-
cial eontribution from those sources and from local
interests,

There were a number of floods of considerable mag-
nitude during the first two decades following 1850
among which was the great flood of January, 1862,
Other notable floods occurred at various times. How-
ever, it was not until the U. 8. 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 1993 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 installag,
of those stations occurred in March, 1907, with a
flow of 230,000 second-feet at Oroville and it appog
safe to assume, on the basis of fragmentary recoy
that only the flood of .J anuary, 1862, may have beey
greater magnitude. Three large floods with peak mg
nitudes at Oroville in the order of 185,000 second-fy
oceurred in January, 1909, March, 1928, and Decgy
ber;, 1937.

Between Oroville at the mouth of the Feather Riy
Canyon and TTamilton Bend, the river is flanked p
rolling hills and such areas as may be inundated g
of no economic importance. During the flood of Marg
1907, the lower portions of Oroville were flooded §
a considerable depth. However, the probability ¢
repetition of such flooding has been removed by i
provement of levees and dredging the river chamy
so that the city is now considered to be safe agains
floods in excess of any of record.

From Robinsen Bend, immediately upstream frop
the bridge on the Oroville-Gridley Road, to Hone
Creek on the left bank of the river there is a relativel
narrow strip of high quality agricultural land whid
is subject to inundation when flows at Oroville exce
50,000 second-feet or about two times in three years
the average under present conditions. Particulan]
severe in this reach is the condition on a small area g
Robinson Bend where overbank flow at moderate stag
causes heavy seour to orchards and the county road and
threatens to ¢hange the course of the river. Attempl
to stabilize the channel and limit overflows to specifil
areas without undue increase in flood plane elevation

have not been successful. No other efforts towarl
reclamation have been made on the left bank upstrear

from Honeut Creek,
In all floods prior to 1937 water escaped freely inte

channel. Conditions at Hamilton Bend bad also hee

changed by gold dredeing operations parallel to the

river bank and in the c¢hanne). The levee at Hamiltoll

no water has escaped to Butte Basin since 1937, How
ever, peak flood flows at Oroville have not exceedell

152,000 second-feet hetween 1937 and the date of this

report.

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

Bend has been strengthened, raised and extended and

nstream from Honcut Creek and eontinuipg
. the remainder of Feather River, overflows in-
ted extensive areas. The water commingled to the
with Sacramento River flood waters. In 1907 and
at the latitude of Marysville the flooded area
ded westward in a continuous expanse for some
es with only oceasional high knolls and alluvial
g standing above the flood level. This was before
selamation of Sutter Basin and construction of
r By-pass. American Basin, later reclaimed by
mation Districts No. 1000 and 1001, was pro-
only by low individual river levees incapable of
ing the flood. The levees surrounding the Cit_y
ysville withstood those floods as they have all
S éince 1875. There were, however, many breaks
oth banks upstream and downstream from Marys-

ter the floods of 1907 and 1909, organized reclama-
was resumed with new vigor and the floods of
8, 1937 and 1940 were successfully controlled along
right bank. Reclamation Distriet No. 784 along the
bank of Feather River between the Yuba and Bear
aps was inundated during those floods, as was
amation District No. 10 in December, 1937. Critical
ditions developed at many loecalities, particularly
r Nicolaus in 1928, below Yuba City in 1940 and in
or Sutter By-pass during all major floods.

In 1942, a relatively small flood on Feather River
pgether with Sutter By-pass flows breached the levee
eclamation Distriet No. 803 and inundated some
00 acres between those two channels. In 1950 large
in Reclamation Distriet No. 784 and adjacent
ds and in Reclamation District No. 1001 were
ded. However, the flood waters came from Yuba and
rivers, respectively, at points well upstream from

' their confluence with Feather River. In this flood, those
Butte Basin over the right bank of Feather River af
Hamilton Bend. In December. 1937, a levee at that
location was overtopped and breached, allowing a con:
siderable quantity of water to escape from the mail

tributaries established new maximum peak discharge

- Tecords, whereas the Feather River had only 92,000

- 8econd-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

eservoir on flood flows in Sacramento Valley above
‘eather River. It was shown that the average fre-
L Quency of occurence of floods subsequent to the con-
Struction of Shasta Reservoir would equal or exceed

Project flood plane elevations on Sacramento River

Only once in more than 100 years and as infrequently

- 88 ongce in 170 years in Upper Sutter By-pass, whereas
On other portions of the project the existing degree of
DProtection 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
@t least during three years and possibly during a fourth
the same period. The estimated long-time probable

4—69667
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frequeney of such exceedance on Feather River gbov?
its confluence with Sutter By-pass is about once in 15
vears or less, on the average.

On American River at Sacramento the project flood
plane would have been exceeded four times dur'.ing
three of the past 50 years and the estimated long-time
probable frequency of such exceedance is about one
year in 25 years on the average. Thus it may be noted
that the degree of protection now provided with Shasta
Reservoir in operation to areas along upper Sacra-
mento 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
construction of Folsom Reservoir on American River
which will provide protection for the highly developed
Sacramento area against a flood with an estimated fre-
quency in excess of once in H00 years.

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

The project 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 relie.f af-
forded by flow into Butte Basin through Hamilton
Slough during the larger floods of record. In 1940, when
all flows were confined, the stage at Gridley Bridege
reached 101.55 with a flow of about 145,000 second-feet.
In this flood it was necessary to sack road erossings and
low points on the Sutter-Butte (Canal bank to prevent
inundation of protected lands.

A controlled release of 100,000 second-feet would
create a stage of 99.5 feet, U.S.E.D. datum, at the Grid-
ley Bridge and with which only minor additional levee
e(;nstruct.ion 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 Honcut Creek
would be subject to overflow. A controlled release of
50,000 second-feet, corresponding to a stage of 95 feet
at the (ridley Bridge, would eliminate practically all
damaging flows on overflow lands on the left bank be-
tween Gridley Bridge and Honeut Creek. Such flows
now occur about two times in three years on the average.

Controlled releases of 100,000 second-feet or less from
Oroville and local inflow below that point ean readily
be carried through present leveed channels in the reach
from Honecut Creek to Marysville. The levees would
then provide a high degree of protection to the inten-
sively developed agricultural and urban area on both
sides of the river.
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The adopted Sacramento River Flood Control Proj-
ect flood plane on Feather River at Marysville is 76.6
feet, U.S.E.D. datum, and about equal to that attained
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 ele-
vations downstream at least to the Bear River. The two
floods of 1940 reached a stage approximately one foot
below project flood plane. The flood stages at Marys-
ville 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 flows in the Yuba River at
Smartsville, about 19 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, approximately 100,000 second-feet at the mouth
if confined to the leveed channel. Therefore, it is
apparent that in order to control flood discharges in
Feather River below Marysville to safe channel capa-
cities it is necessary to limit flood control releases from
Oroville Dam to 100,000 second-feet.

In all of the foregoing floods, Reclamation District
No. 784, situate along the left bank of Feather River
between the Yuba and Bear Rivers, was inundated from
Feather River or tributary streams. Tts 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 corrected the limitations on
channel capacity and the levees are now capable of
withstanding a 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, US.E.D. datum. Stages at this station are in-
fluenced by the combined discharges of the two water
courses. 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, ineluding Nicolaus which is af-
fected by backwater from Sutter By-pass. By compari-
son, the flood of February 1942, which breached the
right bank levee of Feather River downstream from
Nicolaus shortly after the passage of the crest at that
station, reached a stage only one foot below the record
stage of 1940 with flows well below the project quanti-
ties at the confluence of Sutter By-pass and Feather
River. The estimated peak combined discharge is 290,-
000 second feet.

Peak flows on Feather River usunally reach the con-
fluence with Sutter By-pass at least 16 hours prior to
the time of arrival of peak flows on Sutter By-pass.
This condition is significant in that flood heights in
lower Sutter By-pass would not be materially reduced
by the operation of Shasta Reservoir on Sacramento
River when the controlling discharge is from the
Feather River System. Releases from Shasta Reservoir
during operation for flood control are designed to

50,000 second-feet whenever available storage spatt

limit flows in Sacramento River at Red Bluff and (O
Landing to 100,000 second-feet and 130,000 Secoy
feet, respectively. Thus, in the earlier stages of a flgg
releases equal to inflow are made until storage ig,
quired to limit flows to the adopted criteria. In g
floods of record in which the combined flow of §
ramento and Feather Rivers would have created ey
ical stages in lower Sutter By-pass, if confineq
leveed channels, the instantaneous flow from Sacy
mento River which would have combined with the Dé

pod control
ical period

ld have oceu

discharge from Feather River would have been essg ir throughout that period. The following tabula-
sets forth for each flood of record, the date of
rrence of the peak discharge, the peak magnitude,
e controlled release, the storage in Oroville Reser-
at the beginning of the flood, the maximum stor-

tially the same either with or without the operatig
of Shasta Reservoir for flood control, Assuming Shag
Reservoir in operation and all flows confined to leveg
project channels, eritical stages equal to or greater t]
those attained in February, 1942, would have resultg
in lower Sutter By-pass during the floods of Marg
1907 ; January, 1909 ; March, 1928; December, 193
February, 1940; March, 1940; and February, 194
Studies indicate levee failures would have ocenrred
1907 and 1909,

A controlled release of 100,000 second-feet frg
Oroville Dam combined with maximum recorded flog
from Yuba and Bear Rivers would produce a pe
flow into Sutter By-pass from Feather River of abo
215,000 second-feet which is about the magnitude g
actual peak flows during the two floods of 1940, Wit
Shasta and Oroville reservoirs in operation during fl
major floods of record, the total peak flows in Sutt
By-pass below the confluence with Feather River woul
have varied from 315,000 to 340,000 second-feet whid
magnitudes are within the limits of safe channel
pacity.

during the

§ a storage
flood of Ja
e allocated

Date of peak
- floar

h 30, 1903 __
ember 14, 1903
ember 21, 1903
uary 16, 1904

Flood Control Operation of Oroville Reservoir

On the basis of detailed analyses set forth in ‘A
ternative Plans for the Control of Floods in Uppé
Sacramento Valley’’ and additional studies made {0
this report it was determined that the maximum floo
control release from Oroville Dam to limit downstred
flows to present safe leveed chanmel capacities wi
100,000 second-feet. It was further determined thé
controlled releases must be limited to 50,000 secont
feet in order to relieve unreclaimed overflow lani
along Feather River from damaging inundation.

Operation studies on Oroville Reservoir were mad
to determine the flood control storage reservation
quired to limit releases, insofar as practicable, to 50!
000 second-feet and in no case to exceed 100,00
second-feet. After several trial studies it was fount
that a reservation of 500,000 acre-feet would accor
plish the desired control with releases limited

ary 3, 1907 _
19, 1907 ___
anary 16, 1909 _
jary 31, 1911 _
G 1911 _

iruary 2, 1915 _
Rl 1915 _____
ary 235, 1917
uary 11, 1919
vember 19, 1920
ary 6, 1925 _
ruary 4, 1926

ary 21, 1927
rch 26, 1028
cember 13, 1929
BB, 1935 _____
uary 15, 1936 _
ruary 21, 1936
tember 11, 1937
Gh 23 1938 __ .
iruary 27, 1940

was more than 400,000 acre-feet, and to 100,000 sed
ond-feet whenever the available storage was less the
400,000 acre-feet. The flood control reservation 0

1 operation would provide regulation for a flood
. an estimated frequency of occurrence of about
in 150 years and give a degree of protection about
1 to that on Sacramento River and Sutter By-pass
th Shasta Reservoir in operation.

nated with irrigation and power studies for the

at the beginning of the flood was that which

olling the flood. -
is desired to point out that the tabulation indi-

is due to the availability of 750,000 H(‘-l_‘e-fﬁ‘et. of
age at the beginning of the flood and limitation
eleases to 50,
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space was reduced to 400,000 acre-feet after which re-
leases were increased to 100,000 second-feet. If avail-
able 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 pre-
seribed 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 prevailing at the time. Operation of
Oroville Reservoir would have made it possible to regu-
late releases to 50,000 second-feet in all but six years of
the 50-year period of record.

operation of Oroville Reservoir was
1903 to 1950. Therefore, the reservoir

rred under operation of Oroville Res-

flood, and the storage utilized in 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 agricultural areas of
the State including not only erop lands but also large
storage, processing and other marketing facilities. The
famous ‘‘ Peach Bowl’’, which in 1947 produced peaches
valued at $10,000,000 representing about 20 percent of

requirement of 555,000 acre-feet for
nuary, 1909, whereas the maximum
to flood control is 500,000 acre-feet.

000 second-feet until available storage

PEAK FLOOD FLOWS AND STORAGE REQUIREMENTS ON
FEATHER RIVER AT OROVILLE

Historieal Controlled Res. storage Max. storage _?l[ﬂ‘r._s_l'orage
peak flow release beg. of flood during flood utilized
1,000 see. ft. 1,000 gee. ft. 1,000 ae. ft. 1,000 ae. fi. 1,000 ac. ft.
99.3 50.0 2,986.0 3.008.4 112.4
"""""""""""""""""" 98,7 50.0 2.757.2 2,883.3 126.1
T AL NN 50.0 20927 3,002.3 6
""""""""""""""" 101.7 50.0 2,894.3 3,011.7

500,000 acre-feet was maintained and used for the col
trol of floods from November 15th to April 1st, afte
which it was progressively reduced to obtain a fu
reservoir on May 1st. The foregoing method of flod

raary 2, 1045
ember 20, 1945
vember 21, 1950

uary 21, 1943 _

112.8 100.0 2.945.6 3,106.1
R 99.8 100.0 3.000.0 3,106.4
g “ESSREEST A, W 109.8 50.0 2,730.5 2,844.2
T o s L 56.0 50.0 3,000.0 3,006.7
“““““““““““““““““““ 81.8 50.0 2,709.8 2,800.3
““““““““““““““““““ 230.0 100.0 3,000.0 3,373.5
embsisiec s maiaTess T 100.0 2,748.9 3,303.9
-------- T L et L6 84.8 50.0 2,702.3 2,749.7
———————————————————————— 69.7 50.0 3,083.3 3,117.9
””””””””””””””””””” 122.0 50.0 2.565.4 27207
S B 64.3 50.0 2,910.9 2,928.5
R R TR e 71.8 50.0 3,000.0 3,023.1
W T U T 52.5 6.3 2,746.0 2,768.7
--------------------------------- 814 81.4 3,500.0 3,500.0
--------------------------- 80.4 50.0 2,908.7 2,960.1 5
”””””””””””””””””” 66.7 50.0 2,720.0 2,730.6 -6
7777777777777777777777 64.0 iy 2,164.9 2,240.9 6.
________ N 66.0 1 1.049.6 1,228.0 -
B e o Yo e i 574 1.1 1,920.6 1,973.7 :
------------------------------ 040 50.0 2.013.0 2,996.3 3.
———————————————————————————— 185.0 100.0 2.958.4 3,191.8 0O
———————————————————————————— 68.8 1.3 1,834.3 T 1,960.8 a0
”””””” Fag o e 58.6 1.3 1,162.9 1,235.8 72,
VPR TYL [y 86.5 1.0 23741 2.430.7 06,
""""""""""""""""""""" 85.4 50.0 28624 2,895.4 33,
""""""""""""""""" 185.4 50.0 2,604.4 3,007.5 3.
“““““““““““““““ 55.0 50.0 3.000.0 3,002.6 2.6
R B e » Tl Dt 132.8 50.0 2,701.8 3,022.2 3204
s, PN PR L R 59.2 50.0 2.963.9 2.967.6 3.7
R A W T R 152.0 100.0 2,986.0 3,140.9 1549
”””””””””””””””” 84.2 50.0 3,000.0 3,062.8 62.8
”””””””””””””””” 63.1 50.0 2,707.9 2,715.6 T
””””””””””””””””” 78.6 50.0 2,979.3 3,006.7 274
.. o Aty 110.0 50.0 3,000.0 3,080.8 80.8
777777777777777 TR NN, . T 50.0 2,853.5 2.946.0 925
""""""""""""""""" 508 50.0 3,000.0 3,003.3 3.3
gy SRR PR g 60.1 50.0 2,954.6 2,9565.5 0.9
R AR Y g 90.9 50.0 3,000.0 3,058.7 58.7
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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 a
small area in Butte County was approximated. Tt is
estimated that more than one-half the entire area is
devoted to the production of irrigated erops, about one-
third of which is planted to deciduous fruits and nuts.
Urban and suburban developments, farmsteads, roads
and utilities oceupy about 20,000 acres and the re-
mainder of the area is dry-farmed or fallow land inter-
spersed with a small amount of waste land.

Yuba City and Marysville, with populations of 7.856
and 7,777 in 1950, respectively, are the prineipal busi-
ness and industrial centers in the area. Gridley, the
next most important community, had a population in
1950 of 3,021. The population of the Feather River
flood plain is estimated at about 50,000.

A survey of the Feather River flood plain was made
to aseertain 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 property
sales for the year 1950 were compared with assessed
valuations from which it was determined that the pres-
ent value of the area subject to inundation from
Feather River is $340,000,000, including all lands, im-
provements, utilities and personal property. This area
is delineated on Plate 3 to which previous reference
has been made. Tt is to be noted that lands along the
westerly side of Sutter By-pass and below the conflu-
ence of Sacramento and Feather rivers are not in-
cluded in the valuation although their flood hazard is
in part attributable to flood flows from the latter stream
and its tributaries. The valuations of the entire area
and of its various geographical subdivisions are listed
in the following tabulation.

Crops.

PRESENT MARKET VALUE OF LANDS, IMPROVEMENTS AND UTILITIES
IN FEATHER RIVER FLOOD PLAIN

=L Bl Market values in dollars

There are no estimates available of damages cangg
by floods prior to 1937. During that year and also
lowing the floods of 1940 and 1942, the Division .
Water Resources and the Corps of Engineers mag
damage surveys of all inundated areas. The est
mated damage directly attributable to Feather Rive
based on costs and prices prevailing at those times we
$931,000 in December, 1937, $300,000 in Februap: &
and Mareh, 1940, and $2,086,000 in February, 19490 =
It was estimated that an additional loss of $874,00)
would have obtained in 1942 ‘if the land had beg
unwatered too late to permit planting of summer el e

During the decade 1940-50 the population of the
affected area increased about 50 percent; farm cosfs
and prices have increased two to three times ; replacs
ment cost of farm and home buildings and persong
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 his
torieal amounts. Tt is believed that growth of the arey
will keep pace with future expansion of the State asi
whole. Continued urbanization in and around Yubs
City and Marysville and more intensive agriculturafs
practices throughout the area are to be antieipated.

Damage which would occur on the area with a recur
rence of floods such as 1907, 1909 or larger, is de
pendent upon the location of levee failures. With the
elimination of the escapeway at Hamilton Bend,
the most critical section now appears to be along the
?ight 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 ereditable to the proposed Oroville Reservoir
it is assumed that levee failure would oceur in the
Gridley vicinity and submerge an area of 130,000 acres
including Reclamation Districts Nos. 777, 803, 823
Levee Districts Nos. 1 and 9, Sutter County ; a portion
of Drainage District No. 1, Butte County; and con
siderable unorganized territory. Included in the ares
are Yuba City and Live Oak; the Southern Pacifi¢
and Sacramento-Northern railroads; U. §. Highway
99E, State Highways 20 and 24 and many miles 0
county roads ; the Sutter-Butte Canal system and many’

iyidual irrigation systems; and 32,000 acres of
ds among a completely developed agricultural
The present value of lands and improvements is
ted to be $157,000,000. About one-third of the
ed area would be subjeet to a relatively short
d of inundation during the passage of the flood
depths probably not averaging more than a few
However, about two-thirds of the area would be
dated for a long period by the pocketing of flood
between Feather River and Sutter By-pass and
nability of such water to drain back into floodways
ason of continuing high stages therein. In Febru-
1942, when the flood receded rapidly and there
no succeeding storms to maintain high stages in
ect channels, the backwater on the upper half
he flooded area in Levee Distriet No. 1 Sutter
ty was not completely drained off until two weeks
the levee failure. Complete unwatering was not
mplished until one month after the break. The
ed location of levee failure with recurrence of
ric floods would result in estimated overbank
arges of 175,000 acre-feet in 1907, 140,000 acre-
in 1909, 60,000 acre-feet in 1937 and 55,000
feet in 1928. A flood with an estimated frequency
occurrence of once in 150 years, which ecould be con-
lled in Oroville Reservoir would, if uncontrolled,
charge even greater quantities over bank and levee
lures would probably oceur at locations other than
the Gridley vicinity.

it is assumed that the cost of Oroville Dam and
rvoir would be amortized over a 50-year period
nonreimbursable features of the project should
‘written off during the same period. Investigation
past trends showed that an average annual increase
market value of more than 4 percent had occurred
thin the area between 1930 and 1950. In arriving
the rate of increase in market value for the 1930-
a0 period, no consideration was given to the ex-
ely low values prevailing during the depression
8. The market values in 1930 were computed by
plying the market-assessed value ratio for the latter
t of the 1920 decade to the 1930 assessed values.
e latter had not yet been affected by the economie
apse although market values had begun to fall.
erefore the computed trend spans, but is not in-
enced by, the extremely low value years.

- The area is now in a relatively mature state of
:&velopment so that anticipated rates of increase, at-
ftributable to technological advances, inflationary in-

Improvements Utiliti . v . .
LENF:)?H?AENP{{() il - waket fﬁﬂﬁnces, increased population and physical plant
0 neut Creek____ 5,560, ey > P sq indieate
g:tD. 1;{\;1 10 anifl 1and; adjacent to Simmerly Slough____________ $5,810,388 $§’%§3’% $%’;g'% fg'gg‘% ;:j; ?tnr;]?éasy 'Ilzﬁeiogi-\zhflt }g:‘isn?;?n ra:fte‘? ﬁdlialt(;d
ity o arysville an i S X ¥ ) 4 ' Y p A (& Y, 11 1 1mg ruture vailua-
g. g ﬁg. I%l e = lgf?g'% %;gﬁg;% 1;.%338 1?3’%?8% ms to be protected by flood control \:01'1{5 and from
e RS e e e 5,120,000 + 5,620,000 740,000 11,480,000 Which a reasonable value of the flood control allocation
RI;T}HE %Ag%l » : ‘% Oroville Dam and Reservoir might be determined,
orth of Gridley an east of Butte Basin 11,610,000 8.3 ; W 8§ ine 1 »
South of Gridley and north of State Highway No. 20__________ 22000 i aoew o elBeen 1950 and 1975 would be onehalf th 1950.1950
nvirons 6,100,000 37,940r o2l /040,0008 i 5
South of State Highway No. 20 and east of Sutter By-pass______ 18,930,000 22,260:% lgﬁggj% ig:g?g:g% Iﬂ;;;%lgz)lt’ orh2lfpe£(lentf I?fr year,d'at ndz Petween 1-9 25
Totals _ o1 —— one-half that of the preceding 25-year period,
$102,200,000 $182,000,000 $55,200,000 $340,400,0000 Or 1 percent per year. On these bases the valuation of
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the gross protected area would be $558,000,000 in 1975
and $715,000,000 in 2000 with corresponding popula-
tions of 82,000 and 105,000. The area along the right
bank 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 historic floods, it is necessary to
determine 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, personal property and
utilities is $21,000,000 and damage was estimated at
$2,086,000, or about 10 percent of the market value.
In March, 1940, there were about 30,000 acres flooded
in Reclamation 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 ex-
cept that a smaller proportion of the land is devoted
to orchards. Market values were comparable and dam-
age amounted to about 9 percent 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 percent of
market values on agricultural lands and to 15 percent
in Yuba City and environs.

In all four of the previously 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 considerable portion of that
community and finally pocket between Sutter By-pass
and Feather River. The area has a present market
value of $157,000,000 of which $57,000,000 is in Yuba
City and its immediate environs. By 1975, the mid-
point of the amortization period if construetion 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 ereditable 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,
whereas 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 percent 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 3 percent,
would indicate an allowable flood control allocation to
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Or‘ovillc Dam and Reservoir of $53,000,000. The fore-
going 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 averace
annual losses would be appreciably inereased. )

In addition to potential damages by levee failure
there is also damage to the unprotected land imme-
diately north of Honcut Creek. Reduced frequeney of
Inundation by eonstruction of Oroville Dam would
create opportunity for improved land use. The flood
plane corresponding to 95.0 feet on the Gridley gage,
which is now exceeded about two times in three V_GHI‘S,
would be exceeded only about once in seven yo;;rs 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 3-'earvs
under present conditions.

The reduction in flow from the Feather River and
its tributaries would materially reduce flood hazard
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and maintenance of, and repair to, levees and othep
flood control works along Feather River and lower Sut.
ter By-pass. The remainder of the Sacramento Rivep
Tlood Control Project below the confluence of Sacra.
mento and Feather Rivers would receive less tangibl
bu't appreciable benefit from Oroville Dam and Resep.
voir, particularly when operated coordinately with
Shasta and Folsom Reservoirs.

The levees protecting the City of Marysville arg
among the strongest and best maintained in the Sae.
ran‘lel_lto River Flood Control Project. However, it ig
coneeivable that failure could oceur in which case the
da‘tmage to the city, which has a present market value
of $105,000,000 and an estimated value for 1975 of BV
$172,000,000, would be tremendous. Furthermore the 8
smal_l amount of storage for flood waters resulting i7 rom
the 11_1111|(lati0n of that community would not provide
sufficient relief to the levees protecting other areas to 0
assure their adequacy during floods such as 1907 and
1909. In the event of a disaster of that nature damaces.
might be considerably larger than herein contemplat:d. AT

¢ agreement between the State Water Resources
and California Central Valleys Flood Control
eiation provides that the cost of works for the
practicable utilization of the water produced by
ather River Project be investigated and sub-
in this report. The projects studied in this
tion and reported upon herein are the Santa
Alameda Diversion Project and the San Joaquin
-Southern California Diversion Project. These
ts would divert water from the channels of the
Joaquin Delta and would serve areas in need of
lemental water to meet deficiencies, both imme-
and ultimate.
has been previously stated in Chapter I of this
that the ultimate water requirements of San
sco Bay area, San Joaquin River Basin, and
h Coastal, Lahontan, and Colorado River Desert
y are far in excess of their available local water
lies. Preliminary studies indicate that Santa Clara
d Alameda Counties, located in the San Franeisco
area, will require ultimately substantial water
lies in addition to the loecal supplies and supplies
ved from importations of the City of San Fran-
from the Tuolumne River, and Kast Bay Munici-
Utility Distriet from the Mokelumne River. For
uth Coastal area, it is presently estimated that a
ly of 2,500,000 acre-feet annually will be required
nately to supplement loecal supplies, importations
he Metropolitan Water District of Southern Cali-
ia of 1,212,000 acre-feet annually from the Colo-
River, and importations by the City of Los An-
of 300,000 acre-feet annually from Owens Valley
Mono Basin. It is further estimated that 2,500,000
feet annually will be needed ultimately to supple-
t the water demands in the Lahontan and Colorado
rt areas in addition to California’s rights to Colo-
River water whieh, in the aggregate, total 5,362.-
acre-feet annually. The west side of the San Joaquin
ey comprising about 1,000,000 acres of irrigable
will require ultimately about 2,000,000 acre-feet
imported water. Therefore, the total amount of addi-
mal imported water needed for Southern California
west side of San Joaquin Valley would be about
0,000 acre-feet annually.
It wag also pointed out in Chapter I that supple-
ental water supplies for the areas of deficient water
ly in the San Joagquin River Basin, San Francisco
Basin, and Southern California to meet their
mate requirements, must come from the areas of
lus in the Sacramento River Basin and the North
stal area which have water supplies in excess of
T ultimate needs.

CHAPTER Il

SACRAMENTO-SAN JOAQUIN DELTA DIVERSION PROJECTS

In studying various plans for importing water from
the areas of surplus to the foregoing areas of deficient
supply, the Division of Water Resources has determined
that the logieal 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 souree of supply and point of diversion has
many practical advantages. 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 its way by gravity to the delta, and
the same is true of surplus water that would be trans-
ferred from the North Coastal area to the Sacramento
River Basin.

The area known as the Saeramento-San Joaguin
Delta is situated in the lowest part of the Central
Valley Basin. In its original state of nature, it con-
sisted of swamp and overflow lands gradually built up
through the ages by accumulations of decayed vegeta-
tion and deposits of silt brought down by the Sacra-
mento and San Joaquin Rivers. These rivers, upon
reaching the delta, spread out into a network of chan-
nels separated by islands in a delta formation, 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 Sac-
ramento 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 aggre-
cate 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 irrigation
in the delta area. A typical 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 cost estimates are presented
herein on that basis.

Concurrently with the preparation of those estimates,
studies were being made of the water yield of the Oro-
ville Reservoir. As previously set forth, it was found
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t the reservoir could be operated so as to make avail-
, in the Sacramento-San Joaquin Delta channels
pxportation of 3,930 second-feet of continuous flow
-ater, amounting to 2,845,000 acre-feet annually, as
pared with the conduit capacity of 6,000 second-feet
seted for the San Joaquin Valley-Southern Cali-
iia Diversion conduit. Since time did not permit a
ed revision of the estimates already in prepara-
g, the estimates for the 6,000 second-feet conduit
presented herein, with disenssion thereon in Chap-
1V, “Financial Analyses.”’

stimates are presented herein for the cost of works
leliver from the delta channels 127,000 acre-feet of
er annually to Santa Clara and Alameda Counties.
s amount of water is much less than will be ulti-
tely needed in those counties for a supplemental
iply and is not to be considered as the amount made
ilable by an initial development. Further investiga-
n would be required to determine the magnitude of
initial project which would be coordinated with an
imate plan. The project presented herein is sub-
ited for the purpose of indicating the engineering
gibility of conveying water from the delta to those
as and the cost thereof.

A large number of samples of water have been taken
m the Sacramento-San Joaquin Delta channels over
eriod of years and analyzed for mineral constituents.
ne of the analyses have been eomplete, and some only
rtial, furnishing data on chlorine, sodium, and total
lids. A sample was taken from Italian Slough on Old
ver in the San Joaquin Delta on September 7, 1950,
d analyzed. Expressed in parts per million, the total
ids were 250 ; ealcium, 44 ; sodium, 55 ; bicarbonate,
6; chloride, 107 ; and sulphate, 52. The water was of
od mineral quality and well suited for domestic and
ricultural uses. Analyses of many other samples taken
‘the delta above the point of incursion of sea water
ow comparable results.

SANTA CLARA-ALAMEDA DIVERSION

The conduit to transport water from the Sacramento-
n Joaquin Delta to Santa Clara and Alameda Coun-
8§ would divert from Old River in the San Joaquin
elta at Ttalian Slough about a mile east of Byron Hot
rings. An aerial view of the delta area in this vicinity
shown on the accompanying photograph. From this
version the water would be lifted by pumping from
a level to an elevation of 722 feet at a tunnel through
e Coast Range near Brushy Peak, approximately two
llles north of Altamont Pass. From this tunnel it
ould be carried in a pressure conduit into Livermore
ey.

At a point about four miles northwest of Livermore,
e conduit would divide into two branches. One branch
iould continue northwesterly to a point about two miles
iesterly of San Ramon, where the conveyed waters
fould discharge through a short tunnel into a proposed
torage reservoir in Crow Canyon. The stored waters
Would serve the central bay shore area of Alameda
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County. The other branch would extend southerly,
serving the south bay shore of Alameda County and the
east side of Santa Clara Valley. 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 aqueduet 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 projeet follow. Typical sections of
the several types of econdnits and dams to which refer-
ence is made are shown on Plate 12.

Italian Slough Channel. The actual source of
water supply is the Old River channel of the San Joa-
quin River, but the diversion point is located on Ttalian
Siough, a tributary channel. Ttalian Slough is a leveed
and maintained channel, presently used by several di-
verters for irrigation supply. Allowance was made in
the study for dredging a length of 15,200 feet of this
slough to carry the nltimate diversion quantity of 365
second-feet in addition 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 eanal 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 is 352 feet. It is proposed to install
three pumping units, one of which would be for “‘stand-
by " purposes. The discharge penstock would be a seven-
foot-diameter reinforced conerete cylinder pipe 2.2
miles in length.

Canal Between Pumping Plants Nos. 1 and 2. The
capacity 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 pipeline 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 seven-foot-diameter rein-
foreed eoncrete eylinder pipe with a length of 2.8 miles,
Its capacity would be 185 second-feet.

Brushy Peak Tunnel. This tunnel would be of
horseshoe 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.
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grushy Peak Tunnel to Doolan Junction. The con-
t in this section would be reinforced concrete eylin-
ipe. It would have a diameter of seven feet for
ance of 1.4 miles from the tunnel outlet to Liver-
Junection, and 6.5 feet for a distance of 6.4 miles
the latter point to Doolan Junetion about four
northwest of Livermore. The capacity of the first
tion. would be 185 second-feet and the latter section
econd-feet.

ameda County Aqueduct. This aqueduct would
miprised of 11.1 miles of five-foot-diameter rein-
concrete cylinder pipe and a 0.6-mile, 6.5-foot
eter, concrete lined tunnel near San Ramon into a
yposed reservoir in Crow Clanyon. The capacity of
ipeline wonld be 78 second-feet and that of the
mel 156 second-feet.

anta Clara County Aqueduct. This aqueduet

d be comprised of 35.8 miles of five-foot-diameter
orced concrete eylinder pipe. The first 22,1 miles
m Doolan Junction to Air Point reservoir junction
uld have a capacity of 78 second-feet, the next 6.2
les would have a capacity of 110 second-feet and
p last 7.5 miles, to Evergreen Reservoir, would have
apacity of 75 second-feet.

SACRAMENTO-SAN JOAQUIN DELTA

servoirs. The Crow Canyon reservoir would be
ed by a rolled earth fill dam 165 feet high and
mld have a storage capacity of 16,000 acre-feet. The
ir Point Reservoir on Arrovo de los Coches would be
rmed by a rolled earth and rock fill dam 250 feet
}1 and would have a capacity of 20,100 acre-feet. The
verereen Reservoir on Silver Creek would be formed
r a rolled earth fill dam and would have a capaecity
6,000 acre-feet,

st of the Project

The estimated costs of the several features of the
anta (lara-Alameda Diversion are based on prices
Lof April, 1951. The cost for each feature includes-
ose of the necessary lands and rights of way. Survey
formation adequate for estimates was available for
e (‘row (lanyon and Air Point Dams and Reservoirs.
s of other features were based on data obtained
m [J. 8. Geological Survey topographic maps. A
nmary of the prineipal unit prices used in the esti-
lates are given in the following tabulation:

UNIT PRICES

ough and intake canal excavation_______  §0.25 per cu. yd.
Ry R S M LR SN T S 0.40 per cu. yd.
Bhal bank compaction__ . _______ 018 per cu, yd.
&m foundation exeavation______________ 0.50-0.75 per cu. yd.
Rbankment - e 0.25-0.85 per eu. yd.
uinnel excavation and lining
oot diemieter ~oo o L oo e oL 168.00  per lin. ft.
5.7 foot diameter_ 187.00  per lin, ft.
T S S et T 35.00 per eu, yd.
inforcing steel in place________________ 015  per pound
Reinforced conerete pipe in place
B to T-foot diameter___.-________.___ 187,000—431,500 per mile

A summary of the estimated costs of the units of
the project, grouped under the types of those units, is
iven in the following tabulation. A more detailed esti-
Mate of cost is included in Appendix D of this report.
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ESTIMATED COST OF SANTA CLARA-
ALAMEDA DIVERSION

Conveyance Units

Talian Blotgh v camemao e o £32,400
Intake Canal ____ 257,200
Canal-P. P, No.1to P. P. No. 2_____ 212,200
Brushy Peak Tunnel ______ 1,411,900
San Ramon Tunnel _____ 537,600

Reinforced concrete pipe_ _ 13,825,100

Subtotal ___ $16,276,400
Pumping Plants
Plants Nos. land 2____ $2,290,000 2,290,000
Reservoirs
Crow Canyon _____ e et $1,628,600
Al Poink e 3,428,400
Evergreen R 504,900
Subtotal _____ 5,561,900

Subtotal—Construction - ________ $24,128,300

Engineering and administration,
2,412,800
3,619,200

904,700

$31,065,000

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 approximately on grade contour
along the west side of the San Joaquin Valley to the
Buena Vista Hills where another pumping plant would
lift the water to elevation 500 feet. Four additional
pumping lifts 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
lifts 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 Fairmont Reservoir on
the Los Angeles Aqueduct. Tt would eross Amargosa
Creelk 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 eourse of the eonduit wounld
then be easterly across the Mojave Desert to the portal
of a three-mile tunnel at elevation about 3,260 feet,
between Mojave 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 following the south slope of the moun-
tains north of San Bernardino and Redlands to a
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ts would lift the water from elevation 1,493.3 to

siphon across the San Gorgonio Pass between Beau- Section Mile 157.6 to 183.5, Capacity 4,200 Seco n
' ' ation 3,375 feet as follows:

mont and Banning. The course of the conduit, mostly feet. The eanal through this seetion would continy

in t ; . .
n tunnels, would then bear southerly along the moun- southeasterly, following the easterly slope of i

Pumping plant
No.

tains east of the o T . -
Luke Henshaw 0; tShE:ng :(iljltllgg I'{\:i_lll?ir‘,re{)e:ssglg abpve Kettleman Hills, and is located in Kings County for ji 11 12:)?; 1 54;%9
: : 3 ran S e . : ) R 493.1 806.4
the headwaters of the San Die;go sl gw:gtoqm;‘g full length. This 25.9-mile section was designed fop gf 2908 - 12 1.806.0 21205
Rivers to a terminus at an elevation of 2 3;;() feetw :ne;‘ capacity of 4,200 second-feet. It would require O S———————- - 1; %i—;‘;;‘ E’ézé}
tributary of the Tia Juana River. The total length of miles of concrete lined canal, seven siphons, 40 drainge b o941 }2 %‘7)3::[‘ 32913
i o, U0 1. b TR

structures, seven farm bridges, 12 county road bridg )

the conduit would be about 567 miles. The route and
three canal checks and four turnouts.

Proﬁ]e of the conduit are shown on Plate 10, which is
in six sheets,

Physical Works

A brief deseription of the physical works of the con-
F'{uit, divided into sections as determined by the carry-
ing capacity follows. Typical sections of the conduit.
to which reference is made in the deseription, are
shown on Plate 13. As indicated on that plate, all eanal
sections would be conerete lined. The U. S. Geological
Surv_ey topographic maps were used in determining the
location of the conduit, but an inspection of the pro-
posed location was made on the ground by the engi-
neers, and the geology along the line was studied and
reported upon by engineering-geologists of the Division
of Water Resources. Data obtained by these geologists
were utilized in determining the location of the con-
duit, the types of materials which would be encoun-
tered during construction and, in some instances, the
type of eonduit to be used.

fhe last pumping plant would discharge into the
tal of a 3.9-mile tunnel which would terminate in a
jutary of Pastoria Creek. This tunnel would be fol-
od immediately by another one 6.6 miles long
pugh the Tehachapi Mountains to terminate in the
ity of Quail Lake. The tunnel section would be
owed by a siphon at Quail Lake under the state
hway from Gorman to Lancaster. At this point water
Id be discharged to Piru Creek, a tributary of the
ata Clara River, or to the Antelope Valley. This
3 mile section was designed for a capacity of 2,500

Section Mile 183.5 to Mile 246.0, Capacity 4,000 Seg
ond-feet. The conduit through this section would
follow along the easterly slope of the Lost Hills, a.n
the northeasterly slope at the base of the Elk Hills .“:-
a general southeasterly direction. The proposed ro;1 ]
turns west at the southeast extremity of the Elk Hi ]
follows the south base of the Elk Hills, erosses the Taff
to Bakersfield U. 8. Highway No. 399 and ecircles g
t¥1e west of Buena Vista Lake area. This 62.5-mile see.
tion was designed for a capacity of 4,000 second-feet figeond-feet. It would include 10.5 miles of concrete
It would require 1 siphon, 141 drainage structures, 42 ed tunnel, 1 siphon, 1 turnout, and 6 pumping
farm bridges, 25 county road bridges, 1 high‘:r » nts.

bridge, 6 canal checks, an )

v e Section Mile 302.4 to Mile 327.0, Capacity 2,000 Sec-
(feet. The conduit beginning at Mile 302.4 fol-
s through the hills to the west of the Antelope Valley
the vicinity of Fairmont Reservoir on the Los An-
les Aqueduct and would be mostly conerete covered
aduit. In the vicinity of the Fairmont Reservoir the
\duit would be about 300 feet above the nornial water

Section Mile 246.0 to 290.6, Capacity 3,500 Second
feet. At Mile 246.0 Pumping Plant No. 6 would li
the water from elevation 350.4 feet to elevation 500 feet.
It would have an initial eapacity of 2,795 second-feet,
From the discharge outlet of Pumping Plant No. 6, the

conduit would follow southwesterly alon
- ssterl; e the base of 3 . :
the Buena Vista Hills to a point about two miles west vl of that reservoir and water could be delivered to

i ! : : . ¥ Angeles Aqueduet.
ot S Ko s ot s SRS T o s g 1 oty o
Sour il e i e inyt h" - lfele_" Ridge. Af.the‘ 000 second-feet. It would include 2.6 miles of concrete
which wor : : RSt gk he following tabulaholn, jed canal, 20.4 miles of concrete covered conduit, 0.6
y one pumping plant 46, oeatlon: t e fioeth i Rl?d would lift the water to a saddle in les of concrete lined tunnel, 12 siphons, 21 drainage
of the present intake n.f the Tracy Pumping Plant of r hudge: ctures, 2 farm bridges, 2 county road bridees, and
the Central Valley Project. The alignment of the canal Mile ffanal check and turnout.

through this section would approximately parallel the o T IS

existing Delta-Mendota Canal on the uphill side from 2120
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 con-
structed canal. At Mile 81.7, Pumping Plant No. 5
would lift the water from elevation 202.8 feet to eleva-
tion 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 erossing Little Panoche Creek, the
route turns to eross the valley floor, the section termi-
nating at the south line of Fresno County.

This 157.6-mile section was designed for a eapacity
of 6,000 second-feet. It would require 156.0 miles of
concrete lined canal, 14 siphons, 191 drainage strue-
tures, 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 0 to Mile 157.6, Capacity 6,000 Second-
feet. A series of four pumping plants would lift the
water from sea level at a point on Old River near
Bethany to elevation 225 feet. An alternative plan
which would bear further investigation is to make the

Elevation in feet
From To

493.2 600.0

599.8  800.0

799.6  1,150.0
1,150.0  1,500.0
The canal would then follow southeasterly along the
southern_ end of the San Joaquin Valley ﬂc;or, crossing
U. 8. Highway No. 99 between Bakersfield and Los
Angeles at a point about one mile north of Grapevine
to the point where Pastoria Creek debouches onto the
val!ey floor. The conduit on this 44.6-mile section was
flemgned for a capacity of 3,500 second-feet. The pump-
ing plants would have initial capacities of 2,550 second-
i‘ieet. The seetion would inelude 43.2 miles of concrete
lined canal, 10 siphons, 97 drainage structures, 31
farm bridges, 7 county road bridges, 4 canal ehéck&
20 turnouts and 5 pumping plants.

Pumping plant
No.

Section Mile 327.0 to Mile 369.6, Capacity 1,500 Sec-
d-feet. The conduit in this seetion would continue
pstly as a covered conerete section, along the hills to
& west of the Antelope Valley and follow along the
rth side of Portal Ridge to a 6,500-foot tunmnel
irough the ridge and then into a siphon across Amar-
sa C'reck. The alignment would then follow along the
mth bank of the creek, being located south of the
an Andreas Rift Zone. The crossing of the fault area
‘made by the Portal Ridge tunnel near its outlet, and
¥ the Amargosa Creek siphon. The proposed route
ontinues southeasterly passing about one-half mile to
e southwest of the Palmdale Reservoir, 475 feet above
le normal water level of that reservoir, and crosses
he Soledad Pass at Vineent. The section ends at the
ad of a siphon across Little Rock Creek. The design
Apacity of this 42.6-mile section is 1,500 second-feet.
1t would include 40.6 miles of concrete covered conduit,
9 miles of concrete lined tunnel, 5 siphons, 46 drain-
ige structures, and 1 turnout.

2B e 10

Section Mile 290.6 to Mile 302.4, Capacity 2,500 Sec-
ond-feet. A short distance up the Pastoria Creek
Canyon on the left side of the canyon is the site for &
proposed series of six pumping plants. The pumping
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Section Mile 369.6 to Mile 428.4, Capacity 1,200 Sec-
ond-feet. From the siphon across Little Rock Creek,
which is located 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 south-
easterly course, crossing U. 8. 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 conduit would
continue southerly to a point near Cedar Springs where
there would be a three-mile tunnel through the San Ber-
nardino 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 is 1,200 second-feet. The conduit would
include 4.0 miles of concrete covered conduit, 46.7 miles
of econcrete lined canal, 6.4 miles of conerete-lined tun-
nel, 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 Sec-
ond-feet. The conduit in this section would be a
series of conerete lined tunnels with a capacity of 1,100
second-feet, along the southwestly slope of the San Ber-
nardino Mountains. The 15.9-mile length is all 15-foot-
diameter conerete lined tunnel, with one turnout.

Section Mile 444.3 to Mile 461.3, Capacity 850 Sec-
ond-feet. The conduit in this section would eontinue
as a series of concrete lined tunnels running in a gen-
eral southeasterly direction, with a siphon crossing at
the Santa Ana River, and would end at a point about
9 miles northeast of Beaumont. This 17.0-mile length
of 850 second-foot eapacity conduit would include 16.9
miles of concrete lined tunnel, 1 siphon and 1 turnout.

Section Mile 461.3 to Mile 480.3, Capacity 800 Sec-
ond-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 con-
duit would then continue southeasterly as a series of
tunnels through the San Jacinto Mountains. This 19-
mile section of 800 second-foot capacity eonduit would
include 12.1 miles of conerete lined tunnel, a 6.9 mile
long siphon and a turnout.

Section Mile 480.3 to Mile 539.8, Capacity 500 Sec-
ond-feet. The conduit would continue southeasterly
to the San Jacinto River, then southwesterly and south-
erly through the mountains into San Diego County as a
series of tunnels. After crossing the San Diego County
line the conduit would be a conerete lined canal section
passing to the north and east of Lake Ilenshaw and
about 250 feet above the normal water surface of that
lake. The proposed route turns southerly opposite
Warner Springs, skirting the Lake Ilenshaw area. This
59 5.mile section of 500-second-foot capacity conduit
would include 29.8 miles of concrete lined canal, 29.1
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miles of concrete lined tunnel, 1 siphon, 47 drainage
structures, 7 farm bridges, 5 county road bridges and a
turnout.

Section Mile 539.8 to Mile 546.2, Capacity 300 Sec-
ond-feet. The conduit in this seetion would run
southeasterly with a short seetion of canal and then
through a series of conerete lined tunnels through the
mountains to the San Diego River. This 6.4-mile length
of the 300-second-foot capacity conduit would inelude
1.9 miles of conerete lined canal, 4.5 miles of conerete
lined tunnel, 4 d rainage struetures, one farm bridge, a
county road bridge, and 1 turnout.

Section Mile 546.2 to Mile 566.6, Capacity 200 Sec-
ond-feet. The conduit would eontinue southerly to
aterminus at Horsethief Canyon, a tributary of Cotton-
wood Creek. The 20.4 miles of 200-second-foot capacity
conduit would be all in conerete lined tunnel and in-
clude turnouts at the Sweetwater River and at the ter-
minus,

The 566.6 miles of conduit from the Sacramento-San
Joaquin Delta to the tributary of Cottonwood Creek
in San Diego County would inelude 368.0 miles of con-
crete lined canal, 65.0 miles of concrete covered con-
duit, 117.6 miles of concrete lined tunnel, 13.4 miles of
siphon, and appurtenant structures as checks, turnouts,
drainage structures, wasteways, bridges and feneing
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 April, 1951. Rights of way have
been included in the estimate for two parallel conduits
of the same size as estimated for the single conduit. Tt
has been considered that rights of way for ultimate
requirements should be purchased under the initial
plan. A summary of the prineipal 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 c.y.
Canal excavation—rock __ 1.50 per c.y.
Oanal trimming—earth ____ - 20to .30 per 8.y.
Canal trimming—rock _________ 1.50 per s.y.
Canal embankment __________ 20 to .25 per ey,
Canal lining—conerete ______ -—-20.00 to 30.00 per e¢.y.

Covered conduit excavation—earth ___ 30 per c.y.
Covered conduit exeavation—rock L 1.50 per c.y.
Covered conduit backfill ___ 25 per ¢.y

Covered conduit conerete ks VL 30,00 per c.y.

Tunnel excavation _______ 18.00 to 85.00 per (N
Tunnel timbering ____ ) 300.00 per M.B.M,
Tunnel lining—conerete ________ — 35.00 per c.y.

Structures
Excavation—eculverts _____ 1.00 per ey,
Excavation—siphons _____ e .75 per ey,

Excavation—bridges ____
Reinforced conerete—culverts _____
Reinforced concrete—siphons __
Reinforced concrete—bridges __ 5
Reinforced concrete—turnouts e
Reinforced concrete—drainage inlets
Timbet—bridges _ . -

1.50 per c.y.
60.00 per c.y.
55.00 per c.y.
65.00 per c.y.
50.00 per c.y.
60.00 per c.y.

300.00 per M.B.M,

Structures—continued
Steel siphons and pumping plant dis-
charge pipes
Miscellaneous steel
Reinforcing steel

ESTIMATED COST—SAN JOAQUIN VALLEY-
SOUTHERN CALIFORNIA DIVERSION—Continued

on IX Devil Canyon to Alder (‘-1"Ppk
- Mile 428.4 to Mile 444.3

85 per b,
~———— 35 to .50 perlh,
I35 per b,

Structural steel R e S 40 per 1h, 1,100 second-feet capacity_______ 46,028,000
Right of way feneing _______ . 1,650.00 per mile ppe s 1

Pumping plants—building and equipment ion X A]d;_ri Lmk% tt[:: I\i‘:ll:j;:;l“;
No. 1 24100kw. (H= 50.5 feet) _ ~-—--$238.00 per kol g,b" snnddhet Tappcity. 29,755,000
No. 2 24000kw. (H= 50.3 feet) — 238,00 per ky e B
No. 3 24,000 kw, (H= 50.3 feet) _______ 238.00 per k h X1 Beaumont to North Fork San
No. 4 35900kw. (H= 752 feet)_______ 176.00 per k Jacinto River "
No. 5 96,000 kw. (H=201.0feet) _______ 117.00 per ky. Mile 461.3 to Mile 480.3 43.968.000
No. 6 53,700 kw. (H=151.3 feet) ______ 134.00 per ey 800 second-feet capacity .. 43,968,
No. 7 34900 kw. (H=107.6 feet) _______ 152.00 per ky. - P fork San Jacinto River to
No. 8 65,000 kw. (H=200.7 feet) _______ 119.00 per k: i Nor “IIIaEk‘r:]}"Ieni::lmw
No. 9 113.800 kw. (H=350.7 feet) .______ 103.00 per kw, Mile 4R80.3 to Mile 539.8 e o
No. 10 113,500 kw, (H=350.3 feet) _______ 103.00 per ky, 500 second-feet capacity._______ 55,189,000
No. 11 97.800 kw. (H=314.1 feet) ______ 108.00 per oy i Sin Dieo River
No. 12 97,900 kw, (H=314.4 feet) ____ — 108.00 per kw, jon X111 Lzlkt‘. H‘;‘_’“hf‘“" to E ‘“’-A{; f‘ .
No. 13 97900 kw. (H=3143 feet) 108.00 per ky. Mile 539.8 to Mile 546.2 5.842 000
No. 14 97,900 kw. (H=314.2 feet) ______ 108.00 per kw: 300 second-feet eapaeity. yOrdsy
No. 15 98,000 kw. (H=314.6 feet) . ____ 108.00 per ky, jon XIV  San Diego River to Iorsethief
No. 16 98,300 kw. (H=3155 feet) _______ 108.00 per ky, 1 Clanyon

Mile 546.2 to Mile 566.6

200 second-feet capacity___ 21,317.000

In making the final plans of the canal, the numbep
and design of the pumping plants may be materially
changed. The pumping unit sizes and lifts selected fop
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 designing, which was not feasible
for this report. The estimated costs of the plants are
believed to he adequate to cover any revised instal-
lation.

Detailed cost estimates of the San Joaquin Valley-
Southern California Diversion by carrying capacity in
second feet, in 14 numbered sections, are included
as Appendix E of thig report. A summary of the
estimated cost by sections I8 given in the following
tabulation ;

$794,509,000

SANTA BARBARA-VENTURA DIVERSION

eonduit route that would serve Santa Bt_lrhara.
itura, and part of San Luis Obispo Counties hle
0 been studied. At a point on the main San .Joaqum
alley-Southern California Diversion Conduit about
2.5 miles from the diversion point in the Sacramento-

ESTIMATED COST—SAN JOAQUIN VALLEY-
SOUTHERN CALIFORNIA DIVERSION

Delta to Fresno-Kings County Line

Mile 0.0 to Mile 157.6

6,000 second-feet capacity_______$128,520,000
Fresno-Kings County Line to Kings- r

Kern County TLine

Mile 157.6 to Mile 183.5

4,200 second-feet capacity_______ 18,057,000
Kings-Kern County Line to Buena

Vista Hills

Mile 183.5 to Mile 246.0

4,000 second-feet capacity ____ — 23,666,000
Buena Vista Hills to Pastoria Cree

Mile 246.0 to Mile 200.6

3,500 second-feet capacity ___
Pastoria Oreek to Quail Lake

Mile 290.6 to Mile 3024

2,500 second-feet capacity_____
Quail Lake to Fairmont Reservojr

Mile 302.4 to Mile 327.0

2,000 second-feet capaeity._____ 54,829,000
Section VIT  Fairmont Reservoir to Little Rock

Creels
Mile 327.0 to Mile 369.6
L1500 second-feet capacity ______ 75,171,000

Section VIIT Little Rock Creek to Devil Canyon '
Mile 369.6 to Mile 428 4
1,200 second-feet capacity ____

Section T

Section 11

Seetion TIT

Section IV

— 80,805,000
Seetion V

161,842,000
Section VI

— 44,430,000

FEATHER RIVER PROJECT

43

San Joaquin Delta, and about four miles uortlu_-jast of
Maricopa, a series of 17 pumping plants woul.tl lift th(
water from elevation 497 feet in the {;uud.ult_.j‘a(-rm.s
the Maricopa Flat, to elevation 3,0(;") feet in Cienega
Canyon in a distance of about 12.3 miles. A eanal would
be,rr'i‘n at the top of the pump lifts and run to I'hevsmu‘rh
of U. 8. Highway 399 to the east side of Cuyama al‘ley.
It would then follow the east side of the valley, just
to the east of Highway 399, to Mile 334 near the
mouth of Quatal Canyon, a tributary of t‘hv (,u_\'u'ma
River, near the Santa Barbara-\-'entu_ra County ln_Je.
At this point a series of four pump 1_1ffs would raise
the water to elevation 3,500 feet, w1t‘]1 the vmlth.ll‘T
between the lifts being parallel and adjacent to U. S.
Highway 399 up the Cuyama River. The t.'on(hl:t‘ would
continue along the east side of the (‘_uyama Rl\'m"tu
Mile 41.9 where it would cross the highway ajn(l (.u-
vama River in a siphon to the portal of an a?.l mile
tunnel which would terminate in La(:osca Lree;*k, a
tributary of Mono Creek, which runs into the Santa
Ynez River above Gibraltar Rosm.'vuir. A tunnel starf.~
ing at the terminus of the 8.1 mile tunnel at Lac(.){;efl
Creek, and extending southeas.tt_nrl_\' for seven mi Ps:
would deliver water into Matilija Creeck, a t‘mbutar_\
of the Ventura River. With additional :-oudl}]‘(s water
could be delivered to parts of the Cuyama Valley not
served enroute by the conduits, .
The route and profile of this diversion are shown on

Plate 11.




FINANCIAL

In order to evaluate the financial feasibility of the
Feather River Project as a single unit and also in
conjunction with the Sacramento-San Joaquin Delta
Diversion Projects, several financial analyses have been
prepared and are presented in this chapter. The an-
alyses are made utilizing capital costs previously set
forth in Chapter ITI of this report. Certain costs are
considered as the interest either of the Federal or State
Governments and are shown as nonreimbursable. The
annual costs include interest, repayment, replacements,
operation and maintenance, insurance and general ex-
pense. Each analysis is made on the basis of 2 percent
and 3 percent interest. The same interest rate is carried
through the items of repayment and depreciation.

It is to be noted that these analyses are based upon
the assumption that the entire electric power and water
output would be sold at the outset of the project opera-
tion at the prices set forth in the several analyses.
Therefore, these analyses must be considered of a
preliminary nature and only indicative of financial
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 Project—\With certain costs nonreimburs-
able.

Feather River Project and Santa Clara-Alameda Diver-
sion,

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

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

Feather River Project, Santa Clara-Alameda Diversion,
and San Joaquin Valley Diversion to mile 246.0, with
cost of excess capacity of San Joaquin Valley conduit
alloeated to deferred use and repayment.

e B B

<

CAPITAL COSTS

The estimated capital costs of the several features
considered in 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 o e 794,500,000
Total cost___________ e R vt $1,270,387,000

NONREIMBURSABLE COSTS

‘With the exception of Analysis No. 1, it has been
assumed in the other analyses that the Federal Govern-
ment would contribute to the Feather River Project
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CHAPTER IV

g per kilowatt of installed capacity thereby in-
v the cost of power to pumping plants 1, 2, 3,
5, to 7.4 mills per kilowatt hour.

basis of the cost of power for pumping for
s Nos. 6 through 16 as used in this report is the
ration of the power by a modern steam-electrie
t and a transmission system to the 11 plants to be
od. In this connection three locations for the steam-
ric plant and transmission system where investi-
1. Two of the possibilities studied were alternate
Hons on the shore of the Pacific Ocean, one near
mo with a transmission line up the Cuyama River
oy and over the divide to the San Joaguin Valley to
yicinity of Maricopa and then to the pumping
ts; the other a location in the Ventura-Point
meme area with two possible transmission routes
le pumping plants. A field inspection of the two
te routes from the ocean and analysis of costs
olved indicated that the better route was Oceano
umping plants. The locations of Oceano steam-
fric plant and transmission system are shown on
e 15. The capital cost of this plant and the trans-
jon system is shown in the following table.

ANALYSES

without reimbursement the sum of $50,000,000 in j
terest of flood control since the Oroville Reservgj
would be operated to control floods on the Feath
River resulting in substantial benefits to lands ang
communities along that river. There is a well estah,
!ished federal poliey for federal financial participatioy
in projects of this character.

Also, with the exception of Analysis No. 1, it ha
been assumed in the other analyses that the State of
California would eontribute to the Feather River Proj
ect, 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 appes
that such finaneial participation would be justified in

accord with the policies set forth in Chapter 1514,
Statutes of 1945,

ELECTRIC POWER REVENUE FROM
FEATHER RIVER PROJECT

The power revenue from the project is considered
as being derived from the sale of the project output
as commereial 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 switehyard, it being approxi-

'OST OF OCEANO STEAM-ELECTRIC PLANT AND
TRANSMISSION SYSTEM TO SAN JOAQUIN
VALLEY PUMPING PLANTS
Steam-Electric Plant and Step-up Substation
l cost, 1,178,200 Kw. at $160__ $188,500,000

Transmission System
ers and fixtures

_ bgle circuit, 9.2 miles at $18,140____________ $167,000
mateil.v at load center of Northern California, will be puble circuit, 335.5 miles at $27,190__________ 9,122,000
7 mills per kwh. This is somewhat les luctors and devices
sobb fp st s b t less than the present WEE P cuit, 9.2 miles at $6,870_____________ 59,000
08t of power delivered by the power company now le circuit, 835.5 miles at $12,740________ 4,274.000
serving the area from either the hydro or steam plants ors and hardware g .66
that it has recentl ngle circuit, 9.2 miles at $1,130_____________ !
Gomcedeligis ouble circuit, 335.5 miles at $2,260__________ 758,000
COST OF POW 'wire, grounds and ha;dwnre 17,000
ER FO e circuit, 9.2 milesat $1,880__ i
R PUMPING ouble circuit, 335.5_n_1iles at $1.880 ... - 631,000
The power for pumping at the Santa Clara-Alameda gircuit breaker positions, 14 at $156,200 2,187,000
diversi & A break switch positions, 13 at $36,800_________ 478,000
iversion pumping plants and at pumping plants 1, it of way and clearing_____________________ 2,217,000
2, 3, 4, and 5 of the San Joaquin Valley-Southern : 7
California diversion will be transmitted from the Subtotal __ $19,920,000
Bethany S“‘ltehyard of the Feather River Project.' fineering and administration, 10 percent______ £1,992,000
Cost of power at any of the aforementioned pumping Btingencies, 15 percent___ 2,:‘)8-‘;,000
plant.s is considered to be 7 mills, the commercial rate est during construction_____ [ 374,000
meﬂt1911ed above plllS the cost of transmission to the "Motal cost transmission system_____________ $25,274,000
pumping plants, or 7.2 mills per kwh. for delivered _ ey
energy. cost steam-electric plant and trans-
’ . S — $213,774,000

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 ap-
pearing subsequently in the report, this assumption is
replaced by a varying month to month irrigation de-
mand. Under the latter, power amounts required in
summer months are much in excess of amounts in
winter months. This results in less annunal kilowatt

Having decided on the best location for a steam-
fetric plant on the ocean shore and a transmission line
ite to the pumping plants, there remains the com-
rison of that scheme with an inland steam-electric
1t and transmission system. The location of the
d plant was taken at pumping plant No. 7 near
heeler Ridge. The steam plant condenser cooling
ater would be taken from the canal. The anual costs of
i the two power sources have been set forth on a unit
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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. Fewh.
Pump and motor availability factor______ at 959, 1.05 8,760
System losses and unaccounted for energy_at 15% 1.24 10,350
Power plant availability factor_____ ____ at 85% 1.46 10,350

Steam Plant Cost

Current steam plant cost is estimated at $160 per !(W. includ-
ing stepup transformers but excluding transmission hne.‘
Production economy is assumed at 630 kwh. per bbl, oil.

Annual Expense
Percent
2 percent 3 percent
Fixed charges

Copt of THONBY ..o cvaraanassmaam = 2.00 3.00
IREDPANCE v oo s s ot i 30 .30
REDIBAMMBIEN, . oo s e 8.12 274
Amortization ____ 1.18 - .89
TPolale: - s e 860 6.93
Operating expenses
Steam plant O and M including general expense.______ $5.00
Stepup transformers O and M including general expense_ 45
Subtotal e e e SRR $5.4§
Standby fuel 0.5 bbl. at $1.70 perbbl.______ .85
MAERL oo s e e e $6.30
Steam-electric unit annual expense
2 percent 3 percent
Power plant and stepup transformers
fixed expense ______________________ $lﬁ.4(_) $1§.2('}
O and M including general expense______ 7.9:_1 1.9::
Standby el oeo oo e e 85 85
Total __ $24.20 $25.00

Fuel oil inerement (630 kwh./bbl. $1.70 oil at plant connection)
Fuel cost to furnish one kwh. to pump motors 1.18 X §1.70
=+ 630 = 3.2 mills.

Cost of Power at Generation to Furnish
Pumping Requirements
PR Mills per kwh.
2 percent 3 percent
Fixed and operating expense

(8,760 kwh./¥1.) - :2."1"(3 2.86
Fuel increment .. ——— 3.20 3.20
Total at generation ___ 5.96 6.06

Clost oF POWER DELIVERED
Mills per kwh.
2 percent 3 percent

i X
Produetion —— e e 3.96 6.06
Transmission ——————ce—— R — 20 21

5100, | G = — =~ T~ ez G160 6.27

INLAND STEAM-ELECTRIC PLANT BASIS

Production Requirement

kw. kwh.
Pump and motor availability factor______ at959% 1.05 8.7130
System losses and unaccounted for energy_at 19% 117 9,220
Power plant availability factor_ - at85% 1.38 9,750

Steam Plant Cost

Current steam plant cost is estimated at $1§0 per !iW. includ-
ing stepup transformers but excluding transmission line. .
Production economy is assumed at 510 kwh. per bbl. of oil.
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Annual Expense

Percent
9 " o
Fised charges 2 percent 3 percent
Cost of money__ = I 2 :
Tretmind ol o T R R, B
Replacements ____ L J}ll” "l."-L
Amortisgtion .. s Se il ST __:::7 1‘1§ ...&q
Wothle Sassie ooe. Wooladia Slng oo 6.60 6.93

Operating expenses
o
f_-:twl m plant Q and M including general expense____ £5.00
Stepup transformers O and M including general expense _ 45

Sabfotal 5 X S0 el To0eS, o $5.45
Standby fuel 0.5 bbl. at $1.90 per bbl._____________ " ga
TOCAL cemaddlonmppn 2o Fh e S0 AT 5, 86,40

2 percent 3 pere

: ) 2 S cent

Steam-electric unit annual expense 2
Power plant and stepup transformers

fixed expense ___

C i - $14.50 $15.30
O and M ineluding general expen 7.50 y 7!50
Standby fuel __ 95 95

Total .. .. S e $22.95 $23.75

Fuel oil in(‘]'onlopt (510 kwh./bbl. $1.80 oil plus 10¢/bbl. freight)
Fuel cost to furnish one kwh. to pump motors 1.11 % $1.90
~+ 510 = 4.15 mills, '

Cost of Power at Generation to Furnish

Pumping Requirements
Mills per kwh.

3 Y 2 percent 3 percent
Fixed and operating expenses

(8,760 kwh./yr.) __________ APy V) 2.71
Kol dnerement. o 0 T SRS 1 | ;_15
Total at generation _______ R 6.86

Cost orF POWER DELIVERED
Mills per kwh.
2 percent 3 percent

Epad ekt iancha, (oL TN e SRR R 6.77 6.86
EEEASOHNRION £t e e W PR aa gl X Seeily) 02 02
e 1 OISR . SO SR - 8.79 6.88

It will be noted that the Oceano Steam-electric plant
and transmission system basis gives the lowest 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 percent
mterest rates for each analysis. The same rate is used
for interest, repayment, and for sinking fund rate for
replacements. Annual charges include interest. repay-
ment, replacements, operation and maintenance, insur-
an-e and general expense. The following tabulation lists
the Fases for annual charges.

Interest—2 and 3 percent.

Repayment—350 years on 2 and 3 percent sinking fund basis,
Replacements—on 2 and 3 percent sinking fund basis.

Item Life in years
T T = R R N e LN L e e i 100
Gates, valves and steelpipe.._ .~ b0
Canal lining and structures ________ —_ )
Covered concrete conduit _.__ _ S 1

Ttem Life in yeq :
Pypndlee i e o 2o L 100
Conmeretepipe © o~ . o _

e p ——— ——— T —— - N
Transmission lines :

Bsbsbiben i 00, ST T ]
Pompingplant. s - ;.. ’_':U
Hydroelectric power plant 50

Operation and Maintenance
Dam and reservoir

First 25,000 acre-feet at $0.12 per acre-foot
I\IPH 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
Canals

023 per acre-foot

]ii].t(:‘(l —.005 times eapital cost
Unlined—.01 times capital cost

Covered conduit

Tintiels } 0025 times eapital cost

Pumping plants

Nos. 1, 2, and 3 2
e srmmEr ez e kw
Nos. 4 and 7 ! ol

,,,,,,,,,,,,,,,,,,,,,,, - 1.50 per ky

70 per ky
= .95 per ky
.85 per by

No. 8

Transmission line

230 kv.—1 single and 1 double cirenit, $370 per mile
Hydroclectric power plants
440,000 kw. at $1.75
25,000 kw. at 3.50
Substations
239 kv. at 2‘3 percent of capital cost plus $15,000
115 kv, at 2.3 percent of capital cost plus  £9,000
Insurance
Hydroelectrie plant {0012 times eapital cost
[ I‘umpmg 1.)1:mt it = 0012 times eapital cos
']q‘ransm.mslou I 0012 times capital cost
Substations - 0012 times capital cost

General Expense
Dam and reservoir
Diversion conduits |
Hydroelectric plants
P'umping plants
Other electrie facilities, .0032 times capital cost

L0032 times eapital cost

} L0032 times capital cost

FINANCIAL ANALYSIS No. 1A

This analysis includes the Feather River Projec
whose capital cost has been estimated as follows :

Oroville Dam and Reservoir ____ 342 626,000
Oroville Power Blamt .. . = = ¥ ::1‘26";{(}:]0

—— 14,146,000
17,124,000
A 2,610,000
3,798,000

e $444,813,000

The assumption made in this analysis is that all the
:ffl}mve costs would bear interest and be repaid in falk
The annual charges as estimated on the bases previous!f
set forth are as follows :

Interest rate

Ttem 2 percent 3 percent

Interest _

A S $8,806,400  $13,344.300
Repayment ____ 5,248,800 3,945,500
Replacements 1,995,700 1,299,900
Operation and maintenance ___ 1,469,500 1:;6.;)‘500
TAKONRHOD wooedeeae., - 111,200 111,200
General expenge ._____ 1,423,400 1,423,400

Total annual cost ____ ———— $19,145,000 $21,503,800
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olds
preads

. $8,535,000
tiver
+and
o 622,000
ation

11,690,000

_____ $20,847,000

inner

ARGES

terest rate

t 3 percent
)W) £20,84 7,600
10 21,594,000

10 —=
$747,000

1e assumptions
5, with the use

s a surplus of
ercent interest
rs.

. 1B

as included in
» however, that

ervoir

311,000

10,000,000

Surplus

sis No, 1B

in the interest
wuld contribute

ost of the project to the extent of paying the cost

lands and improvements flooded, reloca-

and cost of Las Plumas Power Plant, an amount
926.000. The sum of the nonreimbursable items
ted from the total cost results in a total reim-
sable cost of $307,887,000. The annual costs as esti-
ed on the basis previously set forth are as follows:

Interest rate
2 percent 3 percent

$6,157,900 $9,236,500
3,633,100 2,731,000
1,995,700 1,299,900
ation and maintenance__ _ 1,469,500 1,469,500
rance __________________ 111,200 111,200
eral expense _____________ 1,423,400 1,423,400
Total annual cost_____ $14,790,800 £16,271,600
REVENUES
2,845,000 acre-feet delivered to delta at $1_____ $2,845,000

acre-feet delivered to Feather River
service area, includes new water and
amount to firm prior rights, at §1____
kilowatt hours at terminal station at

o

A 5 | NS S

= $14.,846,000

311,000
11,690,000

otallsis 5 i

REVENUES LESS ANNUAL CHARGES

Interest rate
2 percent 3 percent

venues _ . _______ —— $14,846,000 $14,846,000
Annual charges 14,791,000 16,272,000
____________________ 855,000 e

T e . o £1,426,000

This analysis indicates that all annual charges could
be met with a slight surplus at the 2 percent rate and
with a deficit of $1,426,000 at the 3 percent rate. With
the rate for water inereased in both classifications as
set forth above to $1.50 per. acre-foot the surplus at
the 2 percent rate becomes $1,633,000 and at the 3 per-
cent rate becomes $152,000 rather than the deficit
shown above.

FINANCIAL ANALYSIS No. 2

This analysis includes the Santa Clara-Alameda Di-
version 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 12-month
continuous pumping schedule to utilize 127,000 acre-
feet of water from the Sacramento-San Joaquin Delta
are as tollows:

Capital cost $£31,065,000

Annual Charges
Interest rate
2 percent 3 percent

Ihitemdf e e = e o £621,300 $£031,900
Repayment ____________ — 366,600 275,500
Roplacotieitsl oo v oo oo : 156,500 96,300
Operation and maintenance___ 130,100 130,100
Power charges
123,200,000 kwh. at $0.0072 887,000 887,000
Insurance 3,500 3,000
General expense s 99,400 99,400
Total annual cost__________ $2,264,400 $2,423,700
UNIT COST OF WATER
Analysis No, TA Assumptions
127,000 acre-feet at $3________ $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________ $127,000 £127.000
Total cost of water___________ 2,391,400 2,550,700
Tnit 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 nonreimbursable funds
the unit-cost of water delivered to terminal storagce
points of the plan would be $20.83 per acre-foot with
interest at 2 percent and $22.08 per acre-foot with
interest at 3 percent. Under assumptions of Analysis
No. 1B with certain nonreimbursable 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 pereent interest rate and $20.08 per aere-foot at
the 3 percent rate. The unit cost would be inereased
50 cents per acre-foot over the latter ficures if cost of
water pumped from the delta would be $1.50 per
aere-foot.




Annual Expense

Tixed charges

2 percent 3 percent

FEATHER RIVER PROJECT

Ttem h
Percent Tunnels

Concrete pipe
Transmission line

;?1(1,,:1:1";):12»”119"-777“_!” ,,,,,,,,,,,,,, — 2,00 3.00 Substation _____
T ——— 812 2 Hrdoit
Kenoxtiztion - I e i Hydroclectrie pow’gepopr ExTRAS
. Operation and Main
BERIE sy s s 6.60 6.93 Dam and reservoi
Olfrﬂtiug expenses ’Téimt EEgm
Steam plant O and M includine general ex 351 st i OOq
te - ( ] g g expense_______ $5.00 Vex
Stepup transformers O and M including general expense _ 45 Q’(ﬁl:: 2 388,388
o g o ) ’
Subtotal ___ 5.45 C J
1 Be A 2o ¥ n il i 341 3 Byt f e e o s Janals
Standby fuel 0.5 bbl. at $1.90 per bbl____ T RN ’ .!).": Lined —.005 ti
o S e St e P Unlined—.01 ti
SRR b Covered conduit ) \
‘ . 2 percent 3 perce Ty Is
Eteilm—eln(-tmc unit annual expense sk Tt s I
I ower plant and stepup transformers Fumpging plents
2 fnu-d expense ... ____. T A Nos. 1,2, and 3__.
D and M including general expense_____ .50 Nos. 4 and 7____.
TR e A e 05 Nos. 5, 9,10, 11, 15

Noug oo =S
Total _______ e i £22.95 $93.75 No.8 ]
Fuel oil increment (510 kwh./bbl. $1.80 oil plus 10¢/bbl. freight) Transmission line

Fuel cost to furnish one kwh. to pump motors 1.11 x $1.90

=+ 510 = 4.15 mills.

Cost of Power at Generation to Furnish

Pumping Requirements

Fixed and operating expenses
(8,760 kwh./yr.) _________
Fuel increment _

Total at generation

CosT 0F POWER DELIVERED

Produetion __
R
ransmission _

Total

2 percent 3 percent

Mills per kwh.
2 percent 3 percent

230 kv.—1 single 4
Hydroeleetrie power
440,000 kw. at $1.7
25,000 kw. at 3.5
Substations

Mills per kwh. 230 kv. at 2.3 percer

i(lig z’;z Insurance
LI 5 5 [
) Hydroelectrie plant
T 6.86 ~ Pumping plant

Transmission lines _
= 5
Substations

General Expense

[ F— BESSEELL

115 kv. at 2.3 perce indery Slip-Serials 21-75m-6,'57 (06958s54)

_______________ - .0012 times capital eos
,,,,,,,,,,,,,,,,,,,,, 0012 times capital eost
—— 0012 times capital cost
S 0012 times capital cod

T \ o Yam and reservoir

67 6.86 ]_. Crvoir 00 I .

,,0_“2 109 Divardon einn } 0032 times capital cost
sl Hydroelectrie plants 8 .

G‘_Tﬂ_ o Priniping plstits 0032 times eapital cost

Other electrie facilities, .0032 times capital cost

It will be noted that the Oceano Steam-electrie plant

and transmission system basis gives the lowest 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 percent
terest rates for each analysis. The same rate is used
for interest, repayment, and for sinking fund rate for
replacements. Annual charges inelude interest. repay-
ment, replacements, operation and maintenancé. insur-
an- e and general expense. The following tabulation lists

the Fases for annual charges.

Oroville Dam and Reservoir.
Oroville Power Plant

Oroville Afterbay and Power Plant
Oroville Transmission Line
Terminal Switchyard ____
Delta Cross-Channel __

I R

set forth are as follows :

FINANCIAL ANALYSIS No. 1A

) i
This analysis includes the Feather River Project
whose capital cost has been estimated as follows :

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

3,798,000

- $444.813,000

The assumption made in this analysis is that all the
above costs would bear interest and be repaid in full:
The ‘. OraQ 3 $q .

'he annual charges as estimated on the bases previous!y

Interest rate

Interest—2 and 3 percent. Ltom 2 percent
1,(011:1_\'menr—~:':(i vears on 2 and 3 percent sinking fund basis. ROEemeRt et L $8,896,400
Replacements—on 2 and 3 percent sinking fund basis. Repayment ____ 5,248 800
Ttem Nk Replacements ___ __ 1.995 1;00
L Life ;:)(iﬂ ars (I)pot‘ﬁtiou and maintenance __ J.4t-3!-).fi()()
: T e - surance ____ : £
(?-'HPN‘ valves and steel pipe_______ a 50 Gnt.n:;.r:l“:‘]wmp _____ i L 1}.]""1““
Canal lining and structures 50 P T LT R 1,423,400
‘overed rote ¢ 3 A . Ty ST
Covered concrete conduit ____ ___ aea 200 Total annual cost $19,145,000
L s S1004E

3 percent
$13,344,300
3,945,500
1,299,900
1,469,500
111,200
1,423,400

$21,593,800

000 acre-feet delivered to Delta at $3 ____  §8,535,000
000 acre-feet delivered to Feather River
Service area includes new water and

amount to firm prior rights at $2 _____ 622,000
000 kilowatt hours at terminal substation

T G s 13 - e 11,690,000
venue $20,847,000

mes __________ $20,847,000

o analysis indicates that under the assumptions
all anmual charges would be met, with the use
2 percent interest rate, as well as a surplus of
2000 and with the use of a 3 percent interest
an annual deficit of $747,000 occurs.

o

Ttem 2 percent

#@yment s __ 3,633,100

acre-feet delivered to IFeather River
service area, includes new water and
amount to firm prior rights, at $1____ 311,000
kilowatt hours at terminal station at
A VL U e 11,690,000

REVENUES LESS ANNUAL CHARGES

evenues . ______ $14,846,000
nnual charges

FEATHER RIVER PROJECT

REVENUES

shown above.

REVENUES LESS ANNUAL CHARGES

Interest rate
2 percent 3 percent
$20,847,000

19,145,000 21,594,000

$1,702,000 =
= $747,000

FINANCIAL ANALYSIS No. 2

This analysis ineludes the Santa Clara-Alameda Di-
version 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
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This analysis indicates that all annual charges could
be met with a slight surplus at the 2 percent rate and
with a deficit of $1,426,000 at the 3 percent rate. With
the rate for water inereased in both elassifications as
set forth above to $1.50 per. acre-foot the surplus at
the 2 percent rate becomes $1,633,000 and at the 3 per-
cent rate becomes $152,000 rather than the defieit

Santa Clara-Alameda Diversion under a 12-month

FINANCIAL ANALYSIS No. 1B

his analysis includes the same items as included in Interest
lysis No. 1. The assumption is made however, that
000,000 would be nonreimbursable in the interest
od control and that the State would contribute
st of the project to the extent of paying the cost
servoir lands and improvements flooded, reloca-
and cost of Las Plumas Power Plant, an amount
$86,926,000. The sum of the nonreimbursable items
tracted from the total cost results in a total reim-
le cost of $307,887,000. The annual costs as esti-
ed on the basis previously set forth are as follows:

Interest rate

3 percent
$6,157,900 £9,236,500
2,731,000

Annunal Charges

Replacements .
Operation and maintenance ___
Power charges

123,200,000 kwh. at $0.0072
Insurance _____
General expense

Total annual cost________

UNIT COST OF WATER

Analysis No. 1A Assumptions
127,000 acre-feet at $3
Total cost of water

Unit cost per acre-foot______

Analysis No. 1B Assumptions
127,000 acre-feet at $1________

Unit cost per acre-foot______

continuous pumping schedule to utilize 127,000 acre-
feet of water from the Sacramento-San Joaquin Delta
are as follows:

Capital cost__________________________________ $31,065,000

Interest rate

2 percent

3 percent

£621,300 £931,900
366,600 275,500
156,500 96,300
130,100 130,104)
887,000 887.000
3,500 3,000
99,400 99,400
$2,264,400 $2,423,700
$381,000 381,000
2,645,400 2,804,700
20.83 292,08
$127.000 $127.000
2,301,400 2,550,700
18.83 20.08
190,500 190,500
2,454,900 2,614,200
19.33 20.58

The analysis indicates that under the assumptions

L1 | = N P, $14.846,000

Interest rate
2 percent 3 percent

$£14,846,000

14,791,000 16,272,000

BT pINs: e e $55,000 -
,,,,,,,,,,,,,,,,,, o 81,426,000 acre-foot.

,,,,,,,,,,,,,,,, 1,995,700 1,299,900 2 !
eration and maintenance 1,469,500 1,469,500 Total cost of water-
__________________ 111,200 111,200

eral expense _____________ 1,423.400 1,423,400 127,000 acre-feet at $1.50

fotal annual cost-__.______ $14,790,800 $16,271,500 Totel rost:of water
TUnit cost per acre-foot
REVENUES
acre-feet delivered to delta at $1___  $2,845,000

of Analysis No. 1A without any nonreimbursable 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 percent and $22.08 per acre-foot with
interest at 3 percent. Under assumptions of Analysis
No. 1B with certain nonreimbursable 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 percent interest rate and $20.08 per acre-foot at
the 3 percent rate, The unit cost wounld be increased
50 cents per acre-foot over the latter fieures if cost of
water pumped from the delta would be $1.50 per
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FINANCIAL ANALYSIS No. 3

This analysis includes the Feather River Project, the
Santa Cl{ira-Alameda Diversion, and the San Joat’luin
Valley Diversion to mile 246.0, at Buena Vista Hills,
The capital costs are hérewith recapitulated :

Oroville Dam and Reservoir__
Croville. Power: DPlatnt = . . $342,626,000

Orovi.].le Afterbay and Power P]an;::: _____ ﬁ,?gg,ﬁ()ﬂ
Orr;vﬂle Transmission Line and & 2
erminal Switchyard ___________
Delta Cross Channel__________g,,_:::::_ lg’;gg,%
Santa Clal:a-Alameda Diversion____________ 31’065’000
San Joaquin Valley Diversion______________ 190:561:000
Total =
Nonreimbursable costs ____________________ $$gg,3gg'%
————— ¥ ¥
Bepayahilaisost wy S i fenas, o0 L0 I8 $529,513,000

In thi.f;, analysis 127,000 acre-feet (on a continuous
flow basis) would be furnished to Santa Clara and
A!ameda Counties and 2,000,000 acre-feet to Fresno
K_mgs and Kern Counties, utilizing a water suppl);
without deficiency from the Sacramento-San Joaquin
Delta on the following irrigation demand :

Percent Percent
October ___________ 5.0 April _____ 11.0
November _________ 3.0 N 12.0
December .. ______ 3.0 June ______::: ____ 14'0
Janmery .. 4.0 July ________u,#:“: 14.0
February __________ 4.0 August ——_________ 120
Mawoh oo 8.0 September _________ 10.0

The assumptions are made that $50,000,000 would
be nonreimbursable in the interests of flood control
and.that the State would contribute to the cost of the
project the cost of reservoir lands and improvements
ggg,cg;% , 3(1)161- relocation of utilities in the amount of

.The annual costs as estimated on the bases as pre-
viously set forth are as follows:
Item

P 2 percent 3 percent
TETRORE, LS sl SR e $10,590,300 $15,885,
Repayientsi o~ ol S A o 6,248,300 § 4%@6%
Replacements —_______________ 8398100 2246400
Operation and maintenance_____ 2‘427,4-00 2'227'400
Power charges Rl e
Santa Clara-Alameda Diversion
123,2200,300 kilowatt hours
BERONNS el o 88
San Joaquin Valley Diversion i e
1,152,?00,000 kilowatt hours
at ST o 52
IRRNPANAG = nab et oL L S 4 8'2]0(83,28(0) 8’3(2)3‘28
General expense —_____________  2132)600 2,132,600
Total annual eost ... .. $34,418,700 $37,010,600

The annual revenues from sale of po
wer and wat
would be as follows: : e

REVENUES

311,000 acre feef: to Feather River Service
Area includes new water and amount

to firm prior rights at $1_______
127,000 acre-feet to Santa Clara-Alameda Di- o
version at $20__ 2,540,000

2,000,000 acre-feet to San Joaqu_in Valley at

= ORI i T h 23,000,000
1,670,000,000 kilowatt hours at Terminal Substa- ¥

tion at 7 mills ~ 11,690,000

o IS SN L S $37,541,000

FEATHER RIVER PROJECT

REVENUES LESS ANNUAL CHARGES 45,000 acre-feet to San Joaguin Valley at

Interest rate $10 e 9,450,000
2 percent 3 percas 78,000 acre-feet to Southern California at
R e e e e $37,541,000  $37.541¢ j $50 i T 88,650,000
Armwal charges oo . 34,418,700 37'0, 00,000 kilowatt hours at Terminal Substa-
g i T R i tion at Tmills__ 11,690,000
NSRS 3,122 e —_—
3 e el $112,641,000

The analysis indicates that under the assumptj 7
made all annual charges would have been met with
surplus of $3,122,300 on the 2 percent basis and wj

REVENUES LESS ANNUAL CHARGES

Interest rate

a surplus of $530,400 on the 3 percent rate, 2 percent 3 pereent
______________________ $£112,641,000 $112,641,000
FINANCIAL ANALYSIS No. 4 Beharges - 108,774,800 114,539,400
This analysis includes the Feather River Projes oo WSO 08,400

the: Santa Clara-Alameda Diversion and the San Jo
quin Valley-Southern California Diversion. |

Th ‘ : : g
lated.e capital costs included are herewith recapity

Oroville Dam and Reservoir
Oroville Power Plant_________________
Oroville Afterbay and Power Plant________
Oroville Transmission Line and -
Terminal Switchyard
Delta Cross Channel _______________
S.nuta Clara-Alameda Diversion 7
San Joaquin Valley-Southern
California Diversion

e analysis indicates that under the assumptions
, all annual charges would have been met and a
lus available on the 2 percent rate of $3,866,200
a deficit of $1,898,400 at the 3 percent rate.

$342,626,000
64,509,000
b FINANCIAL ANALYSIS No. 5

his analysis includes the same features as analysis
8 Oroville Dam and Reservoir, Oroville Power
t Oroville Afterbay and Power Plant, Oroville
dsmission Line and Terminal Switchyard, Delta
s Channel, Santa Clara-Alameda Diversion, and
Joaquin Valley Diversion, with a total estimated
of $666,439,000.

this analysis, 127,000 acre-feet on a continuous
‘basis would be furnished for Santa Clara-Alameda
srsion and 2,000,000 acre-feet to Fresno, Kings,
Kern counties on an irrigation demand basis pre-
sly set forth in Financial Analysis No. 3, and
out deficiency in supply.

he assumptions are made that $50,000,000 would
onreimbursable in the interests of flood control;
 the State would contribute to the project to the

19,734,000
3,798,000
31,065,000

i T e s R R $1,270,387,000
136,926,000

HopoayahieseoRt oy . . $1,133,461,000

The. assumption is made that $50,000,000 would b
nonreimbursable in the interests of flood control and
that the State would contribute towards the projed
to eiteixilt gf the cost of reservoir lands and improve
ments flooded and relocation of utilities 0
$86,926,000. v B

:The annual costs as estimated on the basis as pre
viously set forth are as follows:

Interest rate

Item 2 A x
Tolitoit LGNy - 522.‘;2::};; Q; 4”(;'(';;‘?;0 nt of the cost of reservoir ‘lands and improvements
lgeD?rment _________________ 13.374.900  10.053.800 ded and the relocations involved, an amount of
it e R 6,363,500 4,114,900 1926,000, and that the excess capacity of the conduit
peration and maintenance___ 4,531,200 4531200 i - N .
Power charges 2 IS veen the inlet and its terminus would be a deferred
Snntsaioglara-uameda Diver- b assumed initially by the State until such excess
123,200,000 kilowatt hours )¢ eity would become of use \'vhen it would be charged
at$00072 ____________ 887,000 887,000 he water users. The allocation of the eanal cost to be
B ef:%‘;}?or:i:llﬁﬁﬁ"“_ﬂ" luded is based on the proportional initial use of the
I'S . . . .
1,566,700,000 kilowatt i - to its design capacity, a ratio of .78. A summary
hours at $0.0072_______ 11,28 92 the cost to be borne by the water users on the above
7,069,100,000 kilowatt AR 112045 Bmption is as fOlIOWS“
hours at $0.0063_______ 44,535,300 44.535.300 i P "
énsurance __________________ 1,068,100 1,068,100 Droville Dam and Reservoir (Repayable cost) -$205,700,000
eneral expense _____________ 4,065,200 4,065,200 roville Power Plant - 64,509,000
T oville Afterbay and Power Plant____ 14,146,000
'otal annual cost__________ $108,774,800 $114,539,400 ‘ville Transmission Line and Terminal
) Bwitchyard — oo 19,734,000
) The annual revenues from the sale of power and ¥ Delta Cross Channel 3798000
water would be as follows: Bnta Clara-Alameda Diversion ————————————— 31,065,000

-. Joaquin Valley Diversion Pumping plants 6.478.000
Total cost) - 10.4TE;
REVENUES Conduit (.78 times total cost) -~ 88,985,000
311,000 acre-fget to Feather River Service
Area includes new water and amount
to firm prior rightsat $1____________
127,000 aqre-feet to Santa Clara - Alameda
Diversion at $20

Total cost to water users_ $504,415,000
$311,000

The annual costs as estimated on the bases previously
2,540,000°

L forth are as follows:
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Interest rate
Item 2 percent 3 percent
INEETASE oo i st $10,088,300 $15,132,400
Repayment ___ 5,952,100 4,474,200
Replacements 3,398,100 2,246,400
Operation and maintenance__. 2,427,400 2,427,400
Power charges
Santa Clara-Alameda Diver-
sion
123,200,000 kwh. at
L1 g R SRS 887,000 887,000
San Joaquin Valley Diver-
sion
1,152,500,000 kwh. at
00T e 8,528,500 8,528,500
TIETANeE), s esars e 206,500 206,500
General expense ___ . __ 2,132,600 2,132,600
Total cost _ $33,620,500 £36,035,000

The annual revenues from sale of power and water
would be as follows:

REVENUES

211,000 acre-feet delivered to Feather River
Yervice Area includes new water and

amount to firm prior rightsat $1____ $311,000
127,000 acre-feet to Santa Clara-Alameda
Diversion at $20__ 2,540,000
2,000,000 acre-feet to San Joaquin Valley
at$ll o s 22,000,000
1,670,000,000 kilowatt hours at Terminal Sub-
station at Tmills__ 11,690,000
i v ) T S S S e SO = $£36,541,000

REVENUES LESS ANNUAL CHARGES

Interest rate

2 percent 3 percent
T b S S AN $36,541,000 £36,5741,000
Annual charges __ 33,620,500 36,035,000
Borplis e e i $2,920,500 $506,000

The analysis indicates that under the assumption
made all annual charges would have been met with a
surplus of $2,920,500 on the 2 percent interest rate
basis and $506,000 on the 3 percent interest rate basis.

In the foregoing Analyses Nos. 2, 3, 4, and 5, the
assumed nonreimbursable items, totaling $136,926,000,
have been deducted from the total capital cost in each
instance. If these analyses were made without deduect-
ing the nonreimbursable amount, the unit cost of water
in each analysis would be increased about $1.50 per
acre-foot.

FINANCING

The agreement between 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 Association,
provides for the ‘‘possibilities of financing thereof (the
project) through a contribution of Federal funds for
the portion of the cost of the project properly allo-
cated to flood control and state or local financing of the
balance of the cost.”’

It is apparent from a study of the foregoing analyses
that the Feather River Project alone (Analysis No.
1A) would be financially feasible without federal or
state contribution to the cost of the project if the water
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and power could be sold at the outset in the estimated
amounts produced and at the respective rates as-
;}1‘1.11:121 in t'.h'e aa:&tl}:sis. I‘n the r(.amaining analyses, the
“eather .]{1\ er Project, in combination with the diver-
sion projects from the Sacramento-San Joaquin Delta
does not appear financially feasible without suhstantiai
cnnt'rlbutmns from Federal and State Governments in
the mt(lﬂrost of flood control and water developme t f
state-wide conecern, Sl
.The_ Federal Government would be justified in con
tl‘lbflfﬂlg substantial sums to the Oroville Reservoir in-
the interest of flood control, Also, it would appear that
th.r* State <.)f California could contribute to thf* Feather
River Project in the interest of flood control and water
dewlppnwnt which would be of state interest am{ Te-
sult in state-wide benefits, Contributions have been
made by the State, through legislative enactments both
on federally anthorized flood control projects dll 11
cally financed water development pr-njeet.s.' d <d
_In conm_-c'tiou with the financing of the Feather
Rl\-‘(*;’ Project and associated Santa Clara-Alameda
and‘.‘ﬂ'an J-oaquin Valley-Southern California T;ivc'rs-ion
Projects, it is believed desirable for consideration t;n be

FEATHER RIVER PROJECT

given b\ the counties or agencies therein benefiteg
])art'.mlpzlte in the financing of the construetion .“
])I‘O,]E('tfi by eontributing funds to the capital t
the project in an amount which would acquire 4

nent water right to a definit ;
y efinite amount of wate 4 )
from. Such water would be distributed 'md‘ ::tt‘glr | following conclusions and recommendations are
. « ad 5
the county or agency securing a permanent l.;g : itted in response to the agreement dated February
the use of the water i bet he State Water Resources Board, the
: er in suc b LAl ; etween the State Water Resources Board, the
mined by the county or ag(.,l:e?.mm" T as may be def ornia Central Valleys Flood Control Association,
he Department of Public Works of the State of

In c'e.l'tmn cases electric power could be Produg . : J
economically in substantial amounts followine rece ot Seragh R gy oo te e
£ = CCg]

n}t. the water by a county or ageney, as for exampla
I_‘n'u Creek, a tributary of Santa Clara River; at :
Canyon, a tributary of the Santa Ana Hi\'er'- and
the Nprtll Fork of San Jacinto River. In these t'l%ﬂ
('(Jll!l‘lblltiﬂg county or agency would have lﬂm‘;) "
tunity to develop and dispose of such electric m
1ts own financial advantage. Further, it is bel il;-\-ed"
s'u'ahl(: to explore the possibility and feasibilit -.
h.nancmg any or all of the projects presented hey'
either b\ revenue bonds, general obligation hnnds
a .mmbumtton thereof, and by cooperative ﬂuan l'
with connties and loeal agencies as discussed above,

CONCLUSIONS AND

.

CONCLUSIONS

There is an immediate and urgent need for flopd
ol measures to be provided on the Feather I{i\'m"tﬂ
pately protect communities and highly improved
i Butte, Sutter, Yuba, Yolo, and Sacramento
ties.

ere is an immediate need for supplemental
supplies in Santa Clara and Alameda Counties;
e west side of the San Joaguin Valley in Merced,
po, Kings, and Kern Counties ; and in certain areas
i of the Tehachapi Mountains in Ventura, Los An-
, Kern, San Bernardino, Orange, Riverside, and
Diego Counties.

‘The Feather River Project and associated Santa
g-Alameda, and San Joaquin Valley-Southern Cali-
ia Diversion Projects would meet the foregoing
Is for flood control and supplemental water as set
h in this report.

L The Feather River Projeet and associated Santa
pa-Alameda and San Joaguin Valley-Southern Cali-
ia Diversion Projects as set forth in this report are
ible of construction from an engineering stand-

CHAPTER V

RECOMMENDATIONS

5. The Feather River Project and associated Santa
(lara-Alameda and San Joaquin Valley-Southern Cali-
fornia Diversion Projects constitute the most practi-
cable and economic means of providing flood protection
to areas along the Feather River and furnishing supple-
mental water supplies to Santa Clara, “‘Alameda, the -
lands of the west side of the San Joaquin Valley in
Merced, Fresno, Kings, and Kern Counties, and to the
counties south of the Tehachapi Mountains.

" 6. The Feather River Project and associated Santa
(lara-Alameda and San Joaquin Valley-Southern Cali-
fornia Diversion Projects are not financially feasible on
the basis of revenue derived from water charges and
the sale of electric power at the rates assumed in the
report unless the Federal and State Governments con-
tribute to the cost of the projects funds in substantial
amounts in the interest of flood control and water de-
velopment on the basis of state-wide concern.

7. The counties and local areas benefited by the
project eould participate financially in the project.

RECOMMENDATIONS

1. It is recommended that the Feather River Project
and associated Santa Clara-Alameda and San Joaquin
Valley-Southern (‘alifornia Diversion Projects be
adopted as features of the California Water Plan.

2. It is recommended that consideration be given to
the enactment of legislation that may be necessary to
implement the foregoing recommendation.

(]




APPENDIX A

AGREEMENT BETWEEN STATE WATER RESOURCES BOARD,
THE CALIFORNIA CENTRAL VALLEYS FLOOD CONTROL
ASSOCIATION, AND THE DEPARTMENT OF PUBLIC WORKS




AGREEMENT, executed in quintuplicate, as of
ry 1, 1951, by and between the State Water Re-
Board, hereinafter referred to as the ‘‘Board ’’;
ifornia Central Vallevs Flood Control Associa-
reinafter referred to as the *‘ Association’’; and
partment of Public Works of the State of (ali-
acting through the agency of the State Engi-
ereinafter referred to as the ‘State Engineer’’:

WITNESSETH

as, the State Engineer, following several
pf investigation, recommended in a report to the
ture of 1931 (Bulletin No. 25), the construction
am and reservoir on the Feather River in the
v of Oroville in the County of Butte, as a unit
State Water Plan; and
REAS, in 1949 the District Engineer of the Corps
rineers, Sacramento Distriet, Department of the
the Acting Regional Director of Region IT, T, S.
n of Reclamation, Department of Interior, and
ate Engineer, agreed on the need of a proposed
eservoir and appurtenant works on the Feather
for the purpose of properly controlling its flood
s and conserving and utilizing such waters for
¢ial purposes ; and also agreed on a site approxi-
1 miles upstream from the City of Oroville
ng best suited from topographical, engineering
racticable standpoints, and recommended further
s be directed toward the formulation of plans for
mstruction of said dam, reservoir, and appur-
i works for flood control, irrigation, electrie
* production and other benefits, and recommended
tudies be made of the finaneial feasibility of said
Bt ; and
IEREAS, in connection with authorized studies in
wmulation of The California Water Plan, the
Engineer has made limited additional investiga-
studies, surveys and estimates of costs relating
e engineering and financial feasibility of said
lle project and has acecumulated certain maps,
, information, data and records in relation
0 ; and
HEREAS, by The State Water Resources Act of 1945,
dended, the Board is authorized to make investiga-
, studies, surveys, prepare plans and estimates,
Make recommendations to the Legislature in regard
iter development projeets; and
HEREAS, the Assoeiation desires and hereby re-
s the Board to prepare an interim report, utilizing
able data, on the nature and extent of the works
ired for the Oroville project on the Feather River
e County of Butte, for the storage, conservation,
eyance and utilization of waters thereot for bene-
L purposes, including flood control, irrigation and
I purposes, and the production and transmission
ectric power ; the cost of such project and of works
lired for the widest practicable coordinated utili-
n of project water and electriec power ; and inelud-
the engineering feasibility of said project and the
ibilities of financing thereof throngh a contribu-
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tion of federal funds for the portion of the cost thereof
properly allocated to flood eontrol, and state or local
financing of the balance of the cost; and

Witereas, the Association has agreed to make funds
available to meet the cost of preparing said interim
report ; namely, the sum of Seven Thousand Five Iun-
dred ($7,500) Dollars;

Now THEREFORE, in consideration of the premises and
of the several promises to be faithfully performed by
each as hereinafter set forth, the Board, the Associa-
tion, and the State Engineer do hereby mutually agree
as follows :

ARTICLE T-—-WORK TO BE PERFORMED

The work to be performed under this agreement
shall consist of an interim report, utilizing available
data, on:

(a) The nature and extent of the project works re-
quired 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 control, irrigation and other
purposes, and the produetion and transmission of elec-
triec power ;

(b) The cost of such projeet works and all canals,
conduits, transmission lines and other works required
for the widest practicable coordinated utilization of
project water and electriec power available therefrom ;

(¢) The engineering feasibility of said project and
the possibilities of finaneing thereof through a con-
tribution of Federal funds for the portion of the cost
of the project properly allocated to flood control, and
state or loeal financing of the balance of the cost.

The Board by this agreement authorizes and directs
the State Engineer to prepare said interim report for
the Association.

During the progress of said investigation and report
all maps, plans, information, data and records pertain-
ing thereto which are in the possession of any party
hereto shall be made fully available to any other party
for the due and proper accomplishment of the purposes
and objects hereof,

The work under this agreement shall be diligently
prosecuted with the objective of completion of the
interim report on or before June 1, 1951, or as nearly
thereafter as possible.

ARTICLE ITI—FUNDS

The Association npon execution by it of this agree-
ment, shall transmit to the State Engineer the sum of
Seven Thousand Five Hundred ($7,500) Dollars for
deposit, subject to the approval of the Director of Fi-
nance, into the Water Resources Revolving Fund in
the State Treasury, for expenditure by the State Enei-
neer in performance of the work provided for in this
agreement.

The Board and the State Engineer shall under no
cirecumstances be obligated to expend for or on account
of the work provided for under this agreement any
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amount in excess of the sum of Seven Thousand
Five Hundred ($7,500) Dollars as made available
hereunder.

Upon completion of the work provided for in this
agreement, the State Engineer shall furnish to the
Board and to the Association a statement of all expen-
ditures made under this agreement, together with
copies of the interim report, and such compilations of
data as may have been collected hereunder. Any residue
of the funds deposited pursuant to this article remain-

Approved as to form and procedure :
(s) V.L.DIEPENBROCK
Attorney, California Central Valleys Flood
Control Association

Approved as to form and procedure :
(s) Roeert E. ReED
Attorney for Department of Public Works

Approved as to form and procedure :
(s) Hexry HOLSINGER
Attorney for Division of Water Resources

APPROVED :

(s) JamesS. DEaN
Director of Finance

ing unexpended and unobligated upon completiq
the work provided for herein shall be returneq ¢,
Association, '

Notwithstanding anything herein contained 5
contrary, this agreement may be terminated ang,
provisions of this agreement may be altered, chay,
or amended, by mutual consent of the parties hep

IN WITNESS WHEREOF, the parties hereto }
executed this agreement as of the date first hep
written. !

CALIFORNIA CENTRAL VALLEYS FLOOD
CONTROL ASSOCIATION

By (s) Jomn M. LurHER, Mgr.

STATE WATER RESOURCES BOARD

By (s) C.A.GrrrirH
Chairman

DEPARTMENT OF PUBLIC WORKS
STATE OF CALIFORNIA
(s) C.H.PurceLL (Seal)
Director of Public Works

Deputy Director

(s) A.D.EpmoNsTON
State Engineer

APPENDIX B
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OPERATION STUDIES OROVILLE RESERVOIR
1921-1947, by Months
Operation in Coordination with Sacramento-San Joaquin Delta Diversion Projects Operation Primarily for Power
Releases from reservoir—1,000 acre-feet
Inflow
to Reservoir Power gen- Reservoir
reservoir storage Net re- | Requirement| eration Electric storage Release Electric
on HEvaporation | quirement to yield and waste energy on first | Evaporation from energy
first for a supply through output of reservoir output
of month Feather of 3,930 flood Total month
River second- control
service feet in outlets 1,000,000 1,000,000
1,000 1,000 1,000 area delta and over kilowait- 1,000 1,000 1,000 kilowatt-
acre-feet acre-feet acre-feet spillway hours acre-feet acre-feet acre-feet hours
2} 3) ) (5) 8) o) (8) 9 (10) an (12) (13)
754.3 2,539.1 410.0 410.0 242 .4 2,808.5 652.8 242 .4
537.3 2,883 .4 420.7 420.7 218.4 3,000.0 537.3 218.4
820.5 3,000.0 = 819.8 826.5 234.6 3,000.0 829.5 234.8
687.9 3,000.0 4.5 .Y Yossswibanses 199.3 244 .4 152.7 3,000.0 4.5 302.8 242.7
788.4 3,439.0 6.7 B e 582.4 720.7 254.8 3,290.6 6.5 572.5 254.8
390.1 3,500.0 8.0 139.8 | ___ 287.4 427.2 271.4 3,600.0 8.0 427.5 271.4
172.5 3,454.9 9.6 145.6 24.0 298.2 467.8 291.5 3,454.6 9.5 468.0 291.5
114.6 3,150.0 8.4 119.4 130.3 233.9 483.6 201.8 3,149.6 8.4 247 .8 152.5
98.3 2,772.6 6.0 48.6 165.3 196.3 410.2 239.9 3,008.0 6.3 187.5 114.2
99.3 2,454.7 4.2 1.9 34.1 60.1 94.2 54.4 2,912.5 4.7 160.1 6.8
97.2 2,455.6 2.8 e N 60.6 60.6 35.1 2,847.0 3.1 147.8 88.8
186.8 24804 S AU |- S — 137.1 137.1 79.8 2,703:3  fesooooie S 166.2 99.7
4,766.2 [|---n-ooeee 50.2 631.0 353.7 4,705.8 4,706.0 2,366.8 AR B 51.0 4,789.8 2,307.8
179.7 2,539.1 61.0 61.0 35.9 2,813.9 156.9 94.3
372.0 2,657.8 275.4 275.4 163.0 2,836.7 275.2 166.4
429.9 2,754.4 174.6 184.3 111.4 2,933.5 363.4 221.1
816.1 3,000.0 327.5 472.6 231.8 3,000.0 4.5 350.3 242.7
1,458.5 3,439.0 1,252.5 1,390.8 254.8 3,421.3 6.7 1373.1 254.8
646.9 3,500.0 499.1 638.9 271.4 3,500.0 8.0 638.9 271.4
163.6 3,500.0 320.2 4658 291.5 3,500.0 9.8 465.5 201.5
106.8 3,188.3 364.1 183.5 201.8 3,188.5 8.5 278.8 172.1
83.3 2,803.2 171.2 435.8 254.0 3,008.0 6.3 187.4 114.2
101.3 2,454.7 96.2 96.2 55,6 2,907.6 4.7 160.2 96.8
140.7 2,455.6 60.4 60.4 35.1 2,844.0 3.1 147.4 88.8
371.6 2,533.1 365.6 365.6 211.2 28342 oo 307.3 185.0
4880.4 |- 50.1 631.0 216.0 3,067.8 4,830.3 22075 oo 51.4 4,744 .4 2,199.1
300.3 2,539.1 175.7 175.7 103.2 BME | e 270.2 163.8
196.1 2,663.7 105.4 105.4 62.6 29286 |.___--__ e 191.2 116.0
204.7 2844 et " 39.4 491 29.8 2933.5 |ooooo--- O 228.2 139.3
554.3 3,000.0 4.5 45.1 65.7 110.8 69.4 3,000,0 4.5 375.3 230.8
374.6 3,439.0 6.7 138.8 oL 215.4 353.7 224.7 3,174.5 6.5 208.6 130.7
179.2 3,453.2 7.9 b | R 219.7 359.5 226.9 3,334.0 7.8 233.8 147.0
116.4 3,265.0 9.2 145.6 282.3 (U] 427.9 263.6 3271.8 9.2 239.7 140.4
105.6 2,944.3 8.0 119.4 288.5 0 407.9 2431 3,139.1 8.4 242.8 149.2
94.8 2,634.0 5.8 48.6 237.1 0 285.7 165.5 2,993.5 6.3 187.5 114.2
104.6 2,437.3 4.2 ~—1.9 106.8 D 106.8 1.1 2,804.5 4.7 160.3 96.8
97.1 2,430.9 2.8 —13.6 2.8 58.0 60.8 35.1 2,834.1 3.1 148.0 88.8
92.7 2,464.4 E N A NT—— 73.9 73.9 42.9 27801 | 167.5 99.7
L A A | SR SR 49.1 631.0 917.5 953.2 2,517.2 1,527.9  floocoeeeo = 50.5 2,653.1 1,625.7
99.1 2,483.2 33.2 61.8 35.9 Fi 1 Y I 159.3 094.3
230.9 2,520.5 49.2 49.2 20.0 26461 |- Sy 138.2 81.9
03.0 2,702.2 9.7 0 118.4 70.2 b 7 T 143.6 85.3
126.1 2,676.8 4. 45.1 0 323.3 188.3 2,687.2 4.2 163.0 96.3
76,1 2,475.5 5.4 138.3 0 379.9 214.2 2,646.1 5.7 177.6 104.1
52.3 2,166.3 5.8 139.8 0 373.6 201.7 2,538.9 6.5 228.0 131.3
53.4 1,839.2 6.3 145.6 0 387.2 198.0 2,356.7 7.3 266.6 149.4
58.7 1,499.1 5.0 119.4 0 380.5 179.5 2,136.2 6.4 274.9 149.2
59.3 1,172.3 3.3 48.6 0 337.9 148.8 1,913.6 4.6 216.5 114.2
93.0 890.4 2.1 =1.8 0 136.5 56.0 1,751.8 3.3 187.2 96.8
124.9 844.8 1.3 —13.6 85.5 83.5 35.1 1,654.3 241 174.0 88.8
134.4 o R T S S o N e’ 1 I 103.5 103.5 42.9 1,603.1 e s 197.5 99.7
) 1 G S P —— 33.3 631.0 1,819.4 271.4 2,737.3 1,300.6  |l---ooee 40.1 2,326.4 1,291.3
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OPERATION STUDIES OROVILLE RESERVOIR

OPERATION STUDIES OROVILLE RESERVOIR
1921-1947, by Months

1921-1947, by Months

Operation in Coordination with Sacramento-San Joaquin Delta Diversion Projects Operation Primarily for Power Operation in Coordination with Sacramento-San Joaquin Delta Diversion Projects Operation Primarily for Power
! | l
Releases from reservoir—1,000 aere-feet Releases from reservoir—1,000 acre-feet |
dYBM . Inflow T = |
and mont| to Reservoir Power gen- oi " . Power gen- | Reservoir
TR Slotage = : Net re- | Requirement| eration Electric R;?;:;; ' Release in?:w Iztiﬁl'a;(:r Net re- Requirement|  eration | | Electric storage | RF“‘E-‘!E Electric
; Evaporation | quirement to yield and waste energy on first Evaporation from reservoir on Evaporation | quirement to yield and waste | energy on first Evaporation irom. energy
‘ first for a supply through output of reservois ) first - for asupply | through output of reservoir output
of month Feather of 3,930 flood Total month 3 1 of month Feather | of3930 | flood |  Total month
River s;_econd— control River second- ‘ cantrol. | - 1,000,000
X service eet in outlets 1,000,000 service Feet in outlets 1,000,0 [ 1000,
1,000 1,000 1,006 area delta and over kilowatt- 1,000 1,000 1,000 1,000 1,000 1,000 area delta and over kilowatt- 1,000 1,000 1,000 | kilowatt-
| ) acre-feet acn?-feet acre-feet spillway hours acre-feet acre-feet a,crleﬁfm arr.n-feet acre-feet acre-fect spillway hours n.ore-feel | acre-feet acre-feet | hours
' @ @) @ (3 (6 ) ® ) a0) an (12) @ @) (4 5) 0) ki) ® () an | am | a3
‘ IME—— | E——— R e Y [N S — - e IHEp—
| - !
‘ 145.7 B2 8 el Al 841 35.0 1.540.0 it ] { {302 T T | 592 3.3 62,5 | 35.9 26047 || 150.4 94.3
649.2 i | TSN 61.3 20.0 tae19 | 157 i 1901 79 | oo 19.9 9.9 29.0 2,655.5 138.2 81.9
2998 | 15633 [T & Al b 540 B et 36.5 46.2 274 || 2,707 4 by e
i 134.0 1,810.1 3.2 68.6 37.9 g0 | 85 | s 249.3 5.9 112.6 0 187.7 112.9 2,838.0 : 150.3 96.3
331.5 2,172.3 4.9 138.3 78.0 23803 5.3 180.3 2018 2 191.7 i 330.0 197.8 29246 6.1 170.4 104.1
161.2 | 2360.6 6.2 139.8 7.7 (| 2535.0 6.5 Fogi 1167 0 5.1 | 0 354.9 200.7 | 304200 7.4 2149 | 1313
109.6 |l 2,875.8 7.5 387.2 216.0 || 24627 7.6 261.9 120.0 A 282.5 | 0 428.1 | 2H.E || 2.067.2 81 | 1l 149.8
102.9 2,000.7 6.4 354.7 190.3 2:302:8 67 2070 136.1 Fa 7.1 0 436.5 | 2302 2.831.5 7.9 260.2 1.19.51
s | ms | oo | | e |ws | s | mmd )
________ £ 658, ' 81.1 41.8 2,020.3 3.6 178. 132.2 3 162.8 2.8 85. 2,640. . ot =3
November______ 115.8 1,677.9 2.1 i 0.4 ¥ 129.5 0 120.5 87.4 2,603.3 | 2.9 151.7 88.8
December..____ 132.0 L7240 | ggjf 3;'; {’ggg‘g &4 :g;g : . 1 3 ol el | 784 78.4 2.9 | 220 | 408.0 21.8
S R A W39, i | D i i | NSNS ENNS - T
Totala--...| 2.087.8 |l___....... 38.0 631.0 779.5 363.5 1,789.5 9546 | 0.6 23—5;? , ] 2 660.8 168.1 2,500.6 1,463.6 R 7.6 2,399.3 1,433 .4
| 142.9 ST N PR 88.0 68, 3 . g 5 208 o 61.8 618 | 35.0 I R — 258.9 157.0
' &ig.6 LOSBB. 52.7 52,? 23;3‘ i?ﬁ?ﬁ """""" }1;«5 Soa s 204.2 204.2 120.8 20286 .| 3384 204.9
335.7 i ol N 37.4 7.1 a7.4 91869 1517 591.3 9754 4 269.0 278.7 168.3 LI, S N —— 1457.8 234.6
730.7 || 2624.3 .1 15.9 61.0 3.2 || 23702 3.8 1634 502.8 || 3.000.0 142 59.3 372 | 3000.0 5 323.8 196.6
252.8 3,289.9 6.5 3.8 237.8 149.5 2,033.7 6.1 170.5 3335 34200 0 312.6 199.0 3.174.5 6.5 167.5 104.1
4.5 || 3,208.4 7.1 0 02,4 28.9 || 2.009.0 7.3 2159 1533 || 353 0 334.6 213 || 33340 7.8 208.9 131:8
114.1 3,002.8 8.7 0 4193 251.6 2001 2 5% i i85 39050 i 426.2 262.7 3,271.6 9.2 2394 149.4
1125 | 2.688.9 7.8 0 106.1 285.4 || 2757.9 7.7 252.3 nrs || 2mi70 0 4188 298 | 31413 8.4 242.7 149.2
1518 2,387.7 5.4 0 329.9 184.0 2,610 4 5.7 195.6 131.6 2638.8 J i 309.9 180.1 3,008.0 8.3 187.0 14.2
November éggﬁ il - : ] 120.8 67.1 2,520.4 4.2 167.3 145.5 2454.7 2 0 140.4 81.1 2.046.3 1.7 150.2 96.8
November....._.|  396.5 2,144.5 2.6 —13.6 61.8 61.8 35.1 2,454.5 2.8 151.7 147.5 2,455.6 2.8 | 650 0 5.0 37.7 2,627.9 3.2 146.3 88.8
Gt 259.6 2476.6 197.1 197.1 114.4 26065 | ’ .o 136.9 2.535.2 iy s 0 133.1 77.6 20250 Lo W3 | 997
Tofalnocoo SRR Moo 436.7 2,404.0 L .. 61 | 23149 20317 e | 9.2 631.0 1,548 519.2 2,744.6 1661.5 ... 508 2,801.2 1,726.6
2,539.1 190.3 190.3 111.7 2.78 = 539.1 61.0 61.0 35.9 b 155.5 94.3
2,663.7 805.4 805 4 218.4 || 20390 B s e I Sy 18.8 188 200 || 2086 || 1 81.9
3,000.0 - . 661.5 671.2 234.6 || 3,000.0 71,2 205.0 2,751.1 23.4 15.4 27.4 PEC 0 S ——— 139.5 85.3
3,000.0 4.5 45, 330.9 376.0 234.2 3,000.0 45 3603 es 2.915.0 P 0 301.2 180.6 3,000.0 | 4.5 157.5 96.3
3,430.0 6.7 138.3 382.8 521.1 2548 || 3,424.9 6.7 507.0 1025 | 2733.0 5 0 3933 2206 | 29616 6.2 171.4 104.1
3,500.0 8.0 130.8 289.6 1420.4 2714 || 350000 8.0 12000 76.9 || 2446 1 6. i 37658 220 || 2@ | T2 218.9 1313
3,334.9 9.2 145.6 186.4 474.7 201.5 3,334.3 0.4 313 8 7.8 2130.7 - 0 105.3 217.8 2,737.3 8.1 | 253.8 | 1494
2,981.2 &l 119.4 241.8 87.5 448.5 266.7 3,141.3 9.4 245 3 3.5 1.805.2 5.7 119.4 205.3 0 4147 210.4 2554.2 | 7.4 | 2590 | 1402
2,638.8 5.8 48.6 233.8 3.3 285.7 166.1 3,004.8 6.3 187 4 #7.5 1458.3 | 3.8 18,6 280.7 0 338.3 159,2 2,360.3 5.3 202.3 4.2
2,454.7 4.2 —1.9 35.5 72.6 108.1 62.4 || 20185 47 159.7 735 L183.7 2.5 1.9 203.1 0 205.1 91.1 2.220.2 3.9 174.0 06.8
2,455.6 2.8 —13.6 135.4 135.4 78.5 2,867.3 31 156.2 83 4 10516 1.6 —13.6 0.3 0 92.3 1.2 2117.8 2.5 181.6 85.8
2,535.3 149.3 149.3 87.0 CHT T 180.5 233 7 10801 | I I | ee.2 96.2 42.9 L 180.2 9.7
S S D e i e el s = = g ——— - -—_ —— —i e o —_— e ‘ —
------------ 9.3 631.0 653.6 3,205.0 4,505.1 gara ol . ma 4,483 .4 455 || are | 6310 | 1825 229 4 2,768.4 LATLE || 45 22083 | 1,201.8
2,530.1 66.1 66.1 38.0 5 i 78.8 e | 39 2.000.6 ‘ S I 4 1 94.3
2,063.7 230.5 230.5 136.6 2:gg§fg o ., ol § N e [ e | 200 | 2u7e | 148.2 81.0
2,754.4 1,007.8 1,017.5 234.6 || 29335 L105.6 . i P [ 839 | 274 RO oo 151.2 85.3
3,000.0 4.5 116.0 161.1 100.7 3,000.0 45 '304.2 1 08 1801.5 3.2 68.4 37.9 6 | 3.9 184.4 96.3
g.:gag-g 8.7 142.7 281.0 179.1 3,205.9 6.4 165.9 509.0 2,209.5 5.0 138.3 79.3 5.9 l.ll.f') ‘ ml
Syis T 341’ 0 396.8 249.2 3,335.5 7.8 208.9 230.1 2,575.2 6.6 139.8 82.2 7.4 213.0 1.8
i o ety | Shers ¥ 0 400.1 244.8 || 3246.0 9.2 240.0 123.8 || 2,658.9 8.0 136.8 251.3 o | 9 i
September._ 8.8 2503 5 X0 g g?éss f:;; 2.521.3 8.4 243.0 102.6 2,337.9 6.6 ;33':1, ;1;6 2}1 ‘ H;Alg 1.2
October..______ 96.9 | 238801 4.0 § 0 165.8 8.4 | 28057 - o i M 1 56. Rl | a4 164.9 06.8
. : ,867.7 2 7.0 T86.6 A4 156.3 1.3 [ :
g:::;:x ...... }(1)2,1 2,295.2 2.7 —13.6 61.8 61.8 35.1 2,79;,3 ;16 }2‘;-; 5;‘7 :%?39 _2_1 68.1 35.1 [ 2.9 153.4 | 83.8
'''''' -6 2,330.8 FRnmnSencrea | emaanm il cas e Suiaa sl 75.2 75.3 42.9 2,747.8 (o0 Sl By 167:7 ] Ember 3 82.3 1,666.4 I R3.4 2.9 T | 9.7
b 34369 oo 48.6 8810 { Law0.6 | 17001 | assra | i7era | 503 | 35004 | 1608 Totals e SN ) I‘ w7 | e | s w7 | 1w I‘ 1,086.9 , SR— 6 | 12013
- | | | |
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62 FEATHER RIVER PROJECT FEATHER RIVER PROJECT 63
OPERATION STUDIES OROVILLE RESERVOIR OPERATION STUDIES OROVILLE RESERVOIR
1921-1947, by Months 1921-1947, by Months
Operation in Coordination with Sacramento-San Joaquin Delta Diversion Projects Operation Primarily for Power Operation in Coordination with Sacramento-San Joaguin Delta Diversion Projects Operation Primarily for Power
Releases from reservoir—1,000 acre-feet Releases from reservoir—1,000 acre-feet
Year Inflow | Inflow
and month to ) Reservoir Power gen- Resarvois &5 Reaoeoir Power gen- Reservoir 2 :
Teservoir storage Netre- | Requirement| eration Electric storage Release reservoir storage Netre- | Requirement| eration Electric storage ] Release Electrie
on Evaporation | quirement to yield and waste energy on first | Evaporation from on Evaporation | quirement to yield and waste energy on first | Evaporation from energy
first for a supply through output of reservoir first for a supply through output of TEServoir output
of month Feather of 3,930 flood Total month 1 of month Feather of 3,930 flood Total month
River second- control River secon- control
service feet in outlets 1,000,000 service feet in outlets 1,000,000 '-90{’-”00
1,000 1,000 1,000 area delta and over kilowatt- 1,000 1,000 1,000 1,000 1,000 1,000 area delta and over kilowatt- 1,000 1,000 1,000 kilowatt~
aere-feet acre-feet acre-feet spillway hours acre-feet acre-feet acre-feet a{.;.&k.et scre-foet acre-feet spillway hours acre-feet acre-feet acre-feet hours
O] 2 ) ) (5) (6) [0} (®) () (10) an (12) @ () () 6 (6) ) (®) (9 (10) (n (12) (13)
.................................. " 69.5 60.5 35.9 2363.4 [ ... | ‘1880 . 1.4 24290 | 62.2 62.2 35.9 2724.6 || 1504 94.3
............ 39.1 55.7 20.0 2306.7 |~ |  is5.1 N 2;;1_5 24443 | . P 49.7 49.7 29.0 2,640.6 138.2 8L.9
,,,,,,,,,,,, 42.1 51.8 27.4 29588 .- 150.9 196.4 ‘96061 | 35.9 45.6 27.4 2,722.9 149.3 90.2
| 0 151.3 81.5 2,312.5 3.8 169.0 7.4 2,086.9 4.5 95.7 140.8 88.0 3,000.0 4.5 304.3 242.7
R . iy A i e CSUOTE SR R T M 0 138.3 76.0 2,398.8 5.3 180.5 817.9 3,430.0 6.7 | 1383 |._______ 411.9 550.2 254.8 3,108.6 6.4 310.1 195.2
------------ 0 139.8 Wt 2,501.8 6.5 297.1 239.92 2.500.0 8.0 200.5 430.3 271.4 3,500.0 8.0 231.2 148.1
0 412.6 224.1 2,463.4 7.6 262.0 131.3 3,300.9 9.2 252.7 6.8 475.1 200.7 3,500.0 9.6 166.7 201.5
0 392.6 202.7 2,202.6 6.7 267.9 97.7 2,947.9 8.1 284.0 0 403.4 240.7 3,155.0 8.4 242.2 149.2
0 318.1 154.0 2,105.6 5.0 209,9 93.6 2,634.1 5.8 258.5 0 307.1 178.0 3,002.1 8.3 187.4 114.2
0 145.8 (8.6 1,961, 4 3.6 180.6 125.8 2,414.8 4.1 108.0 0 108.0 62.1 2,902.0 4.7 160.0 96.8
0 105.7 49.4 1,872.8 2.3 168.0 3064 2428 5 B8 | 088 |eocsemema 196.8 196.8 113.9 2,863.1 3.1 240.5 145.4
B Polte o tplen SEERRRESE R PR RS SIS D headadu kb S fa b 91.3 91.3 42.9 LT Lo 190.4 1,052.8 25353 oo 588.1 588.1 241.6 29259 | . 978.7 | 241.6
242.0 2,072.5 | 0.8 2,317 .4 30844 || 19.2 631.0 903.2 1,807.6 3,357.3 L8335 |l 51.0 3,608.0 1,891.1
| 74.4 74.4 35.0 1,766.7 179.6 210, 3,000, 399.5 399.5 242.4 3,000.0 .. 3481.7 231.8
{ : 58.1 58.1 20.0 1,810.1 154.4 g‘;gi 28‘1’3‘; 740.2 740.2 218.4 2,928.6 | —emeee| TSR0 218.4
‘ 283, 9.7 42.6 §2.3 27.4 1,902.1 158.1 1331.9 3.000.0 ; 1,322.2 1,331.9 234.6 3,000.0 |__________ 1,331.9 234.6
208, 3. 28.1 0 264.8 140.3 2,027.7 3.4 176.6 1450.8 3.000.0 4.5 T R 901.2 946.3 242.7 3,000.0 4.5 946.3 242.7
w by 4.3 90.0 0 380.9 200.3 2,051.5 4.9 191.4 15310 2.500.0 6.7 138.3 fo_.___._. .l 13800 1,527.3 254.8 3,500.0 6.8 | 1527.2 254.8
46.8 1,565.7 L7 90.9 0 348.9 168.5 1,993.3 5.5 245.2 6707 3500.0 7.9 189.8 | ....| 523.0 662.8 271.4 3,500.0 8.0 662.7 271.4
{ 94.5 1,308.9 4.9 94.8 0 357.9 160.9 1,839.4 6.3 288.0 202.9 3.500.0 0.5 145.6 |__..___ . 319.5 465.1 291.5 3,500.0 9.6 465.0 201.5
[ 80.7 1,040.6 3.9 7.6 0 353.9 145.7 1,639.6 5.3 302.6 146.2 3,927.6 8.5 119.4 47.3 313.9 480.6 201.8 3,227.6 R.5 357.3 220.2
80.5 772.5 2.5 31.6 0 308.4 114.2 1,421.4 3.8 240.5 1974 2884 7 8.2 B oo | 3874 436.0 257.1 3,008.0 6.3 192.8 nr.s
86.6 542.1 1.5 —1.3 0 189,3 64.0 1,257.6 2.7 213.0 128.5 2.579.9 4.3 R R 248.5 248.5 144.2 2,946.3 4.7 159.3 96.8
‘ 122.6 437.9 0.9 B8 frescecasaen 106.1 106. 1 35.1 1,128.5 1.5 201.0 140.2 24556 2.8 N 60.4 60.4 5.1 2,910.8 3.2 164.5 99.7
‘ 122.1 oo 11 I I e ST 120.3 120.3 42.9 TR S 9321 183.4 YN T O N | 176.9 176.9 103.1 2833.3 | . 168.2 101.9
j LT8G (lseanei... 26.0 412.4 1,800.3 410.5 2,633.3 ST 38.4 2,589.5 : . 7.065.0 [lo__._ 50.4 631.0 47.3 6,781.7 7,475.5 25871 flooocaeaea 61.6 T114.9 2,381.6
il 237.6 46,3 b s gl 1 helh 4 104.5 104.5 35.9 ] T 9993 ; 61.2 61.2 35.9 2,808.5 |_____ 155.6 94.3
J . 190.5 579.4 78.2 29.0 20.0 953.7 3 192.6 iﬁ? 523?}, 18,9 8.9 29.0 2,886.5 135.4 81.9
‘ 281.5 691.8 58.7 68.4 27.4 951.7 : 198.0 955.1 2700 3 35.8 45.5 27 .4 2,887.8 ... ceeem-a| 142,89 87.1
| 1,228.3 914.9 : 30.8 75.9 37.2 1,045.2 2.2 195.5 263.1 2.918.9 4.4 15.4 60.5 37.2 3,000.0 4.5 156.3 96.3
782.3 2,065.4 4.8 : 0 138.3 79.1 2,075.8 4.8 182.5 127.0 31171 6.3 0 427.1 254.8 3,102.3 6.3 168.7 104.1
342.3 2,705.1 6.8 TR S K 0 139.8 83.8 2,671.3 6.7 220.9 ora 28107 6.0 1290.8 24R.8 0 28R.6 228.5 3,054.3 7.4 215.0 131.3
127.2 2,900.8 8.5 145.6 206.3 ] 441.9 261.2 2,786.0 8.3 251.8 90.3 2,503.3 6.5 145.6 259.0 404.6 229.1 2,919.1 8.5 248.5 149.4
l| . 128.6 2,577.8 7.4 119.4 315.3 0 434.7 248.0 2,653.1 7.5 255.3 “g91 2.182.5 6.5 110.4 285.6 0 405.0 219.7 2,752.4 7.7 252.7 149.2
i September______ 98.7 2,264.1 5.2 48.6 267.3 0 315.9 174.7 2,518.9 5.6 198.0 7.0 1.870.1 4.6 48.6 271.8 0 320.4 166.5 2,591.1 5.7 196.0 114.2
‘ October_______. 105.8 2,041.7 3.7 ~—1.9 113.2 0 113.2 61.9 2,414.0 4.1 169.5 gé'q 1,633.0 3.2 —1.9 183.2 0 183.2 92.9 2,477.3 4.2 168.3 96.8
November______ 91.2 2,030.6 2.4 —13.6 46.4 17.7 64.1 35.1 2,346.2 2.7 156.7 69.4 ;'53'3'9 2.0 —13.6 123.3 0 123.3 60.9 2,301.2 2.8 156.0 88.8
December... . 135.2 LT o S 6.4 71.5 7.9 42.9 RO [ 177.1 105.0 T R e 19.0 37.0 86.0 42.9 23008 ¢ e 177.0 99.7
Totals. .. 87698 oo . 40.7 631.0 1,044.9 361.4 2,052.8 s o | S 41.9 2,420.2 s 1550.8 |l 39.5 631.0 1,709.5 198.3 2,554.3 LR e 47.1 2,172.4 1,203.1
1936
January___.____ 569.9 2,112.6 62.9 62.9 35.0 2,236.1 163. 9.3 4061 oo 68.9 68.9 35.9 2,220.8 164.0 94.3
February______|  830.9 || 2619.6 150.5 1595 a4 | 2pie b 2184 Sl e P R I 4 25,5 162.0 [ 26233 678.5 218.4
March 588.0 3,000.0 s 578.3 588.0 234.6 3,000.0 O 588.0 234.8 | 14944 XTIV R N Y2 | 1189.1 1,178.8 234.6 3,000.0 1,424.4 234.6
April.__.. 602.8 3,000.0 1.5 114.2 159.3 99.6 3,000.0 4.5 304.2 242.7 ‘058 5 30000 | 15 45.1 108.9 454.0 242.7 3,000.0 1.5 454.0 242.7
May__. 431.9 3,439.0 6.7 262.3 400,86 254.8 3,204.7 6.4 205.6 185.1 1135 3.500.0 6.7 138.3 268.5 406.8 254.8 23,5000 - 6.8 406.7 254.8
June_____. 246.8 3,463.6 7.9 207.7 437.5 275.1 3,334.0 7.8 301.4 189.4 176.9 35000 8.0 139.8 264.1 103.9 255.8 3,500.0 8.0 307.3 251.1
July 138.6 3,265.0 9.2 41.8 46,5 274.4 3,271.6 9.2 259.7 161.7 117.3 39850 0.9 1156 37.9 425.1 262.1 3,271.6 9.2 239.8 149.4
August________. 132.5 2,947.9 8.1 i} 439.1 261.1 3,141.3 8.4 257.4 1584 112.0 20479 8.1 119.4 27.0 413.0 246.4 4,139 .8 8.4 242.5 149.2
September______ 124.3 2,633.2 5.8 0 314.2 182.4 3,008.0 6.3 187.2 1142 130.2 2,638.8 5.8 48.6 8.8 308.5 179.3 3,000.9 6.3 187.1 114.2
Qctober._.-.___ 107.1 2,437.5 4.2 0 123.3 71.0 2,938.8 4.9 159.5 146.3 24547 1.2 i 85.1 141.2 81.6 2,037.7 4.7 159.3 96.8
November______ 0.9 2,417.1 2.8 0 78.1 5.0 2,881.7 3.2 147.4 146.0 2 455.6 2.8 63.5 63.5 36.9 2,020.0 3.2 146.3 88.8
December..___. 79.5 Sl Bl i 70.7 74.5 42.9 aseo | | 168.9 . 5775 25353 413.1 413.1 241.6 BOLGS  [eesmeniioves 494.0 241.6
Totals. ... 3942.2 Lo : 49.2 631.0 1,049.6 1,887 .4 3,583.5 0 | . 50.5 3,403.2 5.815.2 ’ . 19.3 631.0 815.4 3,100.4 4,562.3 b5 2 | 51.1 4,993.9 2,135.9
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OPERATION STUDIES OROVILLE RESERVOIR OPERATION STUDIES OROVILLE RESERVOIR
1921-1947, by Months 1921-1947, by Months
s i s 7o g E S tacta Operation Primarily for Power
Operation in Coordination with Sacramento-San J oaquin Delta Diversion Projects Operation Primarily for Povep Caensines foc Sapeiionsion il Semmmamnder o S Bekiy Dl Sroless
e o
Il Releases from reservoir—1,000 acre-feet | S LA =100 b fois
Year Inflow e Inflow ‘ ; eservoir
and month to Reservoir I Power gen- | Reservoir to Reservoir . } A e Electrie Rsi?l‘::ze Release Electric
reservoir storage Netre- | Requirement eration Electric storage Release reservoir stotage " ” NCt - Reqm‘r_c-‘ll?lent e:{a&;onw energy on first Evaporation from energy
on Evaporation | quirement to yield and waste | energy on first | Evaporation P on Evaporation | quirement to yie an ash o) of PRSI output
first for a supply through output of reservoir fo fe b4 “’E"L’i Total month
of month Feather | of 3,930 flood Total month 1 of mouth Fe;&}ther sl . 1
River second- control R“'-D e secun.d- i 1,000,000 1,000,000
[ service feet in outlets 1,000,000 S feetin mélms k’ilgwj’a[t,- 1,000 1,000 1,000 kilowatt-
[ 1000 1,000 1,000 area delta and over Kilowat- 1,000 1,000 1,000 1,000 1,000 1,000 B dalta o i T acre-feet | acrefeet | acre-feet hours
[ . e Sus apre-fost spillway hours acre-feet acre-feet abro-Loal ) acre-feet sare Tk e ) - _v;'s.} (8) ()] (10) (1) (12) (13)
m | @ (3) [0 (5) (6) ‘ @ | ® @) (10) ‘ an (12) (2) (3) ) &) (6) @ , e .
1941 ’ { » S 8088 | 100 109.2
January._____. 670.8 2,600.7 J 406.0 106.0 242 4 S 6565 | 201 2,539.2 ?gﬁ 3?';2 z?%i 2.928.6 640.5 i
February.__.___ 1,056.0 || 29735 10295 | 10205 2184 | 3000.0 1,086, | TuL9 | 26637 a4 340.1 2045 | 3.000.0 340.1 2073
909.8 | 3,000.0 9001 909.8 2346 || 2,000.0 '909.8 : ' 0.1 | G000 e 59.5 372 | 300000 15 265.2 163.8
807.4 || 30000 15 X 318.8 363.9 226.7 || 3.000.0 4.5 ‘ 302.9 1 4448 | 3,000.0 263.3 101.6 251.8 || 3.174.5 6.5 328.0 205.3
May....___ I phg 3,439.0 ‘ 6.7 138.3 45.7 881.0 254.8 3,500.0 ‘ 6.8 044.9 494.0 Bt 85.6 425.4 268.0 3,334.0 7.8 286.9 180.3
June__._..___'| 364.6 | 3.800.0 8.0 139.8 287.7 ‘ 2975 2714 || 35000 8.0 1283 232.3 | 2466.0 e 152.9 277.6 | 32716 9.2 266.1 168.0
i1 ] (O 3,429.1 ‘ 9.4 145.6 | | sm. 469.2 215 || 34283 | 95 ‘ 15,6 145.0 | 3265.0 - 1339 25.6 || 3,141.3 8.4 il ool
August_____ ‘ 125.7 3,118.6 8.2 ‘ 119.4 19.9 347.5 486.8 201.8 3,141.3 ‘ 8.4 250.6 132.9 2,947.9 17.6 305.4 176.2 3,008.0 6.3 187.0 114.2
September. 112.1 27493 | g0 48.6 ‘ | 182.1 400.7 234.1 3,008.0 6.3 ‘ 187.3 127.1 2,638.8 g tor 7 7.3 2.041.8 4.7 159.4 96.5
Octaber...__ 116.7 2,454.7 1.9 g 1.6 | 1116 64.5 || 2926.5 ‘ 47 150.6 i 138.8 || 2454.7 o 128.0 74.3 | 2916.5 3.2 197.9 120.0
November__ 140.7 2,455.6 35 ‘ —13.6 60.4 ‘ 0.4 35.1 2878 9 3.9 ‘ 146.8 i 210.5 2,455.6 ‘"?1 1071 241.6 20250 | 765.8 241.6
[ December. ... [ T23.4 SRl I ‘ 410.0 110.0 241.8 2.860.6 ‘ ; 5030 X 839.9 2,535.3 407. ' . i W = -
GRisr = U8 vkl Bl T e A P (o a) ol e e ,. 0.6 | 38147 | 1,983.6
Totals ... [ 8BS flees - 49.8 ‘ 631.0 J 189.9 ‘ 5,123.0 5,959.4 G | F [ 51.4 ‘ 6.104.6 248 R i | B 213633 .8 e
1942 ‘ ‘ : y 30000 | 575.2 242.4
January_____ & s B SRR [ R ‘ ‘ 687.3 687.3 249 .4 30000 | | sos |G 575.2 2,968.1 843.3 gégg 3?31 g:guu_o ,,,,,,,,,,,, 334.0 203.0
February. 3,000.0 | | 1,079.6 1,079.6 218.4 3,000.0 267.5 5,000.0 ok 206.6 180.2 2,923.5 ceeeee|  322.8 196.5
| Mareh, ; 3,000.0 182 4 ’ 109 1 el i Ty ] 380.1 | 20075 g o 625 | 300000 s 364.3 224.3
‘ ! April. < esr.4 || 300000 187.8 4829 242.7 | 300000 i 543.3 || 3.000.0 o ot 2508 | 3174.5 6.5 264.9 165.9
- May__. Sl 3,500.0 696.2 834.5 254.8 2500.0 5i 430.9 3.450.0 ?f’g'ﬂ 3738 235.3 3.334.0 7.8 238.7 150.1
TS 514.9 3,500.0 367.1 506.9 971 4 3.500.0 1 184.1 3,462.6 ‘?3 {ég.] 280.9 3,271.6 9.2 271.3 169.1
i aly 771 w035 [ 350000 310.5 165.1 2015 | 3500.0 150.2 || 3,265.0 il 446.5 252 | 3141.3 8.4 270.4 166.4
{ August | 135.5 3,218.8 361.6 ‘ 181.0 291.8 3,218.9 145.5 || 2,047.9 55' 207 5 172.9 || 3,008.0 6.3 187.2 Hi2
‘ September______ | 136.3 2,864.8 328.9 437.0 | 257.1 30080 1 119.2 2,638.8 ‘H‘a 978 56.5 2,933.7 4.7 150.5 96.8
) - October._____ = e 2,558.0 240.9 240.9 139.6 2,0946.3 ! 102.9 2,454.7 P 82.2 47.8 2,872.4 3.1 146.8 88.8
November______ ‘ 206.2 2,455.6 123.7 ‘ 123.7 71.8 20252 12 164.7 2,455.6 a2 150.0 0.6 2887.2 || 164.8 99.7
December______ 312.7 | 2:525.3 ‘ 368.9 368.9 213.9 || 249959 201, 162.8 || 2535.3 e Sl P et S
‘ | PESEEREE | Sk SRR R, S e B e g ™ LR N P 50.5 3,200.7 1,917.2
1 Totals- -‘ Boaza fle ... 50.6 631.0 59.5 5,493.9 ‘ 6,190.9 St A \ 51.6 5.903.0 25024 otals. o U | 2,125.1 3,615.2 2,109.5
|
I 1943 ‘ ; . 2.885.92 156.5 94.3
Il January .| 917.3 || 253001 456.4 2024 | 28085 5.8 | 200NN 87.6 (| 2530.1 b2 07 87 | 35 179.6 108.6
! Pebruary_——...| 2.0 || 30000 | 572.0 Bae W oagon | Sy 3 206.8 || 2.565.3 - L A o4 | 29335 361.7 219.8
i March 1,143.9 3,000.0 ’ ___________ 9.7 1,134.2 ‘ 1,142.9 234.6 S TN T 1,143.9 34 . 428.2 2,754.4 q g 50.8 37.2 3.000.0 4.5 155.8 96.3
Il April._ 20,0 [ 30000 15 451 340.4 385.5 240.2 || 3po00 | S i 1 . 332.9 || 3000.0 i5 5.1 M7 2551 2205 || 3172.8 6.4 167.1 104.1
i May.__ 434.3 3,439.0 | 6.7 ‘ 128.3 262.3 ‘ 100.6 251.8 3,500.0 6.8 275 5. 2| - anely 3,268.6 6.5 138.2 216.8 0 prg 267.7 3,178.8 7.6 212.0 131.3
; 230.2 3,486.0 | 7.0 139.8 201.1 430.9 971.4 3,500.0 8.0 4208 271, | 1483 3,086.7 1.5 139.8 305.2 0 489 sas I ks 8.9 243.2 149.4
137.4 3,307.4 9.2 | 145.6 120.0 . 475.8 201.5 3,349.4 9.1 320.1 ‘ 205, | 03 || 27s0.5 8.3 145.6 305.0 g ok %t | 2ker £ 245.5 149.2
e ‘ 8.1 119.4 81.7 1348 258.9 (| 31413 ‘ o4 | “2ns | N o o1are || 24sre 7.1 119.4 319.4 0 316.1 1723 || 287 5.2 180.6 114.2
99.0 2,638.8 5.8 ‘ 18.6 32.2 277:3 161.2 3,008.0 63 | 17,4 | Wil | 1060 2,153.6 5.0 48.6 267.5 0 P 5.0 2,787.9 4.5 161.8 95.8
107.5 2,454.7 | 4.2 —f.5 72.3 102.4 50.9 2913 3 7 ‘ 160.0 ‘ i 124.2 1,938.5 3.6 e, |[pransses 7"5 iy 35.1 2.745.8 8.1 149.2 88.8
121.0 2,455.6 | 2.8 —13.6 60.6 50.6 35.1 2,856, 1 3.1 147.3 y 116.7 1,981.8 2.4 “ARE s s g 8.2 42.9 2,102 [ooooo. 168.2 89.7
1233 2,513.2 ‘ 97.4 474 6.7 S 165.9 . 112.3 SR | e g Sy s - e - 152.5
e o e [ = o 9.3 2,300.2 1,452.
i Totals_.__ FECTEC ,520.6 ‘ 1,837.6 gmata I 51.2 ‘ 4.950.0 21800 Wotals goo8ie oo 44.9 831.0 140L1 B35 il . -
950, 2.6
| 1944 ‘ ‘ ‘ | A e R 4.0 6220 | 10075 | 18741 | 35197 | L78LS | 7.0 | 35083 | 17
. ‘ January__..,,,,‘ 134.5 2,539.1 B1.2 g2 | 359 2784.1 ‘ 157.6 9.
‘ 227.8 2,612.4 85.6 85.6 50.8 b ] [ 126.4 8l
‘ 383.2 2,754.4 129.9 139.6 815 LT
‘ 35,4 3,000.0 1.5 5. | 4.9 59.6 37.2 3,000.0 1.5 2574 | 104
3 3.372.3 6.5 1T e 263.8 402.1 254.8 3,174.5 6.5 324.2 202
il 3,454.0 7.9 130.8 | 738 ‘ 153.9 367.5 232.1 2,334.0 7.8 241.0 1518
5 || 398500 ‘ 9.2 145.8 | 308.8 0 ‘ 152.4 2775 | 32716 9.2 258.6 1014
6 2,040.9 8.0 119.4 315.2 0 134.6 258, 4 3,141.3 8.4 253.5 150.1
5 2928.9 | 5.8 ‘ 18.6 262.5 ‘ 0 311.1 180.3 3.008.0 6.3 187.4 142
5 2,108.8 1.1 iy ; 0 107.4 61.6 2.913.1 41 ‘ 160.2 | 008
= 2,385.9 2.8 —13.6 0.5 60.8 35.1 2,830.7 ‘ 3.1 147.1 8.
‘ 2,503.9 I _____ g LT i ‘ 232.0 | 2320 134.8 i T -] @ 138
ol = e e e el S = == S NN FR
IR ‘ 15,8 | 631.0 1,075.3 l 892.1 | 2713.9 ‘ gl e 50.5 | 2507.9 ‘ 15043 .




APPENDIX C

FEATHER RIVER PROJECT
WATER USES AND DIVERSIONS FROM

SACRAMENTO-SAN JOAQUIN DELTA
1921-1947, by Months




Water supply

] T .
1 | Water | |
| | diverted |
to meet
Water re- | ] | requirements) Irrigation
| Uncontrolled| leased from | Water re- | | | of Exchange | supply re~
[ inflow to Oroville leased from Estimated Agreement, served for
delta from | Reservoir | Oroville Required ‘ water | dated July the area
h‘a(-ram(-nm-| to supple- Reservoir flow into | requirements| | 27, 1089, adjacent Inflow to
| San Joa- | ment sur- specifically Suisun Bay | of the Consumptive| between to Delta- delta in
| quin River | plus water | for power ‘ to prevent |  Contra ’ irrigation ‘ United | Mendota | excess of
I Bif.s_iu mod- in delta generation | encroach- ! : Costa ‘ rr-;uiremelnl.~;| .Sl.ates unflf | Canal | Central |
mouth | ified by | soasto and water | ment of | Conduitin | and evapo- | San Joaquin when a Valley |
| present de- provide wasted Total saline | 1960 and ration and Kings Total surplus Project l
! velopments | a continu- over spill- waters into | the present {osses in River Canal above Cen- | requirenrents|
and oper- | ous diversion| way and | the delta | requirements| delta Company, tral Valley | 5—(104-11) |
ation of of | through | (4,500 sec- of the | Columbia | Project re-
Folsom and | 3,930 sec- flood | ond-feet Delta | | Canal Com- quirements |
Oroville ond-feet control | | Uplands pany, San exists in {
( Reservoirs | therefrom ( outlets J | i Luis Canal the delta
| { ! | Company, | |
[ | | I and Fire- |
[ | | baugh Canal |
| Company "
@ | ® | ® ‘ (5) (6) @ L o® | m 10) an o oay |
! | | | | ‘
‘ 48325 5,242.5 T | 3.1 } K 326.3 || -
- 4.314.1 | B 9 | 2.5 5 | 308.6 S
E | 25738 6 7 5.5 3 3994 5.6
1,854.9 2 8 21,4 | ‘ 3 522.2 7.9
‘ 3 R (S | 2.4 , 2,816.5 7 ‘ 11:8 8 601.3 21.5
- 1,840.4 2,127.8 8 25.1 ) 572.9 21.5
. 859.1 1,181.3 7 24.0 8 620.0 21.6
] I Tt | L106.0 7| 204 92.9 | 6124 18.1
- 584.2 445.8 1.0 / 817 | 503.3 12.4
L 629.8 \ ‘ 725.9 4.9 | 38.0 410.7 4.5
= (11} B U] S 74.2 | 153 3.5 1 5 3418 || 2
1,371.0 S 137.1 1,508.1 2.9 4 2.9 333.7 1. .
2 - | R B _ . R s .
| m4se.8 | 837 | 37213 | 258618 135.8 ‘ 1,206.9 0.0 | 5561.6 113.0 J 10,857.
| | | |
‘ 7 R B O 1,048.7 276.7 ‘ 4.1 ‘ 8 ‘ 22.9 3 o {
= 0 275.4 3,162.4 240.9 2.5 T 27.5 i TR | - .| 2.853.8 |
4 ‘ 9.1 | 1716 2,013.7 276 ‘ 5.5 8 | 68.6 | 7 5.6 | 1,66.4
| 8.1 327.5 [ 2,365.6 21.4 | q 105.8 .7 7.9 1,830.0
2.4 | 12525 | 52049 | 18 ‘ 0 I 131.8 3 21.5 4,582.1
- .1 199.1 ‘ 4,601.2 267.8 \ 25.1 il 136.3 [ 9 2]. .8 {
| 320.2 1,290.3 276.7 2.0 .5 135.2 4 21. 4 |
- 2.4 364.1 1,266.5 276.7 | 20,1 5| 96.3 5.8 18, 2.6 |
| 3 171.2 | 31.5 .8 it .8 72.5 ) 12. 0
4 98.1 | 736.5 276.7 I 1.9 ‘ 1 3%.1 ' 9.8 ;. 2|
T 2 B 7.0 085.7 3.5 .0 26.5 .8 9
- 5.1 L { 365.6 3,080.7 | 2.9 2 | 22.9 3.7 0 |
| 3.080.7 . 9 |
i B ! . o o . e - it 1
k. J 21,6374 3 | 25786.7 3,258.0 ! 135.8 { 1,206.9 ‘ 884.4 | 55751 113.0 | 200088 |
‘ ! !
| [ i
1,807.7 a 1,983 .4 276.7 3.1 23.6 2.9 \ 326.3
1,034.0 A 1,139.4 249.9 ‘ 2.8 28.7 ‘ 27.5 308.6
8064 9.4 35.8 T 5.5 10.9 67.8 390.6
s | e I \
1,919.8 T 5.5 8 21.4 123.7 109.3 522.2
1817.6 A | 2,08. J 00 e | omsLo | 1318 601.3
1,088.1 5§ 1,308.8 267.8 | 25.1 143.7 ! 136.3 572.9 ‘
X 582.2 864.5 276.7 24.0 ‘ 104.5 127.7 622.9 |
il 565.8 854.3 276.7 ‘ 20.1 222.7 | 3.2 | 612.7 |
l 507.1 744.2 267.8 ne | 2.8 | B8.8 510.4 -
557.2 '] 665.9 276.7 4.9 100.1 o | 419.8 |
) 550.2 ] 633.6 267.8 3.5 4.0 26.5 ‘ 341.8 01. |
: 5i6; -9 kD 651.5 276.7 o 2.9 ,,: 7-;7:“ 2 - 22.9 ) 333; k 17 —‘
18 ,._.‘] 11,013.7 ' 917.5 } 068.7 ] 13,799.9 3,258.0 ‘ 135.8 ’ 1,296.9 ‘ 872.8 I 5,663.5 8,175.4 ‘
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{Quantities in 1,000 Acre-feet)

Requirements of the Central Valley Project
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Continuous

waler
supply
without
deficiency
of 3,930
second-
feet for
diversion
to Santa
(Mara Valley,
San Joaquin

| Valley and

Southern
California

2844.7

241.6
218.3
241.6
233.8
241.6
223.8
241.6
241.6
233.8
241.6
233.8
241.6
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WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA

FEATHER RIVER PROJECT

1921-1947, by Months
(Quantities in 1,000 Acre-feet)

Water supply

Requirements of the Central Valley Project

Water
diverted
to meet
Water re- requirements/ Irrigation
Uncontrolled| leased from | Water re- of Exchange supply re-
inflow to Oroville leased from Estimated Agreement, served for
delta from | Reservoir Oroville Required water dated July the area
Sacramento- | to supple- Reservoir flow into | requirements; 27, 1939, adjacent Inflow to
San Joa- ment sur- | specifically Suisun Bay of the Consumptive, between to Delta- delta in
quin River | plus water | for power to prevent Contra irrigation United Mendota excess of
Basin mod- in delta generation encroach- Costa requirements| States and Canal Central
Year and month ified by 50 as to and water ment of Conduitin | and evapo- | San Joaquin when a Valley
present de- provide wasted Total saline 1960 and ration and Kings Total surplus Project
velopments | a continu- | over spill- waters into | the present lossesin | River Canal above Cen- | requirements
and oper- | ous diversion| way and the delta | requirements| delta Company, tral Valley | 5—(10+11)
ation of of through (4,500 sec- of the Columbia Project re-
Folsom and | 3,930 sec- flood ond-feet) Delta Canal Com- quirements
Qroville ond-feet conirol Uplands pany, San exists in
Reservoirs | therefrom outlets Luis Canal the delta
Company,
and Fire-
baugh Canal
Company
(n (2) (3) (4) (5) (6) (n (8) (9) (10) (11) (12)
1624
539.3 28.6 33.2 601.1 276.7 3.1 23.6 22.9 326.4 b sspas e E s 74.8
i U M ) 49.2 733.5 258.8 2.5 28.7 28.5 318.5 415.0
516.5 108.7 0 625.2 276.7 5.5 40.9 54.9 378.0 241.6
458.1 278.2 0 736.3 267.8 21.4 123.7 89.6 502.5 233.8
590.5 241.6 0 832.1 276.7 11.8 181.0 120.9 590.4 241.7
534.9 233.8 0 768.7 267.8 25.1 143.7 98.2 534.8 233.9
597.9 241.6 0 839.5 278.7 - 24.0 194.5 102.6 507.8 241.7
592.7 261.1 0 853.8 276.7 20.1 222.7 92.7 12,2 241.6
440.4 289.3 0 729.7 267.8 11.0 162.8 54.3 495.9 233.8
517.2 136.5 1.9 655.6 276.7 4.9 100.1 27.8 409.5 241.6
November._ 621.9 ettt o 49.1 721.0 267.8 3.5 44.0 22.8 337.9 383.1
December______ ) ) DS R 103.5 931.5 276.7 2.9 31.2 22.1 332.9 5 598.6
Totals. . _.__ 6,021.7 1,819.4 286.9 9,028.0 3,266.9 135.8 1,296.9 737.1 5,436.7 10.1 3,581.2
1925
Janvary..____.__ 700.6 84.1 784.7 276.7 3.1 23.6 1.7 325.1 R e 459.6
February...____ 3,449.6 61.3 3,510.9 249.9 2.5 28.7 27.4 308.5 LB 3,202.4
March. ... | 1,481.6 43.3 1,527.9 276.7 5.5 40.9 69.3 392.4 5.6 1,129.9
Apribi=_..___| v2.001.8 23.5 2,115.3 267.8 21.4 123.7 109.3 522.2 7.9 1,585.2
May. 1,829.4 0 1,829.4 276.7 11.8 181.0 131.8 601.3 21.5 1,206.6
June________ -| 1,026.6 0 1,028.6 267.8 25.1 143.7 136.3 572.9 815 432.2
July - 639.3 0 880.9 276.7 24.0 194.5 127.5 622.7 16.6 241.6
August . 5 638.3 L] 873.6 276.7 20.1 222.7 94.4 613.9 18.1 241.6
September 4 527.0 0 750.1 267.8 11.0 162.5 62.3 503.9 12.4 233.8
October._______ 584.5 3.5 667.5 276.7 4.9 100.1 38.1 419.8 4.5 243.2
November.. . | @337 | 81.2 714.9 267.8 3.5 44.0 26.5 G R 273.1
December______ ) T (S 82.1 788.6 276.7 2.9 313 22.9 333.7 154.9
L s == S — e e e e CR
Totals. . _.___ 14,311.9 779.5 379.0 15,470.4 3,258.0 135.8 1,206.9 867.5 5,558.2 9,804.1
833.6 68.0 901.6 276.7 3.1 23.6 22.9 326.3 R I ! 575.3
2,900.7 52.7 2,053 .4 249.9 2.5 28.7 27.5 308.6 2,644.8
1,073.9 7.4 1L,111.3 276.7 5.5 40.9 69.6 302.7 713.0
2,108.3 15.9 2,124.2 267.8 21.4 123.7 108.7 521.6 1,594.7
764.9 3.8 84,4 276.7 11.8 181.0 131.8 601.3 241.6
524.7 0 787.3 267.8 25.1 143.7 116.9 353.5 233.8
565.7 L] 839.4 276.7 24.0 194.5 102.6 597.8 241.6
567.3 ] 854.0 276.7 20.1 222.7 92.9 612.4 241.6
448.4 0 720.7 267.8 11.0 162.8 54.3 485.9 233.8
October____ 543.1 1.9 665.8 278.7 4.9 100.1 38.0 419.7 241.6
November..____| 1,580.8 75.4 1,656.2 267.8 8.5 44.0 26.5 341.8 1,314 .4
December. . ____ RO b, ol 197.1 2,116.5 276.7 2.9 31.2 22.9 333.7 1,782.8
Totals_._.__. 13,830.8 1,320.8 452.2 15,603.8 3,258.0 135.8 1,296.9 814.6 5,505.3 39.5 10,059.0
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FEATHER RIVER PROJECT
WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA
1921-1947, by Months
(Quantities in 1,000 Acre-feet)
Water supply Requirements of the Central Valley Project
Water
diverted
to meet A
requirements Irrig?tiou Conm:;-nus
Water re- s s
Uncontrolled| leased from | Water re- ) u‘{ Exchau%e i B3 b
inflow to Oroville leased from Esun!alcd Adg:carfl]erll ) e - i
delta from | Reservoir Oroville Required water ate L‘I‘l y i - e
Gl to-| to ;upp]eh Reservoir flow into | requirements ) 27, 1939, o Dg‘\Im. e s,
baqrﬂmm t - specifically Suisun Bay of the C 2onsuu1phvc he.t"fee“ “ o t ¥ hsrori by
hfm -]{Jﬂ- "lm]El S l:,re'r for power to prevent Contra irrigation ‘Iimtcd A (e:u :1 érlllral o
Bash Rl\;éjl' p'md“ﬁa eneration eneroach- Costa requirements| States am_i 1311 . Vﬂgy E G
B??ini:lr: ’ :; as to EaE,xu:l water ment of Conduit in | and evapo- San Joaquin ekl :'u ;el;us i o
- i t iu provide wasted Total saline 1960 and ration and Ki.ugsl otal i f(‘g,,. Wl 2 i
Dl‘fsen ti a continu- | over spill- waters into | the present losses in R1lver Canal b \;’a[}ev T I i
s o diversion| way and the delta | requirements delta (“nmpan_y, i’ . r.:- ( o
u:ll%o?l:;- - :)f through (4,500 sec- of the (‘(an?ln(ljl;l:]- : Er]:;; enis T
30 sec- d ond-feet) Delta anal Cc reme v
Fﬂi{c’xﬂf ! 3;)?":;1;;3 caﬂr??ro] Uplands Ea_ny(.:ba:lll f‘r: :act!s(x i1;:3|
. | uis Can
Reservoirs | therefrom outlets irsi—
and Fire-
baugh Canal
Company
13)
@ (3) (4 (5) (6) (N (8) 9) (10) (1) (12) | i
E 3 . 241.6
2,024.9 190.3 2,215.2 276.7 3l 33.9 ‘;EE’ iﬁg:}, [T ;:gggg 215‘:;
6,709.1 8054 | 75145 219.9 2.5 28.7 2.3 8.6 | Taes 2183
6237 B61.5 3,285.2 976.7 5.5 0.9 76.: 9.3 2.880.3 241.8
i 33009 | 3715.4 207.8 21.4 123.7 109.3 522.2 B180.3 268
23668 382.8 | 2740.6 276.7 118 181.0 131.8 601.3 2,126.8 241.6
b 2806 | 2174.0 267.8 25.1 143.7 126.3 572.9 8.8 zma.g
s 186.4 1,082.3 276.7 24.0 194.5 137.8 $32.8 8.0 241.8
;‘;ig 37:5 954.0 276.7 20.1 222.7 92.9 g}'g; .237-] g
5!5.5 3.3 752.6 267.8 11.0 162.8 65.3 Pt lg =yk etit
628.5 4.5 738.5 276.7 19 100.1 .1 19.8 iy 1.0
1 *ll.l!’l"2 149.0 1,558.2 267.8 3.5 44.? ggg ‘33&}‘:,7 hE. - i i
1216.3 149.3 | 1.365.6 276.7 2.9 31.2 L -
= 2580 22 423.5 2,844.7
24,141.0 653.6 3,310.5 28,105.1 3,258.0 135.8 1,296.9 887.3 5,678.0 103.6
27 3: 979.0 241.6
3.1 23.6 22.9 326.3 ) Al
i %'gggg g;gé 2.5 28.7 28.5 318.5 iR égggg ';ill)é
kg 5,520, 76, ; : 84.0 387.1 ] 437, .
82 : 276.7 5.5 109 : 5 : a1
432" - glggg '(Fl 2&7.9 21.4 123.7 109.3 5322.? 7.9 2,;&])?;‘ 34? g
40130 1,537.6 276.7 1.8 181.0 131.8 601.3 2.5 914.8 201.6
s T80.5 267.8 25.1 143.7 119.1 555.7 | 2118
o] 839.'& 276.7 24.0 194.5 102.6 597.8 5 45 .ﬁ s :6
575.6 854.0 275.7 20.1 2227 92.0 6124 241.0 HLG
plo 731.2 267.8 11.0 162.8 55.8 497 .4 S . 2“.5 o
38.2 9 665.9 278.7 19 100.1 301 4198 15 241.6 211.6
o 75.4 7.5 207.8 3.5 4.0 26.5 TS E— 5.1 233.8
2918 752 832.4 276.7 2.9 312 22.9 3337 || 7| b
2o 7 [ SR S — . . . o . -
15 B 2 30.1 13,300.5 2,852.5
15,927 .8 1,210.6 1,715.6 18,854.0 3,266.9 135.8 1,296.9 814.4 5,514.0 39.5
i g 1.6
76.7 3.6 2.6 3250 - B soy 244.9 24
3.3 570.9 276.7 3.1 23.6 22. : S s
"""" 8210 - e §71.8 249.9 2.5 28.7 27.4 e L 219.3
-+ 4 e WY 66,2 276.7 5.5 09 50.6 . 6.5 207.0 241.6
ore | TiEa 0 747.4 267.8 21.4 123.7 92.8 05,7 ke 2358 212.3
K 19]-' 0 864.4 278.7 11.8 181.0 131.8 ki 21.5 i ey
77777 672.1 215~'l 0 826.8 267.8 25.1 143.7 134.9 571.5 = 241.5 o
5.9 2825 0 845.8 276.7 240 164.5 109.0 i e— LS 241.6
5"15.;) 317.1 0 854.0 276.7 20.1 222.7 ﬂ-..%l 495-q 777777777777 s o
-1‘54.') 275:5 0 729.7 267.8 11.0 162.8 533 412..1 ,,,,,, i,s,,, i e
493‘3 162.8 1.9 658.2 276.7 4.9 100.1 25.8 3“.] é B oicged g
1.8 12605 13.6 574.9 267.8 3.5 4.0 ; R 8 253.8
13467 ] 784 | 1424.1 276.7 2.9 31.2 2.0 3328 ([ 001,
S Ee L. B y 4,099.0 2,844.7
7.694.6 1,776.0 183.6 9,654.2 3,258.0 135.8 1,296.9 803.5 5,494.2 1.0 9
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WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA \ WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA

1921-1947, by Months 1921-1947, by Months

(Quantities in 1,000 Acre-feet) i (Quantities in 1,000 Acre-feet)

— — — — —‘ — —— —— — — — g T - .
i | jirements of the Central Valley Projec
Water supply <“ Requirements of the Central Valley Project h equirements of the Contral Val Erajedt |

Vate
Water | | | i‘? : Ar.j |
‘ diverted | ‘ ! | | ik |
| | ( 2 W | . "
Water re- | ‘ I o Il 1 requirements Irrigation Continuous
’ rrigation Costil % T | water
leased from | Water re- | supply re- [ . Uncontrolled from | Water re- o I
Oroville | le m Istimated : | wcroed £ [ . inflow to leased from | -t
afrom | Resery tequired | ate | ‘ d Supply s Secini Oroville |
[ | waor | the area with delta fr I cent Inflow to deficien
Sacramento- | {o supple- | flow into requirements ent Inflow te 1o - Sacram : . to Delt | delta in of §
San Joa~ | ment sur- | Suisun Bay ol the Coné M = th il “j it ‘.r;‘-ﬁﬂ i Tod: Consumptive | \“1 ‘| 1 leltd L
£ ixre e Sl R ‘ 3 deita 1 of 3% D, irrigation | endota [
](:u,u Riv £1- plus er Il to prevent Contra irrig United Mendota excess | \,,(_:;: quin River irrigatior | x
. = = Jasin mod- in delta gene eneroach- Costa requirements| States and | ‘ fiiad | Central | !nm“ B od- > el tians T
ear and month ified by | soasto and ment of | Conduit in and evapo- | San J uin when a Vallay di ..." d month ¢ and evapo- : ‘1 g2 Total
| present de- provide |  wasted Total saline | 1060 and Faiion sd K Total i Prsient Hversy o e Total | 1960 and ration and \.I,wI 2
7 @ c a sur § 0] 64 to & I . 9 i Yiver Canal
velopments | a continu- | over spill- watlers into | the present losses i River Canal above Cen- | requirements| Cf ':.ﬂh velopments ‘ the present Wi River Cana
d oper- ous dive 1 B | e %7 e S A ETEmEents Aari G g Ce
and per I I.\‘. n,  way and the delta | requirements delta Company, tral Valley | 5—(10411) | San Joss and oper- req lta :
on-ax " through 4,500 sec- of the Columbi: Project re- | Valeyy ation of Ptk 1 ¢
Folsom and flood ond-feet’ Delta Canal Con uirem o " Folsom and Delta o e
| Oroville | eontrol Uplands Faars fe S T H Uplands pany, San
\SEEVOLrs itlet | o e Luis Canal
Reservoir outlets | Luis Canal the delta | | I i mpan
| Company, | ‘ | : 5 |
I | ‘ i - F{{re- ‘ ‘ baugh Canal ‘
| Han : ‘ Comnany
) o . . F y g ¢ 10 1
: . . 1 (12} 13 1) 2| 3 4 2 | ' ! : . _
1930 “
January .. g 61.8 89.5 3.1 4
3 ! = 204.2 \ 3 16.6 39.1 |
1 o 269.0 -y | i i
5.6 b 2,
0574 N | 14.2 - g 0 H
2 68486 | 174.3 0 i 1 i i
o 3 ad 21.5 E 72.9
629.3 194.8 ] 21.5 1.031.0 0 I
560.3 280.6 0 o 1 ‘_!”“ B o P 24.0
554.6 200.4 0 - '_'w p 0 20.1 -
| 1684 0 T 7b«.7r ) 160.2 9695 ] 1.0 ‘ i
7 £ Bie 460.2 269.1 : .
::“ l - 1.5 BT . 514.6 | 145.8 | I .' I
440 7 1;‘ 4 mber 56.3 |  105.7 ; |
1. ) 2.f {
- | | o per. . .- .. 044.1 o
Totals | 0,710.8 | 548 ¢ 5647 i - 35.8 1,206.9 ‘ 61.0
( 9,719, 1,548.9 564.7 1.0 Totals 8.995.5 1,184.0 } 257.5 135.8 .
1931 | i
January ¢ #1.0 L1208 | 93.6 |
February | 18.8 o 1214.4 28.7 | } -
March._ . | { | 1.074.4 10.9 ‘ 0.6
A r 0 I 123.7 1
May 0 = 1 11.8 181.0 A e
June 0 = 25.1 143.7 534.8 | |
July. .. 0 P 1 24.0 | | 597.8 |‘ S
Augu: 0 - "t”' | 0.1 | $12.4 | o
Sep 0 i e 11.0 162 185.9
October______ 1.9 e e 1.9 100.1 111.8 4.5
November__ | ‘ e 3 rh‘” 3.5 4.0 340.1 ‘ ,,,,,, |
December = 'l B f 2.9 | 31.2 3.2
I i i 3 nber | p2E = = = =
s e iy -3 —a — T 10.1
lotals__ .. 244 .9 10.1 L1856 2 g4lT WTotals 1.800.3 5.8 1,296
1932
January____ 77.0 | | [ ¥
Fel by o 680.6 i;’ | i |
March. . _ 14.2 -
April ‘ 23.3 2 3
u L A ! - 1.5
e | v 1 B000:T |- | -‘]l o
June . 0 1. 22,6 =iy
. W& .0 —
July s 0 == a2l e |l eage N 97 | 240 | 1045 | 1287 | 6289 fooooo....
August 0 . 569.2
i o | 613.0 st __ 641.2 | |
September.._ | };,l)g ‘ 0 506.2 ember_ .| 477.9 | | 1.5
9077 156.3 1.§ Bher | 308 | ‘ | '
g w0 1 mber__ I 515.6 | (ST W S - i T . R .- -~ -+ o |
528.0 | 16.9 ber _ . | 568.6 —
; =z I e 61.0
s ) 265.2 Totals ‘ 14,622 .4 1,044.9 | 16,044.2 :
| = t | | _ —— e




1

|
M
I .

i =~ 52 . vl =4
" 4 FEATHER RIVER PROJE cT FEATHER RIVER PROJECT o
|

4 I
| WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA
}
- 1921-1947, by Months 1921-1947, by Months
i (Quantities in 1,000 Acre-feet) (Quantities in 1,000 Acre-feet)
| _—
Water supply Requirements of the Central Valley Project Water supply Requirements of the Central Valley Project
Water FT'ater
L diverted diverted
| W to meet to meet o 5
ater re- . T . Irrigation Continuous
! Tequire s Water re- requirements s
Uncontralled| leased from | Water re- quExchtzg: SIIEE;’)ET:- Uncontrolled lea::ag r[rr;m Water re- of Exchange supply re- Wigs
inflow to Orovﬂlg leased _frozn Estimated Agreement served for 'inﬂnw to Oroville leased from Estimated Agreement, served for s'upply
‘delta from Reservoir (}mvﬂh? Required water dated July theston delta from | Reservoir Oroville Required water dated July tht_e area w1thlout
Sacramento- | to supple- Rescrvoit Jow into | requirements 27, 1939, adjacent | Inflow to Sacramento- | to supple- | Reservoir flow into | requirements 27, 1039, adjacent | Inflowto | deficiency
San Joa- | ment sur- | specifically Suisun Bay of the | Consumptive| between to Delta- delts ia San Joa- | mentsur- | specifically Suisun Bay of the | Consumptive| between to Delta- delta in of 3,030
auin River | plus water | for power to prevent Contra irrigation United Mendota | excess of quin River | plus water | for power to prevent | Contra irrigation United Mendota | excess of second-
5 i . Basin mod- in delta generation encroach- Costa requirements| States and Canal Central Basin mod in delta generation encroach- Costa requirements| States and Canal C :.-utral feet for
S ang Hong ified by 50 88.to and water ment of | Conduitin | and evapo- | San Joaquin when a Valley ified by 50 as to and water mentof | Conduitin | and evapo- | San Joaquin when a Valley diversion
present de- provide wasted Total saline 1960 and ration and Kings Total surphus Projish present de- |  provide wasted Total saline 1960 and ration and Kings Total surplus Project fo Santa
velopments | a continu- | over spill- waters into | the present | lossesin | River Canal above Cen- | requirements| velopments | a continu- | over spill- waters into | the present losses in | River Canal above Cen- | requirements| Clara Va;ng,
and oper- | ous diversion| way and the delta | requirements|  delta Company, tral Valley | 5—(1 lll+1[) and oper- | ous diversion| way and the delta | requirements|  delta Company, tral Valley | 5—(104-11) Sa Joaquin|
| _ation of of through (4,500 sec- of the Columbia Project re- whioss of of through (4,500 sec- of the Columbia Project re- Valley and |
Folsomand | 3,930 sec-  flood ond-feet) | Delta Canal Com- quirements Folsom and | 3,930 see- |  flood ondfeet) |  Delta Canal Com- quirements Southery
Oraville ond-feet control Uplands pany, San it Oroville ond-feet soiitee] Uplands pany, San exists in Califarnia
Reservoirs | therefrom outlets Luis Canal the delta Reservoirs | therefrom outlets Luis Canal the delta
Company, Company,
| and Fire- and Fire-
baugh Canal b:ngh Canal
| -
Company OImpAny
(1 2 (3) 4 (5) 6 ) (8 ) (10) (11 (12) ) @ ) (5) (6) ) (8) 9) (10) (11) (12) (13)
|
62.9 2,300.5 276.7 3.1 23.6 22.9 326.3 x ’ ; 76.7 3.1 23.6 22.9 326.3 363.5 241.6
: - 326. mmemensc} H064 % N 61.2 689.8 276.7 3 : ¢
450.5 | 5449.2 258.8 2.5 28.7 28.5 318.5 || o sy &2 2 1 s 671.2 249.9 2.5 28.7 27.5 308.6 362.6 218.3
578.3 2,543.9 276.7 5.5 40.9 76.3 399.4 56| 21389 1,164.2 | a8 1,200.0 276.7 5.5 40.9 69.6 392.7 801.7 241.6
114.2 2,435.2 267.8 21.4 193.7 1095 5229 -y e iy 15.4 930.5 267.8 21.4 123.7 100.3 522.2 409.4 233.8
262.3 2,352.5 276.7 11.8 181.0 131.8 601.3 21.5 1720.7 552.9 288.8 0 841.7 276.7 11.8 181.0 130.6 £00.1 241.6 241.6
e L 1,757.8 267.8 25.1 143.7 136.3 572.9 21.5 1,163.4 532.9 248.8 0 781.7 267.8 25.1 143.7 111.3 547.9 233.8 233.8
- ; 2591 41.8 905.5 276.7 24.0 194.5 126.9 622.1 "985 4 580.4 250.0 0 839.4 276.7 24.0 194.5 102.6 507.8 241.6 241.6
i T o1 L 0 855.5 276.7 20.1 222.7 94.4 813.9 241§ 56084 285.5 0 854.0 276.7 20.1 222.7 02,5 §12.4 2415 2415
I ?;n Imber,,u | 4807 265.6 0 746.3 267.8 11.0 162.8 70.9 512.5 233.8 158.0 271.8 0 729.8 267.8 11.0 162.8 54.4 406.0 233.8 233.8
eto e 540.3 123.3 1.9 665.5 276.7 4.9 100.1 7.7 419.4 iy i 183 2 1.9 664.5 276.7 4.9 100.1 36.7 4184 241.6 241.6
govem T S 483.9 78.1 13.6 575.6 267.8 3.5 4.0 26.5 341.8 o i i 13.6 573.1 2678 3.5 44.0 24.0 339.3 233.8 233.8
ecomber. ... 571.5 3.8 70.7 646.0 278.7 2.9 3.2 22.9 337 || 3123 £24.6 1.0 37.0 610.6 276.7 2.9 31.2 21.2 3820 [l “18.0 2aiell
Totals-—__| 18,371.0 1,049.6 1,902.9 21,323.5 3,266.9 135.8 1,296.9 884.4 5,584.0 61.0 15,678.5 7470 1,709.5 238 | 93053 | 32880 | 1358 1,296.9 803.0 5,493.7 18.0 3,883.6 2,844.7
‘ 1937
January g 711.2 773.5 276.7 2.1 23.6 . 976 7 238 22.6 326.0 2,405.2 241.6
9.3 ! : . : 22.9 (e | 447.2 2,662.3 |.o.... I 8.9 2,731.2 276.7 3.1 23.6 . e | Ay e
’ February. .| 23016 2,351.3 249.9 25 8.7 s | sme [ i e el L | g 2.5 28.7 8.5 | 8185 |l 6215.9 | 226.1
e i g 276.7 5.5 10.9 76.3 399.4 T56 | 2318 5OM.1 || 11691 | 62132 276.7 5.5 10.9 76.3 309.4 5.6 | 58082 2116
s i 2,235.7 2,331.4 267.8 21.4 123.7 109.3 522.2 7.9 | Lso1.3 3215.3 408.9 | 3624.2 267.8 21.4 123.7 109.3 522.2 7.9 | 3094.1 2534
3 ay.__. 2,715.2 3,127.1 276.7 11.8 181.0 131.8 601.3 21.5 2504.3 2,083.3 268.5 2,351.8 276.7 11.8 181.0 131.8 601.3 21.5 1,729.0 241.6
o | 13243 1,615.0 267.8 25.1 143.7 136.3 572.9 21.5 1,020.6 '962.7 264.1 1,226.8 267.8 25.1 143.7 136.3 572.9 21.5 632.4 223.8
% "-'t ******** 609.0 938.5 276.7 24.0 194.5 124.9 620.1 318.4 610.9 37.9 890.4 276.7 24.0 194.5 114.9 610.1 280.3 241.8
w o 4 864.1 276.7 20.1 222.7 93.0 6125 241.6 587 4 27.0 881.0 276.7 201 2227 92.9 812.4 268.6 241.8
ptember___.__ 484.9 743.4 267.8 11.0 162.8 £8.0 509.6 233.8 486.9 8.8 746.8 267.8 11.0 162.8 62.6 504.2 242.6 233.8
! ﬁ“‘“’"’? ........ 556.0 65.9 276.7 4.9 100.1 38.1 sos | Tas Tl s 605.6 87.0 48.7 276.7 1.9 100.1 35.8 7.5 326.7 241.6
Dmmb):r ’’’’’ b 2,152.6 267.8 3.5 4.0 26.5 3.8 L. 1,810.8 672.9 77.1 750.0 267.8 3.5 4.0 25.2 340.5 109.5 233.0
ecember_____ 4,237.1 4,825.2 276.7 2.9 31.2 22.9 gy N et 3.401.7 4131 3,004.8 276.7 2.9 31.2 22.9 333.7 3,571.1 241.6
Totals.____| 20,408.5 903.2 1,823.1 | 23,134.8 3,258.0 135.8 1,296.9 877.5 5,568.2 610 | 17505.6 26672.0 3,115.9 | 30,603.3 3,206.0 | 1358 1,296.9 859.1 5,358.7 61.0 | 24983.6 2,852.5
‘ 1938
M January________ 2,517.3 276.7 3.1 23.6 1 ; 326.3 5,506.5 241.6
| il ¢ . . 22.9 T e 2,101.0 5426.8 406.0 5,832.8 276.7 3.1 23.6 22.9 @ JbEeerae s ool S o
” ﬂ“b’:}‘fry” 7,653.7 248.9 2.6 28.7 0 7 DR | [ 7.372.6 6.086.8 1,029.5 7,116.3 249.9 2.5 28.7 27.5 308.8 fl. 6,807.7 218.3
i iy £,900.6 276.7 5.5 40.9 0 323.1 5.6 8,571.0 4,420.1 900.1 5,320.2 276.7 5.5 40.9 76.3 309.4 5.6 1915.2 241.6
s g 3 bt 2578 21.4 123.7 109.3 522.2 70 | 47940 £401.1 388 | 4710.9 267 8 914 123.7 109.3 522.2 7.9 | 4180.8 233.8
] e 6,238.8 276.7 11.8 181.0 59.4 528.0 21.5 5,688, 4 3.620.5 746.7 4,366.2 276.7 1L.8 181.0 131.8 601.3 21.5 3,743.4 248
let;‘ = 3911.3 267.8 25.1 143.7 0 436.6 21.5 3,453.2 1,946.2 287.7 2,233.9 267.8 25.1 143.7 136.3 572.9 21.5 1,839.5 233.8
o 1,370.8 276.7 24.0 194.5 105.9 601.1 21.5 748.2 959.9 526.6 1,283.5 276.7 24.0 104.5 140.9 636.1 . 21.5 625.9 241.6
J B fwm&; ----- : 1,203.3 276.7 20.1 222.7 110.2 629.7 18.1 555.5 861.8 347.5 1,220.2 276.7 20.1 222.7 102.5 622.0 18.1 580.1 241.8
2 Sty 1,195.9 267.8 11.0 162.8 70.5 512.1 12.4 671.4 B88. 6 182.1 040.7 267.8 11.0 162.8 70.8 512.4 12.4 415.9 233.8
|. Vcomi,.e ,,,,,, 1,0?4.4 276.7 4.9 100.1 38.1 419.8 4.5 600.1 666.0 | 113.5 809.5 276.7 4.9 10801 38.1 419.8 4.5 385.2 2:141.6
o 832.1 267.8 3.5 44.0 26.5 gl gl £00.3 7%6.3 74.0 800.3 267.8 3.5 44.0 26.5 1.8 | ,188.5 233.8
RN et o e = 1,020.4 276.7 2.9 31.2 22.9 ETTR RS B g e g 3.668.9 410.0 4,078.9 276.7 2.9 31.2 2.9 BT 3,145.2 i
Totals___._ 313482 7.3 6,797.2 | 41,1027 3258.0 | 1358 1.206.0 55.7 | 52564 || 1130 35.823.3 434080 189.9 5138.5 | 38731.4 | 3268.0 135.8 1,296.9 905.8 5,506.5 113.0 | 33,021.90 2,844.7
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WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA WATER USES AND DIVERSIONS FROM SACRAMENTO-SAN JOAQUIN DELTA
1921-1947, by Months 1921-1947, by Months
(Quantities in 1,000 Acre-feet) (Quantities in 1,000 Acre-feet)
i —— —_— e e == = = — T |
Water supply Requirements of the Central Valley Projust I I Watter supply Requirements of the Central Valley Project
. - I B RS I \ ! |
. B Y | T 1 ] —
| | Water I ‘ | | ‘ ‘f\:stnr |
‘ I ‘ diverted | | | | diverted |
e to meet | to meet | o .
Water re- i s oat . | ‘ | i ts| Irrigation Continuous
| o - | requirements 1 Wat :, | requirements
| T _nmutmlled{ leased Ifr111|| Water re- | of 1}2:«- s q:l;:ﬁ;vl:;i Con Uncontrolled ](-:‘\.:!(?’f::m Water re- | ‘ of Exchange supply re- water
| Ilfllﬂoi‘f = Seokile ) il b | Estimated | Agreement, | served for | “inflow to Oroville | leased from Estimated | Agreement, served for supply
| ;:‘ ]jl rn.m Reservoir ()rnrlThl‘ ‘ Required water ‘ | dated July | P | delia from | Reservoir | Oroville | Required |  water | dated July th area wu}?mn
f n:mlne,nn- | to supple- 1tvsyr~.-;-|r ; flow inta | requirements 27, 1929, adjacent Inflow to i Sacramento- | to supple- Reservoir ‘ flow into | requirements 27, 1939, adjacent Inflow to deﬁf!ll{'lll(!y
oan lJ‘_"-" ment sur- | specifically Suisun Bay of the Consumptive! between to Delta~ l'h Ita in I. .‘. San Joa- ment sur- specifically Suisun Bay | of the 1€ “onsumptive|  between to Delta- delta in of 3,930
llillll.l_l River ]l!us water | for power to prevent Contra irrigation | United | Seadith | Snitas of of 3, quin River | plus water | for power to prevent Contra ‘ irrigation United .\|(:ndnm | excess of second-
Year and i | asin mod- in delta generation | encroach- |  Costa | requirements| Statesand | Canal lt‘n-lliral . Basin mnd- in delta generation encroach- Costa requirements| States and ‘ Canal | [fnlral feet for
ear and month | ified hy 50 4s to : and water ment of | Conduit in | and evaj uin | when a \‘-nﬁ].-v ; nth ified by ; s0 as Lo and water ment of Conduit in | and evapo- | San Joaquin when a ‘a]_lv_v dlv‘:rs“‘“
|j"“““‘ de- | provide wasted | Total saline 1900 and ration and Kings Total surplus ]‘rl;y-ﬁ present de- provide wasted Total saline 1060 and ration and Kings Total surplus Projeet EoDanty
\'rlnlpmems | & continu- over spill- waters into | the present losses in River Canal above Cen- | reqtirementd velopments | a continu- | over spill watersinto | the present losses in | River Canal ahn\'c-(r'n— ,_‘.'11!,1.9,“,.“[3' [.lum \u]l?y.
.l'nr‘ oper- . ous diversion, way and | the delta | requirements delta | Company, \ tral Valley | 5—(10+11) and oper- | ous diversion|  way and the delta | requirements delta | Company, tra]'\ alley | 5—(104-11) :ﬁal_.u Joaquin
k ation of e of | through (4,500 sec- of the | Columbia | Project rc:— ation of of through (4,500 see- | of the Columbia l'r!ue(-t re- '\ﬁalle_v and
-..zi}aan'._lzlmd ‘ 3,930 sec- ‘ flood | ond-fect) Delta Conal Com- ot Fodeom aud | 3930 sec- fdod ond-feet) Delta Canal Com= quirements i':oqihvr!t
R il ond-feet coutrol Uplands pany, San | exists in Oroville | ond-feet control Uplands pany, San £31ps M Galicenih
eservoirs | therefrom : outlets | Luis Canal | the delta | Reservoirs | therefrom outlets ‘ Luis Canal | the delta |
| | | ‘ Company, | ! | | Company, |
‘ ‘ | and Fire- | | and F‘m\«
| | haugh Canal . baugh Canal
(1) (2 4 Company | Company ’ ) - .
*l m——t ‘z‘f} *-—J‘? T ’ N \ - | = | 4 \ ) (1 ‘ (12) / @ | ()] (1) (5) 16) ‘ m | (8) (9 (10) ay | a2 a3
—_— Ml : i | ® | @ | _
1942 ‘ | ‘ ‘ ‘

]I":"‘»lrzt:;\l .;'735 ; . 270.7 5.1 | 29 | a3 [l._____| sizs ' | 820.9 5 006.5 5.7 - 3.1 2 EE—. 241.6

i 0.8 249.9 2.5 ‘ : 27.5 308.6 | | i e - | ass07 12953 9.0 ‘ 2.5 g. 7. I 3.916.7 218.3

April . ‘ln'f?; ‘ 276.7 | 5.5 9 76.3 | 399.4 5.6 817, " | s 2,144.8 3.7 5.5 0.9 | 76.3 4 17398 241.6

o R I~ 4 267.8 | 214 123.7 109.3 522.2 7.9 1.287.1 1,301.5 267.8 21.4 1834 1098:3 3.3 s o

Juni ----- - ::.ﬂ.lllhgl S | 276.7 11.8 181.0 131.8 601.3 21.5 1'753:1; 2,016.9 A 11.8 181.0 131.8 B 1,304.1 24_1 6

ooy e 267.8 25.1 143.7 136.3 ‘ 5729 25 | 1308.1 1,683.7 7.8 251 | 3.7 1363 | 5729 1,080.3 233.8

i - . e | 276.7 24.0 14,5 | 1416 636.8 215 . "630.2 937.5 a1 | 24.0 194.5 140.9 i 301.4 241.6

hupt.......| 8820 | | | 276.7 20.1 | 27| 982 B17.7 18,1 e 902.8 T 20.1 220 10e.8 o <k i

Ocisbee. | -e19.8 e 207.8 1.0 102.8 | 72.8 514.4 12.4 | 503 767.1 7.8 1.0 162.8 s o s o

Mo 1 i1 | : 216.7 | 1.9 100.1 3.1 | 419.8 45 S 003.7 7 40 100.1 a8.1 9.8 170.4 241.6

g s ] 27.8 | 35 | 440 | 26.5 3418 | _____ B | 1367 1,488.3 8 3.5 4.0 | 205 | .8 1,146.5 233.8

cember. .| 1.827.1 2,206.0 276.7 L | sz [ 30 333.7 ) | iwne 5.230.7 7| 31.2 | 22.9 T 4:806.0 1.0
Totals_ . .. A83.0 | 505 | 55004 | 330519 || 32880 | 135.8 | 126.9 = IR R e— e To2517.8 || s2ss0 | s | 10 | e13a 5,003.8 B1.0 | 16853.0 | 28447
1043 I ‘ ‘
;‘.:t.:::y & ;gggé ;?HA ‘ it i | 3.1 23.6 22.9 326.2 4,795.3 2.570.5 : 3,122.8 i 3.1 | 23.6 326.3  ||------ .| 2798.5 ﬁ?:r:
meemmon 425, ; 2.0 3497.5 249.9 2.5 28.7 | 275 HUR-H emcmeeaas ,795. 2200, [t ‘ 5 987 308.6 1,037.6 218.:
- A i K. 28, ¥ 3 eonnd] 3188.9 986 1,346.2 9.9 2.5 8.7 i == e 4

e 1 Lide2 | 5712.3 276.7 5.5 09 | 763 309 4 yEm 1hi8.8 1,080.1 7 5.5 10.9 390.0 5.6 157, 241.6
N oAl ey PO AR . (i 267.8 21.4 123.7 | - 108.3 522.2 7.9 | 2567.4 1748.0 1.802.7 s | o2 | 127 522.2 (CTNE L i
oo I,mz.:i L ; 262.3 2,244.6 276.7 1.8 181.0 ‘ 131.8 601.3 21.5 1,621 8 1.998.0 2.260.3 7 | u.s | 1810 131.8 ‘ 601.3 21.5 1,637.5 241.6
g -AFE»J E Lo sty 1,600..4 267.8 25.1 143.7 136.3 572.9 21.5 1.006.0 "356.0 1.080.0 8 251 143.7 136.3 572.9 21.5 196.5 233.8
Augl;‘;t tsu‘l'; ) 51;‘;’ s '3‘1"9 "3‘5’;,'3 9 ¢ i 24.0 194.5 129.3 624.5 a5 | a8 614.5 097.0 5.7 24.0 191.5 1200 | 6182 [looooooeoee {nlai; 34;1:;

August... ).5 233. a0 y 276.7 20.1 299.7 ‘ 95.0 614.5 8.1 | 2933 naih 005.7 7 20.1 93.2 | e12.7 o o 293. 241,
:;-‘:::frber' i ggg‘i 108.5 32.2 ‘ 785.4 267.8 11.0 162.8 85,4 507.0 12.4 | 0 gﬁ‘; T62.3 8 ne | | 688 5104 2.1 g ;ﬁ:

tober. ... 33.7 20. 74.2 738.0 276.7 4.9 ’ 100.1 27.9 1196 5t § ; o | a1 7 7.5 | 119.2 45 2u7. 241,

J . : » i : 4.5 313.0 F : ‘ | 671.3 4.9 §io o -

B:{'«:;né):r.. grl;:.f e LS 74.2 { 682.6 267.8 3.5 4.0 w5 | sns I 3}3 4 %2 M i § 35 2.5 | 3418 T 520.4 233.8
aber....|  616.7 wmemes 7.4 T14.1 276.7 29 - ea R N | I 2808 065.2 | ... 159.0 ‘ 1,124.2 278.7 2.9 22.9 333.7 |l.ooe-oeooee 790.5 241.6
Totals-......| 21,050.9 670.5 3,536.1 | 26,157.5 3,258.0 1 135.8 J 1,206.9 880.7 55714 | 130 | 204731 BT 5 | 843.6 | 20408 | 16865.7 9258.0 | 1358 | 1,208, 872.6 \ 5,563.3 64.0 | 11,2284 | 28047
1044 , [ | . y ‘

b ; | | ‘
‘;‘:l‘:::’r 152?? | 61.2 699.8 276.7 3.1 22.6 22.8 326.2 Y T 572.0 B1.4 634.3 276.7 3.1 23.6 ‘ 326.3 ||...--eeeo...|  308.0 28
o SRS 1.433.0 o i 23b.8 2.5 8.7 28.5 3185 fl...._._.. ’ 1,008.2 w517 |- 107.7 1,150 .4 249.9 | 2.5 28.7 ‘ o | - 350.8 218.3
Fe i (B e e 1i683.3 276.7 5.5 40.9 76.1 399.2 5.8 1,150.0 T8 | ) 17200 | 18914 276.7 5.5 40.9 300.4 5.6 1,486.4 241.6
May. . 1216.9 o R o oo 21.4 123.7 108.5 521.4 7.9 | 2387 '803.5 - 1.7 R18.2 267.8 ‘ i g ' g Ly g i
- ¢ Wiy B o e 263.8 | 1,480.7 276.7 11.8 181.0 131.8 601.3 21.5 857.90 647.6 | 2 - 0 864.4 276.7 11.8 181.0 131.8 801.3 21.5 241.6 Ei\_s
ooy e i Al 153.9 082.1 207.8 25.1 143.7 136.3 572.9 2.5 3877 1918 305.2 o | 770 %78 | 2.1 43.7 | 126, 503.2 |- | Baa i
August.....| 5388 315.2 0 354.0 A it o 153 eiga ... .| .gs6 B4 | 305.0 0 | s30.4 276.7 2.0 194.5 102.6 7.8 L 1.0 LS

el 7 e e 76.7 20.1 222.7 92.9 L1 T SRS 241.6 34‘5 310.4 0 R54.0 276.7 20.1 222.7 ‘ 92.9 12, “4l. ey
gs—‘ltt?:rbﬁ ;gé‘g fgéi lljg ‘532'3 §“Z,'*‘ i Ioga .4 513.0 M. . 4| 233.8 354'2 267.5 0 731.7 267.8 11.0 162.8 | 6.3 | 497.9 '-:3)%2 3:?:
: . 1L : 76.7 1.9 100.1 38.1 119.8 241.6 2 79.2 4.4 276.7 1.9 100.1 37.9 419.6 320.1 :
1;::,:','&: }ﬁ’?gj a4 1,160.8 267.8 3.5 4.0 26.5 8418 oo o] 83800 2?.?2 281 §70.3 267.8 3.5 4.0 25.7 | 341.0 338.3 233.8
| 14723 || 230 1,704.3 276.7 2.9 31.2 22.9 8387 Moo | 137058 528.0 | 412 | 310 £06.2 276.7 2.9 ‘ 31.2 22.3 \ 333.1 273.1 241.6

okl 2. 2 39. o w7 e [ — — f el . L = R e, ) : S e
otals....| 10739.0 | 1075.3 | 1007.6 | 128219 | 3266. e e ' 5.578.6 ] o | T 86126 | 14611 s5.0 | 108197 || 82580 18 | 1200 ws | om0 | 2euT
‘ ] — =~ - — __,,‘ 3 : —

16,317.3 1,007.5 1,880.4 ‘ 19,212.3 [ 3,260.0 ‘ 135.8 \ l,?.qﬁ 9 66.4 | 13,614.5 { 2,846.4




APPENDIX D

ESTIMATED COST, SANTA CLARA-ALAMEDA DIVERSION
April 1951, Prices

Italian Slough

Excavation, 121,500 cubic yards at $0.25__________________ e h S 10,400
Rightotl way .- - . e = T e 2,000
i $32.400
Intake Canal

Exeavation, 534,000 cubic yards at $0.25___ =r3 B
Railroad and highway bridges___ . ___________ I e ¥
Right of way_______ o e L R, 11,200

T 257 200

Canal at Pumping Plant No. 2
Excavation, 79,200 cubic yards at $040___ g e 21.700

Compacting embankment, 16,000 cubic yards at :gll‘lh sl 2,900
Concrete lining, 3,880 cubic yards at $35 S 135,800
Reinforcing steel, 267,000 1|m:mI- at $0.15. = . el 40,000
Rightofway LS N, ... 1,800
' T 212,200
i g \mm\l Brushy Peak (8.7-foot diameter)
7.550 linear feet at $187___________ A P S S AN 1,411,900
l‘unnvl. San Ramon (B.5-foot diameter)
3,200 linear feet at $168_____ N e H3T,600
Pipe Conduit
Sd-inch diameter pipe
6.4 miles of pipe at $313,000 to $431,500_______ e 2,175,400
Air valves, blowofls, ete. e s e bt - TH.500
Special structures . _______._____ i e R A s e 55,000
T8-inch diameter pipe
6.4 miles of pipe at £265,000 to $284,600__ ____ pne i SR £1.701,900
Air valves, blowoffs, et¢.— . ——_ e e s e e 38,400
Road ecrossings ____ . T= — ar Be —— 20,000
Special structures o W e B BN NS L [ . 70,000
€0-inch diameter |)}1m
46.9 miles of pipe at £168,000 to $216,600_______ e 5,081,200
Air valves, blowoffs, ete._________ e 495,600
Road crossings - _____. e e e e s i 100,000
Railroad crossings . ___ e e B L o o) S 20,000
Special structures . _________ SRR W S [ 80,000
Major drainage crossings____._ _________ = SRR s (. 100,000
R D R e e e e e 152,100
TN 13,825,100
Pumping Plants (2 plants, 3 units each)
Pumps, valves and hydraulie eontrols_ W TSIl N . 790,000
Motors and electrical controls_ o Smalet 800,000
Buildings, including cranes and utilities. __ . o __ 500000
House, grounds and roads. -« _____ s i 200,000
R - 2,200,000
Air Point Dam and Reservoir
Excavation for foundation 843,000 cubic yards at $0.50 to $0.75__ 590,100
Embankment, 3,233,000 cubic yards at $0.25 to 085 _________  2,037.300
Grouting foundation Rt e I N s e S LR 120,000
Spillway e e e B LIS L 4,500
Outlet works . __ e et =R e 226,500
Reservoir, lands mr] mmrn\ ements___..________ i AT R 200,000
Clearing .. st Pl Nl i o it SR 10,000
Relocating rumlx 2 miles at $77 -000 ______ e e e 150,000
3,428 400
Crow Canyon Dam and Reservoir
Excavation for foundation, 185,400 cubic yards at £0.50 to $0.75__ 111,200
Embankment, 975,000 cubic yards at $0.25to $080______ 485,000
ety IOUR0RHN — e e o et = 100,000
Spillway o S e e S IR R L T L L 190,000
Outlet works __ . S5 SN S AG T 232400
Reservoir, lands and improvements . ___________________ s 200,000
Clearing ________ =5 T=AWy e N == =R s 10,000
Relocating roads, 4 nulo\ :lt ‘h'; 000___ BT 300,000
oy 1,628,600
Terminal storage at Evergreen Reservoir ________ i o S g O 504,900
Ty 7 e e e e P S B o e A A $24,128.300
Engineering and Adummtrmmn 10 percent.____ e i SRS 2,412,800
Clontinstncian, 15 Pereant o e e 3,619,200
Interest during construetion ____ B, el S . = 904,800
Total estimated cost ____ P R e b e LS RS e - £31,065,100

—_—————— =

APPENDIX E

ESTIMATED COST, SAN JOAQUIN VALLEY-SOUTHERN
CALIFORNIA DIVERSION




FEATHER RIVER PROJECT

SECTION |. DELTA TO FRESNO-KINGS COUNTY LINE
Length, 157.6 Miles

April, 1951, Prices

» Mile 157.6

Unit cost

Item Unit Quantity

Item cost

81

Capacity, 6,000 c.f.s.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SIS . wene==-| Cubic yard 37,548,000 $0.18
e AR A A e T s R A R A A s e wiitemee=x| Cubic yard 1,195,000 1.50
_____ [ L iieeiecaeeeee-=| Cubie yard 13,187,000 0.20
|
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I Square yard | 12,019,000 ‘ 0.25
G N e e S R R R SR e - ~| Bquare yard 269,000 I 1.50
_____ e et immmaemmmmnonmn-a| Cubie yard | 1,361,400 : 20.00

50.5 feet. ... ____
50.3 feet_.
50.3 feet. ..

05 cubic fect second—
55 cubic feet second—
& cubic feet second—

Bb cubic feet second— 75.2 feeb_ ... ... __._.__
b cubic feet second—107.2 feet__

£6,759,000
1,793,000
2,637,000

3,005,000
404,000

27,228,000

546,000
157,000
H82 000
276,000
345,000
273,000
273,000
410,000
410,000
414,000
683,000
410,000

1,000,000
610,000
634,000

1,830,000

1,680,000

72,000

5,741,000
5,712,000
5,712,000
6,748,000

.......... . o = —ma e e i SRRSO =G e St 14,698,000

- 8 161,750 1,264,000
eattle guards 316 1,650 521,000
I R S PO ST e RS SREE) SR eaes e cr T 3,759,000
..................... e S e S A e o o s e B o i e R R S et 206,956,000

g administration and contingencies, 25 pereent_ . ______________ T oy SUp ] 24,249,000
B R 00 ot s i om0 o oo kS5 o N AP s o e 2 e o e g 7,275,000
Estimated cost___..____________ e e [ $128,520,000
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BUENA VISTA HILLS TO PASTORIA CREEK
Length, 44.6 Miles

SECTION II. FRESNO-KINGS COUNTY LINE TO KINGS-KERN COUNTY LINE SECTION IV.

Capacity, 3,500 c.f.s.

" 82
|

Mile 157.6 to Mile 183.5 Length, 25.9 Miles Capacity, 4500 l80 1 Mile 290.6 i
. . - rices
April, 1951, Prices April, ! I ) -
| ) | [ 1 | Unit nantity Unit cost Tt t
5 ¥ 1t cos em cos
‘ Item Unit Quantity Unit cost [tem | ' e — - —
| -
it ) - __‘ Cubic yard 9,730,000 ‘ $0.18 31,751,000
i Canal excavation ) - ‘ Cubic yard 129,000 1.50 194,000
' e Py - Cubic yard 6,583,000 $0.18 Cubie vard 3,223,000 0.20 645,000
i Canal embankment___________ Cubic yard 1,963,000 0.20 | Square yard 2,525,000 0.25 631,000
| “ Canal trimming L3 . s | Square yard 42,000 1.50 _ 63,000
I & Ea;-ril} S N i e e e e S e R A ---| Bquare yard 1,656,000 0.25 - Cubic yard 285,500 20.00 5,710,000
i anal lining
Conerete_________ I S B T e ----| Cubie yard 184,300 20.00 : [
| L R B . T o 38,000
- T T T | sttt el s s B NSRS 151,000
‘I: Pino Arroyo. . ___ S-SRI S~ e I 2T L B SN L \ R . 302,000
| ‘ OO S S R . o GOl | Mo | I - " 151,000
‘ La Salida Creek S e oo . 151,000
i P L IR R I S . | T . 378,000
| | | Minor. .. R o ] o | 645,000
| S I ANt (W O B
1 Drainage structures_____ R e T e S I R s o | e 521,000
| Farm bridges. ... s = o 7 6,470 e Fuch 31 6,290 195,000
i \ Jounty road bridges___ ™ . - = ; : 8¢ 12 239256 Il cxioE 0 - . Each 7 | 22,845 160.000
i Canal checks. _—____ 3 L R R il Biich 4 | 75,000 300,000
|' Purnonts. -ooocoon T LT E— e e - IR S | - meea 40,000
! Fencing and ecattle guards_ . ____ e R syl Miles ’ 52 } 1,650
| Right of way____.___ . B (e A s rrommet R - e | e | S 9,095,000
' Wim-‘\?‘m‘::_'}i . ) o Each 1 [ 108,000 cubie feet second—149.6 feet. . — RO RECRE i 6 361) 000
| | = | ‘ ? N eubie feet second—106.8 feet._. . ________________ - - ~ R T oo 8!41‘2.000
‘ Subtotal. ______ B 3 S N s -2 . cubic feet second—=200.2 feet_ . - e oiE S 12.204.000
i o L . it i i 7 e it cubic feet second—350.4 feet_ i | == e 12,180,000
‘ i | Engineering, administration and contingencies, 25 pereent_ . _______ ST S S . |- S I cubic feet second—350.0 feet- ... lUTTTTTTTTT - | - )
Interest during construction._ e s g v e e e e e S s S e S SRl gl | i 142,000
I nterest during construction e gunrds.. ) o Miles 1 86 I HE pi i
|H Total estimatelvost. e mue g o oo o I~ Ty ¥ E5) e e e SRS e = - T 'Jﬁ;,(;,f,””‘ ) 2 : 91,000 182,000
. s mmm s s s e TR - il B o _ _— -
R TN $61,033,000
| .
p . . " - 5,263,000
]| |‘ Badministration and contingencies, 25 pereent_____ o _._ . . || 14) ?;3 %B
e construetion. ____________ = R Somos 3 579,000
H I O o S SR et e $£80,895,000
| Estimated cost_._.__________ P S = EEE =
SECTION Ill.  KINGS-KERN COUNTY LINE TO BUENA VISTA HILLS
f ‘|“ Mile 183.5 to Mile 246.0 Length, 62.5 Miles Capacity, 4,000
L April, 1951, Prices
{ T 2
il : Item - Quantity Unit cost Trem cost
I ‘ y =3 f SECTION V. PASTORIA CREEK TO QUAIL LAKE
l ; ; i acit 00 c.fs.
H ‘ Canal exeavation .6 1o Mile 302.4 Lengih, 11.8 Miles COP city, 2,5
e = e E O e - ~—--_| Cubic yard 12,005,000 $0.18 $2,161,000 il 1951, Prices
i Canal embankment ______ MU e ST e o= ----| Cubie yard 6,495,000 0.20 1,299,000 Ap”" ! ; I
I Canal trimming ] | = == -
I‘i Earth_______ SRR oo I e e e e S Square yard 4,173,000 0.25 1,043,000 Ttasi Unit Quantity Unit cost Ttem cost
| Canal lining ] SRS | T =
! Conerete. .. _ - oo oo __. R e ,‘ Cubie yard 486,500 20.00 9,730,000
L ivati hie yard 1,523,500 $18.00 $27.423,000
’| USR-S S0 SRR UL Wl R e e T e ey R A 46,005 R e o N CQI ][:] R?r 33.670 | 300.00 10,101,000
e - ST S SRy G ¢ [ 25.00 13,622,000
B LT e T R e S D TR NP WY e W - iNg—concrete SRS e Cubie yard 389,200 | !
Farm bridges___________ Each 42 6.280 e R 2,021,000
County road bridges___ - Each 25 23,595 Siphon_____ SRS e | il i
i Canal ehecks_ ____ ,,,,‘ Each 6 81,000 -
Turnoute: oo .- e L B L B L S N A i m m ot e e i R s LTI IR R R . - o B + 11,040,000
| Highway bridge. .. _______ el e e i o N [ i) .|  Each 1 28,505 #450 cubic feet second—313.6 f“"": e S 11,384,000
Fencing and cattle guards________ ___ en e . Miles 125 1,650 50 cubic feet second—313.6 feet ... - o e 11,305,000
‘ Right OF waye--conocieo o . s T A ek ,,‘,,_ _____ TR [t N e 8450 cubic feet second— 313.6 feet. e S | i 11,140,000
Wasteways. ___________ e M s e e Each 107,000 #4650 cubic feet second—313.6 feet. _ s e ) 11.544.000
1 S o __ P | - +450 cubic fert second—313.6 feet 8 S = == e e 12,509 000
] Sbtatal 0. P o e e L s L . - B450 cubic feet second—313.6 feet. . __________ | e R
| | 77777777 . o 20,000
Engineering, administration and contingenei . S - 2 e iy 7 ettt S ) | I (P | i 22,000
] Interest during construetion_____ SR T R o i Vetii s _ e " - - SesEEsEsTe—seEseomne msy s - | o | - 14,000
‘ cture S s S | s -
Total estimated cost________ iz - . ~ ~ £122,145,000
total | R R .
- ; 5 g 30,536,000
B administration and contingencies, 25 nereent___ {g !)f); 000
Fing constructicn. S R e s s s T e e e e s e s S B S | S
e e R $161,842,000
RESTLEY T R S USSR N S PSP P
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£ y | o U
SECTION VI. QUAIL LAKE TO FAIRMONT SECTION VIIIl. LITTLE ROCK CREEK TO DEVIL CANYON i 8
i ; : Capaci (% & H
Mile 302.4 to Mile 327.0 Length, 24.6 Miles Length, 58.8 Miles s
April, 1951, Price Apiit; 19T, ok e e
Ttem | Unit Quantit A Unit cost 1 Item Unit Quantity Unit cost Item cost
Tni uantity | nit cos L . _ e e
- e S——— S g _— - _— T e By T M | | "
‘ "y 766,000 $0.30 £230,000
Canal exeavation—earth_ e u b 544,000 | 20, wit excavation—earth =a [ ?“:1]:: iz:: ;;é"“"j 1.50 8]07,000
Canal embankment_ .. ______ = = - . 264,000 ( Wit excavation—rock . - == | (‘Ehiv Tard | 4[)4'00[] 0.25 124,000
Canal trimming—earth__ n . ¥ = 150.000 0. B—backfill ___ .. e = Cubic ard | 1333'5'“ } 30.00 4,005,000
Canal lining—conerete- __ ~ . ‘ Cubie yard | 16,600 20). conerete. i = S | o r
“ubie ¥ 6,358,000 0.18 1,144,000
Covered conduit exeavation—earth e = Cubie yard 4,200,000 | 0.30 jon—earth. —- - St wreEzmes :-:]l::: t::::; [ -:'3;2 000 ! 0.20 562,000
Covered conduit excavation—roek _________ Sk SEeaas-coane| Cubiogned 3,720,000 1.50 jkment_ - T Satake s 430,000 0.25 608,000
Covered eonduit backfill - s ) . ) | Cubie vard 2,940,000 0.25 earth_ .- s - = I(‘zlhir S'ard '2(',9.(',()0 ‘ 20.00 5,392,000
Covered conduit—eoncrete. ____________ 2, e Cubic yard 931,200 | 30.00 Egoncrete . S mtrs b 3 <
| Cubic yard | 4,500 20.00 7,490,000
Tunnel excavation—19 feet. . _ .. == £ = | Cubic vard | 51,300 20.00 e i ( :\1;”;* ‘\ﬁrd 379 _;[;() 300.00 2,838,000
Tunnel timber..._____ E 13 e : 1,450 300.00 -~ =222a RO Cubie yard 99,700 35.00 8,400,000
Tunnel lining—concrete___ = = r.a . 14.500 | 25 00 iy R e ‘ C
Siphons { ) | ST cesesCSwEee 87,000
Horse Camp Canyon_ _ e == = — = | P | E Lt - Sl = | B RGN B - 3,002,000
Spencer Canyon._ . _____ I = 2 | L] o i W 1 % ) = = o . E B o 1 o = < 174,000
Burnside Canyon = E = . v o - 3 - = ‘ : e, ) L . 1,280,000
Adams Canyon _ S e ot | ! 5l i i = 000 i | e = bt : S N 686,000
Baldwin Canyon._. : -5 i e o % ‘___ ‘,,,, . ) - = “-- -- T . 3 g = 174,000
Kings Canyon________ . L = : = % 3 B O - - < | | ,,,,, I
Bly Canyon._ .. __ S g L e . . ‘ ] o _‘__ B | L I 136,000
Broad Canyon.._ z St ey W e | mctures . - # = = i P . - 5,390 183,000
! ) -- -|-- - T ISR Each 34 ‘ 5,1
i e : : s - et ST s | v 20,500 185.600
U I =2 = 4 58 1
Drainage structures_ = o 3 = S ‘ i e ) _‘ - yEE = =a | HEaoh | = | = WJ . 20,000
Farm bridges._____ L - Each 2 I s _ __ --- = T | e | 25,500 51,000
County road bridges....___...___ . i 1.;:,;.;, 2 Voir - = ‘ Each -
Canal check and turnout S o - 22 - ‘ - o 1 L k. . ) Miles 101 1,650 :I;E.g((:;

. | teattle guards. . - R - s | = S —— al,
:;i-larnlr;ln‘;ff;:g}vcu(ri«» eunrds_ T = = = | Miles f 49 1,650 J oo - o ) A i . J Each 3 43,000 B _] 2,91000
Wastewnys.. ... _ 2] SRiIe S e e e T TRL000 1 e .t $33,532,000

B . o el = LR L, = e Y
Bubtotal .. ___,_______ e FLAP Do o . by = I rof 841 ) T e T O < - = oA My DS pe LRy 8,383,000
)y b adiministration and contingencies 25 percent... e s e e i 2,515,000
Engineering, administration and contingencies, 25 percent. ___ Ry = e Y } 10, fing construetion__ - -—- Dt ittt mesneshanne —
Interest during construction. 5= - ol LS L. LA & . $44,430,000
Restimated cost. .- - -ccecr--oe- e e RS . -
Total estimated cost_._.___ i e o N Y e e I v $54,8200 e — - —

SECTION VII. FAIRMONT TO LITTLE ROCK CREEK SECTION IX. DEVIL CANYON TO ALDER CREEK c ity, 1,100 c.fs
- ; i apaci s,
Mile 327.0 to Mile 369.6 Length, 42.6 Miles Capacity, 1,50088.4 to Mile 444.3 Length, 15.9 Miles pacity, 1,
April, 1951, Prices April, 1951, Prices PR S
= — =y = — 5 R o Yot anat Item cost
ftam ‘ Unit Quaitity | ik ost Ttem €0 Item Unit Quantity \ Unit cos N E
Covered conduit excavation—earth__________ - B i e S L ‘ Cubic vard ‘ 8,021,000 ‘ £0.30 £2,400 ki $20.00 $18,814,000
Covered conduit excavation—roek__ .. ... __________ 5 ———eme-—-.| Cubic yard 6,734,000 1.50 10,101 b SEESCRTRE G SR = ST — (K;)l{ '\Grd ”;g;(;.-"(: ﬁfm(}(] 7,131,000
C_u\'ere«! mmdm:t backfill ... __ - B " Cubic yard 4,886,000 0.25 ,222) ' Rt ey s e e e h":';'u;'d ‘;;,0';-,90 35.00 8,768,000
Covered conduit—conerete________ ie yi e . = Cubie yard 1,256,000 30.00 37,6 T R ks e Ll | Rt ! r—
Tunnel excavation. .. s i die L . Cubic yard 72,000 20.00 E e v . L e P ‘ Prero R WOLE )
Tunnel timbering. . ________ = - { Bdeetoy RS ‘ M.B.M. 1,820 300.00 g e . 5,000
Tunnel lining—eoncrete. .. _______ e Tl ey --euv--| Cubic yard | 19,200 | 35.00 . G B = o= ‘ e | S 7| = i — - —
e ! ] . o e ¥ | £34,738,000
Siphons otal LB e -- =tEmeenhes -
Priagtieele i~ = oo e o L - o .. S o s el . 8,685,000
Amargosa Creek____ T, i U I e Y. 0 6% i S o T T g R e 1 i, administration and contingencies, 25 percent._ - > b R 2,605,000
Anaverde Creek. .. S eeememee s e e e e A el = Tl e et Lies ot KU W firing construction_ - .- ~ a - N -~ Sme s == - o0 ST
SRR A R e WA L i 0 el Tt = 1,009, - £46,028,000
Minor. . _..___.___ i - Y O A s = - U v~ FUT TR 173.0% estimated cost_____ .- e = . J e
Dralosms struetirel. e e s ae e sa SRS e N STy — 2 = 1640 | e e N
AT e e L SRSST RS B =E 55 S PPN e T e T P e, B e e R AR s 20
|
Fencing and cattle guards.. .. _______ s i s e et e e Miles 81 1,650 13040
L T AR - = o L =l X S LN S o i N I‘_
T L e R e e e L R ey = ._)553.733‘
Engineering, administration and contingencies, 25 percent_._._______________ A e Bk e e aswas 14,1831-
Interest during construction__ 1 ey My e . (o) SRR e . ks o] 21 um T i 4,255
L, o L g e e B N L ey e §75,171L%8
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SECTION X. ALDER CREEK TO BEAUMONT
Length, 17.0 Miles
April, 1951, Prices

Unit

Mile 444.3 to Mile 461.3

Quantity ‘ Unit cost

Excavation_ 4
Timbering_ ___
Conerete lining _ _ _

Tunnels ‘

| Cubie yard |
= M.B.M.
e | Cubie vard

£20.00
| 300.00
| 35.00

Santa Ana River siphon

Tt cocsuaaosase

Right of way__

Subtotal . _______ FREOLS.
Engineering, administration and contingencies, 25 percent _
Interest during construction. _

Total estimated cost

5000

%30,004, 000

SECTION XI. BEAUMONT TO NORTH FORK SAN JACINTO RIVER
Length, 19.0 Miles
April, 1951, Prices

Mile 461.3 to Mile 480.3

Capacity, 800

Item [ Unit Quantity | Unit cost
Tunnels ‘
F‘,:‘iua\'a_ﬂ'm_. s = = ] . ~.| Cubie yard 512,400 ‘ $20.00
Tlmhrbrmlz__ = - .| MBM. 15,000 300.00
Concretelining. ... ..o - - .. - | Cubie vard 127,800 | 35.00
| |
San Gorgonio Pass siphon_____ i - I T i .
Turnouts_ __ __ A et S s EE = = EF = R
Right of way._ . . ~ e S -

Subtotal .. _____.

Engineering, administration and contingencies, 25 percent
Interest during construction_____

Total estimated cost

SECTION XIl. NORTH FORK SAN JACINTO RIVER TO LAKE HENSHAW
Length, 59.5 Miles
April, 1951, Prices

Mile 480.3 to Mile 539.8

Item | Unit ‘ Quantity Unit cost Ttem cost
Tunnels I |
Execavation__._._____ T (R F— ~ = | Cubie yard | 859,000 £30.00 $25,770,000
Timbering._______ 5 . . o M.B.M. 13,820 300.00 4,146,000
Concrete lining . __ = o _ | Cubie yard 228 600 | 35.00 8,001,000
Canal excavation_ - _____________ SR — e ! Cubic yard 996,000 0.25 249,000
Canal (-u‘xhan_klut‘nr - . . . s —---| Cubie yard ‘ 939,000 0.20 188,000
Canal trimming Square yard 968,000 0.25 242,000
Canalbining - .. _________.__ il K - s Cubie yard 106,900 20.00 2,138,000
San Luis Rey River siphon_____ s | s ‘ Sl . 532,000
Drainage structures_ _ e A = = a5 = | s . "- = 152,
Farm bridges__ mioce e ez Each T 3.270.00 23,000
County road bridges . ______ ‘ Each 5 14,430.00 72,000
RN s e e o 4 e = S s e ___’ ' 1 IU.M
‘ :
Fencing 3 . ) iy ; Miles 60 1,650.00 99,000
Rightof way-___— - __......_._____ I foous = ‘ Ly s} 30,000 ]
Subtotal . .. __ . =5 g e = ii R;TJ'»&ZM
Engineering, administration and contingencies, 25 pereent._____ s PP o 1(},4!3.0'”
Interest during construction_.____________________ e I e 3,124/
Total estimated cost__________________ T AL U S, S S e LS W o _55;{89;0“)

Ttem cost

$10,248,000
4,500,000
4,473,000
13,938,000
10,000
14,000
$33,183,000

8,206,000
2,480,000

$43,968,000

Capacity, 500

Capdcity, 350 9.8 to Mile 546.2

FEATHER RIVER PROJECT
SECTION XIll. LAKE HENSHAW TO SAN DIEGO RIVER
Length, 6.4 Miles
April, 1951, Prices

87

Capacity, 300 c.fs.

— - S—— —_ — |
Ttem \ Unit | Quantity Unit cost Tram oot
I S S . - o —— || = . 3
| |
,,,,,, y - Cubic yard | 03,400 i $30.00 $2,802,000
S . M.B.M. 1,540 300.00 462,000
ining _ _ _ 50 = Cubie yard 25,100 35.00 879,000
— Cubic yard ‘ 46,000 ‘ 0.30 14,000
,,,,,,,,,,,,,,,,, S Cubic yard 48,000 0.25 1%10(}0
—_— - - Square yard 50,000 0.30 1_.,_0[)0
______ 5 =z [ Cubic yard ‘ 5,600 ‘ 30.00 168,000
: 21,00
puctures . __ . - _— s e = . , .’;‘U[il;
bridge - - . N I - . 13,000
NSNS SRy e e = 10,000
_____ Miles 4 , 1,650.00 7,000
) ) - - ——— . 3,000
o - 4,409,000
L administration and contingencies, 25 percent___ R : . _ — - I.]‘.g?.%
ing construction._____ A B = N N - B -
estimated cost_____ R . L - o . o o §5,842,000
SECTION XIV. SAN DIEGO RIVER TO HORSE THIEF CANYON
2 to Mile 566.6 Length, 20.4 Miles Capacity, 200 c.f.s.
April, 1951, Prices
_ = — _ — — = — — —
Item ‘ Unit | Item cost
S — . | P .
|
‘ubic y: £11,638,000
- . S ‘\'}"E;’\?”' | 1,788,000
lining ____ L Bl Al | Cubic yard 2,636,000
‘ o FESREEE)| IR 20,000
. 6,000
S [ comimm ] - . .
tal e 16,088,000
29
, administration and contingencies, 25 percent.____ _ I . . - o -:ga;:::()o
liring construction._ _ = S e e e . A ey L2000
£21,317,000
estimated cost._____ g st S s = s . . %
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