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,TE OF CALIFORNIA-RESOURCES AGENCY WILUAM R WARNE< D|>ecfof

EPARTMENT OF WATER RESOURCES

Kay 13, 1964

Honorable Edmund C. Brow
and Members of the Legislature

of the State of California

Gentlemen:

I have the honor to transmit herewith Department of Water
Resources final edition of Bulletin No. 22, "Shasta County Investi-
gation". The investigation leading to this report was conducted
under terms of cooperative agreements between the State of California
and Shasta County.

The bulletin contains basic data on surface and groundwater
supplies in Shasta County, and estimates of present and future water
requirements for the county. The report presents a general plan for
developing local water supplies as well as utilization of major works
constructed in and adjacent to Shasta County,

The preliminary edition of Bulletin No. 22 was published in
December, i960. A public hearing on the preliminary edition was held
on December 27, 1963, in Redding, California, to receive comments from
interested agencies, groups, and individuals. Comments received from
Shasta County have been included as an appendix to the final edition.

Basic data and other information contained in this bulletin
have been reported by officials of Shasta County to have been of great
value to local interests and districts in recent implementation of
developments of the water resources of that county to meet their water
needs.

Sincerely yours,

Director
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ORGANIZATIONAL CHANGES

The Shasta County Investigation was conducted from

1955-56 under the direction of the State Water Resources Board

by the former Division of Water Resources, Department of Public

Works, and from 1956-59 by the State Department of Water Resources

A. D. Edmonston (now deceased) was State Engineer and

Secretary of the former Water Resources Board at the time of his

retirement up to November 1, 1955. He was succeeded by

H. 0. Banks who served as State Engineer until that office was

abolished by June 5j 1956; at which time the Department of Water

Resources was created and Mr. Banks was appointed as Director.

William E. Warne succeeded Mr. Banks, who resigned from

the Department to enter private consulting business on January 1,

1961.

In July, 1962, the Department of Water Resources was

placed organizationally in the newly created The Resources Agency

of California. Mr. Warne was appointed Acting Administrator to

The Resources Agency in addition to continuing as Director of the

Department of Water Resources. Mr. Hugo Fisher was appointed

Administrator of The Resources Agency on January J, 1963.

This investigation was carried out under the general

direction of William L. Berry who was in charge of planning in

the former Division of Water Resources and Chief of the Division

of Resources Planning in the Department of Water Resources subse-

quent with July 5 > 1956.
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PUBLIC HEARING
ON

Preliminary Edition
of

Bulletin No. 22, Shasta County Investigation

In accordance with the Water Code and the Department of

Water Resources' policy, a public hearing was held on March 27, 1964,

in Redding, California, to receive comments from interested agencies,

groups, and individuals on the preliminary edition of Bulletin

No. 22, "Shasta County Investigation."

Eight persons in addition to the staff from the Department

of Water Resources attended the meeting, including representatives

from federal, state, and local governmental agencies

Two persons made comments at the hearing. Mr. John Perez,

Chairman of the Shasta County Board of Supervisors, introduced

Mr. Arnold Rummelsburg, Director of Shasta County Department of

Water Resources, who gave verbal comment on the bulletin at the

hearing. Mr. Rummelsburg 's statement discussed several water pro-

jects that have been initiated since issuance of the preliminary

edition of Bulletin No. 22. He referred to Shasta County's written

comments on the technical aspects of the investigation that have

been included as an appendix to this bulletin.

On the basis of review of oral and written comments

received at the hearing, and written comments received by mail

subsequent to release of the preliminary edition of Bulletin No. 22,

it appears that the objectives of the investigation have been

reasonably accomplished. It was found, however, that some dis-

agreements exist over the results of estimates of present and
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future water requirements for Shasta County. Local interests

apparently feel that the state's estimates set forth in Bulletin

No. 22 are too low. An analysis of our most recent (1964) studies

indicate that possibly some of the values shown in Bulletin No. 22

may be slightly low. However, since these water use studies are

not as yet complete there is no sound basis upon which to change

estimates shown in the bulletin.

It was therefore concluded that no technical and only

minor editorial revisions were necessary prior to the publication

of the final edition of Bulletin No. 22. Moreover, it was antici-

pated that future Coordinated Statewide Planning studies by the

Department of Water Resources will include updating of estimates

on water use and water requirements, based on more refined data.

Copies of the transcript of the March 27 , 1964, hearing

are on file with the Department of Water Resources in Sacramento

and are available for review by the public.

Verbal comments were made at the hearing by the follow-

ing persons :

Mr. John Perez, Supervisor, Shasta County

Mr. Arnold Rummelsburg, Director of Water
Resources, Shasta County

Written comments were received from the following:

Department of Fish and Game, State of California

Federal Power Commission Regional Office, San
Francisco

Shasta County Department of Water Resources

xxii



CHAPTER I. INTRODUCTION

Shasta County, one of the great water-producing areas

of California, is confronted with mounting demands for its water

resources as a result of the rapid increase of state and county

populations during recent years. The water resources of the

county far exceed the present demands, as well as the estimated

future demands for water to meet local needs. Because of this

factor, Shasta County is faced with important decisions regarding

the development of its water resources for both local and state-

wide use.

The people of Shasta County have shown increasing

interest in the ultimate disposition of the local water resources;

there is concern that appropriation of water for use in areas

outside the county could jeopardize future local development.

Although active in obtaining water for its present

needs, the county has realized the necessity of formulating a

long-range plan for developing supplemental water supplies for

future local needs. It has become of paramount importance to

Shasta County to have a water plan that would serve to guide and

coordinate the activities of the county in the future develop-

ment and utilization of its water resources.

Authorization for Investigation

The Shasta County Board of Supervisors, in a letter

dated November 24, 195^ requested the State Water Resources
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Board to make a preliminary survey of the county's potential

water supply with a view toward a program for a comprehensive

investigation. The State Water Resources Board referred the

request to the State Engineer with instructions to examine the

content of the request, to make a report on the need for the in-

vestigation, and, if the need existed, to estimate the scope,

duration, and cost of such an investigation.

On April 1, 1955* the State Water Resources Board

approved a three-year cooperative investigation, recommended by

the State Engineer as a result of the preliminary findings, and

authorized negotiation of an agreement between the State of

California and Shasta County. The agreement, effective as of

July 1, 1955, provided that the proposed study:

"... shall consist of a three-year program of in-
vestigation and a report directed toward the formu-
lation of plans for the orderly development of the
surface and underground water resources of Shasta
County. The investigation shall embrace all aspects
of water development including, but not necessarily
limited to, irrigation, urban, industrial, and
mining use, hydroelectric power, flood control, fish,
wildlife, and recreation. The investigation shall
also include consideration of imported water supplies
and their integration with local plans of water
development. Problems of water quality shall be
considered where pertinent."

This agreement also authorized the provision of funds

to meet the costs of the investigation for one year. A previous

interim agreement between the parties, effective as of May 1,

1955, provided funds for preliminary studies during the months

of May and June 1955- A supplemental agreement, effective as
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of July 1, 1956, authorized funds to meet the costs of the

investigation for the second year. A second supplemental agree-

ment, effective as of July 1, 1957, authorized funds to complete

the investigation and the report.

For the 1957-58 fiscal year, funds were provided under

the California Water Development Program by the Budget Act of

1957, Item 263 (a). These funds were utilized to expand the

investigation to include work of statewide interest. During the

1958-59 fiscal year, funds provided by the Budget Act of 1958,

Item 257, were utilized to continue work on the report.

Copies of the agreements between the cooperating

agencies are included in Appendix A, entitled "Agreements Between

the State Department of Water Resources, or its Predecessors,

and the County of Shasta"

.

Objective and Scope of Investigation

The objective of the Shasta County Investigation was

the collection and cataloging of basic information relating to

the surface and ground water resources of Shasta County and to

formulate plans for their orderly development. To attain this

objective, it was necessary to make inventories of the water

resources and water requirements of the county before determining

a general plan of physical works for development of water for

local use. The physical works were considered not only as

individual projects, but also as developments that might be

coordinated with the Trinity River Division of the Central Valley

-3-



Project and with features of The California Water Plan. Moreover,

in accordance with multipurpose planning concepts, consideration

was given to combined development of the water conservation,

flood control, power development, fish, wildlife, and recreational

aspects of each project.

The Shasta County Investigation required extensive

field and office studies, as well as review of data developed in

previous investigations. Field work for the investigation

commenced in May 1955, and, as data accumulated, office studies

were initiated to formulate plans for development of the water

resources. Although studies of proposed water supply projects

were limited to a preliminary determination of engineering

feasibility, these studies were in sufficient detail to identify

projects worthy of further consideration.

Hydrologic studies, including the collection and

compilation of precipitation and stream flow data, were made to

evaluate the surface water supplies available to Shasta County.

This work involved cooperation among the Department of Water

Resources, Shasta County, and agencies of the Federal Government

in the installation and maintenance of eight additional stream

gaging stations.

Field work also included studies of geologic features

of the valley fill areas in order to determine and define the

characteristics of the ground water basins. Geologic explora-

tion of foundation conditions was conducted at five dam sites.

-4-



Construction materials and borrow areas were located, and soil

samples were tested in the laboratory.

At each dam site, two or more plans of development,

incorporating different reservoir storage capacities, were formu-

lated. Preliminary engineering designs and estimates of capital

and annual costs were prepared for each plan. Operation studies

were made to estimate water yield of each project.

Estimates of recreational benefits in Shasta County,

as determined for the Northeastern Counties Investigation, were

reviewed and are included in this bulletin.

Related Investigations and Reports

Many prior investigations and reports were reviewed in

connection with the Shasta County Investigation. Of particular

importance are two recent investigations summarized in the

following paragraphs.

The State-Wide Water Resources Investigation, initiated

in 19^7 and completed in 1957* was conducted under direction of

the State Water Resources Board by the Division of Water Resources

of the Department of Public Works. Three bulletins were pub-

lished containing the results of this investigation. State

Water Resources Board Bulletin No. 1, entitled "Water Resources of

California", published in 1951, contains a compilation of data

on precipitation, unimpaired stream runoff, flood flows and

frequencies, and quality of water throughout the State. State

Water Resources Board Bulletin No. 2, entitled "Water Utilization

-5-



and Requirements of California", published in June 1955, includes

determinations of the present use of water throughout the State

for all consumptive purposes and presents forecasts of probable

ultimate water requirements, based in general on the capabilities

of the land to support further development. The third and con-

cluding phase of the State-Wide Water Resources Investigation

was reported in Department of Water Resources Bulletin No. 3,

entitled "The California Water Plan", published in May 1957.

This bulletin presents preliminary plans for the full practicable

development of the water resources of the State to meet the

ultimate water needs for the benefit of all areas of the State

and for all beneficial purposes.

The Northeastern Counties Investigation, conducted

during the period 19 5^ through 1957, was a detailed study of

land uses and water needs covering 15 northeastern counties of

California, including Shasta County. A report on the investiga-

tion, Department of Water Resources Bulletin No. 58, entitled

"Northeastern Counties Investigation", was published in June

I960.

Area Under Investigation

Shasta County, with an area of about 3,847 square

miles, is located in the northcentral part of the State at the

northern extremity of the floor of the Sacramento Valley. West
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of the Sacramento River, the southern boundary of the county

follows in part the main stem and Middle Fork of Cottonwood

Creek. East of the Sacramento River, the southern boundary

follows the main stem and North Fork of Battle Creek and Digger

Creek, a tributary of North Fork of Battle Creek. The southern

boundary extends entirely across the drainage basin of the

Sacramento River. The western boundary follows the watershed

divide between the Sacramento and Trinity Rivers. The northern

and eastern boundaries do not follow natural features. The

northern boundary is an east-west line lying slightly more than

1 mile south of Dunsmuir, while the eastern boundary lies almost

4 miles east of McArthur and extends along north-south section

lines. The area under investigation is shown on Plate 1,

entitled "Location of Shasta County".

To facilitate reference to its many parts and to aid

in hydrologic analysis, Shasta County, a portion of the

Sacramento River Basin of the Central Valley Hydrographic Area,

has been subdivided into 17 hydrographic units. The hydro-

graphic unit boundaries were determined from considerations of

water supply and related water service. Hydrographic units in

the mountainous and upland areas were separated on natural

drainage lines of the larger tributary streams and at convenient

stream gaging stations. Boundaries of hydrographic units on

the valley floor were established with consideration of those

water-using units having similar physical and operational
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characteristics. Principal factors considered were present

and potential sources of water supply, and the facilities of

existing water service agencies. Boundaries and numbers of

the hydrographic units described in this bulletin are shown on

Plate 2, entitled "Hydrographic Units". Numbers and names of

hydrographic units used in the Shasta County Investigation and

the Northeastern Counties Investigation are cross-indexed with

those used in State Water Resources Board Bulletin No. 2,

entitled "Water Utilization and Requirements of California",

as presented in Table 1 of this bulletin.

Natural Features

The northern portion of the Sacramento Valley floor

extends into the southcentral portion of Shasta County. This

area, with the adjacent foothills, constitutes the core of the

county, a region of alluvium-filled bottom lands and low flat-

topped ridges, 400 to 1,000 feet in elevation, covered with

brush and trees.

The topography surrounding the core area, except for

Fall River Valley in the northeastern part of the county, is

characterized by volcanic plateaus, rugged mountains, and deep

stream-cut channels. Between elevations of 1,500 and 2,000

feet, oak and digger pine growth becomes more dense and gradually

merges with coniferous forests of pine, fir, and cedar.

The northeastern part of Shasta County lies in the

Modoc Plateau area, characterized by brush-covered lava beds
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TABLE 1

CROSS-INDEX OF HYDROGRAPHIC UNITS

Bulletin No. 2, "Water Utilization:
and Requirements of California" :

Number: Name

Shasta County and Northeastern
Counties Investigations

Number: Name

16 McArthur
17 Hat Creek
18 Montgomery Creek
21* Shasta Lake

19 McCloud River
21* Shasta Lake

20 Dunsmuir
21* Shasta Lake

22 Clear Creek
23* Keswick
24 Cottonwood Creek
25 Olinda

23* Keswick
32 Stillwater Plains
33 Cow Creek
34 Bear Creek
35 Battle Creek

38 Mill Creek

42 North Fork Feather
River

5A-2

5A-3

5A-4

5A-5

Pit River

McCloud River

Sacramento River above
Shasta Dam

West Side, Shasta Dam
to Cottonwood Creek

5A-6 East Side, Cow Creek
to Paynes Creek

5A-8 Antelope to Mud Creek

5A-12 Feather River

5A-17 Anderson-Cottonwood 50 Anderson

*Contained within more than one Bulletin No. 2 Hydrographic
Unit.

with hills and ridges of low relief. Fall River Valley, a

portion of this area, is an ancient lake bed at an elevation of

about 3,300 feet.
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The southeastern portion of Shasta County is also of

volcanic origin with numerous volcanoes, extinct cinder cones,

and lava flows. This area contains a large portion of Lassen

Volcanic National Park.

Drainage Basins

The three principal drainage basins of Shasta County

are those of the Pit, McCloud, and upper Sacramento Rivers.

These streams join in Shasta Lake, as shown on Plate 2. With

the exception of the Modoc Plateau portion of the Pit River

Basin, the area drained by these three streams within Shasta

County is almost entirely mountainous. The total area of these

drainage basins above Shasta Dam is about 6,620 square miles,

of which some 2,150 square miles are in Shasta County.

Drainage basins of two major creeks are situated

entirely within Shasta County. West of the Sacramento River,

Clear Creek drains a rugged mountainous area of about 245 square

miles. To the east of the Sacramento River, Cow Creek drains

about 426 square miles of the Cascade Range.

Drainage basins of two other major creeks are situated

partly within Shasta County and partly within Tehama County. To

the west of the Sacramento River, Cottonwood Creek drains an area

of about 945 square miles, of which 371 square miles lie within

Shasta County. With its headwaters in Lassen Volcanic National

Park, Battle Creek drains an area of about 365 square miles, of
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which 184 square miles are within Shasta County. Many lesser

creeks are tributary to the Sacramento River between Shasta Dam

and the southern boundary of the county.

About 5 square miles of the headwaters of Mill Creek

and about 21 square miles of the upper watershed of the North

Fork Feather River are situated entirely within Lassen Volcanic

National Park, in the southeastern corner of Shasta County.

Water originating in these two stream basins flows south and

away from the county.

Climate

Shasta County has a diverse physiography. Hence, the

discussion of climate in this section will be only of a general

nature. Table 2 summarizes pertinent climatological data for

13 stations in and adjacent to Shasta County and indicates the

wide variety of climatic conditions in the county.

The valley area of Shasta County adjacent to the Sacramento

River has a climate that is generally characteristic of the

Sacramento Valley floor. It is a mild two-season climate with

moderate, wet winters and warm, dry summers. The average frost-

free period in this area is about nine months. About 85 percent

of the seasonal precipitation occurs during the months of

November through April. The average of mean seasonal precipita-

tion in the valley area is about 36 inches.

Climatic conditions in the mountains surrounding the

valley area are similar to those of the Sierra Nevada. At

-11-
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higher elevations the frost-free periods decrease to three months

or less,, and even in mid-summer the nights are cool. Mean seasonal

precipitation in some areas is as much as 90 inches. Much of

the precipitation occurs as snowfall which, at higher elevations,

does not appear as runoff until late spring. In southeastern

Shasta County snow often is seen on the slopes of Mount Lassen

in the late summer and fall months.

The Modoc Plateau area in the northeastern portion of

the county lies generally between the elevations of about 3*000

and 3*500 feet. Minimum winter temperatures are much lower than

those in the valley area and frost-free periods range from two

to four months. Much of the seasonal precipitation occurs as

rainfall and varies from a mean of about 17 inches at Fall River

Mills to a mean of 27 inches near Burney.

Geology

Shasta County is geologically unique in that it occupies

portions of 5 of the 11 geomorphic provinces defined on the

Geomorphic Map of California published by the California

Division of Mines in 1938. Geomorphic provinces are major land

areas of similar geologic and land- form features. These

provinces in Shasta County include the Klamath Mountains, northern

Coast Range, Great Valley of California or Central Valley,

Cascade Range, and Modoc Plateau.

The Klamath Mountains province occupies the entire

northwestern portion of the county, extending on the west to the
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southern county line. This region comprises the most rugged

terrain of the county. Elevations range from 500 feet near

Redding to some peaks of more than 6,000 feet along the drainage

divide on the west and northwest which separates Shasta County

from Trinity County. The area is underlain by a wide variety

of rock types including sedimentary, igneous, and metamorphic

rocks of Paleozoic, Triassic, and Jurassic ages. Primarily

because of the heavy precipitation, the rocks are deeply

weathered, forming thick soils which support a dense growth of

vegetation.

Southwest of Redding, in the area between Beegum and

Gas Point, a small portion of the northern Coast Range province

extends into Shasta County. The rocks of this region abut into

the Klamath Mountains and extend eastward beneath the younger

sediments of the Central Valley province. The topography of

this area consists of low to moderately high, rounded hills and

north-trending ridges, all of which are composed of sandstone

and shale. The hills and ridges are nearly barren of soil but

in places support a sparse growth of brush and trees.

The Central Valley province extends into Shasta County

from the south to a northern boundary about 3 miles north of

U. S. Highway 299- It occupies an area of low topographic

relief, between an approximate boundary on the west extending

northerly from the confluence of Cottonwood Creek and its North

Fork, and a boundary on the east trending northerly through the
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town of Millville. This area is essentially a plain, inter-

rupted by the valleys of the Sacramento River; of Cow Creek and

its tributaries; and of Clear, Churn, Stillwater, and Cottonwood

Creeks. It is partially surrounded by mountainous terrain on

the west, north, and east. Thus, the Central Valley province in

Shasta County is an interior dissected plain. To the south, the

topographic continuity with the main portion of the Central

Valley is interrupted by an east-west structural uplift known as

the Red Bluff arch.

The Cascade Range province in Shasta County is the

southern end of a chain of volcanic cones dominated in California

by Mt. Shasta and Mt. Lassen, the latter the southernmost cone.

Elevations along the crest of the volcanic chain in Shasta County

vary from approximately 4,000 feet to a maximum of over 10,000

feet at Mt. Lassen. Beyond the main alignment of peaks the

province continues south into Tehama County. In Shasta County,

the province extends westward as far as the Sacramento River.

West of the 122° meridian, the province is much dissected by

westward and southwestward-trending canyons in which the streams

of the Cow Creek drainage system flow. These streams, Little

Cow, Swede, Oak Run, Clover, South Cow, and Old Cow Creeks, have

eroded through the lava cover, thus exposing older sediments and

metamorphic rocks.

The Modoc Plateau province is situated in the north-

eastern portion of the county and is bounded on the west and the

south by the Cascade Range province. The Modoc Plateau province

is an extension of the great Columbia lava plateau which occupies
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large areas of Washington, Oregon, and southern Idaho. The

province consists of vast accumulations of predominantly basaltic

lava and fragmental volcanics with interbedded water-laid sediments,

The elevation of this region in Shasta County averages between

3,000 and 4,000 feet, but many peaks and ridges extend above

this general level to elevations of over 5*000 feet. Structurally,

the province is characterized by north trending tilted, fault

blocks, some of which contain dry lake beds. Fall River Valley

in the extreme northeastern corner of Shasta County is a notable

example of a dry former lake bed which occupies such a depressed

fault block. Hat Creek Valley, southwest of Fall River Valley,

is an eastward tilted, down-dropped fault block into which Recent

lavas have flowed partially filling the trough. The flat areas

along Burney Creek north of the town of Burney have been formed

by the deposition of flood plain materials in a depression along

the western edge of a westward tilted fault block.

Streams and permanent lakes are rare in the Modoc

Plateau province because of high permeability of the lavas.

However, perennial streams such as Rising River, Hat Creek,

Burney Creek, Pit River, and Fall River and a number of perennial

lakes owe their existence chiefly to large springs which feed

them. Pit River, the principal stream of the province, has

cut well below the once level floor of Fall River Valley and now

flows through a deep gorge cutting across a series of fault

blocks to Lake Britton and eventually to Shasta Lake.
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Soils

The soils of Shasta County have been derived from a

variety of materials including volcanic, granitic, sedimentary,

and metamorphic rocks. Generally, the volcanic s predominate in

the eastern portion of the county, while rocks of the western

part consist of granitics, sediments, and metamorphics. The

soils may be divided into three broad groups: residual soils,

old valley-filling soils, and Recent alluvial soils. A delinea-

tion of the three soil groups is presented on Plate 3> entitled

"Generalized Soils of Shasta County".

Soils of the residual group are formed in place by

weathering and decomposition of the parent rock material. These

soils vary widely in color, texture, depth, and structure,

according to the parent material and the climatic influences to

which they have been subjected. Although the most extensive of

the three general groups, the residual soils are of minor agri-

cultural significance. The soils occupy the upper foothill

slopes and much of the area of the mountainous regions.

The old valley-filling soils are derived from materials

transported and deposited by water and subsequently weathered and

modified in profile. The soils are very fine-grained and normally

consist of well-defined zones of compaction or cementation. The

old valley-filling soils usually occupy intermediate positions

between the more elevated residual soil group and the lower-

lying Recent alluvial soil group. They are located almost
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entirely within the core area in the southcentral part of the

county, although the lacustrine deposits found in the Modoc

Plateau area are also included in this group. Where depth is

adequate , the soils have some agricultural importance; however,

they are generally thin and support only medium or shallow-

rooted crops.

Of the three soil groups, only the Recent alluvial

soils are of major agricultural importance. They include the

deposits of both intermittent and perennial streams, either in

the level bottoms or in the sloping fans which have been built

up at the foot of slopes bordering the valleys. These deposits

have not yet been modified in profile through the processes of

weathering and are usually still in process of accumulation.

Normally, the Recent alluvial soils vary in color and texture

according to the kind of material from which the soils were

derived. Most of the agricultural development of the county has

taken place in areas containing these soils.

Present Development

Agricultural, timber, and mining industries, hydro-

electric power development, and in recent years recreational

pursuits have contributed significantly to the economy of

Shasta County.

Agriculture . The mainstay of the agricultural develop-

ment of Shasta County is the livestock industry. Hay and
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irrigated pasture lands combined with the summer range areas

form an integrated livestock management unit. Of the average

annual total farm income of $6,000,000, the livestock industry-

provides $4,900,000.

Field crops, horticultural crops, and specialty crops

have contributed materially to the gross farm income. During

the past three or four years, the value of strawberry plant

production has increased greatly, even though the acreage (about

200 acres) is small. The apiary industry is a large contributor

to the gross farm income for specialty crops. The town of

Cottonwood is one of the largest bee shipping centers in the

United States. Honey and wax are produced, queen bees are sold,

and entire colonies are rented for pollination.

Statistics compiled by the California Department of

Agriculture indicate that agricultural production of the county

has not increased greatly since the early 1920' s. Almost all

irrigated lands are now being served from water supply systems

developed before 1920. In 1955* the date of the last survey of

irrigated lands, there were about 46, 500 irrigated acres in

Shasta County. Since that time, there has been only a minor

increase. The magnitude of the livestock industry is evident

from the data pertaining to irrigated crops. About 43,400 acres

of the total irrigated acreage are devoted to production of feed

and pasture. Of the remaining 3,100 acres, 1,300 acres are

planted in field crops also used for stock feeding; 1,400 acres

are devoted to orchards, of which about 900 are in relatively
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low-yielding olive trees; and 400 acres produce truck crops

(including berry crops).

Industry . Industry in Shasta County is dominated by

lumbering which began when gold was discovered, but grew very

slowly over the years until the construction boom that started in

the late 1930' s caused a rapid expansion in the number of mills

and in the total production. In recent years the lumber in-

dustry, with 9^ listed establishments, has been the principal

contributor to the economy of the county. The average annual

gross value of the products of the lumber industry during recent

years has been about $18,000,000.

Other types of establishments listed in the 195^ Census

of Manufacture of the United States Bureau of the Census are:

seven manufacturers of food and kindred products; six plants

engaged in printing and publishing; one manufacturer of stone,

clay, and glass products; two plants producing fabricated metal;

and two machinery manufacturers.

Although mining was for many years of major importance

to the economy of Shasta County, the gross value of mineral

production has declined appreciably in recent years. From 1896

until the end of World War I, Shasta County led the State in

total value of mineral production, exclusive of petroleum. The

average annual value for the period from 1880 to 1951 was over

$3,000,000, and for the period from 1955 through 1957 was

$1,600,000.
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Existing hydroelectric power facilities within Shasta

County have a total installed capacity of 845,000 "kilowatts, an

amount which exceeds the installed capacities of any other county

of the State. Two additional major hydroelectric power plants

will be constructed in the near future as a part of the Trinity

River Division of the Central Valley Project of the United States

Bureau of Reclamation. These facilities will then increase the

installed capacity to a total of 1,118,000 kilowatts.

Recreation . Due to the accessibility of the county and

the wide range of topographic, geologic, and climatic conditions

found within its boundaries, many outdoor recreational activities

are possible in Shasta County. Development of the recreation

potential is encouraged by the numerous areas reserved for public

use. These areas include Lassen Volcanic National Park, Shasta

National Forest, Trinity National Forest, and Lassen National

Forest. Within the national forests are the Thousand Lakes Valley

Wild Area, Shasta Lake Recreation Area, the McArthur-Burney Falls

Memorial State Park, Castle Crags State Park, Shasta State

Historical Monument, and Latour State Forest Reserve.

Fishing is one of the most popular recreational activi-

ties. Some of the State's best known trout streams are located

in Shasta County. Fish are also caught in the many lakes, ponds,

and reservoirs. Game fish include: steelhead, salmon, rainbow

and german-brown trout, black bass, crappie, and catfish.
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Hunting is another of the popular recreational

activities of Shasta County. The deer population attracts most

of the hunters, but sportsmen also seek bear and smaller animals,

as well as valley and upland game birds.

Shasta Lake has become the center of recreational

activity in the county. The lake provides a habitat for both

warmwater and coldwater fish, and is used by hunters as a means

of reaching areas which were previously of difficult access.

Swimming, boating, and water skiing have become very popular, and

camp grounds and home sites have been established around the lake.

As the pressure of sportsmen and those seeking recreation has

mounted, additional access roads and facilities have been

constructed.
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CHAPTER II. WATER SUPPLY

The water resources of Shasta County are comprised

of direct precipitation, surface runoff and ground water within

the county, surface and subsurface inflow to the county, and

imported water. A portion of this water is used within the county,

but most of it flows from the area as surface and subsurface outflow,

Definitions

The following terms are defined for use in the following

discussion:

Annual—The 12-month period from January 1 of a given year

through December 31 of the same year, sometimes termed

the "calendar year".

Seasonal—Any 12-month period other than the calendar year.

Precipitation Season—The 12-month period from July 1 of a

given year through June 30 of the following year.

Runoff Season—The 12*-month period from October 1 of a given

year through September 30 of the following year.

Mean Period--A period of time chosen to represent conditions

of water supply and climate during a long period of

years. As it relates to runoff, the mean period is the

53-year period from 1^94-95 to 1946-47. As it relates

to precipitation, the mean period is the 50-year period

from 1397-9S to 1946-47.

Base Period—A period of years for which monthly estimates

of stream flow are compiled. For purposes of this

investigation, the water-deficient years of the 1920*

s

and 1930 T s were included; therefore, the base period
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chosen was the 36-year period from 1920-21 through

1955-56. Average seasonal natural runoff for this

period was about 90 percent of the mean seasonal

natural runoff.

Mean--The arithmetical average of quantities occurring

during the mean period.

Average—The arithmetical average of quantities occurring

during other than the mean period.

Unimpaired or Natural Runoff (Flow)—The flow of a stream as

it would be if unaltered by upstream diversion, storage,

import, export, or change in upstream consumptive use

caused by development. Unimpaired runoff is reconstructed

from measured historical runoff by adjusting for the

quantitative effect of alterations in stream flow above

the point where the flow is measured.

Historical Runoff (Flow)—The flow of a stream as it has

occurred and was or would have been recorded by measur-

ing devices.

Present Impaired Runoff (Flow)—The flow of a stream as it

would have been if the present development had existed

throughout the period of study.

Free Ground Water—A body of ground water which can be replen-

ished by direct percolation of overlying surface waters

and moves in direct relation to the slope of the water

table.

Confined Ground Water--A body of ground water overlain by

material sufficiently impervious to sever hydraulic
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connection with overlying water and moving under

pressure caused by the difference in elevation between

intake and discharge areas of the confined water body.

Specific Yield--The ratio of the volume of water a saturated

soil will yield by gravity to the total volume of the

soil. It is commonly expressed as a percentage.

Ground Water Storage Capacity—The product of the specific

yield and the volume of material in the depth intervals

considered.

Specific Capacity—The number of gallons of water per minute

per foot of drawdown produced by pumping from a well

under steady flow conditions.

Precipitation

Shasta County lies within the path of storms which

periodically sweep inland from the Pacific Ocean during the winter

and spring months. The precipitation from these storms ranges

from moderate to heavy and generally increases with elevation,

falling as rain on the lower levels and usually as snow on the

higher slopes and mountains. During summer months, precipitation

generally occurs as a result of thunderstorms, particularly on

the Cascade Range and Modoc Plateau areas.

Precipitation Stations and Records

Forty-three precipitation stations in or adjacent to

Shasta County, with unbroken records of 10-year periods or longer,

were considered in this investigation. In addition, data were

obtained for 32 stations with records of less than 10 years. Of

the 75 precipitation stations, 12 could not be used in the precipi-

tation studies because of insufficient or unreliable data, or
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because of questionable location of discontinued stations. The

remaining 63 stations were fairly well distributed over the area

of investigation, and the records provided adequate data to deter-

mine the pattern of precipitation. Records of precipitation at

most of these stations have been published in bulletins of the

United States Weather Bureau, Seasonal precipitation data for

stations with previously published records, and monthly precipita-

tion data for stations with unpublished records are available in

the files of the Department of Water Resources. The locations of

60 of the 63 precipitation stations and the distribution of mean

seasonal precipitation are shown on Plate 4, entitled "Lines of Equal

Mean Seasonal Precipitation".

Precipitation Characteristics

Because of large differences in quantity or precipita-

tion from location to location in Shasta County, no single station

record is truly indicative of precipitation elsewhere in the

county. Nevertheless, the precipitation data gathered at Redding,

where records have been kept since 1$75, give an approximate indi-

cation of seasonal and monthly variations that have occurred

throughout the county. Recorded seasonal precipitation at Redding

is presented graphically on Plate 5A , entitled "Recorded Seasonal

Precipitation at Redding". Mean monthly distribution of precipi-

tation as recorded at Redding is presented in Table 3.

Precipitation at lower elevations of the county consists

almost entirely of rainfall. Moderate to heavy snowfall can

generally be expected in the winter at elevations above 3,500 feet,
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TABLE 3

MEAN MONTHLY DISTRIBUTION
OF

PRECIPITATION AT REDDING

Precipitation

Month

July-

August

September

October

November

December

January-

February

March

April

May

June

TOTALS

0.10

0.09

C 66

2.21

4.13

6.69

7.35

5.93

5.02

2.94

1.33

0.37

37.37

In percent of
mean seasonal

total

0.3

0.2

1.7

5.3

11.0

17.7

19.4

15.7

13.3

7.3

4.3

2.3

100.0
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and it it not unusual to experience temporary closing of roads

because of heavy snowfall at elevations below 3,500 feet. Heavy

snowpacks are common in the southeastern portion of the county

in the vicinity of Mt. Lassen, and in the northwestern area

between the Sacramento and Pit Rivers. A snow course and storage

precipitation gage at Stout 1 s Meadow, in the northcentral area

of the county, has a recorded mean seasonal precipitation of about ,

84 inches. There are indications that areas of higher elevation

in that vicinity probably have mean seasonal depths of precipita-

tion in excess of 90 inches.

Precipitation varies over wide limits from season to

season. At Redding, it ranges from about 41 percent to about

182 percent of the seasonal mean of 37.87 inches. Maximum seasonal

precipitation at Redding occurred in 1940-41 when 68.87 inches

were recorded. This amount was closely approached in 1889-90 when

68.55 inches of precipitation were measured. In 1897-98 and 1923-24

only 15.66 and 15.68 inches of rain fell at Redding. Long-term

trends in precipitation are indicated on Plate 5B , entitled

"Accumulated Departure from Mean Seasonal Precipitation at Redding".

On the average, nearly 85 percent of the seasonal precipitation in

Shasta County falls during the six-month period of November through

April.

Quantity of Precipitation

To provide a means for estimating runoff and a check on

stream flow estimates made by other methods, mean seasonal depth

and total mean seasonal quantity of precipitation were determined

for each hydrographic unit. The results of these determinations
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are presented in Table 4. As indicated in the table, the mean

seasonal depth of precipitation in Shasta County as a whole is

about 50.4 inches, corresponding to 10,330,000 acre-feet of water.

Table 1+ also shows the wide range of precipitation within the

county, ranging from a seasonal mean of about 25 inches in the

McArthur Hydrographic Unit to over Si inches in the McCloud River

Hydrographic Unit.

Stream Flow

Runoff of precipitation from watersheds of its mountain-

ous regions constitutes the most important source of water supply

available to Shasta County. Within the county are portions of the

watersheds of the Pit, McCloud, and Sacramento Rivers, and of four

major creeks (Clear, Cow, Cottonwood, and Battle Creeks), plus

the watersheds of numerous minor streams lying entirely within

the county. A substantial portion of the flow in these streams

is unregulated and undeveloped, and comprises a potential source

of water to meet future requirements in Shasta County as well as

those in water-deficient areas in other parts of California.

Stream Gaging Stations and Records

There are several gaging stations wi th excellent

continuous records of the flow of streams within Shasta County.

The stations having the longest and most important records are

located on the Pit, McCloud, and Sacramento Rivers. At the present

time there are five continuous recording stations on these streams,

and four additional important stations were flooded by the creation
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of Shasta Reservoir, However, the records of these latter stations

remain usable and provide valuable supplementary data. The flows

of most of the major creeks below Shasta Dam were not recorded

until 1940.

Runoff records of the principal streams of Shasta County

are adequate, and sufficiently reliable for the hydrographic

studies conducted during this investigation. Records of runoff

of many smaller streams, however, are nonexistent or considered

to be unreliable. During the investigation eight new stream

gaging stations were constructed on minor streams of the county

in cooperation with the United States Bureau of Reclamation, the

United States Geological Survey, and Shasta County,

Appendix B, entitled "Stream Gaging Stations in and

Adjacent to Shasta County" contains the names and numbers of the

gaging stations, and the hydrographic unit in which each is

located, their elevations, the drainage area of each hydrographic

unit, the periods, type and source of record, and the average

seasonal runoff for the period of record. Minima and maxima of

seasonal runoff in acre-feet are also shown. Data upon which

this information was based are available in the files of the

Department of Water Resources,

Runoff Characteristics

Stream flow in Shasta County is the result of direct

contributions from rainfall and melting snows and of accretions from

ground water. These sources differ greatly from one another in

their uniformity of discharge. Accordingly, the relative propor-

tions of flows from these several origins largely determine the
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variation in seasonal patterns of runoff in the county. Streams

that are rain-fed to a significant extent experience the greatest

variation of flow with high peaks of relatively short duration

during the rainy season. Snowmelt runoff occurs over a longer

period than that from rainfall, and streams sustained largely

from this source are characterized by long periods of uniformly

high flow, without extreme peaks, during the spring and early

summer. Runoff in spring-fed streams flows largely from ground

water stored in pervious volcanic materials, and has the most

uniform seasonal distribution of the three sources.

Seasonal runoff characteristics of major streams of

the county are indicated on Plate 6, entitled "Accumulated Depar-

ture from Mean Seasonal Natural Runoff of Streams in Shasta

County". Plate 6 depicts the fact that major streams of the

county have quite similar seasonal flow characteristics. It

further illustrates the modifying effect of uniform ground water

flow from the prevailing volcanic formations on extreme variations

in the seasonal runoff pattern. The flows of the Pit River,

McCloud River and Battle Creek originate in basins which are

almost entirely of volcanic origin. As a result, the accumu-

lated departure curves of these streams exhibit less departure

from the normal than those of the other streams represented on

Plate 6 which drain basins having proportionally less volcanic

areas in their watersheds.

Churn and Stillwater Creeks have the runoff character-

istics of many of the minor rain-fed streams that do not flow

through volcanic formations. These streams commence flowing
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shortly after the first appreciable rains in the fall and cease

flowing about one month after the last significant rains in the

spring. The total quantity of flow in these minor streams correlates

very closely with seasonal precipitation and, therefore, varies

widely from season to season. On the other hand, Fall and

Rising Rivers have the characteristics of spring-fed streams.

These two streams are fed almost entirely by seeps and springs

located at the edge of the volcanic flows-, and their flows show

very slight seasonal change.

Plate 7A, entitled "Estimated Seasonal Natural Runoff

of Cow Creek near Millville", and Plate 7B , entitled "Accumulated

Departure from Mean Seasonal Natural Runoff of Cow Creek near

Millville", are presented to further illustrate seasonal variations

in stream flow. As shown on Plate 7A, the mean seasonal natural

runoff in Cow Creek was 473,000 acre-feet. Its average seasonal

natural flow was 415,000 acre-feet during the 36-year base period.

In the 1923-24 and 1930-31 water years, the seasonal flow was about

110,000 acre-feet, or only 26 percent of the average flow of the

base period. On the other hand, in 1903-04 and 1906-07, the

estimated seasonal flow was about 1,030,000 acre-feet, or almost

10 times that occurring in the minimum years. Both Plates 7A

and 7B clearly show the generally deficient period of runoff that

occurred between 1921-22 and 1936-37.

Quantity of Runoff

Shasta County is one of the great water producing areas

of California. The mean seasonal natural runoff that originates

within the county is estimated to be about 5,300,000 acre-feet,
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or slightly over one-fourth of the surface water resources of

the Sacramento River Basin as measured at Sacramento©

Available records of stream flow, including those

obtained from measurements made in connection with this investi-

gation, provided sufficient data to estimate the amount of

runoff at unmeasured locations or of ungaged streams. However,

in some instances the records were of such short duration that

the estimates could be subject to some error.

The average seasonal runoff for the base period was

estimated for each hydrographic unit. The runoff of 10 of the

17 hydrographic units was derived from records of runoff at stream

gaging stations which measured runoff of the drainage areas of

these units. The estimates of runoff in certain hydrographic

units which lie partially outside Shasta County were proportioned

by the estimated mean seasonal precipitation to the estimated

mean seasonal precipitation occurring inside and outside the

county.

Accretions to flow of the Sacramento River between

Shasta Dam and the southern boundary of Shasta County are in

excess of surface runoff to this reach. Studies of ground water

movement indicate that these accretions are attributable to

effluent flows into the river from the Redding ground water basin.

The anount of these effluent flows was estimated by comparing the

average seasonal natural surface runoff from hydrographic units

between Shasta Dam and the gaging station of the Sacramento River

near Red Bluff, with that of the Sacramento River in the same

reach, estimated from records of runoff measured at Shasta Dam
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and at the gaging station near Red Bluff. The resultant estimate

of seasonal accretion from ground water was approximately 2 52,000

acre-feet. This value was apportioned by river miles between the

City of Redding and the gaging station near Red Bluff to obtain

an estimated accretion within Shasta County of 131,000 acre-feet

seasonally. Since any errors in estimates of the large values of

runoff involved reflect in these results, the value of 131,000 acre-

feet should be considered only indicative of the approximate

magnitude of the accretions from ground water. The natural runoff

at the gaging station near Red Bluff for the 36-year base period

(1920 through 1955-56) was estimated to be #9.7 percent of the

mean seasonal natural runoff during the mean period (l#94-95 through

1946-47) . During the base period it was estimated that there were

5,217,000 acre-feet of runoff originating in Shasta County. The

factor of 39. 7 percent was then applied to obtain an estimate of

5, $00, 000 acre-feet for natural runoff during the mean period.

This amounts to over one-fourth of the estimated runoff of the

Sacramento River Basin. It must be added, however, that the £9.7

percent relationship is not applicable to the individual hydro-

graphic units because of different runoff characteristics of each

unit.

A summary of the estimates of average seasonal natural

runoff in and adjacent to Shasta County is presented by hydrographic

units in Table 5.
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Runoff at Dam Sites

There were no records available of stream flow at any

of the dam sites studied in this investigation. Natural runoff

at the dam sites was usually derived for the base period, 1920-21

through 1955-56, by multiplying the nearest reliable estimated

natural runoff value for the stream by an area-precipitation

factor. The area-precipitation factor was derived by dividing

the total mean seasonal precipitation on the drainage basin above

the dam site by the total mean seasonal precipitation on the

drainage basin above the nearest point of reliable estimated

natural runoff.

Values of present impaired runoff and ultimate impaired

runoff at dam sites were also estimated for the base period.

Present impaired runoff was determined by deducting estimated

present consumptive use of applied water -above the dam site from

estimated full natural runoff at the dam site. Present water use

was estimated on the basis of present water-using developed areas

above the dam site, assuming a full available water supply.

Ultimate impaired runoff was estimated in a similar manner, after

determining probable ultimate upstream water use.

Imported and Exported Water

Present imports of water into Shasta County are minor

in amount. The only appreciable quantities of water imported

are conveyed from below the Inskip Power Plant on the South Fork

of Battle Creek to the Coleman Power Plant on Battle Creek. Not

all of the water thus conveyed originates outside the county,

because the waters of upper Battle Creek are diverted from Shasta

-37-



County to Tehama County for use in the South and Inskip Power

Plants and returned to the Coleman Power Plant for use in Shasta

County.

In the future, large quantities of water will be imported

into Shasta County from the Trinity RiVer Division of the Central

Valley Project, which is presently under construction by the

United States Bureau of Reclamation. In addition to importing

water, features of the Trinity River Division will develop and

control the flow of Clear Creek in Whiskeytown Reservoir. The

major portion of the imported water from the Trinity River

Division will pass through the county for use in water-deficient

areas elsewhere in the State, after being combined in Keswick Reservoir

with water released from Shasta Reservoir.

The major present export of water from Shasta County

consists of regulated releases from Shasta Reservoir. This

water flows down the Sacramento River for use elsewhere in the

Sacramento and San Joaquin Valleys and in the San Francisco Bay

area. The Anderson-Cottonwood Irrigation District exports water

from the county to serve a portion of the district situated in

Tehama County.

Ground Water

Because many ground water basins in Shasta County are

only partially developed and others are completely undeveloped,

many of the hydrologic data necessary for their analyses are not

available, and it was not possible to evaluate all the items

generally considered in ground water studies. Studies of the

ground water hydrology of the county were, therefore, limited
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to the Redding ground water basin and to certain areas of

potential ground water development in the Modoc Plateau area.

Redding Ground Water Basin

The principal ground water reservoir of Shasta County

is the Redding ground water basin, which lies partly in south-

central Shasta County and partly in northcentral Tehama County.

The basin is bounded on the north by the Klamath Mountains, on

the east by the foothills of the Cascade Range, and on the west

by the foothills of the Klamath Mountains and northern Coast

Range. The southern boundary is formed by the Red Bluff arch,

a structural uplift trending east-northeast across the Sacramento

Valley. The geography of the basin is shown in Plate 8, entitled

"Redding Ground Water Basin"

.

Geology . The five water-bearing geologic formations

recognized in the basin are alluvium of Recent age; Red Bluff

formation of Pleistocene age; Tehama and Tuscan formations, both

of upper Pliocene and possibly lower Pleistocene age; and Nomlaki

tuff of upper Pliocene age. The Tehama and Tuscan formations

comprise the principal water-bearing materials in the basin. The

water-bearing formations are sedimentary deposits which are

underlain either by nonwater-bearing or salt water-bearing rocks

of Cretaceous age. The water-bearing sediments occupy a north-

south trough formed by a synclinal structure in the Cretaceous

rocks. The Cretaceous rocks are deeply buried in the southcentral

portion of the basin, but are at or near the surface in the west,

north, and east margins of the basin. Pre-Cretaceous, nonwater-

bearing rocks outcrop in the Klamath Mountains and underlie the
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Cretaceous rocks at great depth beneath the basin. Late Tertiary

and Quaternary volcanic rocks, some of which are water-bearing,

overlie pre-Cretaceous and Cretaceous rocks and Pliocene formations

on the east side.

The base of the fresh water-bearing sediments is defined

by the upper surface of the Chico formation of Cretaceous age.

This formation consists chiefly of consolidated sandstone and

shale of marine origin. The fresh water-bearing sediments in the

basin vary irregularly from a negligible thickness near the west

and north margins and part of the east margin to about 3,000 feet

in thickness in the vicinity of U. S. Highway 99, six miles south

of Cottonwood.

Ground Water Levels and Movement . Data on ground water

levels in the Redding ground water basin prior to 1955 are largely

unavailable. However, ground water levels were measured during

the three-year period of this investigation. Approximately 330 wells

were measured, including nearly all operating and nonoperating

irrigation wells, municipal wells, and certain domestic and aban-

doned wells in areas where the latter were the only possible source

of information. Water stage recorders were installed on several

wells for varying periods of time to obtain continuous records of

water levels under various conditions of draft, replenishment, and

daily cyclic fluctuations. Lines of equal depth to ground water

for the spring and fall seasons of 1956 are shown on Plate 9, entitled

"Lines of Equal Depth to Ground Water, Redding Ground Water Basin".
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Knowledge of ground water movement in the Redding ground

water basin was made possible from data provided by the measure-

ments of depth to water in wells. Maps showing lines of equal

elevation of ground water for each spring and fall season during

the period of measurement were prepared. These maps exhibit

similar contour patterns, and give an indication of the direction

of ground water movement. Maps representing spring and fall

elevations of the ground water surface for 1956 are shown on Plate 10,

entitled "Lines of Equal Elevation of Ground Water, Redding Ground

Water Basin". Because the Redding ground water basin is completely-

bordered by nonwater-bearing rocks along its north and west

boundaries, subsurface inflow from these areas was considered to

be negligible. Measurements at a limited number of wells on the

east side of the Redding ground water basin, combined with a

knowledge of the geologic formations, indicate that most of the

subsurface inflow to the basin probably occurs in this area.

Very little information is available on the extent and

location of areas of subsurface outflow. The direction of ground

water movement generally follows the surface drainage pattern of

the area. The Red Bluff arch, which is cut through by the Sacra-

mento River, blocks the southerly flow of lesser surface streams,

and also presents an effective barrier to the southerly movement

of ground water. Ground water probably moves northward from this

southern boundary of the basin toward Cottonwood Creek and the

Sacramento River. This condition is indicated on Plate 10 by

higher elevations of water levels in a few wells near the Red

Bluff arch.
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Yield of Existing; Wells . Large yields of water are

derived in the southeastern and extreme southern parts of the

Redding ground water basin from irrigation wells, with the larger

wells yielding from 400 to over 1,000 gallons per minute. These

yields are generally adequate for agricultural and municipal pur-

poses. In other portions of the basin, north of the mouth of

Clear Creek, including a portion of Anderson Valley and northern

Stillwater Plains, the yields are less consistent. In the late

summer months some wells in this area dry up or yield a negligible

quantity of water. In the extreme northern portion of the basin,

wells yield only enough water for domestic use and irrigation of

small acreages.

This decrease in ground water yield in a general south-

north direction in the Redding Basin is partly due to a gradual

thinning of and reduction in permeability of the water-bearing

formation.

Data obtained from pump and well tests in portions of

the Redding ground water basin are summarized in Table 6. This

table presents average depth, average and maximum yields, and

average specific capacity of wells in each area where data were

available.

Modoc Plateau Ground Water Area

Studies were made of five principal areas of present

and potential sources of ground water in the Modoc Plateau area

in northeastern Shasta County: Fall River Valley, Goose Valley,

Clayton Valley, Burney Basin, and Hat Creek Valley. Because the

entire Modoc Plateau area is underlain by volcanic materials, the
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TABLE 6

WELL DATA FOR VARIOUS GEOGRAPHIC UNITS
REDDING GROUND WATER BASIN

Use of wells
Number: Average :

of : depth :

wellsrof well',

:

Yield of
wells,* in

gallons
per minute

:Average specif-
:ic capacity, in
: gallons per
: minute per foot

tested: in feet: Average : Maximum : of drawdown

Cottonwood Creek

Irrigation, industrial,
and municipal 22 345 525 2,000

Anderson Valley

From vicinity of Anderson north to Clear Creek

32

Industrial and
municipal 11 290 610 1,555 25

Southern portion, from Bear Creek to southern boundary of basin

Irrigation 4 310 1,550

North of Clear Creek to Redding

Industrial and
municipal

Irrigation

South of Palo Cedro

Irrigation

5 140 45

Churn Creek Bottoms

4 53 630

Cow Creek Bottoms

11 130 620

Stillwater Plains

2,150

50

2,070

30

67

1,070 25

South of Old Alturas Road

Irrigation 12 250 430 1,062 25

* Computed from pump tests made by Pacific Gas and Electric Company
and various pump companies,,
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occurrence of ground water is not limited to the five principal

areas. However, throughout the entire Modoc Plateau area, this

volcanic material has highly variable water-bearing capabilities.

The delineation of all areas underlain by water-bearing materials

was not attempted during this investigation because of limited

time and funds. The locations of the principal present and

potential areas of ground water use are shown on Plate 11,

entitled "Modoc Plateau Ground Water Area"

.

There is relatively little development of ground water

in the five principal areas of present and potential ground water

use. Therefore, data on ground water and on characteristics of

water-bearing materials are limited, and only general informa-

tion concerning geology, ground water levels and movement, and

yields of existing wells is available.

Geology . Ground water in the Modoc Plateau area occurs

chiefly in volcanic rocks which underlie most of the area. These

volcanic rocks occur generally at the surface in the Burney Basin

and Hat Creek Valley, and beneath the lacustrine or lake-bed

deposits in Pall River Valley, Goose Valley, and Cayton Valley.

Water moves through these lavas by means of the interconnection

of crevices and cavities, often of considerable size, within and

between the lava flows.

The only other water-bearing materials of significance

in the Modoc Plateau area are the aforesaid lacustrine deposits.

The most extensive and deepest of these deposits occur in Fall

River Valley, where they are the principal source of water to

many domestic wells and a few irrigation wells in the valley.
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Small amounts of ground water may occur, as a result of

infiltration of precipitation and irrigation water, in the alluvial

deposits of the Burney Basin. There are also three small alluvial

areas along Hat Creek. The alluvial deposits in all areas, and

the lacustrine deposits in Goose and Cayton Valleys, are shallow

and provide very little ground water storage. However, the

volcanic rocks adjacent to and underlying these valleys are generally

water-bearing, and are often highly permeable.

Ground Water Levels and Movement . During this investi-

gation, water levels of seven wells in the Burney Basin and 106

wells in Fall River Valley were measured semiannually. Depths to

water in these wells for the fall of 1957 and the spring of 1958

are shown on Plate 12, entitled "Lines of Equal Depth to Ground

Water, Modoc Plateau Ground Water Area".

Elevations of ground water at wells were determined and

are indicated on Plate 13, entitled "Lines of Equal Elevation of

Ground Water, Modoc Plateau Ground Water Area". Only limited

data are available for analyzing ground water movement. Plate 13

indicates that ground water generally moves toward the Pit River

from both sides of Fall River Valley. Ground water also apparently

moves toward other major streams of the area, as is illustrated

by Burney Falls on Burney Creek, by Rising River on Hat Creek,

and by the numerous large springs forming Fall River and its tribu-

taries. In addition to these more spectacular occurrences,

numerous lesser springs and seeps add to the flows of surface

streams in the area.
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Yield of Existing Wells . Wells in the Modoc Plateau

area usually yield adequate water for most domestic needs, and

irrigation supplies can generally be obtained from volcanic rocks.

Data from nine wells in Burney Basin and from one in Goose Valley

indicate that yields vary from 90 to 4,300 gallons per minute,

and that specific capacities vary from 10 to over 1,000 gallons

per minute per foot of drawdown.

Yields of wells drilled into the Pall River Valley lake

sediments are low, generally less than 300 gallons per minute.

However, wells drilled through the lake sediments into the under-

lying volcanic rocks produce from 200 to 1,000 gallons per minute.

Flows of artesian wells range from a few gallons per minute to

about 100 gallons per minute.

It should be emphasized that the water-bearing properties

of volcanic rocks are extremely variable, and it is difficult to

predict whether an adequate water supply will be obtained from a

well drilled in an untested area of volcanics.

Quality of Water

The principal objective of the water quality studies

conducted during this investigation was to ascertain the quality

of surface and ground waters with respect to their beneficial uses.

The surface water supplies of Shasta County are excellent

in mineral quality, and in this respect are well suited for irri-

gation, fish habitat, and other benefitical uses. Water of good

to excellent mineral quality occurs commonly throughout the ground

water basins of the county, except in wells in the northern and

northwestern portions of the Redding Basin. Data used to determine

the quality of waters in Shasta County included mineral analyses

of 183 surface and ground water samples.
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Quality of Surface Waters

Analyses of 55 samples from 27 streams of Shasta

County give evidence of the excellent mineral quality of its sur-

face waters. These samples were collected during the five-year

period, 1952 through 1956, to obtain data regarding the mineral

characteristics of streams during both spring and fall seasons.

Since most of the streams of the county drain mountain

areas composed of igneous and consolidated sedimentary rocks,

most of the surface waters are low in dissolved solids. There

appears to be little difference in mineral character of composi-

tion of water between streams in the eastern and western portions

of the county. Waters are generally of a calcium-magnesium

bicarbonate or magnesium bicarbonate type. There also appears to be

little variation in dissolved mineral composition between high

and low flows. Minor rain-fed streams, such as Churn and Still-

water Creeks which traverse outcrops of marine sediments, tend

to have waters with higher chloride concentrations than other

streams, but their waters are still of excellent mineral quality.

Some few streams which drain mining areas have waters with high

concentrations of sulfate and metallic elements. Water from such

streams is generally of good to poor mineral quality for irriga-

tion, but generally does not meet the recommended standards of

the United States Public Health Service for drinking water, and

is sometimes toxic to fish life.

Quality of Ground Waters

In general, ground water in Shasta County is good to

excellent in quality and suitable for most beneficial uses, as

indicated by the analyses of 128 samples from 110 wells. However,
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saline ground water which is unsuitable for any beneficial use

underlies some areas of the county. These saline ground waters

are found in wells in the northern and northwestern portions of

the Redding ground water basin and are mostly sodium chloride

in type. The source of the saline ground waters is apparently

the Chico formation, which is of marine origin.

Since data collected during this investigation indicate

that poor quality ground waters occur extensively in the basal

section of the water-bearing sediments, lateral and upward

movement of poor quality ground waters may be taking place in

areas presently containing ground waters of suitable quality for

beneficial uses. The deeper, poor quality waters are believed

to be under sufficient pressure to be forced upward to underlying

zones of usable ground water through defective or improperly

constructed wells.

As indicated heretofore, ground water in the Modoc

Plateau area is pumped principally from volcanic materials and,

to some extent, from the lake sediments in Pall River Valley.

Analyses of water samples from volcanic materials in widely

scattered locations show similar mineral composition. These waters

are either of the calcium-magnesium bicarbonate type or of the

magnesium-calcium bicarbonate type. Analyses of water from both

artesian and nonartesian wells in Fall River Valley indicate

fairly uniform overall mineral composition, except that the total

dissolved solids and nitrate content are somewhat higher in the

nonartesian waters. Degradation of the quality of ground water

is not believed to be a serious problem in the Modoc Plateau

area.
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CHAPTER III. WATER UTILIZATION AND REQUIREMENTS

Present water utilization and future requirements for

water in Shasta County are relatively small when compared with

the water supply originating within the county. Even under

assumed ultimate conditions of development, the net depletion

of the water supply by all uses in the county would be less than

15 percent of the natural runoff originating in the county.

The estimates of consumptive use and requirements for

water, presented in this chapter, were evaluated on the basis of

the employments of land, water, and timber as they relate to

water use. Estimates of ultimate water use were based on the

premise that full development of irrigable land and other natural

resources will eventually occur.

Definitions

The following terms are used as defined:

Water Utilization—In a broad sense, includes any employment

of water by nature or man, either con_umptive or non-

consumptive, as well as irrecoverable losses of water

incidental to such employment. This term is synonymous

with the term "water use".

Water Requirement - -The amount of water needed for all

beneficial uses and for irrecoverable losses incidental

to such uses.
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Consumptive Use of Water--The quantity of water consumed

by vegetative growth in transpiration and building of

plant tissues and water evaporated from adjacent soil,

from water surfaces, and from foliage. It also refers

to water similarly consumed and evaporated by urban

and nonvegetative types of land use.

Applied Water--The water delivered to a farmer's headgate

for irrigation use or to an individual s meter, or

its equivalent, for urban use. It does not include

direct precipitation.

Effective Precipitation--That portion of the direct precipi-

tation which is consumptively used and which does not

run off or percolate below the root zone.

Farm Irrigation Efficiency--The ratio of the amount of the

consumptively used applied irrigation water to the

total amount of such applied water. It is commonly

expressed as a percentage.

Water Service Area Ef ficiency--The ratio of the amount of

consumptively used applied water in a given service

area to the total amount of water delivered to the

area. It is commonly expressed as a percentage.

Present—This term is used generally in reference to land

use and water supply conditions prevailing during the

period from 1952 to 1956.

Ultimate --This term refers to conditions after an unspecified

but long period of years in the future when develop-

ment of natural resources would be at a maximum and
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essentially stabilized. Its use Is related to long-

range resources planning and development that is not

only physically possible on the basis of land and

water resources but is also practicable and reasonable

on the basis of foreseeable economic conditions.

Other terms are needed to express more precisely the

factors that pertain to the various beneficial employments of

water. "Requirement" is a general term that expresses need for

beneficial use of water. It is customary to employ with it

certain modifying words that by implication define the exact

nature of the requirement. For example, "diversion requirement"

is the amount of water needed at the point of diversion on a

stream system to provide for losses in conveyance of water to

places of use, for the necessary irrigation head to distribute

the water in the fields, for the wetting of the soil volume,

and for deep percolation. A "service area requirement" includes all

the foregoing uses of water in a specified service area, measured,

however, at the point or points of entrance of the water to the

service area, or the equivalent, rather than at a point of

diversion on a stream system. Any re-use of return flows from

irrigation or other employments of the water within the service

area is taken into account.

Water requirements associated with consumptive use refer

to the net utilization of water in a given area or stream basin.

Requirements for water that cause an impairment in either the

quantity or quality of the water supply available for other
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purposes are termed "requirements for consumptive use". In

general, they include irrigation, municipal, industrial, and

domestic requirements.

Only a portion of the water that is applied to agri-

cultural, municipal, industrial, or recreational areas is

utilized. The remaining part of the applied water percolates

into the ground or returns to streams, where it is available

for re-use. That portion of the applied water or requirement

that is utilized in evaporation and transpiration is known as

"consumptive use of applied water".

Nonconsumptive requirements for water refer to the

use of water for fish propagation, power production, or aesthetic

purposes. The water is put to beneficial use and then returned

to the natural channels. In most instances the regimen of flow

of the stream is affected, but not the quantity or quality of

the water.

Methods which are fairly reliable, although still

subject to much improvement, have been developed for estimating

unit values of consumptive use of water by irrigated crops.

The quantity of water consumptively used by the crops is largely

independent of the amount of water supplied, provided a sufficient

quantity is available to the crops at the proper time to main-

tain good growing conditions. Although this basic use of water

can be reasonably estimated, the quantities involved in con-

veyance, methods of application and application losses, use and
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amount of return flow, type of soil, etc., are difficult to

evaluate accurately, for they depend upon the details of works

and operation of projects. Irrigation heads will vary with

topography and soil characteristics. For these reasons, only

an approximation can be made of either the diversion requirement

or the service area requirement prior to the construction and

operation of a project.

One phase of the hydrologic analysis of a stream basin

or a portion thereof is an evaluation of future changes in runoff

resulting from future uses of land and water. The change may be

either an increase or a decrease in quantity of flow. Conver-

sion of brush land to dry-farmed grazing land may cause an

increase in runoff and water supply, while its conversion to

irrigated crop production may cause an increase in consumptive

use and a decrease in water supply. The reclamation of a native

marsh and its transformation into a well-managed irrigated

pasture may cause a decrease in consumptive use of water and an

increase in the water supply. Conversely, a change in agri-

cultural practice from grain production to irrigated pasture

may result in greater consumptive use of water and in a decrease

in the water supply.

, Normally, as native lands are brought under irrigation,

the regimen of downstream flows is changed. For the most part,

the amount of the change in downstream flow is determined by

the difference both in consumptive use of water and irrecoverable
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losses between any two stages of development. An analysis based

on these factors was utilized In this investigation to evaluate

ultimate available stream flow at proposed dam sites.

In general, the present and probable ultimate consumptive

uses of applied water in Shasta County were determined by applica-

tion of appropriate unit values of consumptive use of water to

the present and probable ultimate patterns of land use. In

determining the probable ultimate patterns of land use, due con-

sideration was given to the nature and extent of the present

agricultural, urban, and industrial development; to indications

of trends in such development; to the availability of the water

supply; and to those natural features of the basin such as climate,

topography, and soils as they affect the use and re-use of water.

Evaluations of ultimate water service area requirements were

made by considering efficiencies in use of the water which are

presently realized or would ultimately be achieved by operating

agencies.

Certain possible nonconsumptive requirements for water

in Shasta County, such as those for hydroelectric energy genera-

tion, conservation of fish and wildlife, and recreation, may be

of varying significance in the design of works for the develop-

ment of the water resources of the county. In most instances,

the magnitudes of such nonconsumptive requirements would be

dependent upon such factors as the feasibility of various multi-

purpose uses, public interest, and economics in the planning of

future projects.
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Present Water Resources Development

Although extensive development of the water resources

of Shasta County has occurred,, there remains a large amount of

water susceptible of development for irrigation., production of

hydroelectric energy, domestic and municipal use, recreation,

and other beneficial purposes. Irrigation, involving the princi-

pal consumptive use of water in the county, has increased only

slightly during the last quarter-century, and no sizable irriga-

tion projects have been constructed since about 1920.

Most of the water now used in Shasta County is obtained

by direct diversion from streams. Small quantities of ground

water are pumped for municipal, industrial, domestic, and irriga-

tion purposes.

The major existing reservoirs in the county, other

than Shasta Lake, are operated primarily for the production of

hydroelectric energy. However, the reservoir storage capacity

provided for hydroelectric energy production is small, and opera-

tion of the power plants is largely dependent upon direct diver-

sion of stream flow. Shasta Lake, the largest reservoir in

California and a major feature of the Central Valley Project,

is a multipurpose development for irrigation, production of

hydroelectric energy, domestic and municipal use, recreation,

and other beneficial purposes.

The locations of existing water supply developments

and boundaries of public water service agencies in Shasta County
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are shown on Plate 14, entitled "Existing Water Supply-

Developments and Public Water Service Agencies in Shasta County".

Power plants in the county are listed in Table- 7. The principal

water service agencies in Shasta County, both public and private,

and pertinent data regarding sources of water supply and type of

use are listed in Table 8.

Drainage Area Above Shasta Dam

The drainage area above Shasta Dam within Shasta County

consists of portions of the watersheds of the Pit, McCloud,

and upper Sacramento Rivers and all of the Squaw Creek watershed.

The area encompasses 1,377,000 acres, or 56 percent of the area

of the county. It produces an average of 3,619,000 acre-feet

of surface runoff seasonally, or about 69 percent of the runoff

originating within the county. The drainage area, except for the

Modoc Plateau, is entirely mountainous and land suitable for

irrigation is found only in relatively small, scattered parcels.

Most of the major existing physical works for water development

in Shasta County are within this area and all of these works,

with the exception of Shasta Lake, are for the primary purpose

of producing hydroelectric energy.

The principal areas of irrigation above Shasta Dam

are in the Modoc Plateau portion of Shasta County. These

irrigated areas are in Fall River, Cayton, and Goose Valleys, the

Burney Basin, and lands adjacent to Hat Creek. Present con-

sumptive use of applied water for irrigation and domestic
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purposes above Shasta Dam is estimated to be about 41,000 acre-

feet per season, or about 36 percent of total consumptive use of

water in the county.

Irrigation water supplies in the Modoc Plateau area

are obtained by diversion of stream flow, supplemented, in some

places, by pumping from ground water. Domestic water supplies

are generally obtained from wells or springs.

The Pit-Hat hydroelectric power system of the Pacific

Gas and Electric Company comprises six power plants with attendant

diversion structures, conduits, and transmission lines, located

in the Pit River Basin above Shasta Lake. The six plants, having

a combined installed capacity of 366,900 kilowatts, are: Hat

Creek Nos. 1 and 2, and Pit Nos. 1, 3, 4, and 5. The power

plants of the Pit-Hat system are all basically run-of-the-river

plants, because the relatively uniform flow characteristics

of the Pit River and its Shasta County tributaries are well-

suited to hydroelectric power development. Some peaking of power

generation is realized from small amounts of reservoir storage

capacity within the system.

Westside Area below Shasta Dam

The westside area below Shasta Dam comprises the

drainage basins of all streams west of the Sacramento River

between Shasta Dam and the south county line and includes the

Churn Creek bottoms, which is that portion of the Anderson-

Cottonwood Irrigation District lying to the east of the
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Sacramento River. The major streams of the area are Clear and

Cottonwood Creeks. The area covers approximately 49^,000 acres,

or 20 percent of Shasta County. An average of approximately

606,000 acre-feet per season of stream flow, or 12 percent of

that originating within Shasta County, drains from this area.

Three public water service agencies and several pri-

vately oxroed water companies provide water for agricultural,

municipal, industrial, and domestic uses in the Westside area.

Most water development works in this area do not store water,

but divert the available stream flows. Rainbow Lake on Cotton-

wood Creek (a conservation reservoir), Keswick Reservoir on the

Sacramento River (a reregulation reservoir), and Shasta and

Keswick hydroelectric power plants on the Sacramento River are

located in the area. Whiskeytown Reservoir on Clear Creek, and

the Clear Creek and Spring Creek Power Plants will soon be added

to the physical works of this area as parts of the Trinity River

Division of the Central Valley Project.

The principal areas of water use in the Westside area

are in the Anderson-Cottonwood Irrigation District, the lands

served by the Happy Valley Water Company, the City of Redding,

and some lands along Cottonwood Creek. The present consumptive

use of applied water in the Westside area by crops and for

domestic purposes is estimated to be about 50,000 acre-feet

seasonally, or about 43 percent of the present consumptive

use of applied water in the county.
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The Anderson- Cottonwood Irrigation District diverts

water from the Sacramento River "by means of a dam located a few

hundred feet upstream from U. S. Highway 99 East. The water is

conveyed by canal for irrigation of lands within the district,

including some lands in Tehama County. In addition, the district

pumps water from the Sacramento River for irrigation in the Churn

Creek Bottoms. Municipal, industrial, and domestic water supplies

needed within the district are generally obtained by wells pump-

ing from ground water. The City of Redding obtains its water

supply by pumping from the Sacramento River. Prior to the con-

struction of Shasta Dam, both the district and the city obtained

their water supplies from the Sacramento River by the same means

presently employed.

The water supply of the Happy Valley Water Company is

obtained by diversion of natural stream flow from the North Fork

of Cottonwood Creek and several of its tributaries, supplemented

by water stored in Rainbow Lake on the North Fork of Cottonwood

Creek. The company serves irrigation water to lands in the

vicinity of Igo and Ono and to the Happy Valley area. Domestic

water supplies for the Happy Valley area are, in most instances,

pumped from ground water at relatively shallow depths, although

several wells now in use are over 200 feet in depth.

The rest of the Westside area, comprising the irrigated

lands along Cottonwood Creek from its north fork to the west

boundary of the Anderson-Cottonwood Irrigation District, obtain
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water by diversion of stream flows, supplemented by ground water

pumping. During the past few years, some wells have been drilled

which provide full irrigation water supplies.

Rainbow Lake, Keswick Reservoir, and the Shasta and

Keswick Power Plants are the major water development works in the

West side area. Rainbow Lake, which is formed by Musselbeck Dam,

a hydraulic fill structure 110 feet in height on the North Fork

of Cottonwood Creek has a maximum storage capacity of 4, 800 acre-

feet. 'Keswick Reservoir is formed by Keswick Dam on the Sacramento

River and is used to reregulate power releases of water from

Shasta Lake. Keswick Reservoir is an integral unit of the Shasta

Division of the Central Valley Project, as are the Shasta and

Keswick hydroelectric power plants. These two plants have a

combined installed capacity of 454, 000 kilowatts, and both use

water stored in Shasta Lake to generate power.

The Trinity River Division of the Central Valley Project,

presently under construction by the United States Bureau of

Reclamation, is scheduled to be completed about 1963 • Trinity

Reservoir, on the Trinity River west of Shasta County, will have

a storage capacity of 2,500,000 acre-feet. Releases of water

from this reservoir will be utilized by a power plant having a

capacity of 96,000 kilowatts, and will be reregulated in Lewis-

ton Reservoir about 7 miles downstream. Lewiston Dam will con-

tain outlets to release v/ater to meet downstream requirements of

the Trinity River Basin, including those of the important fishery.

Water not needed in the Trinity River Basin will be diverted into
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Shasta County through the Clear Creek Tunnel to the Clear Creek

Power Plant, having a capacity of 130,000 kilowatts, and thence

into the 250,000 acre- foot Whiskeytown Reservoir on Clear Creek,

a tributary of the Sacramento River. From this point the Trinity

River water and surplus water from Clear Creek will flow through

the Spring Creek Tunnel to the Spring Creek Power Plant, with a

capacity of 1^3, 000 kilowatts, and then into Keswick Reservoir

on the Sacramento River. Flows from the Spring Creek Power Plant,

as well as the Shasta Power Plant, will be reregulated in Keswick

Reservoir and released to meet requirements of the Central Valley

Project

.

Eastside Area Below Shasta Dam

The Eastside area below Shasta Dam comprises the drain-

age basins of all streams on the east side of the Sacramento

River between Shasta Dam and the southern Shasta County line,

excluding the Churn Creek Bottoms. The two principal streams of

the area are Cow and Battle Creeks. Minor streams of the area

include Churn, Stillwater, Bear, and Ash Creeks. The area covers

about 57^- , 000 acres, or 23 percent of that of Shasta County. An

average stream flow of 812,000 acre-feet per season, or l6 percent

of the runoff originating within the county, drains from this area

The Cow-Battle hydroelectric power system of the Pacific Gas and

Electric Company is the only major water development in the

Eastside area.

The Cow Creek Bottoms, comprising lands adjacent to

Cow Creek and its tributaries below an elevation of about 600
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feet, is the principal area of water utilization. However,

scattered parcels of land at higher elevations in the Cow, Bear,

Ash, and Battle Creek drainage basins are also irrigated, as

well as some lands on the Stillwater Plains. The estimated

present consumptive use of applied water by crops and for domes-

tic purposes in the Eastside area below Shasta Dam is about

24,000 acre-feet seasonally, or 21 percent of that for the entire

county. Almost all of the presently applied water is obtained

by direct diversion from streams. In the Cow Creek Bottoms

ground water supplies are used occasionally to supplement stream

flow, and on the Stillwater Plains there are some lands irrigated

with ground water. However, amount of ground water used is small

when compared with the quantity of water obtained from surface

sources

.

There are four public water service agencies delivering

domestic water in the Eastside area below Shasta Dam. These

agencies are located in the Stillwater Plains hydrographic unit

and are: the Summit City Public Utility District, the Shasta

Dam Area Public Utility District, the Buckeye County Water District,

and the Enterprise Public Utility District. The first three

listed districts obtain water from Shasta Lake. The Enterprise

Public Utility District obtains its supply by pumping ground

water from gravels adjacent to the Sacramento River. The

Wonderland-Mountain Gate Community Services District, recently

formed, proposes to develop ground water in the area north of

Central Valley and Project City.
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The Cow Creek Unit of the Trinity River Division of

the Central Valley Project was authorized to provide water service

to the Bella Vista Water District. This unit will serve the Cow

Creek Bottoms and potential agricultural areas on the Stillwater

Plains. The plan is to pump water from the Sacramento River to

supply the northern half of the Stillwater Plains, and to furnish

water to supplement stream flow in Cow Creek. In addition, the

plan envisions ground water as a source of supply for the southern

half of the Stillwater Plains, and as a supplement to stream flow

in the lower Cow Creek Bottoms. The Bella Vista Water District

and the Bureau of Reclamation are negotiating a water service

contract

.

Major water development works in the Eastside area

below Shasta Dam comprise the Cow-Battle hydroelectric power

system of the Pacific Gas and Electric Company. The system con-

sists of North Battle Creek and Macumber Reservoirs, and six

small power plants, with their conduits and forebays . Four of

the plants are in Shasta County: Kilarc, Cow Creek, Volta, and

Coleman, with a total installed capacity of 24,400 kilowatts.

South and Inskip Power Plants, in Tehama County, add another

10,000 kilowatts to the installed capacity of the system. The

power plants are essentially run-of-the-river plants, with North

Battle Creek Reservoir used to supplement late summer stream

flows. Macumber Reservoir is no longer utilized as a regulating

reservoir because of excessive leakage. However, it still has

a retarding effect on the flows of North Battle Creek, and con-

tributes to the effectiveness of the Cow-Battle hydroelectric

power system.
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Land Use

The initial steps in estimating water requirements of

Shasta County were to determine the annual and probable ultimate

pattern of land uses. The present pattern of land use was

determined by field surveys. The probable ultimate pattern of

land use was estimated from land classification data.

Present Pattern of Land Use

The lands upon which water was utilized during 1955

and 1956 were classified according to type of use. Summaries

of the results of this present land use classification, within

hydrographic units and service areas, are, respectively, presented

In Tables 9 and 10. Present water-using lands are shown on

Plate 15, entitled "irrigated and Irrigable Lands, and Potential

Service Areas"

.

The predominant use of irrigated lands in Shasta County

is for livestock production. Alfalfa, improved pasture, and

grain and grain-hay crop classifications total 44, 600 acres, or

approximately 95 percent of the present lands irrigated in

Shasta County.

Probable Ultimate Land Use Pattern

An estimate of the probable ultimate pattern of land

use for irrigated agriculture and urban and suburban development,

and the ultimate areas to be used for recreational development

and reservoir purposes, was determined as a basis for estimates

of ultimate water requirements.

-66-



On

& CO

CO

PnO

co

0>

o
ra

CO CO
o5

CD -H

&
tiD O
ra ra >
Q) c, O d)
> ra co

•H <3j o
CO U
2

U
<D Is
-P X) +3
ro rt co

is qj ra

^
CD C CO
x: ra -d
-p ,o £
o fn ra» H

H 1 T5
ra -h <dP U -P
o ?h ra
Eh-H bfl

CD T5
a u
•h ra> >s

Q) H
CO ra t)
2 l o u

x> -h ra

X! axl
q CO o o
03 ?H uH •P o

<H A ^
O

Tt co ra

<D •H ^ si

R
CO

12

o o o

E"l 2
rt

Q o

H 1 COH 3 73 CO

TJ <D o H a,
0) O (1) 0) o
-P CO C -H fn
o5

M Huo
•H
h ^
h O
H

:

:Grain:

:Alfalf

a:

Improved:

and

:Tru

:

pasture

:

grain:

:

:

hay

:

+3
•H

3 <g

o ra
•H s
43
Q.
cd

u
b£
o

>? 1

TC fc CD 1

CD O g U
«H c 3 <u

<D CD C £>
tf

o o O 1 1 Q d o
1 o o o o O O 1 O O 1 1 1 O

fA P-nO 1 MD CM CA 1 iH On 1 1 1 P-
CM H "LAnOnO <A

•> •> •> •>H P- CM
CM

CM
CA

o o O O 1 1 1 1 1 1 o o O O 1 o 1 o
-=t FC1^^ 1 1 1 1 1 i _4 H P— fA 1 H 1 CO
•LA ON H MD -^

•» •» •> •»

CO "LA a
O O O 1 O 1 O 1 O O O 1 O O 1 1 O o
•LA ONH 1 4 IUM H P- H 1 CA^ . 1 CM CM
Cvi rA J- CO ^ ^

r-T CA MO

o o O O O O O 1 O O O O O O 1 1 o oO C- H H P-XA P- 1 r-i MD CMAJ On 1 1 \A p-
H C— -LAvO H nO H _4 CA CM CA o 1A
•»•»•» •% •v »\ *> •« •>

p--4 H H H P- CM ON vOH -4

; : i :

! I

o oH P-

I O I

I vO I

I I I

l I t

I I

I I

I I I I

I I I I

o

I I

I I

O I

I O I I I

I H I 1 I

o o o o
cAtA CM _4H

I I

I I

I O I O O I14 IHVM IOOOO
I CO CA CA CA

OOO
CA ONvo

UN

O I I I I

I I I

I I

I I

00000 10H J-J H-4 I MD
nO H cAnO H

•\ •> »»

"LACA H

O O
nO P-
-4- On

I I I I

IOOOOOO I

I "LATA "LA H _4\A IO nO fA O O fA
•» •» •>

H P- CM

I OOOOO
I MD H CO NO CO

CM

I O

1 1 1 1 1 1 1 1 1 1 1 1 O
1 1 1 1 1 H P- 1 1 1 1 1 1 CO

-4 -J 00

I Oa
! O
I XA

I O
I oH

I O
I "LA
NO

O
CO
-4

O
CM
CM

o
p~
fA

1

1 MD
"LA

O
LA
CM

H
1 O
1 -43

O
ON
P-

•>

p-
H ON

fA

o
p~
TA

•V

CA

CO

o
en

o o

nOP-CO OnO H CMCA-4TACM CA-41ACO CM
r-i H r-^ HCMCMCMCMCMCMrACACAfAfA_cJ-

o
LA H|CM|

-67-



CO

o

CO

PQ

oo

E-i

CO

CO

CO

Q)

O
03

CO ^
Q

o

S3

cow

en

ra

0)

?

!&
TO

r

'js
-p
'O

1§
T3 -P
TO co

<D TO

£ co

TO T5

^ TO

TO

H
TO

O

I

•h -d

U -PH TO
Ml

I

•h c3

H
TO T)

•a a
Chx!
o o
-P o

I T3

t3 co to*

•h x;
o o o
•H fnQ O

I CO

Q) o h a
O <D CD O
CO C -H V,

H
.*
o

B
E-<

C c

d| a &TO ro
^ aj ^ x:O bO

XI
<1) ©
sp-
U -P
a, co

TO

H
to

i o

u x: S

bO

©

1 1 1 1 1 t t 1 1 1 1 1 1 1 1 1 1 1 1

OO^Oinrl^CD 1 1 1 1
• 1 1 1 1 i—4 1 1 1 1 1 1 1 II

c\j m o\"u\\0

CO

o
o

m

1 1 1 1 1 1 1 l 1 1 1 l 1 O 1 1 1 1 1 1 IIOO
in 1 1 VsO 1 1 1 1 1 1 1 1 I 1 c\ 1 1 lilt 1 1 o-
C\J c\ vO On

en

l OOOOOOOOOOOOOOOOOOOOOOOO
I COVOO0CO WO Jcm^OcohjvO JtncoaDrlHcoHco J

I I

I I

C\J

I I

I I I I I

I I I I

C\J

I O I

I H I

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 CO 1

CO
1 1 1 1 1 1 1 1 1 1 1 1 1

I I

I I

I I

I I

IOI I I O O O O I o
I en I I 1 H H C\J H I H

I I O I I I I

I I vO I I I I I I

I I I I I I I

I I I I I I I

I I I I I

I I I I I

I O O O I

I co <n en I

OIOI IOI I

en 1 _j- 1 l co l 1

I l

1 l

l l I 1

1 1 1 l

I O I I I l

I CM I I I I

I I

I I

I I

I I

I I

I I I

I I I

O IOOOOOOOOOOOOOOOOOOOOOOOO
CO I WvOMCOO\0 JlAO JfnH JlAJnWcOHO\OJ\OrU
in vO in c\j en _zt H cm c- _d-r-3tn r- h \o -zf r*- w h

•\ •> »\ •» •>

in rH H H CM

1 O O 1 1 1 1 1 1 1 1 O I 1 1 1 O O
vO 1 vO O 1 CO 1 1 1 \0 H OJ cr\ ON 1 1 1 1 vO 1 1 1 1 \AvO
-=J- vO oj H H

in
c*-\o cm _=r en en -d- o
r-\ r^ I CM en fr\ (r\ \f\

I I O-O-O-C^COCM-d-^ I CM I C~\ en I en en en en en m I CI | CMvONHHHrlrlWWcvllA^WnrncOfnf^fnfOninnfniAnHH I CM en H m CM
J"
CM

>» CO (0
.* J4 q E ^

>H O CDH cu X
to en

CD « -P CD fj ©
U t H -p ^ -H bDO ^jCL, OO cdt)

© q^ X! © 3> 60 M >>(1)0 ^ © O Jh ^ x>
73 CD CD H © ctf PQ -p -h © © rH O © U

© }h ^ . -P P
fn O O ^ C X»

U -H
a> en X gJ^fc ^SoH©co>Jo3©oni+3-H©ooq©S>rt>© S -H
> O O Cll > 4) -p O , © O © p
•H ^sj (D . > s a c £ ^ C O O CO
Pi fn >^ CO c ^, C ^ ^ CD ^ H p ^ O 3

n) O CD CD O MO O O >siH rtUHfl ffl

-p an r-i -p q h
CD-P CX-Hp-l £-P 3H

fe a © e e x: q x:H X> C CO -P -P
C O ^5 C

1 > +3 3 -p § -p
H bO-P

a
^ O T3 -H bO P X> *h

rt OJ y « M ©0«J-P©0tH03moxcofflo^tfffl
oj Hrli TOO ^ O

(x< !x! ffi moos H O uo^awiDg

-68-



3
•H
-P
£3

OO

oH

E-i

CO

o

co

^<
pq

13OO
<=«!

EH
CO^
cri CO

W CD

CO

H
« M
CO •—

'

3

CO

<y

1h
05

Ml
£
H
CO

I

U
CD

-P

r^

u

.G
-p
o

rH|

O 2
73 -P
ctS W

cxi

g co

rQ G

H

O

IH T5
Jh CD

^ -P
H ctf

I

CD Ti
g u
•H n5

> >5

MS
H
U
u

I I

H o3

O O

-P o

Ti CO

•H
o

Q
CO

2 T) (0OHO.
CD CD
G -H
CTj «H

O

Eh

G G
H TS -H f>5
ctJ £ nJ cc)

*n rt 5h ,£

T5
CD

^ -P
Cu CO

H CX

rt

cfl

H

I o
O -H
^h ,£ -P
-fci Q-.-H
>5 CTJ d

I I I O I

I I I CM I

I O I

I O I

o
rH
CO

<AH

OH
fA

»<

o o
trwoH r-

o o
I u\r>-

oH

H

1 1

1 1

1 l

I

i

i

On
<A

o
rH

I I I I

I I I I

I O I o o

O
CO
CO

o
CM

1 o 1 o
1 tPv 1 H

rH CM

1 O 1 o
1 rH 1 1AH

•

1 O 1 o TJ
1 vO 1 H
1A H +^

H bJD

to o 1 o o O
On On 1 C\J -J- 1A

fA ["- 1A
•> «\ >i

<A (A rH
rH CA H

-Po o 1 1 1 O
MD CO 1 1 1 vO Ts

1A

AA

\A

CA CO
•H

CO
<A rn TS

1 o 1 J1A G
tA in _j" <A rr\ a
CA CA H

CO
-d
o x;
o -p

si i+H

•H O o
rt -PH -P c
cu o CO oo -P t-1 •H
v. 1 -P < -P
rH G ^ Srt ShH O pq O O
•H CO xs c EH a,^ O oH o o •p ^H t5 03 3 G

£5 rH
pq

c
l-l & h"I

-69-



Irrigated Lands . Irrigability and crop adaptability

were basic considerations in classifying the agricultural lands

of Shasta County. The land classification survey indicated that

the ultimate gross irrigable area of the county is about 259, 000

acres. In addition, some 277,000 acres meet the physical require-

ments for irrigable lands, but are best suited for forest or

range management

.

Not all of the gross irrigable area of 259,000 acres

would require water service. To estimate the probable ultimate

net irrigable area requiring water service, factors of reduction

were applied to the gross irrigable area.. These factors accounted

for farm lots, roads, canals, fallow lands, and incidental non-

irrigable areas and other considerations such as difficulty of

development and size, shape, and location of the lands. As a

result, there was obtained a probable ultimate net irrigable area

of about 208,000 acres.

The ultimate crop pattern within the net irrigable area

was estimated by considering the growth and development not only

of Shasta County, but also of surrounding counties and the remain-

der of the State. The methods, procedures, and results of

studies leading to the probable ultimate crop pattern are presented

in the following paragraphs.

(l) Standards for Land Classification . The suitability

of land for irrigation is influenced by numerous factors. The

physical characteristics of the land and the inherent conditions

of the soil directly affect the adaptability of land for
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irrigation. Some indirect factors are those related to the pro-

duction and marketing of climatically adapted crops, location of

land with respect to adequate water supplies, and regional clima-

tic conditions. For this investigation all pertinent factors

relating to land classification, direct and indirect, were con-

sidered in evaluating the probable ultimate requirements for

water.

On tne basis or land classification surveys, the extent

and location of irrigable lands were determined and the lands

were divided into various crop adaptability classes. Lands

classified as suitable for irrigation development were segregated

into three broad topographic groups: smooth-lying valley lands,

slightly sloping and undulating lands, and steeper and more rolling

lands. Where other conditions limited the suitability of the

lands to produce climatically adapted crops, the three broad

classes were further subdivided in accordance with the nature of

the limitations. In Shasta County such limiting conditions in-

clude shallow soil depths, rockiness, high-water tables, and

coarse soil textures with low moisture-holding capacities.

In tne mountain and foothill areas of Shasta County,

lands are found with soils and physical characteristics which

make them suitable for irrigation. However, due to climate and

other factors associated with their present use, they were

classified as best suited to remain under some type of forest

or range management. In general, these areas lie at elevations

where the length of the growing season limits crop adaptability.
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It appears reasonable that these marginal, lands would remain as

grazing lands under general forest management. Another example

of Irrigable lands best suited to forest management are those

adjacent to mountain lakes and streams which are potentially

valuable .for recreational activities. These lands were not con-

sidered as potential, agricultural lands, but were assumed to

remain under forest management.

Table 11 contains a description of the land classifi-

cation standards adopted by the Department of Water Resources

and used in the survey of Shasta County.

(2) Gross Irrigable Area , Results of the land classi-

fication survey of Shasta County are presented In Table 1.2.

This table shows that zne gruss irrigable area of the county is

about 259,000 acres. Of this area, about 136,000 acres, or 52

percent, were classified as irrigable valley land. Most of these

irrigable valley lands are composed of Recent alluvial and lacustrine

(lake-formed) soils, the greater portion being of excellent quality

for agricultural purposes.

The irrigable hill lands are mostly composed of

residual soils or old valley terrace soils. The best of the

irrigable hill lands, those which have adequate soil depth and

reasonably smooth topography, comprise about 39, 000 acres, or

approximately 15 percent of the gross irrigable area of Shasta

County. The remainder of the irrigable hill lands, totaling

some 84,000 acres, or about 33 percent of the gross Irrigable

area, are limited in their crop adaptability by inadequate soil

depths, presence of rock, or excessive ground slopes.

-72-



TABLE 11

LAND CLASSIFICATION STANDARDS

Land T~

class : Characteristics

Irrigable Valley Lands

V Smooth- lying valley lands with slopes up to 6 percent
in general gradient, in reasonably large- sized bodies
sloping in the same plane; or slightly undulating
lands which are less than 4 percent in genera 1

gradient. The soils have medium to deep effective
root zones, are permeable throughout, and free of
salinity, alkalinity, rock, or other conditions
limiting crop adaptability of the land. These lands
are suitable for all climatically adapted crops.

Vw Similar in all respects to Class V, except for the
present condition of a high water table, which in
effect limits the crop adaptability of these lands to
pasture crops. Drainage and a change in Irrigation
practice would be required to affect the crop adapt-
ability. For the purpose of this investigation, it
was assumed that there would be no further change in
use of these lands.

VI Similar in all respects to Class V, except for having
fairly coarse textures and low moisture-holding
capacities, which in general make these lands unsuited
for the production of shallow- rooted crops because of
the frequency of Irrigations required to supply the
water needs of such crops.

Vp Similar in all respects to Class V, except for depth of
the effective root zone, which limits use of these
lands to shallow- rooted crops, such as irrigated grain
and pasture.

Vr Similar in all respects to Class V, except for the presence
of rock on the surface or within the plow zone in
sufficient quantity to prevent use of the land for
cultivated crops. These lands are suitable for irri-
gated pasture crops.

Vpr Similar in all respects to Class V, except for the
limitations set fo^th for Classes Vp and Vr, which
restrict the crop adaptability of these lands to irri-
gated pasture.
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TABLE 11 (Continued)

LAND CLASSIFICATION STANDARDS

Land T~

class: Characteristics

Irrigable Hill Lands

H Rolling and undulating lands with slopes up to a
maximum of 20 percent for rolling large- sized
bodies sloping in the same plane and grading down
to a maximum slope of less than 12 percent for
undulating lands. The soils are permeable,, with
medium to deep effective root zones, . and are suit-
able for the production of all climatically adapted
crops. The only limitation Is that Imposed by
topographic conditions, which affect the ease of
Irrigation and the extent of these lands that may
ultimately be developed for irrigation.

Hp Similar in all respects to Class H, except for depth
of the effective root zone, which limits use of these
lands to shallow- rooted crops.

Hr Similar in all respects to Class H, except for the pres-
ence of rock on the surface or within the plow zone
in sufficient quantity to restrict use of the land
to noncultivated crops.

Hpr Similar in all respects to Class H, except for depth of
the effective root zone and the presence of rock on
the surface or within the root zone in sufficient
quantity to restrict use of these lands to nonculti-
vated crops.

M Similar in all respects to Class H, except for topographic
limitations. These lands have smooth slopes up to
30 percent in general gradient for large- sized bodies
sloping in the same plane, and slopes up to 20 percent
for rougher and more undulating topography. These
lands will probably never become as highly developed
as "H" classes of land and are best suited for
irrigated pasture.

Mp Similar in all respects to Class M, except for depth
of the effective root zone, which limits use of these
lands to shallow- rooted crops.

Mr Similar in all respects to Class M, except for the pres-
ence of rock on the surface or within the plow zone
in sufficient quantity to restrict use of these lands
to noncultivated crops.
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TABLE 11 (Continued)

LAND CLASSIFICATION STANDARDS

Land :

class : Characteristics

Mpr Similar in all respects to Class M, except for depth of
the effective root zone and the presence of rock on
the surface or within the root zone, which limits
use of these lands to noncultivated shallow- rooted
crops

.

F Presently forested lands, or lands subject to forest
management, which meet the requirements for irrigable
land but which, because of climatic conditions and
physiographic position, are better suited for timber
production or some type of forest management program
rather than for irrigated agriculture,

U Urban lands presently used for residential, commercial,
resort, and industrial purposes.

N Includes all lands which fail to meet the requirements
of the above classes.

Plate 1.6, "Classification of Irrigable Lands", delineates

these irrigable lands into broad groups as follows: valley lands

with crop adaptability not limited by depth of effective root zone

or by presence of rock in plow zone, valley lands with limited

crop adaptability due to depth of effective root zone, hill lands

with crop adaptability not limited by depth of effective root zone

or by presence of rock in plow zone, hill lands with limited crop

adaptability due to depth of effective root zone, valley and hill

lands with limited crop adaptability due to presence of rock in

plow zone, and other irrigable lands best suited to forest or

range management.

-75-



W
e-W l-ta 55

3 °
J o

i—i

3£
33O OM o

CM S o
iH ~£
W Bb
_l o >-
03 PQ
<S z.
E~ o >-

H E-
e- z< Do o
1-1 o
Ik,m <:
CO E-w to

33O 10

5

+>
• +> o c
r-1 01 -p ©
xi a> +» E
ff) XI •a ui <u

60H 01

o a til

-p t, 3
t, -o HOC
u c D c« oj

i-H a) m E
i-H

«
rH

01 XI
a] a a
o W) V
b H t.

O «- a)

h
»h

Ua
ss

t,

£

H
01

d t,

H £•o a
-o

iH

l-H b
iH tS
•H
J3

01

r-t

XI
ai o.
« X
•H

l-H

P.
33

s

ac

ba
>

b
01 >
B
01
01

ai
<-h

o
a

XI >
§

>»
<D

iH i-t

rH >
£
(D

.-H

XI
aj :*

« >
•h
b

i-(

t>

•- ••

+»
•H

S
V

OH §
XI •z.

&
t-

w
o

1 t-

w b <D <D

<D O Xt
«h C E
» * 3
cs c

o o o o o
f-^SO OO SO CM

t^so .3-
rH t-i Jt

o o o o o o o
CM CM LIN SO JCONO <^0\0\NH ?f\

•v •» •* «S •.

J- CM SO iH CM
-3" CM

nj LTS0O UN ON
JS.CM J-COSO ON

ONO\HO
rH ONJ- CM r-l

IOIIIIIIIIIOIOIiJiiiiiiiiicNicoi

O O O 1 1 1 O 1 1 I I o o o i

CO CM CM 1 1 1 ON 1 1 1 1 ITiCM fs 1

ITS 1 II II 1 1 UN CM J" [

o o i

ON ON I

un i

i o o i g o o i

I UN UN I J CO UN i

I co -d- ioo3 h i

IQO IOOO IO IOOOO
I 3 rH I UAH H I (S IVO N ^O
I J L(\ I rt | H I NH^J-

OS^t ON

o o
ON ON
ON ITS

R3
so on

i Q o O
I J l-H ON

I Q O O O I

I ONCO rH ^ I

UN CM

OOO IOOOOO
CMVOCM IOOOCOUNON

UN | O J" O UNSO
». «s *.tsHH N H

OOOOOOO IOOQOOO
SO CO ON O if O UN | CM CM -d" rH O CM
OS CM rH rH UNCO I O SO CO PN ONCO

CM CM CM t-t ONjJ- UN t^

I O
I LfN

I rH

OOO IOOO
CM ON o I NHH
rvC^iH I CM

to IOOOO I

I SO I O rH CM rH I

I I rH CM UN ON I

O O I
CM ON |
ON |

I O I

i CO I

I rH I

o o o o
00 ONf^ UN
ONf^
CO UN

I I O O O O Q I I

I I NON UN.3" I I

I | NNtsONOS I t

I O
I i-t

I CM

o o o o oO SO ONCO OS ON rHJ Ocofsn

•
b t.

o »

U « » t.

3 e E xi -h
£ b as a
+» o bo o E
U HJ rH 01

•< *» c o co cd o o 3
E X S S O

l l

I l

I I

l I

I I

l l

I o
I co
I

o
ON
O

o
UNO
ON
UN
CM

O
UN
CM

O
ON
CO

O
UN

I ol o
I ONI r^

"It
Oo
UN

o o o o o o o 1 o ioooo i III o
Jfs

ON ON ON O UN 1 ON 1 rH ON UN UN I III NO
t^- J- t^ 1 t^ 1 CM CO ONSO 1 III ON

I o
I SO
I CO

I I I I I I Q O I O O I I I OllllllljFcMJsOrHJI IU>I
I I I I I I I CM I I I CM|

O
ON
SO

o
ON

I ol o
i H <-i

I ON

UN*

o
ON
ON

ill

iiiiiiooooi o
l I i l i I J so on t>v l Jiiii <-< so i

o o 1 Q s o o O O i i ° o
ON l-l 1 o CO CM J" i i un] ON

1
3* t-i i-H ON0O CO i l ^J ON

•i •V A «\

UNSO t^ o ON rH ON] SO
rH

t.

rHl t^

Ol €>

X c C
V H +»

• 1) a)

u >-t €>

o a. Ji b.
« X f>

<3 e
XI t. X c X >i
o • ^ «1 t. 0) t.

J u o v €> o 01 o Co a >
§

01 t, u ft. u O
a o c a) l« o c o <D 01 U)
+• t. H o XI rH o rH x: > b -J
co a) % +> c rH b P rH p •H 01 -<
oj 01 01 p •H •H s 3 r> rH l oc •o E-
X! r-> a> o H •P o 4) cd •H o 5 O
w o M o o CO u CO m s z. E-

SO t^-OO ON O r-\ CM ON.* UN CM ONJ" UNCO CM
rHrHrHrHCMCMCMCMCMCMONONONON CAJ- -76-



(3) Factors Determining Net Irrigable Area . Certain

factors reducing the full utilization of land classified as

irrigable have been determined and probable limits established.

Even in the most intensively developed areas of irrigated

agriculture, not all irrigable lands receive water every season.

Since the results of the land classification survey were in terms

of gross area, it was necessary to estimate the net acreage that

might ultimately be irrigated in an average season.

To determine net irrigable area, the gross irrigable

area of each class of land was adjusted by applying appropriate

factors. These factors, which are the products of the individual-

factors discussed below, are presented in Table 13. The net

irrigable acreages by hydrographic units and service areas are

presented in Tables l4 and 15, respectively.

Crop Rotation—Permitting land to lie fallow is an

agricultural practice for both high and low quality lands. The

practice is particularly followed in farming low quality lands

when the price of a product is low. Permitting land to lie

fallow, whatever the reason, is known as crop rotation.

It is anticipated that, in the future, the higher

quality irrigable lands will be intensively developed for irri-

gation and will remain in relatively continuous operation,

whereas lands of poorer quality and of limited crop adaptability

will be in production only when favorable economic conditions

permit. Even though it is assumed that all net irrigable lands

will receive water service, the effect of crop rotation will

reduce the acreage irrigated seasonally,
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Nonagri cultural Use--It is anticipated that there will

always be a portion of the irrigable lands that will be occupied

by urban types of development such as farm lots, highways, rail-

roads, canals, and industrial establishments. The nature of the

agricultural development will, in some degree, determine the

extent of certain of these nonagricultural land uses. For example,

orchard and truck farming areas ordinarily include more land use

for roads and farm lots than in areas where field crops are

dominant. A factor based on the above effect was determined to

vary between 95 and 93 percent

.

Nonirrigable "island" Areas--It was not possible to

delineate all of the small areas of nonirrigable land which occur

within the lands classed as irrigable. The occurrence of these

small plots of nonirrigable lands varies generally with the

detail of the survey and classes of lands being surveyed. The

occurrence is greatest in the marginal classes. A factor based

on this effect was determined to vary betxveen 99 and 92 percent.

Size, Shape, and Location--It is apparent that small,

irregularly shaped plots of land, part j cularly when isolated

from other irrigable lands, cannot be irrigated as readily or

completely as large, regularly shaped, compact units. Ownership

boundaries also exert an influence, since many small, isolated

ownerships may never be developed. A factor based on these

effects was determined to vary between 100 and 92 percent.

Adverse Topography- -The inherent difficulties encoun-

tered in developing and serving water to those lands with the
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more adverse topographic conditions will tend to prevent them

from being utilized completely. This is particularly true of

lands with hilly topography which could not be served completely

by a gravity irrigation system and which require numerous pump

lifts. A factor based on this effect was determined to vary

between 100 and 92 percent.

Economic Conditions—The economic effect of profit or

loss on the production of crops is recognized as one of the most

influential factors in determining the amount of seasonal irri-

gated acreage and the resultant water requirements. It is

probable that there will always be a tendency to withdraw land

from production in years of economic adversity. Inasmuch as

the concept of ultimate development, adopted for purposes of

the present studies, presupposes maximum land use within physical

limitations and water supply availability, economic effects were

not given consideration in determining the probable ultimate

net irrigated area, This assumption is conservative in relation

to water requirements, because the estimated future requirements

are thus maximized. Consequently, the factor for this effect

was considered to be 100 percent.

(4) Probable Ultimate Crop Pattern . The projection

of a probable ultimate crop pattern that could be sustained on

the Irrigable lands of Shasta County was an important step in

evaluating ultimate water requirements. The present development

of irrigated agriculture was used as a base of departure in

projecting the ultimate crop pattern. The Shasta County Farm
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Advisor, the Shasta County Agricultural Commissioner, and other

agricultural leaders throughout the area furnished valuable

information which aided in the forecast of future agricultural

development.

Any projection of a probable ultimate crop pattern

must be generalized. For instance, since the raising of

livestock is presently the dominant segment of the agricultural

industry in Shasta County, it appeared reasonable that the

ultimate crop projection should be weighted heavily in favor of

crops necessary in raising livestock. Similarly, as the popu-

lation of California increases, it is expected that urban

encroachment on those deciduous orchard and truck crops now grown

adjacent to metropolitan areas of the State will increase, and

the production of deciduous orchard and truck crops will shift

to suitable lands in areas such as Shasta' County. For this

reason, a moderate acreage of these crops was included in the

estimated ultimate crop pattern of the county.

The various crop categories included in the probable

ultimate crop pattern are the same as those in the present pattern

of land use, with the exception of subtropical orchard which is

omitted in the probable ultimate crop pattern. Olives in the

Olinda area comprise the major portion of the present subtropical

orchard category. Yields of these olive orchards are low when

compared to the major olive-producing areas of the State, and

it is believed that in the future they will be replaced by more

productive crops with higher monetary returns.
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The projected future crop pattern may vary consider-

ably during any given year or series of years because of economic

conditions or other unforeseen factors. However, the primary

purpose of projecting an ultimate crop pattern for this investi-

gation was to provide a means for estimating ultimate water

requirements. The pattern as projected appears reasonable and

adequate for this purpose. The probable ultimate crop pattern

projected for Shasta County is presented by hydrographic units

and by service areas in Tables 1.6 and 17, respectively.

Urban and Suburban Lands . Urban and suburban lands,

as considered in this report, include the gross developed areas

of the cities and towns, sawmills, small communities, industrial

areas, and resorts. These urban areas are not limited by

municipal boundaries or by any specific density of development.

The acreages of present urban lands for each hydrographic unit

in Shasta County are tabulated in Table 9 and are shown on

Plate 15.

Forecasts of future population were used to estimate

future urban and suburban use of water. These forecasts were

based on the assumption that full development of all natural

resources would be attained in Shasta County. Agriculture and

timber resources now support, either directly or indirectly,

about two-thirds of the population. Under ultimate conditions,

it is expected that employment in agriculture and forest products

industries will double, while the population will increase
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nearly four-fold. It Is anticipated that a substantial portion

of the population, at the time of ultimate development, will be

supported by recreational activities and their attendant services,

Industries in urban areas, other than the forest products

industry, are expected to support the population to a minor

extent only.

Although ultimate urban water requirements were deter-

mined on a population basis, the area of lands expected to

become predominantly urban and suburban in character was deter-

mined in order to refine the estimates of population distribution

This area was done on the basis of assumed population densities.

The densities assumed were 8.5 persons per acre in urban areas

and 4.25 persons per acre in rural communities and suburban areas,

The resultant estimates of ultimate urban and suburban areas are

presented in Table 18.

Future population growth of the county was estimated

for the Department of Water Resources in connection with the

Northeastern Counties Investigation by Harold F. Wise and

Associates, consultants in planning and urban economics. The

estimates considered not only the future growth of Shasta County

but also the future groitfth of the 15 northeastern counties, the

State of California, and the nation. The results were published

in Appendix A of Department of V/ater Resources Bulletin No. 58,

entitled "Future Population, Economic, and Recreation Development

of California's Northeastern Counties". The estimates indicated

that the ultimate population of Shasta County would probably
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reach 195, 000. More recent studies by the Department of Water

Resources indicate that this population may be reached by about

the year 2010. However, the estimates of ultimate water require-

ments for urban and suburban lands, presented herein, are based

on a forecasted population of 195,000. Wise and. Associates

further subdivided this estimate into the following categories:

urban and suburban -- l4o, 400 persons; rural nonfarm -- 46,400

persons; and rural farm -- 8,200 persons. The breakdown into

these three categories was based on estimates of the future

potential of recreation, agriculture, and industry and on the

direct and related employment in each category.

In order to estimate the ultimate water requirements

by hydrographic units, the county population was apportioned as

a part of this investigation among the units by considering

present population centers to represent the pattern for future

growth. This apportionment of the population among hydrographic

units is presented in Tabbe 19.

Forest Lands and Uses . Various federal and state

agencies, assisted by timber companies, have estimated the extent

and productivity of commercial forest land in Shasta County.

They have determined commercial forest land to be about

1,263,000 acres, or more than half the total area of the county,

and the sustained annual timber yield of these lands to be

303,000,000 board feet (international scale).

In Department of Water Resources Bulletin No. 58

the annual production of forest products on a sustained yield
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TABLE 19

1STIMATED DISTRIBUTION OF ULTIMATE POPULATION OF
SHASTA COUNTY BY HYDROGRAPHIC UNITS

(in numbers of persons)

Hyd rographic unit Urban :

and
Rural,

:

non- : Rural,

:

Reference : Total
number : Name suburban: farm farm :

16 McArthur 5,000 2.000 1 , 400 8,400
17 Hat Creek 10, 000 2,000 700 12,700
18 Montgomery Cre ek 2,000 200 , 2,200 ,

2/19 McCloud River 2/

20 Dunsmuir 1,500 100 1,600
21 Shasta Lake — _ 2,500 10V 2,600
22 Clear Creek 1,500 1,500
2°, Keswick 900 — 900
24 Cottonwood Cre ek 2,000 800 2,800
25 Olinda 5,000 300 5,300
32 Stillwater Plains 49, 000 10, 000 1, 200 60, 200
00 Cow Creek 5,000 5,500 1,600 12,100
34 Bear Creek 2, 500 700 3, 200
35
38

Battle Creek
Mill Creek!/

3,000 300 3,300

42 North Fork Feather —
SO

River!/
Anderson

TOTALS

7i,4oo 6,000 800 78,200

] 4o, 400 46,400 8,200 195,000

l/ Entirely within Lassen Volcanic National Park.
~2j Less than 50.

basis was estimated on the assumption that production of pulp,

paper products, and fiberboard will be confined generally to the

counties of Shasta, Tehama- Butte.- Yuba, and Siskiyou. Further-

more it was assumed that some of the timber from neighboring

counties xvould be processed in Shasta County. The resulting

estimated sustained annual production of major forest products

industries for Shasta County is:
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Lumber .... 4l7 million board feet (lumber tally)
Plywood . . . 66.6l million square feet (3/8- inch basis)
Pulp 431 thousand tons
FIberboard and
paper prod-
ucts 276 thousand tons

These quantities were used in estimating ultimate water require-

ments for the forest products industry in the county.

Recreational Lands and Uses . Historically, the economy

of Shasta County has depended on lumbering, agriculture, mining,

and related service industries. In recent years, however,

recreational activity has rapidly increased to a position of

major importance in the county's economy.

The firm of Harold F. Wise and Associates in its

studies for the Department of Water Resources previously reported

that the future rate of recreational development can be expected

to exceed the rate of population growth in the State by a con-

siderable degree.

Harold F. Wise and Associates delineated potential

recreational areas, and further separated the areas into broad

classifications of high, medium, and low intensity of use. High

intensity recreational use includes lands of prime recreational

potential which are accessible by motor vehicle during the entire

vacation season. Most future development is expected to occur

in these areas. Medium intensity use includes lands of prime

recreational value which are not readily accessible by motor

vehicles. These areas will be developed to some extent, but

their greatest use will probably be for fishing, hunting, hiking,
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camping, and similar activities. Low intensity recreational

areas are generally of inferior scenic and topographic qualities,

although they may be important for hunting. These classifica-

tions viere selected so that user-days of recreation on these

lands could be estimated. The studies indicated that over

1,800,000 acres, or almost 75 percent of the total area of

Shasta County, has some recreational potential. Data on lands

included in the various classifications of recreational use are

set forth in Table 1.8.

For each of the three broad classifications of

recreational lands, user-days were estimated in four general

categories. These are (l) permanent and summer residences,

(2) commercial resorts and motels, (3) organizational camps,

and (4) camping and picnic areas. The estimated user-days for

each of the four categories of recreational activity in Shasta

County are listed by hydrographic units in Table 20.

Large quantities of water may, therefore, be expected

to evaporate from reservoir surfaces within the county.

Reservoir Areas . The California Water Plan envisions

Shasta County as the hub of surface water development of the

upper Sacramento River Basin, and the plan further indicates

possible future projects in the county which could regulate

waters imported from the Klamath and Trinity Rivers.

The estimated ultimate average reservoir water surface

area within Shasta County, derived from existing and possible

future projects shown in The California Water Plan, is about
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57*200 acres. This value was computed by an analysis of the

operation of proposed reservoirs under ultimate conditions of

development, which indicated that the average area upon which

evaporation would occur probably would be about 79 percent of the

total normal pool area of these reservoirs, amounting to 72,300

acres. The distribution of this total reservoir surface area is

presented by hydrographic units in Table 18.

Unit Values of Use of Applied Water

In the evaluation of present and probable ultimate

applied water use in Shasta County, studies of the extent and

types of water-using lands were followed by a determination of

unit values of consumptive use of applied water for each of the

classes and types of lands requiring water service. Unit values

of consumptive use of applied water were estimated for irrigated

lands, urban and suburban developments and rural domestic areas,

the forest products industry, recreational activities, and

evaporation from reservoir surfaces.

Irrigation Water Use

Mean seasonal unit values of consumptive use of applied

water for irrigated crops in Shasta County were determined by

an empirical method originally developed by Harry F. Blaney and

Wayne D. Criddle of the Soil Conservation Service, United States

Department of Agriculture. By this method, measured values of

monthly consumptive use are correlated with climatological

influences expressed in terms of mean monthly temperatures and

monthly percent of annual daylight hours. The mean seasonal

unit values of consumptive use are obtained from the monthly values
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The derived unit values of applied water applicable

to Shasta County represent mean conditions of water supply and

climate, and are based on the assumption that sufficient moisture

is available in the root zone at all times to maintain good

growing conditions and to produce optimum crop yields. The mean

seasonal values obtained by this method are presented in Table

21. Although representative of the best currently available

information, these values should be considered as subject to

verification and modification by long-term field studies of

evapotranspiration and soil moisture depletion. Such studies

are currently being made by the Department of Water Resources

at several locations in Shasta County.

Urban, Suburban, and Rural Water Use

Urban and suburban water use- was taken to include

water service to business and commercial establishments, resi-

dences, and industries other than the major forest products

industry which is discussed separately. However, domestic water

use was considered to be the primary use of water in urban and

suburban areas of the county. Rural domestic water use was

taken to include water service to rural farm and nonfarm homes.

Ideally, unit values of water use would be based on

measurements made in the area of use. Data secured within the

area under consideration would reflect the varying climatic and

operational influences and season- to- season variations in use.

However, in the absence of adequate data available for the

specific area of investigation, it was necessary to supplement
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the results of studies made in Shasta County with the results of

investigations in other areas of the State.

Estimates of unit values of water use for present and

ultimate urban and suburban development and rural domestic areas

were determined on a per capita basis, rather than on a unit area

basis. Data pertaining to population and water use per capita

are more readily available and more reliable than data on unit

use of domestic water based on areas of urban and suburban land.

Furthermore, under ultimate development of the natural resources

of Shasta County and adjacent counties, the ultimate population

can be more accurately forecast than the growth and final dis-

position of urban and suburban lands.

Estimates of per capita domestic water use based on

records of delivered water from eight representative towns in

mountainous regions and ten towns and cities in the Sacramento

Valley, including two in Shasta County, provided a broad base

for estimating the present and ultimate domestic water require-

ments of the county. Analysis of water use records from the 18

communities indicated that the present urban and suburban average

water use is 250 gallons per capita per day in valley areas and

160 gallons per capita per day in upland areas. It was

estimated that present rural domestic water use is about 200

gallons per capita per day in the valley area and 130 gallons

per capita per day in the upland.

Estimates of per capita water use under ultimate con-

ditions of development included consideration of two assumptions:
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(l) that per capita water use Increases as the size and level of

development of urban centers increase, and (2) that per capita

xvater use increases as the standard of living increases. It was

estimated that urban and suburban use in valley communities

would increase to about 390 gallons per capita per day, and In

upland communities would increase to about 250 gallons per

capita per day. The estimated values of domestic water use

under ultimate conditions for rural areas were 300 gallons per

capita per day in the valley areas and 200 gallons per capita

per day in upland areas.

The foregoing unit values of water use refer to

delivery requirements at points of use. Consumptive use was

estimated to be 50 percent of the delivery requirement. Esti-

mated unit values of consumptive use of applied water delivery

requirement for urban and suburban uses and for rural domestic

uses are presented in Table 22.

TABLE 22

ESTIMATED UNIT VALUES OF WATER DELIVERY
REQUIREMENT AND CONSUMPTIVE USE OF APPLIED WATER

FOR URBAN AND SUBURBAN AND FOR RURAL
DOMESTIC USES IN SHASTA COUNTY

(in gallons per capita per day)

Water delivery
requirement

Consumptive
Development

Present i Ultimate
use

Present i Ultimat*

Urban and suburban
Valley communities
Upland communities

Rural domestic
Valley communities
Upland communities

250
160

200
130

390
250

300
200

125
80

100
65

195
125

150
100
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Major Forest Products Industry Water Use

Because of the volume of the forest products industry

in Shasta County, the amount of water utilized by this industry

is significant. The major categories of forest products are

lumber, plywood, fiberboard, paper products, and pulp. Unit

values of water use for these categories were obtained from

information made available by the United States Forest Service

and various companies of the industry. Consumptive use of

applied water in the production of lumber and plywood was con-

sidered to be the same as the water requirement. Consumptive

use of applied water in the production of fiberboard and paper

products, and pulp was estimated to be 10 percent of the gross

requirement. The unit values used in this bulletin to determine

total water requirements and consumptive use of applied water

are presented in Table 23. Since requirements and consumptive

use are fairly constant, the table can be read for present and

future values.

TABLE 23

ESTIMATED UNIT VALUES OF WATER REQUIREMENT
AND CONSUMPTIVE USE OF APPLIED WATER

FOR THE FOREST PRODUCTS INDUSTRY IN SHASTA COUNTY

: Water : Consumptive
Item Basis -of measurement : require- : use of

: ments : water

Lumber Gallons per board foot 1.0
of product

Plywood Gallons per board foot 1.0
of logs used

Fiberboard and Gallons per ton of chips 10, 000
paper products

Pulp Gallons per ton of chips 60,000

1.0

1.0

1,000

6,000
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Water Use Associated With Recreation

Unit values of water use for recreation in Shasta

County were determined in terms of user-days. The four water-

using categories considered were permanent and summer residences,,

commercial resorts and motels, organizational camps, and camping

and picnic areas. The unit values of water were derived from

studies by the Department of Water Resources in other areas of

the State, and represent both consumptive use of applied water

and delivery requirement. The unit values of recreation water

use are presented in Table 24.

TABLE 24

ESTIMATED UNIT VALUES OF CONSUMPTIVE USE
OF APPLIED WATER AND DELIVERY REQUIREMENT OF

WATER FOR RECREATIONAL ACTIVITIES IN SHASTA COUNTY

(In gallons per user-day)

:Unit value of consumptive use
Category of use : and delivery requirements

Permanent and summer residences 150

Commercial resorts and motels 100

Organizational camps 50

Camping and picnic areas 10

Evaporation From Reservoir Surfaces

Unit values of net monthly evaporation from reservoir

surfaces were estimated as the amount of evaporation in excess

of precipitation during those months when evaporation is greater

than precipitation.

-102-



Net seasonal evaporation from reservoir surfaces was

derived by the summation of the monthly excess of evaporation

over precipitation and was expressed in terms of depth of water.

Net reservoir surface evaporation generally occurs during the

7-month period of April through October.

For this investigation, gross evaporation from reser-

voir surfaces was estimated from pan evaporation records and

records from other devices. Precipitation records were obtained

for reliable stations at or near the locations of evaporation

measurements. Net seasonal evaporation from reservoir surfaces

was found to range in Shasta County from 20 to 38 inches.

Consumptive Use of Applied Water

Estimates were made of the present and probable

ultimate consumptive use of applied water in Shasta County.

These estimates were generally based on the unit values of con-

sumptive use of applied water and on the present and estimated

ultimate land use and population values previously discussed.

Present Consumptive Use of Applied Water

The amount of applied water consumptively used on

irrigated lands was obtained as the product of the estimated

acreage devoted to each irrigated crop and its estimated mean

unit value of consumptive use of applied water. Consumptive

use of applied water was evaluated under assumed full water

supply conditions, such that sufficient moisture would be avail-

able in the root zone to maintain active plant growth.
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The amount of consumptive use of applied water in urban

and suburban developments and rural domestic areas was estimated

as the product of population for each category and the appropriate

derived value of per capita consumptive use of water. The estimate

of present consumptive use for urban and suburban developments

and rural domestic purposes includes the water used for indus-

trial, including the forest products industry, and recreational

purposes.

Net evaporation from reservoir surfaces represents an

approximation of the quantity of water that is lost to use over

and above the amount of water previously consumed on the lands

in the reservoir before construction. To derive consumptive

use from reservoir water surfaces, average areas exposed to

evaporation for each of the hydrographic units were multiplied

by unit net seasonal evaporation from reservoir surfaces.

Approximately 95 percent of the present reservoir evaporation

occurs at facilities constructed primarily to provide water for

export purposes.

Estimates of mean seasonal consumptive use of applied

water in areas of ivater use in Shasta County are presented in

Tables 25 and 26, by hydrographic units and service areas,

respectively. These estimates were based on the existing water

supply development. Consumptive use of applied water by lands

located outside the service areas and amounts of reservoir

evaporation are not included in Table 26.
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TABLE 26

ESTIMATED PRESENT MEAN SEASONAL CONSUMPTIVE USE
OF APPLIED WATER IN SHASTA COUNTY BY SERVICE AREAS

(In acre-feet)

: Hydro-

:

Class of use
; ; Urban and

Name graphic:'Irrigated : Meadow : suburban, and : Totals
unit : lands :pasture: rural domestic

Fall River Valley 16-17 11,000 11.,500 200 22, 700
Hogback Ridge 17-16 * * *

Hat Creek 17 3,800 100 100 4,000
Burney Creek 17 3,000 1 ,100 100 4,200
Goose Valley 17 * 4.,300 * 4,300
Cayton Valley 17 600 800 * 1,400
Montgomery Creek 18 600 * 600
Igo-Ono 24-22-25 1,000 * 1,000
Bee Creek 24 400 ___ * 400
Cottonwood Creek 24 800 * 800
Happy Valley 25-24 3,000 * 3,000
Stillwater Plains 32 200 * 200
Bella Vista 32-33 1,200 * 1,200
Cow Creek Bottoms 33 3,900 * 3,900
Little Cow Creek 33 1,000 * 1,000
Round Mountain 18-33 1,200 — - * 1,200
Bull skin Ridge 33 100 * * 100
Oak Flat 33 1,600 * 1,600
Oak Run 33 400 * 400
Clover Creek 33 1,500 •* 1,500
Old Cow Creek 33 3,100 * 3,100
Whitmore 33 1,700 * 1,700
Hagaman Gulch 33-34 -* * *

South Cow Creek 33 900 * 900
Urban Center 25-50 7,000 3 ,000 10, 000
North Suburban 32 100 600 700
Millville Plains 33-34 300 * 300
Anderson- 50 39, 900 500 40, 400

Cottonwood
Black Butte 34-35 * *

Inwood 34 1,600 * 1,600
Manton 35 100

90, 000

* 100

TOTALS 17.,800 4 ,500 112,300

*Less than 50 acre-feet»
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Probable Ultimate Consumptive Use of Applied Water

The probable ultimate seasonal consumptive use of

applied water by irrigated lands, urban and suburban develop-

ments, rural areas, recreational activities, the forest products

industry, and the evaporation from principal reservoirs was

estimated as the product of the forecasted level of development

for each category and the corresponding unit value of consump-

tive water use. The procedures utilized in estimating ultimate

consumptive use of applied water in Shasta County were similar

to those employed to estimate present use.

The amount of water to be used seasonally on ultimately

irrigated lands was estimated as the product of the forecasted

ultimate acreage for each crop type and its respective unit value

of consumptive use of applied water. The estimates were based

on the assumption that a full seasonal water supply would be

available to the net crop acreage that might ultimately be irri-

gated in any one season.

The probable ultimate consumptive use of applied water

for urban and suburban developments and rural domestic purposes

was obtained as the product of the appropriate population

estimate and the unit value of per capita consumptive use of

water.

The probable ultimate consumptive use of applied

water for recreational purposes was determined as a product of

the estimated user-days for each type of use in the recreational

areas and the appropriate unit value of water use per user-day.
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The probable ultimate consumptive use of applied water

for the forest products industry was estimated as the product of

the estimated annual production that would ultimately be proc-

essed in the county on a sustained yield basis and the appropriate

average unit values of water consumed in processing.

The amount of evaporation from reservoir surfaces

under ultimate conditions of development was estimated as the

product of the average surface area in acres for both existing

reservoirs and those planned to be located in Shasta County under

The California Water Plan and the net seasonal depth of evapora-

tion from reservoir surfaces in each area.

Estimates of probable ultimate mean seasonal consump-

tive use of applied water in Shasta County, by hydrographic

units and service areas, are presented in Tables 27 and 28,

respectively. Ultimate water use by lands located outside

the service areas and amounts of reservoir evaporation are not

included in Table 28.

Water Requirements

The various types of water requirements in Shasta

County are considered and evaluated in this section under the

general headings of "Probable Ultimate Consumptive Water Require-

ments", "Probable Ultimate Nonconsumptive Water Requirements",

and "Supplemental Water Requirements".

Probable Ultimate Consumptive Water Requirements

The probable ultimate consumptive water requirements

for each hydrographic unit in Shasta County were estimated for
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irrigated lands,, urban and rural populations, the forest products

industry, recreational activities, and evaporation from reservoir

surfaces. Estimates of probable ultimate mean seasonal water

requirements to meet consumptive demands are summarized by hydro-

graphic units and service areas in Tables 29 and 30, respectively.

Water requirements of lands located outside the service areas

and amounts of reservoir evaporation are not included in

Table 30.

Irrigation Water Requirements . To estimate ultimate

seasonal water requirements for irrigated lands in Shasta County,

the derived values of seasonal consumptive use of applied water

for each hydrographic unit were divided by appropriate water

service area efficiency factors. The resulting estimates repre-

sent the amounts of water which would be required for delivery

to each hydrographic unit. Based on studies made for the

Northeastern Counties Investigation and published in Department

of Water Resources Bulletin No. 58, the weighted average water

service area efficiency for each hydrographic unit was estimated

to be 50 percent, except in McArthur and Hat Creek Hydrographic

Units where the efficiencies were 60 percent and 55 percent,

respectively.

Farm irrigation efficiencies, conveyance losses, and

monthly demands as they affect water requirements in the county,

are discussed in the following paragraphs. These factors were

used to estimate water service area efficiencies and to study

the yields of various reservoirs described in the next chapter.
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(l) Farm Irrigation Efficiency . Farm irrigation

efficiency has been defined heretofore as the ratio of the amount

of consumptive use of applied irrigation water to the total

amount of such applied water. The ratio is commonly expressed

as a percentage. Studies of irrigation efficiency in and adja-

cent to Shasta County were used to estimate farm irrigation

efficiencies that might be realized in the future. Probable

ultimate farm irrigation efficiencies for various crops are

presented in Table 31.

TABLE 31

ESTIMATED ULTIMATE FARM IRRIGATION EFFICIENCIES
IN SHASTA COUNTY

(in percent)

Crop
Agricultural region

Redding Ba
foothill

sin and :

areas :

Modoc Plateau
area

55 55

50 50

60 bO

50 40

50 40

55 —

Alfalfa

Improved pasture

Grain and grain hay

Truck

Field crops

Deciduous orchard

(2) Conveyance Losses . Direct estimates of overall

conveyance losses were not made for projects in Shasta County,

since conveyance losses were considered in deriving water
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service area efficiencies. Because of the wide range of geo-

logic conditions found in Shasta County, detailed estimates of

conveyance losses for specific projects were considered beyond

the scope of this investigation. Losses of this nature depend

primarily on the selected types, locations, and sizes of the

conduits, and whether the conduits are lined or unlined.

(3) Monthly Demands for Irrigation Water . Because of

differences in water utilization by various crops, and differ-

ences in climatic conditions in the several agricultural regions

of Shasta County, there is considerable variation in both the

rate and period of demand for irrigation water. On the average,

the irrigation demand in the Redding Basin and surrounding

foothills occurs during the months of March through October.

Studies in the upper Pit River Basin in Modoc, Lassen, and

Shasta Counties indicate that in the Modoc Plateau area the

irrigation season extends from May through September. Values

derived for the McArthur Hydrographic Unit were used to repre-

sent conditions in that portion of the Modoc Plateau situated

In Shasta County. The estimated average monthly distribution

of demand for irrigation water in the Redding Basin and foothill

areas and Modoc Plateau area is presented in Table 32.

Urban, Suburban, and Rural Domestic Water Require-

ments . Seasonal water requirements for urban and suburban

developments and rural domestic uses were estimated as the prod-

ucts of the estimated population in each category within each
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TABLE 32

ESTIMATED AVERAGE MONTHLY DISTRIBUTION OF SEASONAL
DEMAND FOR IRRIGATION WATER IN SHASTA COUNTY

(in percent of seasonal total)

Month Redding Ba
foothill

sin and
areas

Modoc Plateau
area

2 --

6 --

13 19

16 25

21 30

19 15

14 11

9 --

March

April

May

June

July

August

September

October

TOTALS 100 100

hydrographic unit and corresponding unit values of water

delivery requirements.

The monthly distribution of seasonal demands for urban

water supplies must be considered in planning of water develop-

ment projects. It is anticipated that present monthly distribu-

tion of urban water demands in Shasta County will probably

change only slightly in the future. Monthly distribution of

demand for urban water for five communities in Northern California

is presented in Table 33. These communities are Woodland and

Davis , which are representative of valley communities; Redding,
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in the Shasta County core area; and Fall River Mills and Susan-

ville, representative of upland or mountain communities. The

monthly distribution of urban water demand at Redding was used

in all planning studies for this investigation, since it appears

to be a reasonable intermediate value between valley and upland

communities, and because it is representative of a major portion

of urban and domestic water use in Shasta County.

TABLE 33

MONTHLY DISTRIBUTION OF SEASONAL DEMAND FOR
URBAN WATER SUPPLIES IN NORTHERN CALIFORNIA

(in percent of seasonal total)

: Davis : ; Woodland : Redding : Fall River : : Susanville
Month ::(1954) : : (1952) :(1945- 56) : Mills (1953) : (1953)

January 4 4 5 6 4

February 3 4 4 5 4

March 4 4 5 6 4
April 7 6 7 6 7
May 12 11 9 8 7
June 14 12 12 15 7
July 16 16 16 15 12
August 13 14 . 15 12 16
September 11 11 11 9 16
October 8 9 7 6 11
November 4 5 5 6 7
December 4 4 4 6 5

TOTALS 100 100 100 100 100
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Forest Products Industry Water Requirements , Seasonal

water requirements for the forest products industry were computed

by multiplying the estimated quantity of each forest product

manufactured within each hydrographic unit by the corresponding

unit value of seasonal water requirement. For fiberbcard,

paper products and pulp, only a minor amount of the processing

water is actually consumed. The unconsumed portion returns to

the stream system.

It was assumed that the water requirement for lumber

production would be in proportion to the commercial forest lands

within the hydrographic units. The water use of this phase of

the forest products industry is relatively small, and the water

requirement was assumed to be equal to the consumptive use. As

previously stated, it is expected that the forest products in-

dustry of Shasta County will fully utilize the county's timber

resources and to some extent those of surrounding counties.

Present information available on monthly distribution

of seasonal water demands by the forest products industry indicates

some monthly variation due to present methods of seasonal opera-

tion. However, analysis of probable forest products industry

operations under ultimate conditions of sustained yield production

indicated that the distribution of monthly demands for water would

be essentially uniform. Therefore, for the purpose of project

studies, it was assumed that forest products industry water demands

would be distributed uniformly throughout the year.
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Water Requirements Associated With Recreation . Estimates

of water requirements for probable ultimate recreational areas

were determined to be the products of the estimated user-days

for each of the four categories of recreational activities and

the corresponding water consumption per user-day. The four water-

using categories are permanent and summer residences, commercial

resorts and motels, organizational camps, and camping and picnic

areas. Because of the small quantities of water required for

this classification of use, it was assumed that all water

delivered would be consumed.

Evaporation From Reservoir Surfaces . Water require-

ments for reservoir evaporation in the county were derived as

the products of average areas of evaporation and unit net

seasonal reservoir evaporation values. These requirements were

assumed equal to the consumptive uses from the reservoir water

surfaces, which have been discussed previously. Evaporation from

the surfaces of reservoirs providing water for export purposes

was estimated to be 128,000 acre-feet seasonally, or approxi-

mately 85 percent of the total amount of evaporation. Since

these reservoirs would be utilized primarily for supplying

water to areas outside Shasta County, only 15 percent of the total

amount of evaporation, or 19,200 acre-feet, should be considered

as a water requirement of the county.

Probable Ultimate Nonconsumptive Water Requirements

Certain nonconsumptive requirements for water, such as

those for hydroelectric power generation, and for conservation of

fish and wildlife, were considered to be significant in the
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design of works for development of the water resources of Shasta

County. Project use for flood control purposes was also assumed

to be important. In most instances, the magnitude of the non-

consumptive water requirements is relatively indeterminate, and

depends upon allocation of water supply during design of the

works. Water requirements for hydroelectric power production

and conservation of fish and wildlife, as well as flood control

requirements, are discussed in general terms in this section.

Stream flow maintenance and stream flow enhancement requirements

for the lower reaches of Cow Creek and Cottonwood Creek, as

evaluated by the California Department of Fish and Game, are

also presented in this section.

Hydroelectric Power Production . The principal non-

consumptive requirement for water in Shasta County is that which

pertains to the generation of hydroelectric energy. No plans

for hydroelectric power generation were developed as a part of

this investigation. However, a number of projects for power

production in the drainage basins of the McCloud and Pit Rivers

have been proposed by other agencies and are discussed in

Chapter IV. Other streams which now are, or soon will be,

developed for hydroelectric power generation in Shasta County

include Clear, Cow, and Battle Creeks and the Sacramento River.

Although this requirement generally does not result

in the consumption of water nor in the depletion of runoff,

except in evaporation from reservoir surfaces, it does affect

the variations in stream flow below the power plants. This

-122-



variation in stream flow was considered in evaluating

projects.

Recreation and Fish and Wildlife . By virtue of its

climatic advantages and wide variety of natural attractions,

Shasta County enjoys an outdoor recreational opportunity of

great importance to its growth and economy, and of significant

importance to the State as a whole. With anticipated con-

tinued growth in population, it is expected that the public

demand for preservation and enhancement of recreational facili-

ties will be sufficient to assure the provision of water supplies

necessary for such purposes.

Consumptive use of water for recreational activities

has been previously evaluated. In addition, there are a number

of nonconsumptive uses of water which would enhance the recrea-

tional potential and improve fish and wildlife conditions.

These uses consist first of maintaining reservoir water surfaces

at levels which would provide an adequate water supply for fish

and wildlife and which would enhance recreation. Secondly,

stream fisheries could be maintained or enhanced by release of

appropriate flows from future reservoirs.

The California Department of Fish and Game has studied

the streams of Shasta County, and has determined that stream flow

maintenance releases would be required from future developments

in the lower reaches of Cow and Cottonwood Creeks. The report

by the Department of Fish and Game on these creeks is included
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as Appendix D of this bulletin. Flows needed to maintain the

present fishery, as well as flows which should increase the

fishery potential, are discussed in this appendix.

Flood Control . Any portion of the available reservoir

storage capacity that is operated wholly or partially for flood

control purposes may reduce the capacity available for con-

servation.

Historically, flood damages in Shasta County from the

Sacramento River have been relatively slight. Since the con-

struction of Shasta Dam, extensive urban and suburban develop-

ment has taken place on the flood plain of the Sacramento River.

In some locations development has even encroached upon the

anticipated flow line of maximum expected flood releases from

Shasta Dam. During the floods of February 1958, when the maxi-

mum flood releases were first made, some damage was sustained

by these developments. Flood damages in the county on streams

other than the Sacramento River have been generally limited to

damage sustained by roads, bridges, and minor erosion of

agricultural lands.

Supplemental Water Requirements

The probable ultimate supplemental water requirements

represent the quantities of water necessary to satisfy future

demands for water in Shasta County, over and above presently

required quantities. These requirements, therefore, establish

-124-



the scale of need for water conservation development necessary

to meet local demands for water supplies.

To estimate the ultimate supplemental water require-

ments for irrigated lands of Shasta County, the difference

between probable ultimate and present consumptive use of applied

water on irrigated lands was divided by water service area

efficiencies. Since the estimated present consumptive use of

water in urban, suburban, and rural areas includes present

forest-products- industry and recreational uses, the supplemental

requirements for these categories are the same as the water

requirements shown in Tables 29 and 30. Inasmuch as urban,

suburban, and rural water delivery requirements are equivalent

to twice the consumptive use of these categories, the difference

between ultimate and present consumptive use of water was

doubled. The supplemental water requirements for evaporation

from reservoir surfaces was assumed to be equal to the difference

between the probable ultimate and present net • reservoir evapora-

tion requirements presented in Tables 25 and 27. The resulting

estimates of ultimate supplemental water requirements in Shasta

County are presented in Tables 3^ and 35, by hydrographic units

and service areas, respectively. The supplemental water

requirements by lands located outside the service areas and

amounts of reservoir evaporation are not included in Table 35.
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CHAPTER IV. PLANS FOR WATER DEVELOPMENT

The Shasta County Investigation, although authorized

primarily to study means of developing waters of the county for

local use, has contributed materially to the California Water

Planning Program.

This program, authorized by the Legislature to study

details of The California Water Plan, first announced in Bulletin

No. 3, in May 1957, confines its planning to two fields: (l) the

development of water for local needs, and (2) where there is a

surplus, the development of water for export to areas of

deficiency. Since a portion of the water developed primarily

for export, either within or adjacent to Shasta County, may also

be used locally, the Shasta County Investigation included both

aspects of the California Water Planning Program and constitutes

one of its many integral parts.

Insofar as development of the water resources of Shasta

County is concerned, The California Water Plan, as presented in

Bulletin No. 3 and modified under the California Water Planning

Program, provides for development of the water resources of the

county to meet the county's probable ultimate water requirements,

as well as to provide supplemental water supplies for water-

deficient areas of the State. In general, the plan gives consideration

to water conservation and reclamation, to flood control and flood

protection, to the use of water for agricultural, domestic, and

industrial purposes, to hydroelectric power development, to

protection of the quality of fresh waters, and to the interests

of fish, wildlife, and recreation.
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In the Shasta County Investigation., formulation of

plans for local water development was based on the conservation

of surface water resources and the development of ground water

supplies. The major source of water supply available to Shasta

County is runoff from the highly productive watersheds of the

mountainous regions of the county. Part of this runoff is being

utilized in the county by direct diversion from streams. Since

runoff always diminishes during the summer and fall months, often

to the point where it is insufficient for watershed requirements.,

some areas of the county have developed supplemental yields by

means of small surface reservoirs and from ground water. Plans

for the development of local water resources were made on the

premise that summer and fall flows are fully utilized.

To aid in the discussion of plans for local water

development, the present and potential water-using areas of

Shasta County were grouped into 31 possible service areas as shown

on Plate 15, entitled "Irrigated and Irrigable Lands and Potential

Service Areas", and on Plate 30, entitled "Plans for Water

Development in Shasta County". These service areas were delimited

on the basis of areas served by existing water service agencies

and their probable future extensions, areas having common interests

in water supply (namely, watermaster service areas), and areas of

irrigable lands that could be served from a common source of

water. In addition to these 31 service areas, there are several

thousand acres of irrigable land in scattered locations in the

foothills and mountains of the county. Planning of water development
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for these scattered irrigable lands was considered to be beyond

the scope of this investigation. Furthermore, brief studies of

water supplies for these lands indicated that most of them could

be served by the construction of small farm reservoirs.

In general, the planning studies indicate that the Bella

Vista, Happy Valley, and Urban Center service areas could best

be served by water from the Trinity River Division of the Central

Valley Project of the United States Bureau of Reclamation. The

future water requirements of the Cottonwood Creek service area,

and the six service areas in the Modoc Plateau area (Fall River

Valley, Hogback Ridge, Hat Creek, Burney Creek, Goose Valley,

and Cayton Valley service areas) could probably best be met

by developing ground water, generally through the efforts of

individual farmers. Above an elevation of about 600 feet in the

watersheds of Cow, Bear, Ash, and Battle Creeks, and the North

Fork of Cottonwood Creek, there are a number of service areas

which could be served from projects included herein among the

plans for future water resource development in Shasta County.

Although the primary concern in planning local water

development was for domestic, municipal, irrigation, and other

beneficial consumptive uses, consideration was also given to

the production of hydroelectric power, flood control, recreation,

and the preservation and .enhancement of fish and wildlife.

Water Development for Service Areas

Whenever applicable, the ensuing discussion of service

areas includes the following items in order: a brief descrip-

tion of the area; its location and physical characteristics;

acres now irrigated and source of supply; acres potentially
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irrigable and their probable supplemental water requirements;

possible sources to meet supplemental water requirements; and an

appraisal of possible supplemental water developments, including

a description, discussion of adequacy, and estimate of costs.

The conclusions as to suitable sources of water for the various

service areas are summarized on Plate 29, entitled "Probable

Sources of Future Supplemental Water Supply for Service Areas".

Locations of features considered in plans for water development

are shown on Plate 30*

General Procedures

In evaluating the types of water developments appropriate

for the various service areas, several assumptions as to supple-

mental water requirements were made. For service areas in Modoc

Plateau, the values of supplemental water requirements for meadow

pasture were omitted because it was believed that they could be

met by return flow from water used on other irrigated lands. For

the remaining service areas, supplemental water requirements for

urban and suburban and rural domestic uses, for the forest products

industry, and for recreational areas, which were less than about

500 acre-feet per season, were also omitted because it was felt

that these requirements would be met by small projects or wells

constructed by individual users.

At the beginning of the Shasta County Investigation,

brief studies were made of numerous available surface reservoir

sites which appeared to have possibilities for water development.

As the investigation progressed, however, only 16 of these sites

seemed to justify close analysis, the remainder being rejected

because of topographic, geologic, or hydrologic limitations.
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The sites which were selected as having potential were

further evaluated, and only the more promising of these were

subjected to more detailed analysis, involving preliminary

estimates of cost and water yield.

Estimates of capital costs were based on prices pre-

vailing in the spring of 1958, and included the costs of dam,

spillway, outlet works, land acquisition, and where necessary,,

land clearing and road relocation. To this subtotal,, a 10 percent

engineering and administration cost and a 20 percent contingency

cost were added. Interest during construction, computed at four

percent per annum for one-half the estimated number of months

required to complete the project, was also added.

Estimates of annual costs were considered to include

costs of operation and maintenance, replacement of physical ele-

ments having an expected life span of less than 50 years,

retirement of the indebtedness over a 50-year period, and interest

on the debt, computed at four percent per annum.

Certain terms used in this chapter pertaining to

reservoir yield are used in a special sense, as defined below.

Safe Yield—The maximum sustained rate of draft from a

reservoir that could be maintained through a criti-

cally dry water supply period to meet, without deficiency,

a given demand for water.

Irrigation Yield—The maximum sustained rate of draft from

reservoir that could be maintained through a critical

water supply period to meet with an allowable defi-

ciency, a given demand for irrigation water.
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For purposes of this study, the average deficiency-

was assumed to be 2 percent per year, and the maximum

deficiency was assumed to be 35 percent during one year

of the base period.

In general, the yields of the various reservoirs were

computed on the basis of full flows of the streams at the dam sites

without reduction for uses of water that may be made under exist-

ing water rights. Exceptions to this procedure were made on some

streams where water rights exist by not including summer flows in

computation of reservoir yields. Yields of new water, to meet

supplemental water requirements of the service areas would, there-

fore, be somewhat lower than the values presented herein if

downstream uses were fully accounted.

After reservoir sites were determined, studies of possible

conduit routes were made where appropriate. Seven conduit routes

are described in this chapter.

In many service areas in Shasta County, relatively small

farm reservoirs could be an important means of developing water

supplies. Such small farm reservoirs are herein defined as

storage facilities of less than 2, 500-acre-foot capacity.

Because of the large number of potential sites for this type of

development, and because such reservoirs are usually an individual

or small group enterprise, no plans for this type of development

were studied during this investigation.
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Fall River Valley Service Area

The Pall River Valley service area includes the irrigable

lands of Fall River Valley, located in the northeastern portion

of Shasta County in the Modoc Plateau, as shown on Plate 30. About

7,100 acres in the area are presently irrigated with water diverted

from the Pit River and from Fall River and its tributaries, and

with water pumped from ground water. Another 7*200 acres of

meadow pasture land are subirrigated from high ground water.

It is estimated that an additional net irrigable area of 22,100

acres would require a water supply in the future. The estimated

ultimate supplemental water requirement for agricultural, domestic,

industrial, and recreational purposes would be about 47,200 acre-

feet annually.

The water rights of the Pacific Gas and Electric

Company greatly restrict utilization of the Pit and Fall River

stream flows as sources of water supply for this area. Energy

and plant capacity components are determining factors in evalua-

ting the cost of water that might be purchased from the Pacific Gas

and Electric Company and diverted upstream from the power develop-

ment to the Fall River Valley service area. Cost of water flowing

through Pit Power Plants Nos. 1, 3, 4, and 5j if evaluated for

energy component only, was estimated to be approximately $4.20 per

acre-foot, and about $5-10 per acre-foot when Pit Power Plants

Nos. 6 and 7 are added to the existing power developments on the

Pit River. Lack of pertinent data precluded evaluating the cost

of water from the standpoint of reduction in dependable capacity
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of these plants, if this reduction were attributable to the

upstream diversion of water to the service area. In practice,

the cost of such water would be subject to negotiation with the

company

.

In general, ground water occurs in this service area

in lake sediments and underlying volcanic rocks. The lake sedi-

ments are tight, fine-grained materials which cannot produce

sufficient quantities of water to meet the future needs of Fall

River Valley. Wells drilled into the lake sediments generally

yield less than 300 gallons per minute. On the other hand, it

is believed that the water within the volcanic rocks under

Fall River Valley is derived from volcanic formations of great

areal extent surrounding the valley. Wells drilled into these

volcanic rocks usually yield from 200 to over 1,000 gallons per

minute. Hence, ground water stored in underlying volcanic rocks

may be the potential source of water to meet most of the future

water needs of the Fall River Valley service area.

Hogback Ridge Service Area

The Hogback Ridge service area is located in the

Modoc Plateau area directly south of Fall River Valley, as shown

on Plate 30. There are no irrigated lands within the service

area at the present time, although about 2,900 acres are classified

as irrigable lands. The estimated water requirement for these

lands is about 6,700 acre-feet annually.

Local streams, water pumped from the Pit River, and

ground water were considered as possible sources of water supply

for this service area. Lack of suitable sites precluded studies
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of surface storage reservoirs on local streams. Preliminary

estimates indicated that the cost of water pumped from the Pit

River would be excessive, including as it would the cost of

pumping against an approximately 300-foot head and the cost of

purchasing water from the Pacific Gas and Electric Company.

No water wells are known to exist in the Hogback Ridge

service area. Consequently, knowledge of the geology and hydro-

logic characteristics of the underlying formations was not

attainable. Lack of this information precluded an appraisal of

the ground water resources. However, from general knowledge

of the geology of the area, it would appear that ground water

may be contained within the underlying volcanic rocks. Test

drilling would be required to investigate the practicability of

developing this source.

Hat Creek Service Area

The Hat Creek service area includes irrigable lands

adjacent to Hat Creek, as shown on Plate 30. It is situated

between the upper reaches of Hat Creek and Rising River in the

Modoc Plateau area. Tne service area essentially encompasses

the lands of the Hat Creek Watermaster service area. About

2,700 acres in the area are now irrigated by direct diversion

of stream flow, under terms of an adjudication of water rights.

It is estimated that another 1,000 acres of Irrigable lands will

need a water supply in the future. The estimated future

supplemental water requirement for agricultural, domestic, and

recreational purposes is about 3>100 acre-feet annually.

-137-



Since there are no reservoir sites for surface storage

in the area, ground water is the only apparent source of supple-

mental water supply. It appears from the small amount of

available data that it might be a practical source. There are a

few wells in Hat Creek Valley, a lava-flow fill of a depression

in older volcanic rocks. Two wells in the valley, for which

some Information is available, penetrate the volcanic rocks and

obtain water from the underlying older volcanic s. Experience

at these wells indicates that the overlying Recent volcanics are

probably barren of water, and the older volcanics probably con-

stitute the most promising potential source of water to meet

supplemental requirements of the service area. This observation

should be verified by test drilling.

Burney Creek Service Area

The Burney Creek service area in the Modoc Plateau

consists of lands lying adjacent to Burney Creek, situated

between approximately three miles west and about six miles north

of the town of Burney. The location of this service area is

shown on Plate 30. Approximately 800 acres, or about 27 percent

of the estimated ultimate net area of irrigable lands, are

irrigated at the present time by direct diversion of the flows

of Burney Creek. Present municipal and industrial water supplies

are obtained by pumping from ground water. The Citizens Utilities

Company provides water service to the town of Burney from ground

water sources. In addition to the acreage now irrigated, an

estimated 2,100 irrigable acres will need a water supply in the
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future. The ultimate supplemental water requirement for

agricultural, domestic, industrial, and recreational purposes

is estimated to be about 5j 500 acre-feet annually.

The probable source of water to meet future needs of

the area is ground water, for no feasible surface storage sites

were found during this investigation. Most existing wells in

the Burney Creek service area produce adequate quantities of

water for municipal, industrial, or irrigation needs. It is

believed that ground water underlies the entire service area.

However, because of the highly variable water-bearing characteris-

tics of the volcanic rocks, low-yielding wells may be encountered,

Present depths to water in the wells range from about 200 feet

in the southwestern portion of the area to about 85 feet in the

extreme northern portion.

Goose Valley Service Area

Goose Valley is located in the northeastern portion of

Shasta County, north of the town of Burney and west of Burney

Creek, as shown on Plate 30. The service area includes a 3,600-

acre continuous expanse of meadow pasture and marsh, subirrigated

from high ground water. On the fringes of the meadow pasture and

marsh lands, there are about 200 acres of potentially irrigable

land containing residual volcanic soils. The estimated ultimate

seasonal water requirement of this land is about 500 acre-feet.

In addition, some of the higher meadow pasture land would require

supplemental water in the latter part of the irrigation season.
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Ground water was considered as a possible source of

water to meet future needs of this service area. Goose Valley

is an ancient lake basin filled with water-bearing lacustrine

deposits. Practically no data on ground water are available at

the present time. The only known well in the valley was drilled

in 1956 for irrigation purposes. It was reported that the well

was tested at over 3.>°00 gallons per minute with 9 feet of

drawdown. A well such as this could provide sufficient water to

meet the estimated ultimate supplemental water requirement of

Goose Valley.

Cayton Valley Service Area

Cayton Valley is situated in the Modoc Plateau area,

about 3 miles north of Lake Britton, as shown on Plate 30. In

the center and lower portions of the valley, about 700 acres of

meadow pasture land are subirrigated from high ground water.

Almost 500 acres of residual volcanic soils surrounding the

meadow pasture land are irrigated by diversion from Cayton Creek,

which flows through the valley. The remaining 100 acres of ir-

rigable land will require an estimated 400 acre-feet of supple-

mental water annually.

Cayton Creek and its tributaries lack suitable reser-

voir sites to provide for development of a surface water supply.

Only a few shallow wells exist in the valley, and consequently,

data required to evaluate ground waters as a potential water

source are lacking. However, observations of surface geology

suggest that Cayton Valley is underlain with lake deposits. Sedi-

ments of this type may yield water, as at Goose Valley. Test

wells would be required to appraise this potential water source.
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Montgomery Creek Service Area

The Montgomery Creek service area consists of irrigable

lands in the vicinity of the town of Montgomery Creek. The

location of this service area is shown on Plate 30. About 420

acres of the area are now irrigated by diversion from Montgomery

Creek and from springs-. Another 580 acres of irrigable land in

the service area will eventually require an estimated 1,400 acre-

feet of supplemental water annually.

Because the irrigable lands of the Montgomery Creek

service area are located mostly on ridges and hillsides away from

and above Montgomery Creek, these lands could not be readily

served by a single surface storage project. Therefore, small

farm reservoirs would be the best means of meeting the future

supplemental water needs of the service area.

Round Mountain Service Area

The Round Mountain service area includes irrigable lands

in the vicinity of the town of Round Mountain, as shown on

Plate 30. The service area consists of lands included in the

Cedar Creek water rights adjudication and contiguous irrigable

lands. Of an estimated 1,750 net irrigable acres, about 560 acres

are irrigated at the present time. The estimated ultimate

supplemental water requirement is about 3*400 acre-feet annually.

The irrigable lands of the Round Mountain service area

are widely separated and could not be readily served from one sur-

face storage project. Field reconnaissance of the service area

disclosed several locations where small farm reservoirs could

develop additional water supplies. This type of project would

appear to be the best method of developing water to meet future

needs of the area.
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Little Cow Creek Service Area

The Little Cow Creek service area encompasses

lands in the North Cow Creek water rights adjudication (except

lands within the Bella Vista Water District) and

adjacent lands. The location of this service area is shown on

Plate 30. Of an estimated 1,830 net irrigable acres in the

service area, about 440 are irrigated at the present time. The

estimated ultimate supplemental water requirement for the irrigable

lands is about 5,200 acre-feet annually.

The irrigable lands of the Little Cow Creek service

area are widely separated. A field reconnaissance of the area

indicated that construction of a number of small farm reservoirs

on Little Cow Creek and its tributaries would develop sufficient

water to meet the ultimate supplemental water requirement.

Bull skin Ridge Service Area

The Bullskin Ridge service area consists of irrigable

lands lying generally on the ridge between Little Cow and Oak

Run Creeks, as shown on Plate 30. About 40 acres of an estimated

2,230 net irrigable acres are irrigated by direct diversion from

streams at the present time. The estimated ultimate supplemental

water requirement for the remaining irrigable lands is about

8,400 acre-feet annually.

Oak Run, Clover, and Mill Creeks were considered as

potential sources of water to supply this service area. The flows

of these streams are used under adjudicated rights, and usually

there are no surplus flows during the irrigation season. Therefore,
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storage of surplus winter flows would be required to meet future

water needs in the area. A field reconnaissance and detailed

study of topographic maps and aerial photographs of the three

streams revealed no practical surface storage sites of 2, 500-acre-

foot capacity or over. Minor storage that could be developed on

these streams would require long ditches to deliver water to the

service area. Therefore, the best means of future water develop-

ment would probably be small farm reservoirs constructed within

the service area.

Oak Flat Service Area

The Oak Flat service area is situated on a broad ridge

between Oak Run and Clover Creeks, and consists of lands in the

Oak Run water rights adjudication and adjacent irrigable lands.

The location of this service area is shown on Plate 30. About

730 acres of an estimated 3,300 net irrigable acres are Irrigated

at the present time. The estimated ultimate supplemental water

requirement for the irrigable lands is about 10,000 acre-feet

annually.

Surface waters stored by means of small farm reservoirs

were considered to be the most probable sources of water supply

for this service area. However, there is a scarcity of adequate

sites within the service area to develop sufficient water to meet

future supplemental needs. Farm reservoir sites which could be

utilized to provide a major portion of the needed water were found

outside the service area on Oak Run and Clover Creeks.
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Consequently, it appears that small farm reservoir development on

Oak Run and Clover Creeks, supplemented by farm reservoirs within

the service area, would probably constitute the best means of

meeting future water demands in the Oak Plat service area.

Oak Run Service Area

The Oak Run service area, east of the Bella Vista Water

District, includes irrigable lands in the lower reaches of Oak

Run Creek. About 180 acres of an estimated 1,900 net irrigable

acres are irrigated at the present time by direct diversion from

streams. The estimated ultimate supplemental water requirement

of the irrigable lands is about 6,200 acre-feet annually.

Two types of surface storage development were considered

as possible sources of water supply for this service area. A

number of sites suitable for small farm reservoirs were found on

streams tributary to Oak Run Creek. Farm reservoirs on these

streams could be planned to provide most of the supplemental

water required. On the other hand, a single reservoir, that

of Oak Flat on Oak Run Creek, could be planned to provide over

85 percent of the supplemental water needed by the service area.

Features of Oak Flat Dam and Reservoir are outlined in the

following section.

Oak Flat Dam and Reservoir . This reservoir would be

created by construction of a dam on Oak Run Creek west of Oak

Flat. The dam would be located in Section 25, Township 33 North,

Range 2 West, MDB&M. Stream bed elevation at the axis of the

dam is about 1,425 feet.
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Maps of the dam site and reservoir site were prepared by

the United States Bureau of Reclamation, at a scale of 1 inch

equals 100 feet with a contour interval of 3 feet, and 1 inch

equals 1,000 feet with a contour interval of 10 feet, respectively,

The latter map was used to obtain reservoir area and capacity

data shown on Plate 23, entitled "Area, Capacity, Cost and Yield

Relationships-Oak Plat Reservoir".

The United States Bureau of Reclamation investigated

the geologic characteristics of the Oak Flat Dam site and reser-

voir area. Geologic exploration indicated that the dam site

would be suitable for construction of a rockfill dam not

exceeding about 100 feet in height. The foundation consists of

jointed and vesicular basalt. On the left abutment the basalt

is overlain with residual soil to a depth of about 2 feet. On

the right abutment it is overlain with about 6 feet of tuff

breccia, 18 feet of sandstone, and 2 feet of topsoil.

Watertightness of. foundation and abutment rock was

tested by injecting water under pressure into three exploratory

core holes and noting the rate of water loss. These tests in-

dicated no appreciable loss in the sandstone, tuff breccia, and

basalt, suggesting chat dam leakage would be negligible. Founda-

tion preparation would entail removal of top soil, and excavation

into the underlying materials to a depth of about 2 feet.

Cost estimates were prepared for three heights of

rockfill dam that could be built at the site, and cost curves

were developed, as shown on Plate 23. In each case the dam
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would have a crest width of 25 feet, upstream slope of 2. 5 to

lj and downstream slope of 2 to 1. The Impervious core would

have a crest width of 10 feet, and slopes of 0. 5 to 1 on the

upstream and downstream sides. Adequate quantities of con-

struction materials for the impervious core are available in

the reservoir area. Salvage materials from the spillway excava-

tion and quarried basalt rock might prove suitable for use in

the embankment as rockfill.

In each size of dam, a lined, side-channel spillway

with an ogee weir, having a discharge capacity of 11,000 second-

feet, would be constructed in the ridge forming the right abut-

ment. Since the rocks underlying the topsoil are erosion

resistant, it would be necessary to line only a short section

of the spillway chute.

The maximum depth of water over the spillway crest

would be 5 feet, which would provide 5 feet of freeboard between

the high-water elevation of the reservoir and the crest of the

dam.

The estimated average seasonal runoff at the Oak Flat

Dam site, for the 36-year period from 1920-21 through 1955-56,

is about 11,000 acre-feet. Results of the yield studies are

presented on Plate 23. For a reservoir storage capacity of

10,000 acre-feet, discussed below, the seasonal irrigation yield

would be about 5^00 acre-feet.

The estimated capital and annual costs, and costs per

acre-foot of irrigation yield for the Oak Flat Dam and Reservoir

are shown on Plate 23. For a 10, 000-acre-foot reservoir, these costs

would be, respectively, about $3,000,000, $153,000, and $28.70.
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These costs include the acquisition of lands of four

cattle ranches in the reservoir area, utilized at the present

time for meadow hay or pasture.

The general physical features of an Oak Flat Dam which

would impound 10,000 acre-feet of water are illustrated on Plate

18, entitled "Salt Creek Dam on Salt Creek, Mistletoe Dam on

Churn Creek, and Oak Plat Dam on Oak Run Creek" . Pertinent data

on general features of Oak Flat Dam and Reservoir are presented

in Table 36.

Clover Creek Service Area

The Clover Creek service area includes lands in the

Clover Creek Basin that receive water under adjudicated water

rights (from Clover Creek) and additional irrigable lands in the

area. The location of this service area is shown on Plate 30.

Of an estimated 3.* 870 net irrigable acres, about 680 acres are

now irrigated. The estimated ultimate supplemental water re-

quirement for the irrigable lands is about 11,800 acre-feet

annually.

Surface waters that could be stored in reservoirs on

Clover Creek and its tributaries were considered as possible

sources of water supply for this service area. Since Clover Creek

and its tributaries usually have no surplus flows during the irri-

gation season, storage of winter flows would be required for

additional needs. A field reconnaissance and detailed study of

topographic maps and aerial photographs indicated that the best

means of providing supplemental water for this service area would

be through construction of small farm reservoirs on Clover Creek

and its tributaries. Sites for reservoirs of larger storage

capacity were not found.
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TABLE 36

GENERAL FEATURES OF A POSSIBLE OAK FLAT DAM AND
RESERVOIR ON OAK RUN CREEK

Dam Site
Location Sec. 25, T33N, R2W, MDB&M
Stream Oak Run Creek
Elevation of stream bed, in feet 1,425

Dam
Type rockfill
Crest elevation, in feet 1,515
Crest length, in feet 5, 380
Crest width, in feet 25
Height above stream bed, in feet 90
Freeboard above spillway crest, in feet 10
Side slopes, upstream 2.5:1

downstream 2:

1

Volume of fill, in cubic yards 606,000

Reservoir
Drainage area, in square miles 11.2
Storage capacity, in acre-feet
Normal poo] 10,000
Minimum pool 500

Elevation, in feet
Normal pool 1,505
Minimum pool 1,458

Surface area, in acres
Normal pool 365
Minimum pool 40

Type of spillway side channel
Spillway discharge capacity, in second-feet 11,000
Type of outlet welded steel pipe encased in concrete

Old Cow Creek Service Area

The Old Cow Creek service area, as shown on Plate 30,

includes irrigable lands adjacent to Old Cow Creek. Over 1,400

acres of an estimated 2,500 net irrigable acres are presently

irrigated with water obtained by direct diversion from Old Cow

Creek, and with water obtained by conservation of flows of tribu-

taries in existing small farm reservoirs. The estimated ultimate
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supplemental water requirement for the Irrigable lands is about

4,600 acre-feet per season.

Surface waters available for storage in potential

reservoirs on Old Cow Creek and its tributaries were considered as

possible sources of supply Tor this service area. A project on

Old Cow Creek above the service area could provide water for

irrigable lands and for the existing Kilarc Powerhouse. Water

for the service area could also be stored in a reservoir on

Glendening Creek. Furthermore, additional small farm reservoirs

on lesser tributaries of Old Cow Creek could meet a portion of

the supplemental water requirements.

Of the reservoir sites studied, only the Cutter and

Glendening sites were found to be engineeringly feasible.

Possible dams and reservoirs at these sites are described in

the following sections.

Cutter Reservoir . This reservoir would be created by

construction of a dam on Old Cow Creek about 4 miles above the

Kilarc diversion dam, and south of Dan Hunt Meadows. The dam

would be located in Section 28, Township 33 North, Range 2 East,

MDB&M. Stream bed elevation at the dam site is about 4,640 feet.

Cutter Reservoir could provide water to meet the

ultimate supplemental water needs of the Old Cow Creek service

area, or a portion of the water needs of the Whitmore service

area. Releases from this reservoir could also be used to enhance

the hydroelectric generating capacity of the Kilarc Power Plant

prior to downstream use.
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Topography of the dam and reservoir sites was taken

from the United Spates Geological Survey Whitmore quadrangle

map, supplemented by data from field surveys to locate 10-foot

contours. A summary of area and capacity data for Cutter

Reservoir is presented in Table 37.

TABLE 37

AREAS AND CAPACITIES OF CUTTER RESERVOIR

Depth of : Water surface Water surface: Storage
water, : elevation, area, : capacity,
in feet •: in feet in acres : in acre-feet

4,640

40 4,680 40 390

80 4,720 70 2,590

120 4,760 150 7,070

loO 4,800 260 15,200

200 4,840 470 29,800

Preliminary geologic reconnaissance indicated that

the Cutter Dam site is suitable for a rockfill dam constructed

to a height of 200 feet. Bedrock at the site is a hard,

massive, fine-grained volcanic rock. The channel section is

filled with about 2 feet of cobbles and gravel overlying the

bedrock. The lower 100 feet on both abutments is covered by

overlay deposits. Slightly jointed and weathered bedrock is

exposed in the upper 100 feet of the abutments. Stripping and
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shaping in the channel section and the lower 100 feet of the

abutments would require removal of 6 to 8 feet of soil, rock

rubble, and weathered bedrock. About 4 feet of stripping would

be required in the upper portions of the abutments.

A saddle on the right abutment would provide a suitable

spillway location for a 160-foot high dam, with crest elevation

at approximately 4,800 feet. Should a lower dam be constructed,

an excessive amount of spillway excavation would be required.

Although rock is not exposed in the saddle, bedrock is estimated

to lie within 10 to 15 feet of the surface.

Adequate construction materials are available in the

vicinity of the dam site. Impervious fill materials would con-

sist of residual soils. These soils were sampled and tested,

and the maximum density was determined to be about 91 pounds per

cubic foot. The soils contain particles over 1 inch in size,

and removal of these large particles would provide a better

gradation of material for -use in an impervious section. The

predominant hard material in the area (the massive, fine-grained

volcanic rock) would generally be suitable for rockfill, riprap,

and if crushed, aggregate.

The estimated mean seasonal flow (1897-98 to 1946-47)

from the 13-4 square miles of drainage basin above the dam site

is 19,600 acre-feet. Monthly operation studies were made to

determine the relationship between safe yield and storage

capacity.
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A preliminary analysis was made of a 160-foot rock-

fill dam, which would create a reservoir with storage capacity

of 10,500 acre-feet. Crest elevation of the dam would be

4,800 feet, and the crest of the spillway would be at an eleva-

tion of 4,790 feet. The upstream slope would be 2.5 to 1, and

the downstream slope would be 1.4 to 1. The sloping earth core

would have a 10-foot top width, upstream slope 1.5 to 1, and

downstream slope 1.25 to 1. It would extend into a 10-foot

deep cutoff trench excavated into the sound volcanic rock

formation. The total volume of fill would be about 710,000

cubic yards.

An unlined spillway excavated in the right abutment

would discharge flood flows into Hunt Creek, which enters Old

Cow Creek about 3*000 feet below the dam site. A concrete ogee

weir with a short paved apron would provide control for the

spillway. The spillway discharge capacity would be 16,000

second-feet, with a maximum depth of water of 6 feet above the

spillway crest. This would provide 4 feet of freeboard between

the maximum water surface elevation and the crest of the dam.

The capital cost of Cutter Dam and Reservoir was

estimated to be $4,310,000. The estimate of annual cost is

about $219,000. The safe seasonal yield on an irrigation demand
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schedule was estimated to be about 7,900 acre-feet, including

present rights to water. Seasonal irrigation yield for the

same conditions would be about 8,500 acre-feet. The estimate of

annual cost per acre-foot of irrigation yield is about $26.

Glendening Reservoir . This reservoir would be created

by construction of a dam on Glendening Creek, a major tributary

of Old Cow Creek, about 2 miles east of Whitmore and about 2 miles

south of the Kilarc Powerhouse. The reservoir area is moderately

timbered and contains no improvements other than fencing. The

dam would be located in Section 9, Township 3 2 North, Range 1

East, MDB&M. Stream bed elevation at the dam site is about

2,370 feet.

Glendening Reservoir could provide a portion of the

supplemental water required by either the Old Cow Creek service

area, or the Whitmore service area discussed subsequently.

Topography of the dam and reservoir sites was taken

from the United States Geological Survey Whitmore quadrangle

map, supplemented by field surveys to locate intermediate 10-foot

contours. A summary of area and capacity data for Glendening

Reservoir is presented in Table 38.

Preliminary geologic reconnaissance indicated that the

Glendening site is suitable for a rockfill dam up to

130 feet in height. Abutments and channel section consist of

hard volcanic rock. Although vesicular in part, the rock is of

sufficient strength to support a dam of the size and type under

consideration.
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Table 38

AREAS AND CAPACITIES OP GLENDENING RESERVOIR

Depth of : Water surface Water surface : Storage
water, : elevation, : area, : capacity,

in feet : in feet in acres : in acre-feet

2,370

30 2,400 7 70

70 2,440 26 730

110 2,480 66 2,570

Foundation preparation of the site would entail stripping

the entire left abutment to an estimated depth of 8 feet,

removal of 6 to 8 feet of soil and rubble from the lower 40

feet of the right abutment, and excavation of about 5 feet of

material from the channel section.

Construction materials near the Glendening Dam site are

generally similar to those at the Cutter Dam site. The residual

soils tested are light but impervious, and could be used in the

impervious core of a dam. The volcanic lava rocks could be used

for rockfill, riprap, or aggregate.

Mean seasonal runoff (1897-98 to 1946-47) from the 11.5

square miles of drainage area above the dam site was estimated

to be about 14,000 acre-feet. The safe seasonal irrigation

yield obtainable from the size of reservoir considered would be

essentially equal to the storage capacity.
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A preliminary analysis was made of a 110-foot high

rockfill dam forming a reservoir with storage capacity of 1,700

acre-feet. The dam crest would be at an elevation of 2,480 feet,

and the crest of the spillway would be at an elevation of 2,470

feet. The crest length and width of the dam would be 600 feet

and 20 feet, respectively. The slopes of the dam would be 2.5

to 1 upstream, and 1.5 to 1 downstream. The earth core would

have a 10-foot top width and upstream and downstream slopes of

0.75 to 1. The core would extend into a 10-foot deep cutoff

trench excavated into the sound volcanic rock foundation. The

total volume of fill was estimated to be about 292,000 cubic

yards. A spillway of about 5, 000- second-foot discharge capacity

would be excavated across a ridge at the upper end of the

reservoir. Spillway flows would discharge into a draw, and then

back into Glendening Creek several thousand feet below the dam

site

.

The capital cost' of Glendening Dam and Reservoir was

estimated to be about $1,360,000. The corresponding estimated

annual cost would be about $69,000. The safe seasonal yield

on an irrigation demand pattern was estimated to be about 1,900

acre-feet. Thus, the cost of water per acre-foot of safe yield

from the reservoir would be about $36.

Whitmore Service Area

The Whitmore service area consists of lands lying

generally on the ridge between Old Cow and South Cow Creeks.

About 800 acres of an estimated 7,750 net irrigable acres are
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irrigated at the present time by diversion of flows from South

Cow Creek. The estimated ultimate supplemental irrigation water

requirement is about 26,800 acre-feet per season.

Surface storage reservoirs were considered as possible

means of developing a water supply for this service area. One

potential site, the Bateman Reservoir site, was found on Atkins

Creek. Cutter and Glendening Reservoirs, previously discussed,

and Bateman Reservoir could collectively provide about 19,000

acre-feet of water seasonally on an irrigation demand schedule

to the Whitmore and Old Cow Creek service areas, including

amounts of water presently used. The estimated ultimate supple-

mental irrigation water requirement of these two service areas

is about 41,000 acre-feet per season. This requirement could

be met by supplementing the yields from the three aforementioned

reservoirs by construction of small farm reservoirs.

Bateman Reservoir . This reservoir would be created

by construction of a dam on Atkins Creek about one-half mile

above its confluence with South Cow Creek. The dam would be

located in Section 24, Township 32 North, Range 1 East, MDB&M.

Stream bed elevation at the dam site is about 2,980 feet.

Bateman Reservoir could provide water to meet a portion

of the ultimate supplemental water requirement of the Whitmore

service area. A portion of its yield could also be used to

meet the ultimate supplemental water requirement of the Hagaman

Gulch service area discussed later in this bulletin.

-156-



Topography of the dam site was taken from the United

States Geological Survey Whitmore quadrangle map, supplemented

by field surveys to locate intermediate 10-foot contours.

A summary of area and capacity data for Bateman

Reservoir is presented in Table 39.

TABLE 39

AREAS AND CAPACITIES OF BATEMAN RESERVOIR

Depth of : Water surface : Water surface : Storage
water, : elevation, : area, : capacity,

in feet : in feet in acres : in acre-feet

2,980

20 3,000 4 40

60 3,040 30 760

100 3,080 110 3,560

140 3,120 230 10,300

Reconnaissance geologic investigation indicated that

the Bateman Dam site is suitable for an earth or rockfill dam

up to 150 feet in height. The foundation and abutments consist

of fine-grained, volcanic rock, which is exposed on the right

abutment at elevations greater than 60 feet above stream channel,

but which is covered elsewhere on the foundation. In the

unweathered state this rock is hard and massive.

The channel section measures 135 feet in width. The

present stream bed occupies a gravel and cobble laden channel,
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60 feet in width, located along the right side of the site.

The left bank of the channel is a flood plain, 75 feet in

width, standing about 5 feet higher than the stream bed.

Foundation preparation of the site would entail removal

of sediments from the channel section to an estimated average

depth of 5 feet, and stripping of residual soil and rubble from

the abutments to an estimated average depth of 15 feet from the

left abutment and 10 feet from the lower slopes of the right

abutment

.

A spillway could be constructed on either of the

abutments. However, the depth of residual soils to firm

volcanic rock on the ridge forming the left abutment may be

excessive, and, therefore, a heavy lining might be required for

the spillway.

Adequate quantities of suitable construction materials

are available in the immediate vicinity of the Bateman Dam site.

These materials consist of light, residual soils and fine-

grained, hard volcanic rocks, similar to those found at the

Cutter Dam site.

The estimated mean seasonal runoff (1897-98 to 1946-47)

from the 12.5 square miles of drainage area above the dam site

is about 17,700 acre-feet.

An analysis of a 140-foot dam was made to obtain pre-

liminary cost information. The dam would form a reservoir having

a storage capacity of 8,500 acre-feet. A rockfill dam with an
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impervious earth core was selected for analysis. The crest of

the dam would be at an elevation of about 3*120 feet, and the

crest of the spillway at 3*110 feet. Crest length and width

would be 920 feet and 20 feet, respectively. The upstream and

downstream slopes of the dam would be 2 to 1 . An impervious

core, with an upstream slope of 1 to 1 and a downstream slope

of 0.5 to 1, would have a 5- foot top width and a 10- foot cutoff

trench at the upstream toe. The total volume of fill in the

embankment would be about 815*000 cubic yards.

A spillway with a concrete ogee weir would be con-

structed on the right abutment. The spillway would be lined for

a distance of 450 feet downstream from the weir. The spillway

discharge capacity would be 5*000 second- feet, with a 5-foot

maximum depth of water above the crest of the weir.

The capital cost of the Bateman Dam and Reservoir

project was estimated to be about $4,350,000. The correspond-

ing annual cost would be $221,000. The safe yield on an irriga-

tion demand schedule would be about 7*300 acre-feet per season,

including water that must be released to satisfy the vested

rights at the Cow Creek Power Plant during winter and spring

months. Seasonal irrigation yield was found to be nearly equal

to the storage capacity of the reservoir, or 8,500 acre-feet.

The estimated cost per acre-foot of irrigation yield was about

$26.
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Hagaman Gulch Service Area

The Hagaman Gulch service area consists of irrigable

lands on a ridge south and east of the town of Whitmore, and

between South Cow Creek and Dickerson Creek, as shown on Plate

30. About 20 acres of an estimated 720 net irrigable acres in the

area are irrigated at the present time by direct diversion from

streams. The estimated ultimate supplemental water requirement

is about 2,400 acre-feet annually.

Bateman Reservoir, previously discussed, would be a

possible source of supply to meet the future water needs of the

service area. However, it is believed that small farm reser-
t

voir development on South Cow Creek or Dickerson Creek might

prove to be a more economical source of water.

South Cow Creek Service Area

The South Cow Creek service area includes irrigable

lands in South Cow Creek Valley lying above the confluence of

South Cow and Old Cow Creeks and below the existing South Cow

Power Plant. The location of this service area is shown on

Plate 30. About 400 acres of an estimated 1,400 net irrigable

acres are irrigated at the present time by direct diversion

from South Cow Creek. The estimated ultimate supplemental water

requirement for the irrigable lands is about 3*200 acre-feet

per season.

Surface storage reservoirs were considered as possible

means of developing a water supply for this service area. Water
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released from Bateman Reservoir, previously discussed, could be

used downstream in the South Cow Creek service area. However, a

reservoir on South Cow Creek above the service area could also

provide a water supply to the area. Since this reservoir would

be located above the Cow Creek Power Plant, its releases could

be used to enhance the hydroelectric generating capacity of the

plant. Furthermore, surplus water from the reservoir could also

be utilized in the Cow Creek Bottoms, although a less costly water

supply for the Cow Creek Bottoms could be obtained from

Millvillito Reservoir, discussed later in the section on the

Bella Vista service area.

A possible dam and reservoir site, the Wagoner site,

was found on South Cow Creek above the service area. Wagoner

Dam would be located in Section 33, Township 3 2 North, Range 1

West, MDB&M, above the diversion to South Cow Power Plant. Water

conserved in this reservoir could enhance hydroelectric energy

generation and could be used for irrigation in the service area.

Permission to inspect the Wagoner Dam and Reservoir site could

not be obtained from the landowner. Consequently, the geologic

and topographic details of this site are not known. However,

as a result of field inspection of areas upstream and downstream,

it was assumed that the -foundation at this site would be suitable

for an earthfill dam. Aerial photographs and the Whitmore

quadrangle map of the United States Geological Survey were used

in studies of a project at the site. Stream bed elevation at

the dam site is about 1,570 feet.
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The height of a dam at the Wagoner site would be about

120 feet, and the crest length would be about 1,300 feet. A

reconnaissance cost estimate for a Wagoner Dam and Reservoir

with a gross storage capacity of 8,400 acre-feet indicated a

total capital cost of about $1,850,000. The corresponding annual

cost would be $95*000. For capacities up to about 10,000 acre-

feet, the new seasonal irrigation yield would be about equal to

the storage capacity. Therefore, the cost per acre-foot of new

irrigation yield would be about $11.50.

Inwood Service Area

The Inwood service area includes irrigable lands situated

on the ridge between Bear and Ash Creeks, as shown on Plate 30.

About 750 acres of an estimated 8,450 net irrigable acres are

irrigated at the present time, mostly from streams and springs.

The estimated ultimate supplemental water requirement for irriga-

tion is about 28,600 acre-feet per season.

Ground water and surface storage reservoirs were con-

sidered as possible sources of water supply for this service area.

A field reconnaissance disclosed that yields of most wells in the

area are generally limited to amounts sufficient only for domestic

use. Feasible surface storage reservoir sites for features

larger than those of farm reservoirs were not found in the service

area. A field reconnaissance indicated that there are a number

of sites suitable for small farm reservoirs on Bear Creek and its

tributaries, both above and within the service area. Because of

the variable characteristics of the volcanic formations of the
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area, farm reservoir sites would require engineering and geo-

logic appraisals. However, it is believed that farm reservoirs

would be the best means of developing water to meet a portion

of the ultimate supplemental water requirement of the Inwood

service area.

Black Butte Service Area

The Black Butte service area includes irrigable lands

adjacent to Ash Creek in Township 30 North, Range 1 West,

MDB&M, as shown on Plate 30- There is no irrigation within

the service area at the present time. However, about 2,300

acres constitute the net area of irrigable lands. The estimate

of the ultimate supplemental water requirement for irrigation

is about 8,400 acre-feet per season.

Surface storage reservoirs were considered as a

possible means of developing a water supply for this service

area. The Ash Creek Reservoir project on Ash Creek, described

in this section, could yield a portion of the water needed.

Stream flow diverted into Ash Creek from the North Fork of

Battle Creek near Shingletown could provide an additional

supply. However, diversion of this flow would affect; the Battle

Creek power development of the Pacific Gas and Electric Company,

and the cost of the water could only be determined by negotia-

tion between the potential water user and the company. The

total static head of the Volta, South, Inskip, and Coleman

Power Plants in the system is 2, 404 feet ( Volta, 1,063 feet;

South, 516 feet; Inskip, 378 feet; and Coleman, 479 feet).
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Estimates based on the energy component only indicate that the

value of water flowing through these plants is about $5.80 per

acre-foot. The additional value of the water, based on the

reduction of dependable power capacity of these plants due to

upstream diversions, was not estimated because of a lack of

data.

Ash Creek Reservoir . Ash Creek Reservoir would be

created by construction of a dam on Ash Creek about 1.5 miles

northeast of Black Butte. The dam would be located in

Section 9, Township 30 North, Range 1 West, MDB&M. Stream

bed elevation at the site is about 2,l60 feet.

Dam and reservoir site topography was taken from

the United States Geological Survey Manton quadrangle map,

supplemented sufficiently by field surveys to locate inter-

mediate 10-foot contours.

Preliminary geologic investigation indicated that

the Ash Creek Dam site is probably suitable for an earthfill

dam up to 110 feet high. The right abutment and lower 90

feet of the left abutment consist of tuff breccia; whereas

the upper 20 feet of the left abutment consist of lava. Of

some concern is the tuff breccia-lava contact, which consti-

tutes a possible avenue of leakage through the left abutment.

The site will require further investigation, in-

cluding laboratory testing to determine the strength of the

foundation rock, and field testing to explore the possibilities
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of abutment leakage and the susceptibility of the foundation

to grouting should leakage pose a problem.

Foundation preparation would entail stripping of

overlying materials to an estimated average depth of 8 feet

throughout.

The spillway could be excavated through the ridge

of tuff breccia forming the right abutment, and would require

lining. Spillway flows would return to Ash Creek well below

the downstream toe of the dam.

Construction materials for Ash Creek Dam would be

the deep residual volcanic soils available within 1.5 miles

of the dam site, and the volcanic flow rocks adjacent to the

site. The soils appear to be similar to the impervious soils

tested in the upper Cow Creek Basin. The volcanic rocks appear

to be suitable for rockfill or riprap.

Mean seasonal runoff from the 4.6 square miles of

drainage area above the dam site was estimated to be about

3,400 acre-feet. However, topography of the site limits the

reservoir storage capacity to about 3*000 acre-feet, and the

yield from this amount of storage would meet only a portion

of the future water requirements of the Black Butte service

area.

A preliminary analysis was made of a 110-foot homo-

geneous earthfill dam forming a reservoir with a capacity of

3,000 acre-feet. Crest elevation of the dam would be about
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2,270 feet, and the elevation of the spillway would be 2, 260

feet. Crest length and width of the dam would be 890 feet

and 20 feet, respectively. The upstream and downstream slopes

of the embankment would be 2.5 to 1. A 10-foot cutoff wall

would be required in the foundation. The total volume of fill

would be about 550,000 cubic yards.

A lined spillway with an ogee weir would be con-

structed across the ridge forming the right abutment. The

spillway discharge capacity would be about 2,000 second-feet,

with a maximum depth of water of about 5 feet above the spill-

way crest.

The reservoir area has no improvements, other than

fences, and is mostly covered with brush, oak, and pine.

The capital cost of the Ash Creek Dam and Reservoir

was estimated to be about $1,400,000. The corresponding annual

cost would be about $71,000. The safe yield on an irrigation

demand schedule was estimated to be about 1, 500 acre-feet per

season, and the irrigation yield about 2,800 acre-feet per

season. The cost of water in the reservoir would be about

$25 per acre-foot of irrigation yield.

Millville Plains Service Area

The Millville Plains service area includes irrigable

lands between the lower reaches of Cow and Bear Creeks and

lands adjacent zo these streams, as shown on Plate 30. About

150 acres of an estimated 3,300 net irrigable acres in the

service area are irrigated at the present time by direct
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diversion from streams. The estimated ultimate supplemental

water requirement for irrigation is about 12,200 acre-feet

per season.

Ground water and surface storage reservoirs were

considered as possible sources of water supply for this ser-

vice area.

The ground water potential of the Millville Plains

service area was not evaluated because pertinent data were

not available. However, data available elsewhere in the

Redding ground water basin indicate that ground water is prob-

ably present under the Millville Plains. It is also probable

that this water is moving from the east toward Cow Creek and

the Sacramento River. Before commitment is made to an

alternative surface water development for this service area,

ground water test drilling should be conducted to determine

depth to water, expected yields, rates of flow, and other

pertinent factors.

Millville Reservoir or Millvillito Reservoir on

South Cow Creek could provide water to the Millville Plains

service area. These reservoirs are discussed in the section

on the Cow Creek Bottoms service area. Water would be

delivered from South Cow Creek by means of a conduit, such as

a Millvillito-Millville Plains canal, which could be located

above most of the irrigable lands of the service area. A

branch pressure conduit could deliver water to irrigable
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lands in the Cow Creek Bottoms lying south of South Cow Creek

and east of Cow Creek.

Millvillito-Millville Plains Canal . This canal would

extend from Millvillito Dam (discussed under Cow Creek Bottoms

service area), along the edge of the bluff south of Millville,

and southwest of Millville in a southerly direction to the

Millville Plains service area. Southwest of Millville, a branch

from the main canal would continue along the bluffs to a terminus

at Switzars Gulch in the Cow Creek Bottoms, which would be in

Section 16, Township 31 North, Range 3 West, MDB&M. The total

length of the canal and branch would be about 11.5 miles. The

initial discharge capacity of the canal would be about 72 second-

feet, and. would decrease to 32 second-feet at Switzars Gulch.

The capital cost of the canal was estimated to be $5^3,000, and

the corresponding annual cost, $3^,000.

Manton Service Area

The Manton service area includes irrigable lands

adjacent to the southern boundary of Shasta County, as shown on

Plate 30. About 70 of an estimated 5*^-70 nee irrigable acres in

the service area are irrigated at the present time by direct

diversion from streams. There are numerous springs in the area,

and many tributaries to Battle Creek and several ditches of the

Pacific Gas and Electric Company traverse it. The estimated

ultimate supplemental water requirement for irrigation is about

20,000 acre-feet per season.
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The feasibility of surface reservoir storage, and of

purchase of water from the Pacific Gas and Electric Company were

considered as possible sources of supplemental water. Although

surplus flows occur in Battle Creek and its tributaries during

winter and spring months, two obstacles are in the way of

developing reservoir storage. One is that the topography of the

area is not suitable for reservoir sites.

Even if engineeringly feasible, future storage projects

almost anywhere in the Manton service area would be subject to

restrictions by existing water rights. Use of water in the

Battle Creek Basin is based on riparian rights, pre-191^-

appropriative rights, and post-191^ appropriative rights and

applications.

There are four power plants in the Battle Creek power

system of the Pacific Gas and Electric Company, Volta and Coleman

in Shasta County, and South and Inskip in Tehama County. The

Volta plant is located above the elevation of most of the service

area, and, consequently, would not be affected by use of water in

the area. However, energy and power generation at the South,

Inskip, and Coleman plants would be impaired by use of water in

the service area. The total static head of the latter three

power plants is 1,373 feet. The estimated value of the energy

component of the water flowing through these plants is about

$3.20 per acre-foot. The total value of this water, including

that for dependable power capacity, was not estimated because
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of lack of pertinent data, and cost of the water, if purchased,

would have to be determined by negotiation between the poten-

tial water user and the company.

North Suburban Service Area

The North Suburban service area is located north of

Redding between U. S. Highway 99 and the Sacramento River, and

is composed entirely of urban and suburban lands. The location

of this service area is shown on Plate 30. The estimated ulti-

mate supplemental water requirement for urban and domestic

purposes is 10,000 acre-feet per season. The service area

encompasses the Buckeye County Water District, the Summit City

Public Utility District, the Shasta Dam Area Public Utility

District, and the Wonderland-Mountain Gate Community Services

District. The first three of these districts now receive a

treated domestic water supply from a distribution system of the

United States Bureau of Reclamation. This water is pumped from

Shasta Lake at Shasta Dam to a water tank located near Toyon,

between Summit City and Central Valley.

The Wonderland-Mountain Gate Community Services District,

recently formed, is attempting to develop ground water supplies

from a relatively shallow valley fill area in the southern part

of the district. This district also has considered the possibil-

ity of pumping water from the Bridge Bay arm of Shasta Lake,

which is less than 1 mile north of the district.
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Studies of the four districts disclosed four possible

means of obtaining future surface water supplies for domestic

purposes: (l) pumping from Shasta Lake at Shasta Dam; (2) pumping

from Shasta Lake at Bridge Bay; (3) pumping from Keswick

Reservoir at a point about 3 miles north of Keswick Dam; and

(4) pumping from the Sacramento River near Redding. Depending

upon the rate and pattern of growth within the North Suburban

service area, any one or all four of these methods might be

used.

Enlargement of the present facilities for pumping from

Shasta Lake at Shasta Dam would probably provide the best means

of obtaining a supplemental water supply, if growth within the

service area should be an expansion of the towns of Central

Vaiiey and Project City, the present urban core of the area.

The terminus of the existing conduit is centrally located at

an adequate elevation to provide a water supply by gravity to

most of the area. Should an early expansion occur in the

northern portion of the service area, its water needs could

readily be met by pumping from Shasta Lake at Bridge Bay.

Future water needs due to expansion in the southern

half of the Buckeye County Water District could be met by an

enlargement of the existing system. However, pumping water from

Keswick Reservoir would also constitute a means of meeting

supplemental water requirements in this area.

Supplemental water requirements of the eastern portion

of the service area could be met from distribution laterals
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included in a current plan of the United States Bureau of

Reclamation to pump water from the Sacramento River near Redding

and to convey it to the Bella Vista service area. These laterals

would terminate near the eastern boundary of the North Suburban

service area.

Stillwater Plains Service Area

The Stillwater Plains service area includes irrigable

lands of the elevated plains between Cow Creek and the Sacramento

River lying south of the Bella Vista service area, as shown on

Plate 30. About 100 acres of an estimated 10,700 net irrigable

acres are irrigated at the present time. The estimated ultimate

supplemental water requirement for agricultural and domestic

purposes is about 45,600 acre-feet seasonally.

Ground water, surface water pumped from reservoirs on

Cow Creek or the Sacramento River, and surface water stored in

reservoirs on Churn and Stillwater Creeks, were considered as

possible sources of supply for this service area. Studies of

these sources indicated that ground water would provide the most

economical water supply. The adequacy of ground water supplies

and of well yields within the service area was confirmed by studies

conducted by the United States Bureau of Reclamation in 1957-

The average depth to ground water is about 100 feet, and it is

probable that the average pumping lift would not exceed 150 feet.

From the results of reconnaissance studies, it was

estimated that the cost of water pumped from the Sacramento River
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and from Cow Creek would be several times the cost of ground

water. Studies and search for reservoir storage sites were made

on Churn and Stillwater Creeks. One site suitable for a reser-

voir larger than 2,500 acre-feet in' storage capacity was found

on Churn Creek. This site, designated Mistletoe Reservoir, is

described in the following section.

Mistletoe Dam and Reservoir . Mistletoe Reservoir

would be created by construction of a dam on Churn Creek, about

one-fourth mile upstream from the Old Alturas Highway, In

Section 32, Township 32 North, Range 4 West, MDB&M, within the

Bella Vista service area. The stream bed elevation at the dam

site is about 5^0 feet.

A topographic map of the reservoir and dam site area

was prepared for the United States Bureau of Reclamation by the

United States Geological Survey, at a scale of 1 inch equals

800 feet, with a contour interval of 10 feet. Reservoir area

and capacity data obtained from this map are shown on Plate 1J,

entitled "Area, Capacity, Cost and Yield Relationships-

Mistletoe Reservoir".

Geologic exploration indicated that the Mistletoe Dam

site would be suitable for construction of a zoned earthfill dam

up to 100 feet in height. The foundation rock consists of inter-

calated beds of semiconsolidated tuffaceous-sandy clay and clayey-

sandy gravel of the Tuscan-Tehama formation. This material forms

the main part of both abutments and underlies the valley floor.
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A weakly cemented silty and clayey gravel of the Red Bluff forma-

tion caps the Tuscan-Tehama formation on both abutments. On the

valley floor the Tuscan-Tehama formation is overlain by about 10

feet of alluvial deposits which are relatively pervious. An explora-

tory drill hole in the channel indicated that about 10 feet of

loose pervious gravels are underlain by 23 feet of impervious

clay. Another drill hole on the left abutment showed the Red

Bluff formation to be 15 to 20 feet thick above the Tuscan-Tehama

formation. Stripping of about 5 feet of material on the abutments

and 10 feet in the valley floor and channel section would be

required.

Cost estimates were prepared for three heights of

earthfill dam at the Mistletoe site, and the cost-yield curves

shown on Plate 17 were developed. In each case the dam would

have a crest width of 25 feet, an upstream slope of 3 to 1, and

a downstream slope of 2.5 to 1. Adequate quantities of imper-

vious construction materials are available from the Red Bluff

formation within i mile of the dam site. Materials salvaged

from the spillway excavation would be suitable for use in the

semipervious zones of the dam.

A lined chute spillway with an ogee weir, having a

discharge capacity of 11,000 second-feet, would be located in the

left abutment. The maximum depth of water above the spillway

crest would be 7 feet, with an additional 5 feet of freeboard to

the crest of the dam.
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Since stream flow records of Churn Creek were not

available, seasonal runoff was estimated by direct correlation

with seasonal precipitation at Redding., Results of the yield

studies, presented as a curve on Plate 17, are based on esti-

mated seasonal flows varying from 5,600 to 88,000 acre-feet,

with an average seasonal runoff of 23,000 acre-feet during the

18-year period from 1920-21 through 1937-38.

Estimates of capital and annual costs for a 5*400-acre-

foot Mistletoe Reservoir, one of the three sizes studied, with

an estimated seasonal irrigation yield of about 4,500 acre-

feet, are $1,500,000 and $80,000, respectively. The yield of

the reservoir would cost an estimated $17.50 per acre-foot. The

estimate of capital cost includes acquisition of land and dwell-

ings in the vicinity of U. S. Highway 299 which would be in-

undated when the reservoir was filled. A reservoir of greater

storage capacity than 5*4-00 acre- feet would involve, in

addition to the foregoing oosts, those for construction of a

bridge on U. S. Highway 299 at the upper end of the reservoir.

The general physical features of Mistletoe Dam are

illustrated on Plate 18, entitled "Salt Creek Dam on Salt

Creek, Mistletoe Dam on Churn Creek, and Oak Flat Dam on Oak

Run Creek". Pertinent data on the general features of

Mistletoe Dam and Reservoir are presented in Table 40.
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TABLE 40

GENERAL FEATURES OP A POSSIBLE
MISTLETOE DAM AND RESERVOIR ON CHURN CREEK

Dam site
Location Sec. 32, T32N, R4w, MDB&M
Stream Churn Creek
Elevation of stream bed, in feet 540

Dam
Type earthfill
Crest elevation, in feet 600
Crest length, in feet 1,860
Crest width, in feet 25
Height above stream bed, in feet 60
Freeboard above spillway crest, in feet ... 12
Side slopes, upstream 3:1

downstream 2. 5*. 1

Volume of fill, in cubic yards 586,000

Reservoir
Drainage area, in square miles 27
Storage capacity, in acre-feet

Normal pool 5, 400
Minimum pool 1,000

Elevation, in feet
Normal pool 588
Minimum pool 569

Surface area, in acres
Normal pool 370
Minimum pool 100

Type of spillway chute on left abutment
Spillway discharge capacity, in second-feet . 11,000
Type of outlet .... welded steel pipe encased in concrete

Bella Vista Service Area

The Bella Vista service area includes most of the

irrigable lands in the Stillwater Plains and Cow Creek Bottoms

lying north of State Highway No. 44, as shown on Plate 30.

It would encompass essentially the same area as the recently re-

vised boundaries of the Bella Vista Water District. Of an
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estimated 13,700 net irrigable acres, about 600 acres are irrigated

at the present time. Present water supplies are obtained from

ground water, from storage in farm reservoirs, and by direct

diversion of stream flow. The estimated ultimate supplemental

water requirements in the service area are about 49,000 acre-feet

per season for irrigation purposes, and about 4,200 acre-feet per

season for domestic purposes.

The four potential water sources considered for future

needs of the Bella Vista service area were diversion from streams,

surface water storage projects, ground water, and water from the

Trinity River Division of the Central Valley Project. Studies

of alternative plans utilizing these potential sources indicated

that the Cow Creek Unit plan, developed by the United States

Bureau of Reclamation, and authorized on August 12, 1955* as a

part of the Trinity River Division of the Central Valley Project,

would be the best plan for initial water development in the

service area. Ground water could be used to supplement the Cow

Creek Unit plan in portions of the service area. Additional

water to meet future requirements could be obtained by enlarging

features of the Cow Creek Unit plan or by constructing a reser-

voir or reservoirs on Cow Creek.

The Cow Creek Unit plan of development would consist

of a pumping plant, a main conduit, and a distribution system.

The pumping plant on the Sacramento River near Redding, with a

capacity of 93 second-feet and a lift of 294 feet, would discharge

water into the main pressure conduit, which would extend to the

vicinity of Bella Vista. Distribution pressure laterals would
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extend north and south from the main conduit to the vicinities

of Churn Creeks Stillwater Creek, and Cow Creek. The costs and

benefits of the plan for the Bella Vista Water District have not

yet been published by the United States Bureau of Reclamation.

It is probable that future development of ground water

within the Bella Vista service area will be limited. The under-

lying Cretaceous rocks, which are generally salt water-bearing,

lie at maximum depths of about 400 feet along State Highway

No. 44, and are exposed at the surface in the vicinity of U. S.

Highway 299- The limited depths of sediments containing fresh

water, and the generally low yields of wells experienced, relegate

ground water to a minor position as a potential source of water

supply.

The three reservoirs studied as possible sources of

future supplemental water supplies for the Bella Vista service

area were Bella Vista Reservoir on Little Cow Creek, a large

reservoir which could provide water for both local use and

export; Vacacilla Reservoir on Little Cow Creek, which could

provide water for local use only; and Salt Creek Reservoir on

Salt Creek, a minor reservoir which could provide a limited

amount of water for local use. As has been stated, these

reservoirs constitute possible sources of supplemental water in

excess of that provided by the Cow Creek Unit plan.

Bella Vista Reservoir . Bella Vista Reservoir would

be created by construction of a dam on Little Cow Creek just

upstream from its confluence with Dry Creek. The dam would be
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located in Section 20, Township 32 North, Range 3 West, MDB&M.

Stream bed elevation at the dam site is 488 feet.

Water from the reservoir could meet a portion of the

ultimate supplemental needs of the Cow Creek Bottoms and the

northern Stillwater Plains. However, most of the reservoir

yield would be new regulated water for export and use outside

Shasta County. The reservoir would be operated for flood control.

A topographic map of the Bella Vista Dam site was

prepared by the Department of Water Resources at a scale of

1 inch equals 200 feet, with a contour interval of 5 feet. A

map of a portion of the reservoir area was available from the

United States Bureau of Reclamation at a scale of 1 inch equals

800 feet, with a contour interval of 10 feet. The Department

of Water Resources prepared a map of the remainder of the

reservoir area at a scale of 1 inch equals 400 feet, with a con-

tour interval of 10 feet. The reservoir maps were used to obtain

the area and capacity data shown on Plate 19, entitled "Area,

Capacity, Cost and Yield Relationships-Bella Vista Reservoir"

.

Geologic exploration indicated that the dam site would

be suitable for construction of an earthfill dam about 180 feet

in height. Foundation materials at the site are flat-lying,

semi-consolidated, tuffaceous silt and clay, and lenticular

volcanic gravels of the Tuscan-Tehama formation. Above an eleva-

tion of about 645 feet on the right abutment, and 670 feet on

the left abutment, the Tuscan-Tehama formation is capped with a

consolidated andesitic agglomerate, or Tuscan mudflow. The
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channel section and flood plain., about one-half mile wide, con-

sist of Recent alluvium comprised of loose, pervious, sandy

gravel

.

Stripping in the channel would consist of removal of

10 to 15 feet of Recent alluvium. Approximately 5 feet of soil

and weathered material would be removed from both abutments.

Cost estimates were prepared for several heights of

homogeneous earthfill dam that could be built at the site. In

each case the dam would have a crest width of 30 feet, upstream

slope of 3.5 to 1, and downstream slope of 2.5 to 1. Adequate

quantities of construction materials are situated within 2.5

miles of the dam site, in the reservoir area and on the sur-

rounding terraces. The embankment would consist of materials

derived from the Recent alluvium and the Tuscan, Tuscan-Tehama,

Red Bluff, and Chico formations. Aggregate would be obtained

by processing the Recent alluvium, or by hauling from gravel

plants near Redding. Quarried sandstone of the Chico formation

would be used for riprap.

A lined chute spillway with an ogee weir would be con-

structed on the left abutment. The spillway discharge capacity

would be 30,000 second-feet. Maximum depth of water above the

spillway crest would be 10 feet, providing 7 feet of freeboard

on the dam. The spillway flood flows would be discharged into

a stilling basin, and then guided by means of an unlined channel

to the stream channel about 1, 500 feet below the dam.
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Results of yield studies for Bella Vista Reservoir

are presented as curves on Plate 19. For a reservoir with

storage capacity of 196,000 acre-feet, as described herein, the

safe seasonal yield would be about 76,000 acre-feet, including

a mandatory release of 11,000 acre-feet for fish and wildlife.

Since yield of the reservoir would be primarily used outside

Shasta County, the schedule of releases from Bella Vista

Reservoir would be integrated with other reservoirs in the

Sacramento Valley.

General physical features of a Bella Vista Dam which

would impound 196,000 acre-feet of water are illustrated on

Plate 20, entitled "Vacacilla Dam on Little Cow Creek and Bella

Vista Dam on Little Cow Creek". Pertinent data on general

features of Bella Vista Dam and Reservoir are presented in

Table 4l. Estimates of capital costs, annual costs, and costs

per acre-foot of safe yield of Bella Vista Reservoir are shown

on Plate 19- These estimates for a 196,000-acre-foot reservoir

are, respectively, $16,300,000, $840,000, and $12.80.
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TABLE 41

GENERAL FEATURES OF A POSSIBLE
BELLA VISTA DAM AND RESERVOIR ON LITTLE COW CREEK

Dam site
Location Sec. 20, T32N, R3W, MDB&M
Stream Little Cow Creek
Elevation of stream bed, in feet 488

Dam
Type earthfill
Crest elevation, in feet 63O
Crest length, in feet 3,l60
Crest width, in feet 30
Height above stream bed, in feet 142
Freeboard above spillway crest, in feet ... 17
Side slopes, upstream 3-5:1

downstream 2.5:1
Volume of fill, in cubic yards 7.100,000

Reservoir
Drainage area, in square miles 123
Storage capacity, in acre-feet
Normal pool 196,000
Minimum pool 5.000

Elevation, in feet
Normal pool 613
Minimum pool 517

Surface area, in acres
Normal pool 4^400
Minimum pool 420

Type of spillway . . converging chute with stilling basin
Spillway discharge capacity, in second-feet . 30,000
Type of outlet . . welded steel pipe encased in concrete
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Vacacilla Project . The Vacacilla Project would

include Vacacilla Reservoir on Little Cow Creek, and the

Vacacilla- Palo Cedro Canal which would convey water to the

Cow Creek Bottoms on the west side of Cow Creek.

(l) Vacacilla Reservoir . This reservoir would

be created by construction of a dam on Little Cow Creek about

2 miles east of Bella Vista. Vacacilla Dam would be located

in Section 9, Township 32 North, Range 3 West, MDB&M. Stream

bed elevation at the dam site is about 5^0 feet.

Vacacilla Reservoir would be an alternative to Bella

Vista Reservoir as a source of local water supply, and could

meet a portion of ultimate water requirements of the Cow Creek

Bottoms.

A topographic map of the reservoir and dam site areas

was prepared for the United States Bureau of Reclamation by

the United States Geological Survey at a scale of 1 inch equals

800 feet, with a 10- foot contour interval. Reservoir area and

capacity data obtained from this map are shown on Plate 21,

entitled "Area, Capacity, Cost and Yield Relationships-

Vacacilla Reservoir".

Geologic exploration indicated that the dam site

would be suitable for construction of an earthfill dam not

exceeding about 80 feet in height. A number of saddles exist

along the west side of the reservoir area. One saddle has an

elevation of 6l8 feet, and two others about 6l9 feet. The axis

of the dam would be in a wide flat valley where the channels of
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Little Cow Creek and Salt Creek approximately parallel each

other. The foundation rock is hard, medium-grained sandstone,

with minor occurrence of interbedded clayey shale of the Chico

formation. Volcanic clayey gravel and semiconsolidated andesitic

mudflow of the Tuscan formation overlie the Chico formation

above an elevation of about 575 feet on both abutments, and

form the hills and terraces in the vicinity of the site.

An estimated average depth of 8 feet of alluvium and

2 feet of weathered bedrock would require removal from beneath

the channel section of the dam. About 3 feet of loose surface

material of the Chico formation, and about 15 feet of deeply

weathered material of the Tuscan sediments would have to be

stripped from the right abutment. Stripping in the flat portion

of the lower left abutment would include removal of about 5 feet

of flood plain material and about 2 feet of sandstone. Strip-

ping depth would decrease to about 2 feet near the contact

between the Chico and Tuscan sediments. A minimum of 5 feet of

soil and rock rubble of the overlying Tuscan sediments on the

left abutment would be stripped under the impervious section

of the dam.

Cost estimates were prepared for several heights of

earthfill dam at the Vacacilla site, and yield-cost curves

were developed. In each case the dam would have a crest width

of 20 feet, upstream slope of 3 to 1, and downstream slope of

2.5 to 1. Adequate quantities of construction materials, con-

sisting of gravels, sands, and clays of the Tuscan sediments,
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are available in the reservoir area within 1.5 miles of the dam

site. Aggregate would be obtained by processing materials of

the Tuscan sediments, or by hauling it from gravel sources near

Redding. Small quantities of riprap could be quarried from

sandstone of the Chico formation.

A side channel spillway would be located in the

ridge forming the right abutment. A concrete ogee weir would

control the spillway flows, which would be discharged into a

gully below the dam. A moderate amount of riprap would be

required on the toe of the dam to prevent erosion caused by

backwater from the spillway. The spillway discharge capacity

would be 37*000 second- feet. The maximum depth of water above

the spillway crest would be 8 feet, allowing an additional 5

feet of freeboard to the crest of the dam.

Studies were made of the relationship between safe

yield and storage capacity for releases of water on an irriga-

tion demand schedule. Results of yield studies are presented

as curves on Plate 21. For a reservoir with storage capacity

of 12,500 acre- feet, one of the sizes studied, the estimated

safe seasonal yield is about 13,100 acre-feet.

Several cattle ranches would be inundated by

Vacacilla Reservoir. Improvements in the area include resi-

dences, barns, miscellaneous farm buildings, and approximately

250 acres of land devoted to irrigated pasture. It would be

necessary to relocate about 0.5 mile of U. S. Highway 299.
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The general physical features of a Vacacilla Dam,

which would create a reservoir of 12, 500-acre-foot storage

capacity, are illustrated on Plate 20. Pertinent data on

general features of the dam are presented in Table 42.

TABLE 42

GENERAL FEATURES OP A POSSIBLE
VACACILLA DAM AND RESERVOIR

Dam site
Location Sec. 9, T32N, R3W, MDB&M
Stream Little Cow Creek
Elevation of stream bed, in feet 540

Dam
Type rockfill
Crest elevation, in feet 6l0
Crest length, in feet 1,120
Crest width, in feet 20
Height above stream bed, in feet 70
Freeboard above spillway crest, in feet 13
Side slopes, upstream 3:1

downstream 2.5:1
Volume of fill, in cubic yards 374,000

Reservoir
Drainage area, in square miles 101
Storage capacity, in acre-feet

Normal pool 12,500
Minimum pool 500

Elevation, in feet
Normal pool 597
Minimum pool 56l

Surface area, in acres
Normal pool 65O
Minimum pool 80

Type of spillway side channel
Spillway discharge capacity, in second- feet 37^000
Type of outlet . . . .welded steel pipe encased in concrete

Estimates of capital costs, annual costs, and cost

per acre-foot of safe yield of Vacacilla Reservoir are shown

on Plate 21. For a 12, 500-acre-foot reservoir, these estimates

are, respectively, about $2,140,000, $110,000, and $7.70.
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(2) Vacacllla-Palo Cedro Canal . The Vacacilla-

Palo Cedro Canal could deliver most of the water needed to meet

ultimate requirements of irrigable lands in the Cow Creek

Bottoms lying west of Cow Creek between Vacacilla Dam and the

Sacramento River. The alignment of the canal would extend

from Vacacilla Dam to Spring Creek near Palo Cedro. The canal

would have a discharge capacity of 55 second-feet at Vacacilla

Dam, and 25 second- feet at its terminus near Palo Cedro. The

capital cost of the canal was estimated to be $370,000.

The area south of Palo Cedro would obtain its future

water supply by means of an extension of the Vacacilla-Palo

Cedro Canal.

Salt Creek Reservoir . Salt Creek Reservoir would be

created by a dam on Salt Creek about 1 mile north of U. S.

Highway 299. The reservoir would be within the sites of

Vacacilla or Bella Vista Reservoirs. Salt Creek Dam would be

located in Section 34, Township 33 North, Range 3 West, MDB&M.

The stream bed elevation at the dam site is about 590 feet.

Salt Creek Reservoir could be a source of supplemental

water for irrigable lands in the Cow Creek Bottoms north of

Palo Cedro, and could be a minor alternative to Vacacilla

Reservoir as a source of water.

A topographic map of the Salt Creek Dam site and

reservoir area was prepared by the Department of Water Resources

at a scale of 1 inch equals 400 feet, with a contour interval

of 10 feet. Area and capacity data for the reservoir obtained
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from this map are presented on Plate 22, entitled "Area,

Capacity, Cost, and Yield Relationships-Salt Creek Reservoir".

Geologic exploration indicated that the Salt Creek

Dam site would be suitable for construction of a rockfill dam

not exceeding 75 feet in height . Bedrock at the dam site con-

sists of sandstone of the Chico formation with thin inter-

calated beds of shale. The bedrock dips about 7 degrees

downstream. Sandstone is exposed in the stream channel and in

places on the abutments. Average stripping depth on the abut-

ments would be about 5 feet, and stripping in the channel

section would be about 2 feet.

Cost estimate studies were prepared for three heights

of rockfill dam at the Salt Creek site, and yield and cost

curves were developed. In each case the dam would have a crest

width of 25 feet, upstream slope of 2.5 to 1, and downstream

slope of 2 to 1 . Adequate quantities of impervious and semi-

pervious alluvial materials are available from extensive flats

in the reservoir area and downstream from the dam. Materials

for filters, pervious sections, and aggregate would be obtained

by processing the semipervious materials, or from gravel sources

in the vicinity of Redding. Riprap would be quarried from the

hard, massive sandstone found at the dam site and in the reser-

voir area.

An unlined spillway with an ogee weir would be

located on the right abutment. The spillway discharge capacity

would be 6,000 second- feet. The maximum depth of water above

the spillway crest would be 4 feet, which would allow 4 feet of

freeboard between high water elevation and the crest of the dam.
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Diversion of stream flows during the construction

period would not be required, since Salt Creek is an intermit-

tent stream and would be dry for a period of at least four

months. There are no improvements in the reservoir area.

The general physical features of a Salt Creek Dam

which would impound 4,000 acre-feet of water, one of the sizes

studied, are illustrated on Plate 18. Pertinent data on

general features of Salt Creek Dam and Reservoir are presented

in Table 43.

Est: mates of capital costs, annual costs, and costs

per acre-foot of irrigation yield of Salt Creek Reservoir are

shown on Plate 22. These estimates for a 4, 000-acre-foot

reservoir are, respectively, about $550,000, $28,400, and $8.00,

The estimated seasonal irrigation yield of a reservoir of that

capacity would be about 3*600 acre- feet.
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TABLE 43

GENERAL FEATURES OF A POSSIBLE
SALT CREEK DAM AND RESERVOIR

Dam site
Location Sec. 34, T33N, R3W, MDB&M
Stream Salt Creek
Elevation of stream bed, in feet 590

Dam
Type rockfill
Crest elevation, in feet 650
Crest length, in feet 2,211
Crest width, in feet 25
Height above stream bed, in feet 60
Freeboard above spillway crest, in feet 8
Side slopes, upstream 2.5:1

downstream 2:1
Volume of fill, in cubic yards 172,600

Reservoir
Drainage area, in square miles 13
Storage capacity, in acre-feet
Normal pool 4,000
Minimum pool 500

Elevation, in feet
Normal pool 642
Minimum pool 6l3

Surface area, in acres
Normal pool 202
Minimum pool 50

Type of spillway chute
Spillway discharge capacity, in second- feet. . . 6,000
Type of outlet . . .welded steel pipe encased in concrete

Cow Creek Bottoms Service Area

The Cow Creek Bottoms service area includes irrigable

lands adjacent to Cow and South Cow Creeks, lying approximately

between Millville and Palo Cedro and the Sacramento River, as

shown on Plate 30. About 1,800 acres of an estimated 6,000

net irrigable acres are irrigated at the present time, by
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direct diversion from streams and pumping from ground water.

The estimated ultimate supplemental water requirement for

domestic and agricultural purposes is 14,000 acre- feet annually.

Ground water and surface stream flows were considered

as potential sources of water for future needs of the Cow Creek

Bottoms service area. Although present ground water develop-

ment in the area is minor, the limited data available indicate

that the supplemental water requirements could be met from

ground water sources. However, subsurface conditions in the

area are highly variable, and yields of individual wells are

uncertain. Well data for eleven irrigation wells in the Cow

Creek Bottoms have previously been presented in Table 6.

Surface storage projects were considered as alterna-

tives to ground water sources for this service area, as well

as for primary sources to be supplemented by ground water.

Reservoirs on Little Cow Creek, discussed under the Bella

Vista service area, could readily provide water to meet

requirements of lands adjacent to the main stem of Cow Creek

lying south of Palo Cedro. Reservoir sites were also considered

on South Cow, Old Cow, and Clover Creeks. Water developed on

these streams could be utilized within the entire service area.

Discussion of two potential reservoirs on South Cow Creek,

Millville, and Millvillito Reservoirs, follows.

Millville Reservoir . This reservoir would be created

by construction of a dam on South Cow Creek, approximately
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1 mile above its confluence with Old Cow Creek. Millville Dam

would be located in Section 17, Township 31 North, Range 2

West, MDB&M, about 0.5 mile upstream from a dam site considered

by the United States Bureau of Reclamation in 1945. Stream bed

elevation at the axis of the dam is about 600 feet.

The reservoir could regulate flows of South Cow Creek

and water diverted from Old Cow and Bear Creeks. It could

provide a water supply to the Cow Creek Bottoms and the Millville

Plains, as well as to areas outside the county. The reservoir

would be an alternative project to Millvillito Reservoir, planned

to provide water for use within the county only.

A topographic map of the dam site was prepared by the

Department of Water Resources at a scale of 1 inch equals 200

feet, with a contour interval of 10 feet. The reservoir area

is shown on the United States Geological Survey Millville

quadrangle at a scale ratio of 1 to 62,500, with a contour

interval of 40 feet. Reservoir area and capacity data shown

on Plate 24, entitled "Area Capacity, Cost, and Yield

Relationships-Millville Reservoir", were determined from a

manuscript copy of a portion of the United States Geological

Survey Millville quadrangle, at a scale ratio of 1 to 15>360,

with a contour interval of 40 feet.

Geology of the Millville Dam site was investigated

by the Department of Water Resources in 1959* and was found

to be suitable for a rockfill dam up to about 270 feet in

height. Shales, sandstones, and conglomerates of the Chico
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formation outcrop on both abutments and extend beneath the

channel. The Chico formations are overlain by semiconsolidated

clays, silts, sands, and gravels of the Tuscan and Tehama

sediments. About 30 feet of Nomlaki tuff occur near the base

of these sediments. A basalt lava flow caps the Tuscan-Tehama

sediments on both abutments. The shallow alluvium in the

stream channel consists of soil, sand, and gravel.

Stripping on both abutments and shaping in the channel

section would be necessary. Average stripping on the abutments

and in the channel section would be about 10 feet under

impervious materials, and less than 5 feet under pervious

materials. Soil cover and weathered sediments would comprise

most of the material to be removed on the abutments. Alluvium

and weathered Chico sediments would be removed from the channel

section.

Cost estimates were prepared for several heights of

earthfill at the site, and yield and cost curves were developed.

In each case the dam would have a crest width of 30 feet and

upstream and downstream slopes of 2 to 1. Adequate quantities

of impervious materials are available from gravel deposits

downstream from the dam site, and additional quantities of

impervious and semipervious materials are available in the

reservoir area. Riprap or rockfill could be quarried from

basalt flows near the dam site. Aggregate could be obtained

from the Sacramento River near Redding or by processing the

Tuscan-Tehama sediments.
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A lined spillway with an ogee weir would be located

on the ridge forming the left abutment. To dissipate energy

of the spillway flows, a flip bucket would be provided at the

end of the spillway chute. A spillway discharge capacity of

6,000 second- feet would be provided. The maximum depth of

water above the spillway crest would be about 19 feet, leaving

6 feet of freeboard to the crest of the dam.

Results of the yield studies are presented as

curves on Plate 24. For a reservoir with a storage capacity

of 124,000 acre-feet, the safe seasonal yield would be about

47,500 acre-feet, including about 11,000 acre-feet for stream

flow releases to maintain the resident fishery.

The reservoir would inundate eight ownerships. In

the reservoir area which is used for the raising of cattle,

sheep, and hogs, there are residences, barns, and farm buildings.

The general physical features of a Millville Dam

which would impound 124,000 acre- feet of water are illustrated

on Plate 25? entitled "Millvillito Dam on South Cow Creek and

Millville Dam on South Cow Creek". Pertinent data on general

features of Millville Dam and Reservoir are presented in

Table 44.

Estimated capital and annual costs, and costs per

acre-foot of safe yield of Millville Reservoir are shown on

Plate 24. These costs for a 124, 000-acre-foot reservoir would

be, respectively, about $7-500,000, $390,000, and $10.80.
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TABLE 44

GENERAL FEATURES OF A POSSIBLE
MILLVTLLE DAM AND RESERVOIR

Dam site—Location Sec. 17, T31N, R2W, MDB&M
Stream South Cow Creek
Elevation of stream bed, in feet 600

Dam
Type rockfill
Crest elevation, in feet 785
Crest length, in feet 1,650
Crest width, in feet 30
Height above stream bed, in feet 185
Freeboard above spillway crest, in feet 25
Side slopes, upstream 2:1

downstream 2:1
Volume of fill, in cubic yards 2,014,000

Reservoir
Drainage area, in square miles 78
Storage capacity, in acre-feet
Normal pool 124,000
Minimum pool 5,000

Elevation, in feet
Normal pool 760
Minimum pool 64-9

Surface area, in acres
Normal pool 1,790
Minimum pool 310

Type of spillway chute
Spillway discharge capacity, in second- feet. . . 6,000
Type of outlet steel pipe in diversion tunnel

Millvillito Reservoir . This reservoir would be

created by construction of a dam on South Cow Creek about 0.5

mile below its confluence with Old Cow Creek. The dam would

be located in Section 18, Township 31 North, Range 2 West,

MDB&M. Stream bed elevation at the axis of the dam is about

535 feet. Millvillito Reservoir could provide water to the

Cow Creek Bottoms and Millville Plains.
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A topographic map of the dam site was prepared by

the Department of Water Resources in 1957* at a scale of 1 inch

equals 200 feet, with a contour interval of 5 feet. The

reservoir area- capacity data shown on Plate 26, entitled "Area,

Capacity, Cost, and Yield Relationships-Millvillito Reservoir",

were estimated from the United States Geological Survey Millville

quadrangle, at a scale ratio of 1 to 62,500, with a contour

interval of 40 feet.

Geologic exploration indicated that the dam site

would be suitable for a rockfill dam of the heights under

consideration. However, further exploration of the foundation

would be required to determine the probable extent of leakage

in the abutments and in the foundation. Rock exposed in the

steep slopes of both abutments consists of hard, vesicular,

olivine basalt. The basalt flow is underlain by firm Tuscan

and tuffaceous clay and clayey gravel, and overlain by a thin

layer of Quaternary terrace gravel. The average thickness

of the basalt is about 35 feet. The contact between the

basalt and the Tuscan sediments is at an elevation of about

575 feet.

Stripping would be necessary in the stream channel

and on both abutments. About 10 to 15 feet of loose sand and

gravel would need to be stripped in the channel section,

about 5 feet of basalt rubble and float on the lower slopes

of the abutments, and about 3 feet of soil, rock rubble, and

jointed basalt on the upper slopes of the abutments. In
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general, although the Tuscan sediments in the area are semi-

pervious, permeable gravel and sand beds within the sediments

might cause at least moderate seepage in the foundation. In

the abutments, seepage through the Tuscan sediments and along

their contact with the basalt flow would probably occur.

Cost estimates were prepared for several heights of

rockfill dam at the Millvillito site, and yield and cost

curves were developed. In each case, the dam would have a

crest width of 25 feet, and upstream and downstream slopes of

2 to 1. Adequate amounts of construction materials for the

dam are available from borrow areas south of Millville, and

from smaller areas located about 0.25 mile southwest on the

left abutment.

A lined chute spillway would be constructed across

the ridge forming the right abutment. The spillway discharge

capacity would be about 55*000 second- feet, with a maximum

depth of water of 11 feet above the spillway crest, leaving

5 feet of freeboard between high water and the crest of the

dam. The spillway flows would be discharged into a ravine

and guided into the channel of South Cow Creek.

Results of the yield studies are presented as a

relationship of safe yield and storage capacity on Plate 26.

For purposes of illustration, general features of

a dam with a crest elevation of 640 feet are shown on Plate 25*

entitled "Millvillito Dam on South Cow Creek and Millville

Dam on South Cow Creek", and pertinent data on the general

features of the dam are presented in Table 45.
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TABLE 45

GENERAL FEATURES OF A POSSIBLE
MILLVILLITO DAM AND RESERVOIR

Dam site
Location Sec. 18, T31N, R2W, MDB&M
Stream South Cow Creek
Elevation of stream bed, in feet 535

Dam
"~f~ype

Crest elevation, in feet
Crest length, in feet
Crest width, in feet
Height above stream bed, in feet . . •

Freeboard above spillway crest, in feet
Side slopes, upstream

downstream
Volume of fill, in cubic yards ....

Reservoir
Drainage area, in square miles
Storage capacity, in acre- feet
Normal pool
Minimum pool

Elevation, in feet
Normal pool
Minimum pool

Surface area, in acres
Normal pool
Minimum pool

Type of spillway
Spillway discharge capacity, in second- feet. . .

Type of outlet . . . .welded steel pipe encased in

rockfill
640
760
25

105
16

2:1
2:1

268,000

159

12,700
1,000

624
576

300
70

chute
55,000

concrete

Estimated capital and annual costs, and costs per

acre- foot of safe yield of Millvillito Reservoir are shown on

Plate 26. For a 12,700-acre-foot reservoir, these costs would

be, respectively, about $1,300,000, $67,000, and $6.10.
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Urban Center Service Area

Although the Urban Center service area is shown with

definite boundaries on Plate 30, it should not be considered

as being delineated precisely. In general, it embraces the

anticipated expansion of the population centers of Redding

and Enterprise, and comprises about 20,000 to 25,000 acres of

urban and suburban lands. The service area extends from 2

miles north of Redding to Clear Creek, with the expected

development taking place on both sides of the Sacramento River.

In the year 2010 the population of the service area is expected

to be about 83,000. The estimated supplemental water require-

ment for domestic and industrial purposes is about 51,000

acre-feet annually.

At present the City of Redding pumps its water

supply from the Sacramento River. The Enterprise Public Utility

District pumps ground water from gravels adjacent to the

Sacramento River, and from the ground water basin underlying

the Churn Creek Bottoms. In the valley area between Redding

and Clear Creek, water supplies are generally obtained from

ground water sources.

One means of obtaining supplemental water to meet

future municipal and industrial needs of the service area

would be by diversion of water from the Spring Creek Tunnel of

the Trinity River Division of the Central Valley Project.

Alternative methods would include pumping water from the

Sacramento River to supply the City of Redding, and pumping
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ground water to supply Enterprise and the valley areas south

of Redding. However, ground water production is uncertain in

the Enterprise area, and the quality of ground water in the

valley area south of Redding is questionable because of water

pollution by sewage.

Spring Creek-Redding Conduit . The Spring Creek-

Redding Conduit would divert water from the Spring Creek

Tunnel, about 2 miles north of the town of Shasta, to a ter-

minal about 0.5 mile west of the Redding city limits, in

Section 32, Township 32 North, Range 5 West, MDB&M.

The terminal elevation of the Spring Creek-Redding

Conduit was taken for study purposes to be 1,000 feet, to

provide for anticipated future westward movement of population

into areas above the 750-foot contour, the present elevation

of the Redding settling reservoir. Water would flow through

the Spring Creek Tunnel and the Spring Creek-Redding Conduit

under the pressure head developed by the pool elevation in

Whiskeytown Reservoir.

With a normal minimum pool elevation of 1,190 feet

in Whiskeytown Reservoir, a 36- inch reinforced concrete pipe

would carry 42,000,000 gallons per day, enough to meet the

average daily water requirements of 60,000 persons during the

month of maximum demand. This population is about 72 percent

of the anticipated 2010 figure. Operation studies by the

United States Bureau of Reclamation show that if the drought
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period of the 1920' s and 1930' s occurred in the future, the

minimum pool elevation of Whiskeytown Reservoir would drop to

about 1,100 feet for a few months. Even under these short-term

adverse conditions, the conduit would carry 32,000,000 gallons

per day. This reduced capacity would result in a deficiency

of 10,000,000 gallons per day in the month of maximum demand,

and lesser deficiencies in three other months of summer and fall.

The estimated cost of the Spring Creek-Redding Conduit,

including a branch line to the town of Shasta, is $1,050,000.

The estimated annual cost, at a 4 percent interest rate, includ-

ing operation and maintenance, is about $69*000.

The City Council of Redding and the Board of Supervisors

of Shasta County sponsored a feasibility study of the Spring

Creek-Redding Conduit. The study was conducted by Clair A. Hill

and Associates, a consulting engineering firm, who prepared

a detailed feasibility report on this project for the Shasta

County Water Agency. The alignment and the estimated cost of

the Redding Conduit presented in the feasibility report are

essentially in agreement with the alignment and the estimated

cost of the project obtained during the Shasta County Investiga-

tion. In addition, the following statements are made in the

conclusions and recommendations of the above-described

feasibility report in regard to the Spring Creek-Redding

Conduit

:
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"F. From the standpoint of quantity, quality,
and cost, the Trinity Project as a source
of water for the Service Area is entirely
feasible.

"G. It is recommended that the project be
undertaken."

Anderson-Cottonwood Service Area

The Anderson-Cottonwood service area, as shown on

Plate 30, consists of the present area of the Anderson-

Cottonwood Irrigation District, and irrigable lands contiguous

to the district's western boundary, less the district's present

lands lying north of Clear Creek. The present water supply of

this service area is obtained from the Sacramento River by

gravity diversion to serve lands on the west side of the river,

and by pumping from the river to serve lands on the east side.

The estimated ultimate supplemental water requirement of the

area for agricultural, domestic, and industrial purposes is

about 87,000 acre-feet annually.

Studies of the Anderson-Cottonwood service area

indicated that the present water supply diverted into the main

canal of the Anderson-Cottonwood Irrigation District is

adequate to meet future needs of the service area.

Happy Valley Service Area

The Happy Valley service area, as shown on Plate 30,

includes the irrigable lands on the ridge tops between the

lower reaches of Clear and Cottonwood Creeks. Of an estimated

8,560 net irrigable acres within the service area, about 1,630
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acres were irrigated in 1955. At the present time the area

receives water service from the Happy Valley Water Company.

Supplemented with water stored in Rainbow Lake, the present

sources of water are flows diverted from the North Fork of

Cottonwood Creek and tributaries, and flows of the South Fork

of Clear Creek, The need for a more dependable water supply

in the service area was established in 1957 by the State

Public Utilities Commission in Decision No. 55447.

The estimated ultimate seasonal water requirement

in the service area is about 34,800 acre-feet for irrigation

purposes and 1,000 acre-feet for domestic purposes.

Studies of the Happy Valley service area indicated

that the existing water system does not meet present demands

of the area, and that construction of new reservoirs to pro-

vide supplemental water to be delivered by the existing

system would not be economically justified. Consequently, in

planning for future water service, it was assumed that the

present system would be abandoned below Igo, and that water

presently being used in Happy Valley would be used in the Igo-

Ono service area. The ground water resources of the Happy

Valley service area are limited, and are estimated to be only

partially sufficient to supply domestic demands in the area.

Studies were made of plans to obtain a water supply

for the Happy Valley service area from Hulen Reservoir on the

North Fork of Cottonwood Creek. However, delivery of water to

Happy Valley from Hulen Reservoir would require an extensive

conveyance system and a 230- foot pump lift.
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It was found that the cost of water from the Trinity

River Division of the Central Valley Project would be less than

the estimated cost of water from Hulen Reservoir, Hulen Reser-

voir is discussed in more detail in the section on the Cottonwood

Creek service area.

Trinity River Division of the Central Valley Project .

Studies were made of means of obtaining a water supply for the

Happy Valley service area from the Trinity River Division of

the Central Valley Project currently under construction by the

United States Bureau of Reclamation. The three means considered

were: (l) diversion of water from Whiskeytown Reservoir and a

gravity conduit to Happy Valley; (2) release of water from

Whiskeytown Reservoir into Clear Creek and pumping from Clear

Creek near Happy Valley; and (3) pumping of water from an

enlarged Saeltzer Reservoir on Clear Creek. The first two

plans were found to be comparable, and superior to the plan

for pumping water from the enlarged Saeltzer Reservoir. Because

the United States Bureau of Reclamation is currently conducting

project planning studies for the Happy Valley service area, and

because economic analysis of such a project would require

integration with the whole of the Central Valley Project, only

general descriptions of the first and second plans for utiliza-

tion of Trinity River Division water are presented in this section.

(1) Whiskeytown-Happy Valley Conduit . This con-

duit, with a capacity of 130 second-feet, would extend from
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Whiskeytown Dam to Harbison Reservoir, an existing regulating

reservoir at the upper end of the Happy Valley distribution

system. The conduit would be l^A miles long, and would consist

of 12.5 miles of canal, 1.9 miles of flume, and 1 mile of

siphon. From Whiskeytown Dam the conduit would be located on

the east side of Clear Creek to a point about 1.5 miles north

of Igo. It would then cross Clear Creek and would continue

southward to a point slightly east of Igo. The conduit would

then essentially follow the alignment of the existing Happy

Valley ditch to Harbison Reservoir. The conduit could deliver

25,000 acre-feet of water annually on an irrigation demand

schedule. A conduit of this capacity would be a partial

solution to the water problems in Happy Valley. Allowance

could be made for future construction of storage enroute, so

that the ultimate water needs could be met.

The estimated capital cost of the Whiskeytown-Happy

Valley Conduit is about $1% 930, 000, and the annual costs about

$122,000. The charge for water at Whiskeytown Reservoir by

the Bureau of Reclamation would have to be added to this annual

cost. However, if the conduit were built by the Bureau of

Reclamation and incorporated into the Central Valley Project,

all annual costs would be covered by an overall water service

charge

.

(2) Pumping from Clear Creek . Water from the

Trinity River Division of the Central Valley Project could be
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released from Whiskeytown Reservoir into Clear Creek, and could

be lifted about 250 feet from Clear Creek near Saeltzer Reser-

voir to the service area distribution system. This supply would

be available to all but the most westerly higher lands of the

service area. These higher lands could utilize the present

water supply from the North Fork of Cottonwood Creek until this

supply is needed in the Igo-Ono area, at which time water from

Clear Creek could be relifted to supply the higher lands.

The plan to pump water of the Trinity River Division

from Clear Creek lends itself to staged development, and

consequently would entail lesser initial capital expenditures.

Igo-Ono Service Area

The Igo-Ono service area, as shown on Plate 30,

consists of irrigable lands in the North Fork Cottonwood Creek

Basin, between the Happy Valley Canal and the North Fork of

Cottonwood Creek. About 400 acres of an estimated 3,800 net

irrigable acres are irrigated at the present time. The present

water supply is obtained by means of the Happy Valley Canal

and a few small farm reservoirs. The estimated ultimate supple-

mental water requirement for irrigation of this service area

is about 16,800 acre-feet per season.

Studies indicated that the 6,100 acre-feet of water

per season exported to Happy Valley by means of the Happy Valley

Canal, could be used to meet a portion of the supplemental

water requirements of the Igo-Ono service area, if the Happy
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Valley service area could obtain water from another source. Farm

reservoirs in the Igo-Ono service area could also develop water

to meet a portion of the supplemental requirement. In addition,

several potential reservoir sites, ranging from 5*000 to

10,000 acre-feet in storage capacity, were found on streams

intersected by the Happy Valley Canal.

Reconnaissance cost estimates indicated that

Shoemaker Reservoir would be suitable for initial construction

to increase the yield of the existing system, as shown on

Plate 14. Petty Butte Reservoir could provide supplemental

domestic water supplies to either the Igo-Ono or Happy Valley

service areas.

Shoemaker Reservoir . Shoemaker Reservoir would be

located on the North Fork of Cottonwood Creek upstream from

Rainbow Lake. Shoemaker Dam would be located in Section 20,

Township 31 North, Range 7 West, MDB&M. Stream bed elevation

at the dam site is 2,040 feet.

It was estimated that about 10,000 acre-feet of

storage capacity on the North Fork of Cottonwood Creek would

provide an irrigation yield of about 10,000 acre-feet per

season on an irrigation demand schedule. Of this amount, it

was assumed that approximately 3*000 acre- feet would be avail-

able in the existing Rainbow Lake, leaving 7*000 acre- feet to

be created by a dam at the Shoemaker site.

A preliminary cost estimate was made of a reservoir

at the Shoemaker site with a net storage capacity of 7,000

-207-



acre- feet. It would be created by an earthfill dam 180 feet

in height, with side slopes of 4 to 1 upstream and 2.5 to 1

downstream. The crest length and width of the dam would be

1,440 feet and 30 feet, respectively. The total volume of

fill would be about 3,500,000 cubic yards. The spillway

discharge capacity would be about 8,500 second- feet. The

capital cost of this project was estimated to be $4,700,000.

The corresponding annual cost was estimated to be about

$239,000. The annual cost per acre-foot of irrigation yield

from the reservoir would be about $34.00.

Petty Butte Reservoir . Petty Butte Reservoir would

be located on the South Pork of Clear Creek near the town of

Igo. The dam site would be in Section 20, Township 31 North,

Range 6 West, MDB&M. Stream bed elevation at the dam site is

about 1,070 feet.

A preliminary cost estimate was made of an earthfill

dam 100 feet in height, with side slopes of 4 to 1 upstream

and 2.5 to 1 downstream. The capital cost of this project,

with 2,400 acre-feet of storage capacity, which was determined

to essentially equal the firm seasonal yield, was estimated to

be about $757,000. The corresponding annual cost was estimated

to be about $39,000. The annual cost per acre-foot of firm

yield from the reservoir would be about $16.00.
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Bee Creek Service Area

The Bee Creek service area, as shown on Plate 30,

includes irrigable lands situated between the Bee Creek Ditch

and the North Fork of Cottonwood Creek. Prior to December 1955

there was a small diversion structure on the North Fork that

raised the stream level enough to divert water into the Bee

Creek Ditch. Land use studies show that about 140 acres were

irrigated from this ditch. In the flood of 1955 the diversion

structure washed out and at last report has not been replaced.

There are about 600 net irrigable acres in the service area, and

it is estimated that the ultimate supplemental water require-

ment is about 2,200 acre-feet seasonally.

The source of water considered for future needs of

the service area was stream flow conserved by reservoirs.

Several sites suitable for surface storage were found on the

North Fork of Cottonwood Creek, as well as on its tributaries,

Jerusalem, Moon Fork, and Ducket Creeks, Studies indicated

that a single development, Bee Creek Reservoir, could meet the

ultimate water requirements of the service area.

Bee Creek Dam would be located on the North Fork of

Cottonwood Creek in Section 9, Township 30 North, Range 7 West,

MDB&M, approximately 2 miles west of Ono. Stream bed elevation

at the dam site is 1,070 feet. A preliminary cost estimate was

made for a rockfill dam 90 feet in height, which would create

a reservoir with 3,300 acre- feet of storage capacity. The

capital cost of this project was estimated to be about $722,000.
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The corresponding annual cost would be about $37*000, and the

annual cost per acre- foot for the estimated 3,300 acre- feet

of seasonal irrigation yield would be about $11.00.

Cottonwood Creek Service Area

The Cottonwood Creek service area, as shown on

Plate 30, includes irrigable lands on the north side of

Cottonwood Creek, and extends from the boundary of the

Anderson-Cottonwood Irrigation District to the junction of the

North and Middle Forks of Cottonwood Creek. Of an estimated

6,100 net irrigable acres, approximately 400 acres are irrigated

at the present time by direct diversion of stream flows and

by pumping from a few wells in the area. The estimated ultimate

supplemental water requirement of the service area is about

20,600 acre- feet seasonally.

Delivery of water to the Cottonwood Creek service

area was found to be possible from Hulen Reservoir or from

Whiskeytown Reservoir, a feature of the Clear Creek Unit of

the Trinity River Division of the Central Valley Project.

However, available data indicated that ground water is probably

the best source to meet most of the ultimate water requirements

of the service area.

Hulen Project . The Hulen Project would include

Hulen Reservoir on the North Fork of Cottonwood Creek, and the

Hulen-Cottonwood Creek Conduit which would convey water from

the reservoir to the service area.
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(l) Hulen Reservoir , Hulen Reservoir would be

created by construction of a dam on the North Pork of Cotton-

wood Creek, about 5 miles north of its confluence with the

Middle Fork of Cottonwood Creek. The dam would be located in

Section 16, Township 30 North, Range 6 West, MDB&M. Stream

bed elevation at the dam site is about 660 feet. A saddle

dam on the east side of the reservoir, less than 1 mile north-

east of the main dam, would be required at an elevation of

about 835 feet.

Hulen Reservoir could provide an irrigation water

supply to the Cottonwood Creek service area, and could enhance

flows of the North Fork and main stem of Cottonwood Creek

during normally low-flow summer and fall months. Any regulated

yield that might prove to be surplus to the local requirements

could be utilized in areas south of Shasta County.

Topographic maps of the dam site and reservoir area

were prepared by the United States Bureau of Reclamation

in 19^5, at a scale of 1 inch equals 200 feet and with a con-

tour interval of 10 feet, and at a scale of 1 inch equals 500

feet with a contour interval of 10 feet, respectively. Area

and capacity data for Hulen Reservoir, derived from the map of

the reservoir area, are presented on Plate 28, entitled "Area,

Capacity, Cost, and Yield Relationships-Hulen Reservoir".

Surface geologic mapping and limited subsurface

exploration of the dam site were made in the fall of 19^5 by

the United States Bureau of Reclamation, The surface mapping
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was reviewed by the Department of Water Resources during the

Shasta County Investigation. In addition, analyses of soil

samples were made to ascertain the suitability of soils for

use as construction materials.

Based on the foregoing geologic studies, the Hulen

Dam site was found to be suitable for an earthfill dam over

200 feet in height. Foundation rocks are shales, sandstones,

and conglomerates of the Chico formation. The rocks strike

across the channel of the North Pork of Cottonwood Creek and

dip about 20 degrees downstream. Alluvium in the channel area

is believed to be less than 10 feet deep throughout the

foundation area of the dam. Small remnants of terrace gravels

are found in the canyon walls.

Stripping would be required under both the pervious

and impervious fill in the abutments and channel section. On

the abutments an estimated average depth of 5 feet of soil

would be stripped under the pervious fill, and an average of

35 feet of weathered and jointed bedrock would be stripped

under the impervious fill. Less than 10 feet of alluvial

materials would be removed from the channel section. Moderate

grouting would probably be required along the axis of the dam.

Designs and cost estimates were prepared for

several heights of earthfill dam at the site, and yield and

cost curves were developed. In each case, the dam would have

a crest width of 30 feet, upstream slope of 3 to 1, and down-

stream slope of 2.25 to 1. The impervious core would have a
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crest width of 10 feet and side slopes of 0,5 to 1 upstream

and downstream. The impervious fill would consist of old

terrace deposits available less than 2 miles northeast of the

dam site, and the pervious fill would be obtained from dredger

tailings and stream gravels in the vicinity of Gas Point, less

than 3 miles from the dam site. Materials from the spillway

were considered for the pervious fill, but were found to be

unsuitable. The small quantities of riprap needed in the

embankment could be quarried from granodiorite deposits near

Igo, less than 3 miles north of the dam site.

A lined side- channel spillway would be constructed

on the right abutment. The spillway discharge capacity would

be about 32,000 second- feet, with a maximum depth of water of

7 feet above the spillway crest, providing an additional 6

feet of freeboard between maximum water elevation and the crest

of the dam.

Preliminary yield studies of Hulen Reservoir

indicated that a storage capacity of 92,000 acre- feet would

provide yield to meet the water needs of the Cottonwood Creek

service area and the requirements for stream flow maintenance.

Results of yield studies are presented as curves on Plate 28.

For a 92,000-acre-foot reservoir, the estimated safe seasonal

irrigation yield would be about 21,200 acre- feet, and an

additional 7,200 acre- feet per season would be provided for

stream flow maintenance. However, recent records of stream

flow near the Hulen Dam site, obtained by the department
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subsequent to the Shasta County Investigation, indicate runoff

values higher than the estimates used in these studies.

The general features of a dam 200 feet in height,

impounding 92,000 acre-feet of water, are shown on Plate 27,

entitled "Hulen Dam on North Fork Cottonwood Creek". Pertinent

data on general features of the dam and reservoir are presented

in Table 46. Estimates of the capital and annual costs of

Hulen Dam and Reservoir, as well as the annual costs per acre-

foot of safe yield, are shown as curves on Plate 28. These

costs, for the reservoir of 92,000-acre-foot storage capacity,

are, respectively, about $5,644,000, $297,000, and $14.

(2) Hulen-Cottonwood Creek Conduit . For purposes

of planning studies, the irrigable lands of the Cottonwood

Creek service area were subdivided into five subareas. These

subareas are shown on Plate 14. A lined canal starting at

Hulen Dam, with an initial capacity of 93 second-feet, would

convey water to the service area. The conduit capacity would

then decrease in passing through each subarea. The last

section of the main conduit would have a capacity of 16 second-

feet, and would terminate at a creek about 2.5 miles east of

Cottonwood. The main conduit would have a total length of

about 19 miles, and would convey water along the upper and

northern side of the service area. The estimated capital cost

of the main conduit is about $1,570,000, and the corresponding

estimate of annual costs, including operation and maintenance,

is about $89,000.
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TABLE 46

GENERAL FEATURES OF A POSSIBLE
HULEN DAM AND RESERVOIR

Dam site
Location Sec. 16, T30N, R6W, MDB&M
Stream North Fork Cottonwood Creek
Elevation of stream bed, in feet 660

Dam
Type zoned earthfill
Crest elevation, in feet 860
Crest length, in feet 1,190
Crest width, in feet 30
Height above stream bed, in feet 200
Freeboard above spillway crest, in feet. ... 13
Side slopes, upstream 3:1

downstream 2.25:1
Volume of fill, in cubic yards 2,249,800

Reservoir
Drainage area, in square miles 864
Storage capacity, in acre-feet
Normal pool 92,000
Minimum pool 1,000

Elevation, in feet
Normal pool 847
Minimum pool 715

Surface area, in acres
Normal pool 1,990
Minimum pool . . . . , 20

Type of spillway side channel
Spillway discharge capacity, in second- feet. . 32,000
Type of outlet . . . .welded steel pipe encased in concrete

Enlarged Whiskeytown-Happy Valley Conduit , Enlarge-

ment and extension of the potential Whiskeytown-Happy Valley

Conduit would be a possible method of delivering water to the

Cottonwood Creek service area. Preliminary estimates indicated

that the increased capital cost of an enlarged Whiskeytown-

Happy Valley Conduit, and the capital cost of a Happy Valley-

Cottonwood Creek Conduit, which would make water available
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along the upper edge of the service area, would total about

$1,956,000. The corresponding annual cost would be about

$133*000. The latter value does not include charges by the

United States Bureau of Reclamation for water at Whiskeytown

Reservoir.

Ground Water Development . As indicated heretofore,

ground water development appears to be the best source of

water to meet future needs of the Cottonwood Creek service

area. The five subareas of the irrigable lands used in planning

the Hulen-Cottonwood Creek Conduit were also utilized in making

ground water studies. Theoretical pumping analyses indicated

that each subarea could supply an amount of ground water equal

to its ultimate seasonal requirement without overdraft. Based

on the data available, well yields of 1,000 gallons per minute

were assumed for two of the subareas, and of 500 gallons per

minute for the remainder of the service area, as shown in

Table 47. The table also shows data pertinent to present and

future ground water use and cost of ground v/ater development in

the service area. Information on the costs of pumping from

ground water, including amortization of the wells, pumps, and

motors, and annual charges for power, operation, and mainten-

ance, was taken from a 1956 publication of the Shasta County

Water Resources Board, entitled "What is Water Worth?". The

seasonal costs per acre for ground water development were
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estimated on the assumptions that the average applied water

requirement is about 4 acre-feet per acre seasonally, and that

average pumping lifts are as presented in Table 47.

Hydroelectric Power Developments

The streams in Shasta County which would be affected

by projects for the primary purpose of generating hydroelectric

power are the Pit and McCloud Rivers. A discussion of such

developments is presented in this section. Tables in Appendix

C describe features of existing (1958) power developments.

Pit River Development

The existing hydroelectric power generating facilities

on the Pit River are the Pit Nos. 1, 3* 4, and 5 plants of the

Pacific Gas and Electric Company. The proposed generating

facilities are the Pit Nos. 2, 6, and 7 plants planned by the

same agency. The Pacific Gas and Electric Company system

utilizes water of the Pit River and its tributaries, Fall River

and Hat Creek, and, when completed, will develop the power

head between Fall River and Shasta Lake. The Pit Nos. 6 and 7

power plants will also utilize water conveyed from the McCloud

River to the Pit River.

Pit No. 2 Project . The basic features of the proposed

Pit No. 2 Project will be a forebay located below the Pit No. 1

plant, a conduit to convey Pit and Fall Rivers waters from the

forebay to the Pit No. 2 plant, and this new plant to be

located at the upstream end of Lake Britton. The static head
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of the power plant will be 98 feet, and the installation will

have a capacity of 14,000 kilowatts and an average annual

power generation of about 95*000,000 kilowatt-hours.

Pit No. 6 Project . The proposed Pit No. 6 Project

will be located downstream from the Pit No. 5 and McCloud-Pit

power plants. The basic features will be a dam and reservoir

on the Pit River, and the new Pit No. 6 power plant at the base

of the dam. The concrete gravity dam will be 165 feet in

height, and will create a reservoir with gross storage capacity

of about 15,700 acre-feet, and net storage capacity of about

11,600 acre-feet. The static head of the power plant will be

155 feet. The two-generator installation will have a capacity

of 7^,000 kilowatts, and an average annual power generation of

323,000,000 kilowatt-hours.

Pit No. 7 Project . The proposed Pit No. 7 Project

will be located upstream from the Pit River arm of Shasta Lake.

Its basic features will consist of a dam and reservoir on the

Pit River, the Pit No. 7 power plant at the base of the dam,

and an afterbay dam and reservoir. The concrete gravity dam

will be 230 feet in height, and will create a reservoir with

gross capacity of about 34,000 acre-feet, and net storage

capacity of about 16,500 acre-feet. The static head of the

power plant will be about 205 feet. The installation will have

a capacity of 100,000 kilowatts, and an average annual power

generation of 449,000,000 kilowatt-hours. The afterbay below
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the Pit No. 7 plant will be inundated by Shasta Lake when the

lake is full.

McCloud-Pit Development

The McCloud-Pit Development, proposed by the Pacific

Gas and Electric Company, will make use of McCloud River waters

to develop power through the 1,615 feet of head between the

proposed McCloud River Reservoir and Shasta Lake. The power

head will be developed by operating the new McCloud-Pit power

plant in conjunction with the Pit Nos. 6 and 7 projects. The

total installed capacity of the McCloud-Pit and Pit Nos. 6 and

7 power plants will be 330,000 kilowatts.

The principal features of the McCloud-Pit Development

will consist of the McCloud Diversion Dam and Reservoir on the

McCloud River, the McCloud Tunnel between McCloud and Iron

Canyon Reservoirs, the Hawkins Creek Diversion Dam and Feeder

(an intake structure) on Hawkins Creek, the Iron Canyon Dam

and Reservoir on Iron Canyon Creek, the Iron Canyon Tunnel

between Iron Canyon Reservoir and the McCloud-Pit power plant,

and the McCloud-Pit power plant on the Pit River.

The McCloud Diversion Dam will be located in Section

27, Township 38 North, Range 2 West, MDB&M, upstream from the

junction of the McCloud River and Lizard Creek. The concrete

arch dam will be about 235 feet in height above stream bed,

and will impound approximately 35,300 acre-feet of water. The

effective storage capacity of the reservoir will be about
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31,000 acre-feet, between the normal pool elevation of 2,680

feet and the minimum water surface elevation of 2,578 feet

(Pacific Gas and Electric Company datum).

The McCloud Tunnel will be a pressure tunnel about

7.7 miles in length. The intake structure will be located

immediately upstream from the McCloud Diversion Dam. The

maximum flow capacity of the tunnel will be about 1,750 second-

feet. A shaft will divert Hawkins Creek water into the McCloud

Tunnel at the Hawkins Creek Diversion Dam. The outlet portal

of the tunnel will be at Iron Canyon Reservoir.

The Hawkins Creek Diversion Dam, a timber crib

structure, will be located on Hawkins Creek, in Section 36,

Township 38 North, Range 2 West, MDB&M, about 1 mile southeast

of the junction of Hawkins Creek and the McCloud River. The

diversion dam will be about 16 feet in height above the stream

bed. Hawkins Creek water will be diverted through an intake

structure upstream from the dam into the McCloud Tunnel by means

of an inclined shaft.

Iron Canyon Dam will be on Iron Canyon Creek, a

tributary of the Pit River, in Section 21, Township 37 North,

Range 1 West, MDB&M, about 4 miles north of the existing

Pit No. 5 power plant. The dam will be an earthfill structure

about 175 feet in height above stream bed, and will impound

approximately 24,400 acre-feet of water. The effective storage

capacity of the reservoir will be about 24,000 acre-feet.
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The Iron Canyon Tunnel will be a pressure tunnel

about 2.4 miles in length. The intake structure will be

immediately upstream from Iron Canyon Dam. At the terminus

of the tunnel about 3*000 feet of penstock will extend to

the McCloud-Pit power plant. The maximum flow capacity of

the tunnel will be about 1,800 second-feet.

The McCloud-Pit power plant will be on the right

bank of the Pit River, in Section 3, Township 36 North, Range

1 West, MDB&M, about 1.5 miles upstream from the existing

Pit No. 5 power plant. The maximum static head of 1,217 feet

will be developed between the water surface of Iron Canyon

Reservoir at spillway crest elevation of 2,665 feet, and the

McCloud-Pit power plant tailwater on the Pit River at an

elevation of 1,448 feet. The installation will have a capacity

of 156,000 kilowatts, and an average annual power generation

of 640,000,000 kilowatt-hours.

Export Developments

Proposals for developing the water resources of

several streams in Shasta County for export to .other areas

of the State were included in The California Water Plan. The

Millville and Bella Vista proposals on Cow Creek and the Hulen

proposal on Cottonwood Creek, have export potential and were

discussed in connection with water resources developments for

Shasta County. Other projects having potential for developing
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water for export purposes are found on Clear and Battle Creeks

and the Sacramento River. Discussions of these proposals are

presented in this section.

Clear Creek Development

The Clear Creek Development would be an integral

part of a system of works designed to conserve surplus water

of the Klamath, Trinity, Van Duzen, and Mad Rivers, and the

South Fork of the Smith River, and to convey these waters to the

Sacramento Valley. The works would also be operated for genera-

tion of hydroelectric energy, flood control, preservation of fish

and wildlife, and recreation. This system would consist of a

series of dams, reservoirs, power plants, and conveyance

facilities, and their operation would be coordinated with that

of the Trinity River Division of the Central Valley Project. The

Clear Creek Development was contemplated primarily to utilize

the available power head between Whiskeytown Reservoir of the

Central Valley Project and Iron Canyon Reservoir, the dam for

which would be located on the Sacramento River about 10 miles

south of the Shasta County line.

The Clear Creek Development would involve construc-

tion of Kanaka and Saeltzer Dams on Clear Creek in the Sacramento

River Basin and an appurtenant power plant at each of the dams.

Kanaka Dam and Reservoir, impounding water delivered from
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Burnt Ranch Reservoir, as well as runoff from Clear Creek,

would be located on Clear Creek about 8 miles east of Redding.

Water released from Kanaka Reservoir would flow through the

Kanaka power plant, located near the base of the dam, into

Saeltzer Reservoir located immediately downstream. Saeltzer

Diversion Dam, about 6 miles upstream from the confluence of

Clear Creek with the Sacramento River, and would function primar-

ily for development of the remainder of the power head on Clear

Creek below Kanaka Dam. The final generation of energy in this

system of works would be accomplished by the Saeltzer power

plant, located at the base of Saeltzer Dam.

Alternative plans for projects on north coastal

streams are currently under intensive study by the Department

of Water Resources.

Battle Creek Development

The Battle Creek Diversion Works on Battle Creek

would be part of conservation and flood control development,

involving the regulation of Battle and Paynes Creeks flows

and construction of Wing Reservoir on Inks Creek for offstream

storage. Except for stream flow maintenance for fish on lower

reaches of the stream channels, there would be no local use of

developed water supplies of Battle and Paynes Creeks. Spills

from Battle Creek and winter runoff from Paynes Creek would be



diverted through large-capacity flood channels into Wing

Reservoir.

The Battle Creek Diversion Works would consist of a

230-foot dam located about 6 miles upstream from the Coleman Fish

Hatchery. The reservoir created by construction of the dam would

have a net storage capacity of about 36,000 acre-feet. The

diversion flood channel would be 2. 5 miles in length, and would

divert maximum flows of about 60,000 second-feet.

The Paynes Creek Diversion Works would consist of a

dam, 100 feet in height, located about 9 miles upstream from the

Sacramento River. The reservoir created by construction of the

dam would have no operating storage. The diversion flood

channel would be 1.^) miles in length, and would divert maximum

flows of about 30,000 second-feet.

Wing Reservoir would have a storage capacity of

about 240,000 acre-feet. All releases from Wing Reservoir

would flow into Iron Canyon1 Reservoir for further downstream

regulation and use, including generation of electrical energy.

Sacramento River Development

The Sacramento River development, as described in

The California Water Plan, would provide conservation of water,

flood control, and would develop the available power head

between Keswick Dam and Red Bluff. The development
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would consist of Redding Diversion Dam and Reservoir near

Redding, and the Redding Conduit; Girvan Reservoir, and the

Anderson Conduit; and Iron Canyon Dam and Reservoir, and the

appurtenant power plant. The Redding Diversion Dam, a structure

30 feet in height, would be constructed and operated to divert

the stream flow southward through the Redding Conduit to Girvan

Reservoir on Clear Creek, where a junction would be made with

the imported waters of the Klamath-Trinity Division. From Girvan

Reservoir the combined flow would be further conveyed about 11

miles southerly through the Anderson Conduit to the Cottonwood

power plant, located about 2 miles northeast of the town of

Cottonwood. Releases from the Cottonwood power plant would enter

the Cottonwood Creek arm of Iron Canyon Reservoir through an

excavated tailrace channel about 1 mile in length. The water

would then flow about 18 miles through the 950,000-acre-foot

reservoir to Iron Canyon Dam, and through the Iron Canyon power

plant near the base of the dam, into the proposed Redbank Diversion

Reservoir of the United States Bureau of Reclamation, all on the

Sacramento River near Red Bluff.

Water Rights

Shasta County is the site of large-scale water resources

development for export to water-deficient areas of the State.

As a consequence, the county is concerned with protection

and reservation of water to meet its own future needs. The

laws that provide such protection and reservation, and

their applicability to Shasta County are discussed in this
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section. In addition, existing water rights that affect

planning for local water development are discussed.

County of Origin and Watershed Protection Statutes

The county of origin law, Section 10505 of the Water

Code, relates only to state water right applications. A state

application is one that is filed by the State for water which

may be required to develop or complete any part of a general

or coordinated plan looking toward the development, utiliza-

tion, or conservation of the water resources of the State

(Section 10500, Water Code, 1959).

Section IO505 provides:

"10505. No priority under this part shall be
released nor assignment made of any application that
will in the judgment of the commission, deprive the
county in which the water covered by the application
originates of any such water necessary for the develop-
ment of the county."

The areas in which water originates are afforded

further protection by the provisions of Section 11460 of the

Water Code. This section provides:

"11460. In the construction and operation by
the department of any project under the provisions
of this part a watershed or area wherein water
originates, or an area immediately adjacent thereto
which can conveniently be supplied with water there-
from shall not be deprived by the department directly
or indirectly of the prior right to all of the water
reasonably required to adequately supply the bene-
ficial needs of the watershed area, or any of the
inhabitants or property owners therein."

The only state applications that affect water supplies

for Shasta County are those that were assigned to the Bureau

of Reclamation for the Federal Central Valley Project. They
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are Applications Nos. 5625, 5626, and 9363 through 9368.

Together these applications seek the appropriation of up to

6,500,000 acre-feet of water per annum by storage at Shasta

Dam, and between 22,000 and 24,000 cubic feet per second by

direct diversion from the Sacramento River and channels of

the Sacramento-San Joaquin Delta. These applications were

assigned to the United States in two groups in 1938 and 1952.

Since very substantial quantities of water originate in Shasta

County that are physically available to satisfy these applica-

tions, the reservations that were made in the assignments for

the benefit of the counties of origin are significant.

Applications Nos. 5625, 5626, 9364, and 9365 were

assigned to the United States for the Federal Central Valley

Project on September 3> 1938. The following reservation was

included in the assignment:

". . .subject to depletion of the stream flow
above Shasta (formerly Kennett) Dam by the exercise
of lawful rights to the use of water for the purpose
of development of the counties in which such water
originates, whether such rights have been heretofore
or may be hereafter initiated or acquired, such
depletion not to exceed in the aggregate four million
five hundred thousand (4,500,000) acre-feet of water
in any consecutive ten-year period, and not to exceed
a maximum depletion in any one year in excess of
seven hundred thousand (700,000) acre-feet."

This reservation applies to the drainage area above Shasta

Dam, including portions of Modoc, Lassen, Shasta, and Siskiyou

Counties

.

The quantities of water reserved are such that the

portion of Shasta County located above Shasta Dam appears to

be fully protected as against the operator of the Central
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Valley Project. The drainage area located below the dam is

not protected by this reservation. It is, however, included

in the reservation contained in the assignment of Applications

Nos. 9363, 9366, 9367, and 9368, made on March 6, 1952. This

reservation is as follows:

". . .subject, however in conformity with Section
10505 of the Water Code of the State of California,
to any and all rights of any county in which the water
sought to be appropriated originates to the extent
that any such water may be necessary for the develop-
ment of such county."

Shasta County's interests are affected by operation

of the Central Valley Project. By its terms, Section 11128 of

the Water Code makes the watershed protection statute appli-

cable to the United States. It reads:

"11128. The limitations prescribed in Section
11460 and 11463 shall also apply to any agency of
the State or Federal Government which shall under-
take the construction or operation of the project,
or any unit thereof, including, besides those
specifically described, additional units which are
consistent with and which may be constructed,
maintained, and operated as a part of the project
and in furtherance of the single object contemplated
by this part."

Shasta Dam is, of course, a feature of the Federal

Central Valley Project. The Trinity River Division, consisting

of Trinity and Whiskeytown Dams and Reservoirs and related

works, is also part of the Federal Central Valley Project.

However, the Trinity River Division has never been made a part

of the State Central Valley Project. This fact creates an

ambiguity as to whether the county of origin law is applicable

to this portion of the federal project. A portion of Shasta
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County is capable of being served from the Trinity River

Division of the federal project.

Appropriative and Adjudicated Water Rights

There are many water rights along the Sacramento River

and its tributaries in Shasta County. Those rights which have

been adjudicated and those held by the Pacific Gas and Electric

Company are discussed in this section.

Drainage Area Below Shasta Dam. Certain tributaries

of Cow Creek and the North Fork of Cottonwood Creek are included

in two state watermaster service areas . The Cow Creek tribu-

taries are Cedar Creek, North (Little) Cow Creek, Clover Creek,

and Oak Run Creek. Adjudications cover the water rights on

these streams.

The water rights of the Pacific Gas and Electric

Company for two power plants on Cow Creek and four power plants

on Battle Creek were established before the effective date of

the Water Commission Act in 191^. Any development above these

plants would either have to be operated so as not to impair

these rights, or arrangements would have to be made to purchase

rights from the company, or to compensate for impairment of

such rights, under applicable state and federal laws. However,

if projects above these power plants could be used to enhance

the hydroelectric generating capacity of the plants, the

company might be expected to compensate the constructor of a

project for such enhancement.
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Pit River Drainage Area . As has been described, an

extensive development of the power resources of the Pit River

below Fall River Valley has been under construction in stages

by the Pacific Gas and Electric Company. Four power plants

have been completed, and the company has obtained water rights

for its proposed Pit Nos. 6 and 7 power plants. The status of

water rights applications on file with the State Water Rights

Board in support of this development are shown in the follow-

ing tabulation:

Date Lant

Amount
Direct diver- Storage,

sion, in in
second-feet acre-feet Status

Applica-
tion p:

1891 July 2, 1920 Pit No. 3 3,000 License

1892 July 2, 1920 Pit No. 4 3,000 Permit

3650 September 26,
1923

Pit No. 3 25 License

14743 April 7, 1952 Pit No. 6 4,500 40,000 Permit

14928 July 28, 1952 Pit No. 4 500 Permit

15407 July 9, 1953 Pit No. 7 4,850 Permit

Use of water at the Pit No. 5 plant is under claim of riparian

right.

The Pit No. 1 project utilized substantially the

entire flow of Fall River, just above its junction with the

Pit River. The Supreme Court of California has determined that

the rights to divert water for this plant are riparian rights.

/~Fall River Valley Irrigation District v. Mt. Shasta Power

Corp ., 202 Cal. 56, 71-72, 259 Pac . 444 (1927); Crum v. Mt .

Shasta Power Corp ., 117 Cal. App. 586, 600, 4 p. 2d 564 ( 1931J7.
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Much of the existing and potential use of water in

Fall River Valley is from ground water which may be inter-

connected with and affect the flow of Pall River. Under such

circumstances, overlying landowners have correlative rights to

utilize ground water on their overlying land in relation to

riparian uses such as that of the Pacific Gas and Electric

Company. /"McClintock v. Hudson , l4l Cal . 275, 28l, 74 Pac.

849 (190317.

In addition to the power plants on the Pit River, the

Pacific Gas and Electric Company is operating two small power

plants on Hat Creek, located approximately 2 miles and 4 miles

upstream from the confluence of Hat Creek with the Pit River.

Water Rights on Hat Creek and Burney Creek have been adjudi-

cated. These streams are included in two state watermaster

service areas.
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CHAPTER V. CONCLUSIONS AND
RECOMMENDATIONS

The Shasta County Investigation included an inventory

of surface and ground water resources of the county, an evalua-

tion of present beneficial uses of water, an estimate of future

local water requirements based on the capability of the land to

support further development, and an appraisal of water resource

development possibilities. The beneficial uses of water con-

sidered were those for irrigation, municipal purposes, industry,

recreation, fish and wildlife, and hydroelectric power generation.

Conclusions

As a result of field investigations and analyses of

available data pertaining to the water resources and water prob-

lems of Shasta County, a number of conclusions have been reached.

These are summarized as follows:

1. Runoff from the highly productive watersheds of

the Cascade, Klamath, and Coast Ranges, and ground water supplies

of the Redding ground water basin and of the Modoc Plateau ground

water area constitute generally adequate sources of water supply

for present and future requirements in Shasta County. The

estimated mean seasonal natural runoff from Shasta County is

about 8,200,000 acre-feet. Of this amount, about 5,800,000 acre-

feet originate within the county, and about 2,400,000 acre-feet

are contributed from watersheds outside the county.

2. Both surface and ground water supplies of Shasta

County are generally of good to excellent mineral quality and
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are well suited for most beneficial uses. Exceptions are waters

of certain minor streams, the most notable of which is Spring

Creek, which are degraded by drainage flows from mines and

mining residues and are of poor mineral quality for either

irrigation or domestic use. Degradation of the ground water

from ancient entrapped brines occurs in wells in the northern

and northwestern portions of the Redding ground water basin.

3. The area irrigated in Shasta County at the present

time totals about 46,600 acres. Other developed water-using

areas include about 6,500 acres of urban lands, 15., 500 acres of

meadow pasture, and an average of 32,400 acres of reservoir

water surface subject to evaporation.

4. The estimated present mean seasonal consumptive

use of applied water on irrigated lands in Shasta County is

about 90,700 acre-feet. It is estimated that in addition about

19,600 acre- feet of water per season are consumed by meadow

pasture, and about 4,600 acre-feet for urban and suburban and

for rural domestic purposes. The estimated net mean seasonal

reservoir evaporation in the county is about 8l,500 acre- feet.

Thus, the total present mean seasonal consumptive use of applied

water in Shasta County is about 196,400 acre- feet.

5. The gross irrigable area within Shasta County is

about 259^000 acres. Of this amount, irrigable valley lands

comprise about 136,000 acres and irrigable hill lands about

123,000 acres. In addition, there are approximately 277^000

acres of potentially irrigable land classified as best suited

to forest management.
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6. It is estimated that under conditions of ultimate

development, a net area of about 195*600 acres could be irri-

gated in Shasta County, if adequate water supplies were developed.

Another 12,300 acres could be devoted to meadow pasture, 26, 400

acres to urban and suburban use, and 1,827,000 acres to various

intensities of recreational use. Under such conditions, the

average water surface area of the principal reservoirs would total

about 57,200 acres.

7. The estimated ultimate mean seasonal consumptive

use of applied water for all purposes in Shasta County is about

582,000 acre-feet.

8. The estimated ultimate mean seasonal water

requirement to meet consumptive demands In Shasta County is about

1,025,000 acre-feet.

9. The estimated ultimate mean seasonal supplemental

water requirement to meet consumptive demands in Shasta County

is about 7^3,000 acre-feet. 5

10. An immediate source of supplemental water avail-

able to portions of Shasta County is ground water. The Redding

ground water basin Is the principal ground water source, and

large yields from irrigation wells occur in the southeastern and

southern parts of this basin. In general, however, relatively

minor use is now made of the Redding ground water basin.

The Modoc Plateau ground water area includes five prin-

cipal localities of potential ground water supply, which are virtu-

ally undeveloped at present. These are Fall River Valley, Goose
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Valley, Cayton Valley, Burney Basin, and Hat Creek Valley The entire

Modoc Plateau area is underlain by volcanic material with variable

water-bearing characteristics.

Ground water could probably meet the ultimate supple-

mental water needs within the Modoc Plateau area and in the

southerly portion of the Stillwater Plains. Ground water could

probably provide most of the ultimate supplemental water required

by the lands adjacent to Cottonwood Creek and the Cow Creek

Bottoms. Specifically, the future water requirements of the

following service areas could be met largely in this manner:

Fall River Valley Goose Valley
Hogback Ridge Burney Creek
Hat Creek Stillwater Plains
Cayton Valley Cottonwood Creek

11. A second source of supplemental water available

to Shasta County is the surface water presently flowing out of

the area. Development of surface waters for use in the county

would require construction of water storage, conveyance, and

distribution facilities. A number of the reservoirs would be

of capacity in excess of 2,500 acre-feet, appropriate for

development by a group of water users of by a public water agency.

The future needs of the following service areas could be met

largely by water conserved in such reservoirs of substantial

storage capacity:

Cow Creek Bottoms South Cow Creek
Millville Plains Black Butte
Old Cow Creek Igo-Ono
V/hitmore Bee Creek
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Water developed from ground water and "by the construction of

smaller farm reservoirs could also meet portions of the future

demands in some of these service areas. The Manton service area

could obtain a part of its future water supply, as could the

Black Butte service area, from facilities of the Pacific Gas and

Electric Company or from tributaries of Battle Creek, subject to

water rights of that company and providing that satisfactory

agreements could be reached by negotiation. Millville Reservoir

is one of the proposed surface storage projects that could be

used to supply water to the Millville Plains and Cow Creek Bottoms

service areas. The existing Happy Valley Canal could supply a

part of the supplemental water needed by the Igo-Ono service

area.

In the higher foothill and mountain areas of Shasta

County, most of the future water needs would probably be met

with supplies from farm reservoirs of less than 2, 500-acre-foot

storage capacity. Specifically, the needs of the following

service areas could be met largely in this manner:

Montgomery Creek Oak Run
Round Mountain Clover Creek
Little Cow Creek Hagaman Gulch
Bull Skin Ridge Inwood
Oakflat

Alternatively, the Oak Run service area could obtain a part of

its future water supply from surface reservoirs and the

Hagaman Gulch service area could meet all of its requirements

from such sources.
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12. A third source of supplemental water which could

be made available to Shasta County is the yield of existing and

proposed surface storage projects, planned primarily to develop

water for export to areas of the State to the south. This

source is of primary importance to the valley and mesa area of

the county below Shasta Dam.

Shasta, Trinity, and Whiskeytown Reservoirs of the

Central Valley Project, operated by the United States Bureau of

Reclamation, could meet the future supplemental water requirements

of the Redding-Enterprise area, the service areas of organized

water agencies between Redding and Shasta Lake, the Bella Vista

Water District, and Happy Valley. The future needs of the

following service areas could be met largely in this manner:

Bella Vista Urban Center
North Suburban Happy Valley

Recommendations

To further development of the water resources in Shasta

County for all beneficial uses, it is recommended that the county,

acting through the Shasta County Water Agency or appropriate

public districts:

1. Continue its study of local water problems and

encourage, when found needed and feasible, the planning, financing,

construction, and operation of local water projects.

2. Encourage inclusion of local service areas of the

county in the service from major water development projects con-

structed in or adjacent to the county primarily for export

purposes

.
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3. Urge the development and use of ground water in

those areas of the county where ground water is the logical

source of future supplemental water supplies.

4. Encourage cooperation of local individuals and agencies

with appropriate state and federal agencies in the proper con-

struction of farm reservoirs for water service to those potential

water-using lands of the county which are best suited to this

type of development.

5. Maintain continuous records of stream flow at

strategic points on those streams of the county which have the

possibility of being utilized for water conservation works.

Such records will permit reliable determination of future water

project yields and facilitate the most economic design of

essential features.

6. Continue regular periodic observations of ground

water levels and sampling of ground water for quality analyses

in the Redding ground water basin, in order to permit more

reliable determination of potential ground water yield and future

ground water conditions.

7. Conduct periodic surveys of land use in the county

as it relates to water utilization, in order to permit evaluation

of future water demands and, in turn, to facilitate meeting the

demands as they occur.
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INTERIM AGREEMENT BETWEEN
THE STATE WATER RESOURCES BOARD,

THE COUNTY OF SHASTA,
AND THE DEPARTMENT OF PUBLIC WORKS

THIS INTERIM AGREEMENT, executed in ^uintupi lCo-te, entered
into as of May 1, 1955; by the State Water Resource Boara , herein-
after referred to as the "Board"; the County of Shasta, hereinafter-
referred to as the "County", and the Department of Public Works of
the State of California, acting through the agency of the State
Engineer, hereinafter referred to as the "State Engineer":

WITNESSETH
WHEREAS, it is proposed by the parties hereto to enter

into a co-operative agreement, on or about July 1, 1955., for

conducting a three-year comprehensive program of investigation

of the water resources of Shasta County at an estimated total cost

of One Hundred Thousand Dollars ($100,000); and

WHEREAS, the Board has received reasonable assurances

of favorable consideration by the Legislature of a Fifteen Thousand

Dollar ($15,000) item in the Budget Act of 1955 to match a like amount

to be contributed by the County for the first year program of work

under said investigation; and

WHEREAS the parties hereto desire to initiate work on

said investigation in advance of passage of said Budget Act of 1955;

and

WHEREAS, State personnel and certain State funds remain-

ing in Item 260 of the Budget Act of 195^-, are or can be made avail-

able to initiate work on said program in advance of July 1, 1955;

provided that matching funds in a like amount are contributed by the

County; and provided further that the County give assurances of its

intention to match additional funds made available by the Budget Act

of 1955 and by subsequent Budget Acts; and
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WHEREAS, the County by resolution dated March 24. 1955,

has made Two Thousand Dollars ($2,000) available for the purpose

of initiating the work with matching State funds : and further has

indicated its willingness and intent to match .State funds made avail-

able in the Budge Act of 1955 and in subsequent Budget Acts; pro-

vided that the total County contribution of matching funds shall not

exceed Fifty Thousand Dollars ($50,000);

NOW, THEREFORE, in consideration of the premises and of

the several promises to be faithfully performed by each as herein-

after set forth, the Board, the County, and the State Engineer do

hereby mutually agree as follows

:

ARTICLE I - WORK TO BE PERFORMED

The work to be performed under this interim agreement shall

consist primarily of the establishment and staffing of a field office

in Redding; the collection, cataloging and review of available data

relating to the water resources of the County: and preliminary con-

sideration, as time permits, of alternative plans for the development

of water to be imported Into the County from the Trinity River.

It is understood and agreed that the purpose of this interim

agreement is to inaugurate a three-year program of investigation and

a report directed toward the formulation of plans for the orderly

development of the surface and underground v/ater resources of Shasta

County.

ARTICLE II - FUNDS:

On execution of this interim agreement, the County shall

transmit the sum of Two Thousand Dollars ($2,000) to the State Engineei

for deposit, subject to the approval of the Director of Finance, into

the Water Resources Revolving Fund in the State Treasury, foi
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expenditure by the State Engineer in performance of the work pro-

vided for in this interim agreement. Also upon execution of this

interim agreement, the Board shall request the Director of Finance

to approve the transfer of the sum of Two Thousand Dollars ($2,000)

from funds appropriated to the Board by Item 260 of the Budget Act

of 195^ to the Water Resources Revolving Fund for expenditure by

the State Engineer in performance of work provided for in this

interim agreement.

Notwithstanding anything contained in this interim agree-

ment contrary hereto or in conflict herewith, this interim agreement

is made contingent upon the funds being deposited in or transferred

to the Water Resources Revolving Fund as provided herein for expendi-

ture by the State Engineer in performance of the work provided for

in this interim agreement. In the event any of the funds are not

transferred to the Water Resources Revolving Fund by the Director

of Finance as provided for herein within 30 days after the Board

requests such transfer, this interim agreement shall terminate and

the unexpended balance of any funds deposited by the County shall be

returned, provided that neither the Board nor the State Engineer

shall be obligated to the County for any portion of the funds already

expended.

Furthermore, this interim agreement is made contingent

upon receipt by the Board of assurances from the County of its

willingness and intent to match State funds made available in the

Budget Act of 1955 and in subsequent budget acts to insure conti-

nuity and completion of the entire investigational program as herein-

before specified.

The Board and the State Engineer shall under no circum-

stances be obligated to expend for or on account of the work
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provided for under this interim agreement any amount in excess of

the funds made available hereunder.

Upon completion and final payment for the work provided

for in this interim agreement, or of the agreement for conducting

the entire three-year program of investigation if it be then in

force, the State Engineer shall furnish to the Board and to the

County a statement of all expenditures made. One-half of the total

amount of all said expenditures shall be deducted from the sum

advanced from funds appropriated to the Board, and one-half of the

total amount of all said expenditures shall be deducted from the

sum advanced by the County and any balance which may remain shall

be returned to the Board and to the County in equal amounts.

Notwithstanding anything herein contained to the contrary,

this agreement may be terminated and the provisions of this agree-

ment may be altered, changed, or amended, by mutual consent of the

parties hereto.

ARTICLE III - EFFECTIVE DATE

This agreement shall become effective immediately upon

its execution by all the parties hereto.
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IN WITNESS WHEREOF, the parties hereto have executed

this agreement to be effective as of the date hereinabove first

written.

Approved as to Form and
Procedure

/s, Randall J. Presleigh
District Attorney
County of Shasta

Approved as to Form and
Procedure

, s Henry Holsinger
Attorney for Division of
Water Resources

APPROVED AS TO FUNDS

STATE WATER RESOURCES BOARD

By /s, Clair A. Hill
Clair A. Hill, Chairman

State of California
Department of Public Works

FRANK B. DURKEE S
Director of Public Works E

A

By , s, A. H . Henderson
A. H. Henderson
Deputy Director of Public
Works

s, E. R. Higgins
Comptroller

COUNTY OF SHASTA

A. D. Edmonston
A. D. Edmonston
State Engineer

By Andrew T. Jessen
Chairman, Board of Supervisors

S
E
A

Ruth A. Presleigh
Clerk, Board of Supervisors

S.H.Y. -.L.F.H. : :

Form : Budget; Value : Descript

DEPARTMENT OF FINANCE
APPROVED
May 23, 1955

JOHN M. PEIRCE, Director

:By s. Louis J. Heinzer
Administrative Adviser
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AGREEMENT BETWEEN THE STATE WATER RESOURCES BOARD,
THE COUNTY OF SHASTA

AND THE DEPARTMENT OF PUBLIC WORKS

THIS AGREEMENT, executed in quintuplicate, entered into
as of July 1, 1955, by the State Water Resources Board, herein-
after referred to as the "Board"; the County of Shasta, herein-
after referred to as the "County"; and the Department of Public
Works of the State of California, acting through the agency of
the State Engineer, hereinafter referred to as the "State Engineer":

WITNESSETH
WHEREAS, by the State Water Resources Act of 1945, as

amended, the Board is authorized to make investigations, studies,

surveys, hold hearings, prepare plans and estimates, and make recom-

mendations to the Legislature in regard to water development proj-

ects, including flood control plans and projects; and

WHEREAS, by said Act, the State Engineer is authorized

to cooperate with any county, city, state agency, or public district

on flood control and other water problems and v/hen requested by

any thereof may enter into a cooperative agreement to expend money

in behalf of any thereof to accomplish the purposes of said act;

and

WHEREAS, the County by letter dated November 24, 1954,

requested the Board to enter into a cooperative agreement for con-

ducting a comprehensive investigation of the water resources of Shasta

County with special reference to plans for immediate or near future

development; and

WHEREAS, the State Engineer has determined that, because

of the rapidly expanding agricultural and industrial economy of the

area and because of the special situation created by the need for

integrating local developments with federal plans for the importa-

tion of water, a cooperative investigation is warranted and within

the scope and intent for which matching funds are allocated by the
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State Water Resources Board; and

WHEREAS, the Board on April 1, 1955, directed the State

Engineer to cooperate in conducting a comprehensive investigation

of the water resources of Shasta County in accordance with Article I

hereof and to render a report thereon;

NOW, THEREFORE, in consideration of the premises and of

the several promises to be faithfully performed by each as herein-

after set forth, the Board, the County, and the State Engineer do

hereby mutually agree as follows

:

ARTICLE I - WORK TO BE PERFORMED

The work to be performed under this agreement shall con-

sist of a three year program of investigation and a report directed

toward the formulation of plans for the orderly development of the

surface and underground water resources of Shasta County. The in-

vestigation shall embrace all aspects of water development includ-

ing, but not necessarily limited to, irrigation, urban, industrial,

and mining use, hydroelectric power, flood control, fish, wildlife,

and recreation. The investigation shall also include consideration

of imported water supplies and their integration with local plans of

water development. Problems of water quality shall be considered

where pertinent.

The results of the investigation, including plans and

estimates of cost,, together with other supporting data, shall be

summarized in the report.

The Board by this agreement authorizes and directs the

State Engineer to cooperate with the County in making said investi-

gation and report.

During the progress of said investigation and report all

maps, plans, information, data, and records pertaining thereto
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which are in the possession of any party hereto shall be made fully

available to any other party hereto for the due and proper accom-

plishment of the purposes and objectives hereof.

The work under this agreement shall be diligently pro-

secuted with the objective of completion of the investigation and

report on or before June 30, 1958, or as nearly thereafter as

possible.

ARTICLE II - FUNDS:

The County, upon execution by it of this agreement, shall

transmit to the State Engineer the sum of Fifteen Thousand Dollars

($15,000) for deposit, subject to the approval of the Director of

Finance, into the Water Resources Revolving Fund in the State

Treasury, for expenditure by the State Engineer in performance of

the work provided for in this agreement. Also, upon execution of

this agreement by the Board, the Director of Finance will be re-

quested to approve the transfer of the sum of Fifteen Thousand

Dollars ($15,000) from funds1 appropriated to the Board by Item 213

of the Budget Act of 1955* for expenditure by the State Engineer in

performance of the work provided for in this agreement and the State

Controller will be requested to make such transfer.

If the Director of Finance, within thirty (30) days after

receipt by the State Engineer of said Fifteen Thousand Dollars

($15,000) from the County, shall not have approved the deposit

thereof into said Water Resources Revolving Fund, together with the

transfer of the sum of Fifteen Thousand Dollars ($15,000) from

funds appropriated to the Board by Item 213 of the Budget Act of

1955;. for expenditure by the State Engineer In performance of the

work provided for in this agreement, said sum contributed by the

County shall be returned thereto by the State Engineer.
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It is understood by and between the parties hereto that

the sum of Thirty Thousand Dollars ($30,000) to be made available

as hereinbefore provided is adequate to perform that portion of the

above specified work during the first year of said three-year in-

vestigation. It is the further understanding that the County will

make a further sum of Fifteen Thousand Dollars ($15,000) available

at the commencement of the second year of said investigation which

will be subject to a matching or contribution in an equal sum by

the Board to defray expenses incurred during the second year there-

of, and will make a further sum of Twenty Thousand Dollars ($20,000)

available at the commencement of the third year of said investigation

which will be subject to a matching or contribution in an equal sum

by the Board for the completion of said investigation and report,

contingent upon availability of County and Board funds for such

purposes

.

The Board and the State Engineer shall under no circum-

stances be obligated to expend for or on account of the work pro-

vided for under this agreement any amount in excess of the sum of

Thirty Thousand Dollars ($30,000) as made available hereunder and

when said sum is exhausted, the Board and the State Engineer may

discontinue the work provided for in this agreement and shall not

be liable or responsible for the resumption and completion thereof

until further sums as specified in the preceding paragraph are made

available.

Upon completion of and final payment for the work pro-

vided for in this agreement, the State Engineer shall furnish to

the Board and to the County a statement of all expenditures made

under this agreement. One-half of the total amount of all said

expenditures shall be deducted from the sum advanced from funds
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appropriated to said Board, and one-half of the total amount of all

said expenditures shall be dectic te a from the sum advanced by the

County and any balance which may remain shall be returned to the

Board, and to the County, in equal amount.

ARTICLE III - EFFECTIVE DATE

This agreement shall become effective immediately upon

its execution by all the parties hereto.

IN WITNESS WHEREOF, the parties hereto have executed

this agreement to be effective as of the date hereinabove first

written.

Approved as to Form and
Procedure COUNTY OF SHASTA E

/s/ Randall J. Presleigh
District Attorney
County of Shasta

Approved as to Form and
Procedure

/ s Henry Holsinger
Attorney for Division of
Water Resources

APPROVED AS TO FUNDS

/s Wm. S. Cully,
Assistant Comptroller

By Andrew T. Jessen
Chairman, Board of Supervisors

/ s/ Ruth A Presleigh
Clerk, Board of Supervisors

STATE WATER RESOURCES BOARD

By Clair A. Hill

:S.H Y.

:

: Form :

L.F.H.
Budget

• • •

: Value rDescript.:
DEPARTMENT OF FINANCE :

APPROVED :

Jun 23 1955

: JOHN M . PEIRCE, Director :

: By /s Louis J.
Adminstr

Heinzer :

ative Adviser :

Clair A. Hill, Chairman

State of California
Department of Public Works

FRANK B. DURKEE
Director of Public Works

S
E
A
L

By /s A. H. Henderson
A. H. Henderson
Deputy Director of Public
Works

/s A. D. Edmonston
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SUPPLEMENTAL AGREEMENT BETWEEN THE STATE WATER RESOURCES BOARD,
THE COUNTY OF SHASTA,

AND THE DEPARTMENT OF PUBLIC WORKS

THIS AGREEMENT, executed in quintuplicate, entered into

s of July 1, 1956, by the State Water Resources Board, hereinafter

eferred to as the "Board"; the County of Shasta, hereinafter re-

erred to as the "County"; and the Department of Public Works of

he State of California, acting through the agency of the State

ngineer, hereinafter referred to as the "State Engineer":

WITNESSETH
WHEREAS, by agreement heretofore entered into as of

uly 1, 1955; which was preceeded by an interim agreement hereto-

ore entered into as of May 1, 1955; by and between the County, the

oard, and the State Engineer, it was provided that the work to

e performed by the State Engineer thereunder shall consist of an

nvestigation and report on the water resources of Shasta County,

s outlined more particularly in said prior agreement; and

WHEREAS, under said agreements the County made available

he total sum of Seventeen Thousand Dollars ($17,000) which was

atched in an equal amount by the Board for expenditure by the State

ngineer in the performance of the work provided for in said agree-

ents; and

WHEREAS, it was the expressed intention of said agree-

ents that at the commencement of the second year of said investi-

ation the County would make available a further sum of Fifteen

housand Dollars ($15,000) subject to a matching or contribution

n equal amount by the Board for the continuation of said investi-

ation, and that the County will make a further sum, of such amount

hat the total County contribution of matching funds will not exceed
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Fifty Thousand Dollars ($50,000) in accordance with the terms of

the Interim Agreement of May 1, 1955. available at the commencement

of the third year of said investigation which will be subject to

a matching or contribution in an equal sum by the Board for the

completion of said investigation and report, contingent upon availa-

bility of County and Board funds for such purposes; and

WHEREAS, funds are required to continue said investigation,

and it is the desire of the parties hereto that an additional sum

of Thirty Thousand Dollars ($30,000) shall be provided, Fifteen

Thousand Dollars ($15,000) thereof by the County, and Fifteen

Thousand Dollars ($15,000) thereof by the Board;

NOW THEREFORE, in consideration of the premises and of

the several promises to be faithfully performed by each of the par-

ties hereto as hereinafter set forth, the Board, the County, and

the State Engineer do hereby mutually agree as follows:

1. The County, upon execution by it of this agreement,

shall transmit to the State Engineer the sum of Fifteen Thousand

Dollars ($15,000) for deposit, subject to the approval of the

Director of Finance, into the Water Resources Revolving Fund in

the State Treasury for expenditure by the State Engineer in con-

tinuing performance of the work provided for in said prior agree-

ment to which this agreement is supplemental.

2. Upon execution of this agreement by the Board, the

Director of Finance will be requested to approve the transfer of

the sum of Fifteen Thousand Dollars ($15,000) from funds appro-

priated to the Board by Item 224 of the Budget Act of 1956 for

expenditure by the State Engineer in continuing performance of the

work provided for in said prior agreement to which this agreement

is supplemental, and the State Controller will be requested to make

such transfer.
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3. The Board and the State Engineer shall under no circum-

stances be obligated to expend for or on account of the work provided

for in said prior agreement to which this agreement is supplemental

any amount in excess of the sum of Sixty-Pour Thousand Dollars

($64,000) as made available under said prior agreement, said prior

interim agreement, and this supplemental agreement; and if such funds

so made available are exhausted before completion of said work, the

Board and the State Engineer may discontinue said work and shall not

be liable or responsible for the resumption or completion thereof

until further funds are made available at the commencement of the thir

year as provided in said prior agreements and this supplemental agree-

ment .

4. Insofar as consistent herewith and to the extent adapt-

able hereto, all of the terms and provisions of said prior agreements

are hereby made applicable to this agreement and are hereby confirmed,

ratified, and continued in effect.
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IN WITNESS WHEREOF, the parties hereto have executed this

agreement to be effective as of the date hereinabove first written.

Approved as to Form and
Procedure

Randall J. Presleigh

COUNTY OF SHASTA

Distric t Attorney
County of Shasta

Approved as to Form and
Procedure

By /S, Andrew T. Jessen
Chairman, Board of Supervisors

/s / Ruth A . Presleigh
Clerk, Board of Supervisors

/s Henry Holsinger
Attorney for Division of
Water Resources

DEPARTMENT OF FINANCE
APPROVED

Jul 12 1956

John M. Peirce, Director
By / S/ Louis J. Heinzer
Administrative adviser

STATE WATER RESOURCES BOARD

By / s/ Clair A. Hill
Clair A. Hill, Chairman

State of California
Department of Public Works

FRANK B. DURKEE
Director of Public Works

SEAL
By /s/ A. H. Henderson JUN 15 195

A^ H. Henderson
Deputy Director of Public
Works

/s/ Harvey 0. Banks
Harvey 0. Banks
State Engineer
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SUPPLEMENTAL AGREEMENT BETWEEN THE DEPARTMENT
OF WATER RESOURCES AND THE COUNTY OF SHASTA

THIS AGREEMENT, executed in quintuplicate, entered into

is of July 1, 1957, by the State of California, Department of Water

tesources, hereinafter referred to as the "Department," and the

lounty of Shasta, hereinafter referred to as the "County"

:

WITNESSETH:
WHEREAS the Department, on July 5, 1956, assumed the duties

.nd responsibilities of the State Water Resources Board, hereinafter

eferred to as the "Board", and the Department of Public Works of

he State of California, acting through the agency of the State Engl-

ieer, hereinafter referred to as the "State Engineer"; and

WHEREAS by agreement entered into as of July 1, 1955, which

fas preceded by an interim agreement entered into as of May 1, 1955,

.nd supplemented by an agreement entered into as of July 1, 1956, by

.nd between the County, the Board, and the State Engineer, it was

irovided that the State Engineer would make an investigation and

eport on the water resources of Shasta County; and

WHEREAS under said agreements the County made available

he total sum of Thirty-two Thousand Dollars ($32,000) which was matched

.n an equal amount by the Board for expenditure by the State Engineer

.n the performance of the work provided for in said agreements; and

WHEREAS it was the express intent of the parties that at

he commencement of the third year of said investigation the County

ould make available a further sum of Eighteen Thousand Dollars

$18,000), subject to a matching, or contribution, in an equal amount

y the Department for the completion of said investigation and report;

nd contingent upon availability of County and Department funds for

uch purposes; and
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WHEREAS Thirty-six Thousand Dollars ($36,000) is now re-

quired to continue the investigation;

NOW, THEREFORE, it is mutually agreed as follows:

1. The County, upon execution by it of this agreement,

shall transmit to the Department the sum of Eighteen Thousand Dollars

($18,000) for deposit in the Water Resources Revolving Fund in the

State Treasury for expenditure by the Department in continuing the

work provided for in said agreements.

2. Upon execution of this agreement by the Department,

the Director of Finance will be requested to approve the transfer of

Eighteen Thousand Dollars ($18,000) from funds appropriated to the

Department by Item 265 of the Budget Act of 1957 to said Water Re-

sources Revolving Fund for continuance of the work provided for in

said agreements.

3. The Department shall not be obligated to spend more

than One Hundred Thousand Dollars ($100,000) for the work provided

for in said agreements and in this supplemental agreement, and if

such funds are exhausted before completion of the investigation and

report, the Department may discontinue said work and not be liable foi

the completion thereof.

4. Except as amended hereby all of the terms and pro-

visions of said prior agreements are continued in full force and

effect.
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IN WITNESS WHEREOF, the parties hereto have executed

this agreement to be effective as of the date hereinabove first

written.

Approved as to Form and
Procedure

/s/ Randall J. Presleigh
District Attorney
County of Shasta

Approved as to Form and
Procedure

/s/ Mark C. Nosier
Attorney for Department

of Water Resources

COUNTY OF SHASTA

By , s/ Andrew T. Jessen
Chairman, Board of Supervisors

s/ Ruth A. Presleigh
Clerk, Board of Supervisors

State of California
Department of Water Resources

HARVEY 0. BANKS
Director

By /s/ Paul L. Barnes
Paul L. Barnes, Chief

Division of Administration

Form : Budget : Value : Descipt

DEPARTMENT OF FINANCE
APPROVED

Aug 23 1957

JOHN M. PEIRCE, Director

By /s/ Louis J. Heinzer
Adminstrative Adviser
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APPENDIX B

STREAM GAGING STATIONS IN AND ADJACENT TO
SHASTA COUNTY
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INTRODUCTION

This report has been prepared for use by the Department

of Water Resources in connection with its Shasta County Investiga-

tion. It is intended to provide planning engineers with sufficient

information to evaluate the effects of potential water development

projects on fisheries and wildlife resources, and to recommend

measures for the protection of these resources under conditions of

project operation. This report represents a portion of the services

provided in fulfillment of Inter-Agency Agreement 8-213-S1 between

the Departments of Pish and Game and Water Resources.

The Shasta County Investigation is a cooperative study

intended primarily to determine the most feasible means of develop-

ing supplies of water to satisfy requirements within Shasta County,

Cottonwood and Cow Creeks are suitable sources of water. Various

dam sites on both of these streams could be developed to sizes suf-

ficient to meet water requirements within Shasta County. However,

most of these same sites have been included in The California Water

Plan as projects to supply water for both local needs and for ex-

port to water deficient areas. Consequently, the sites would be

developed with much larger dams, and operations would differ greatly

from those for smaller developments.

Both Cottonwood and Cow Creeks support fish populations

which would be affected by projects constructed on these streams,

regardless of whether the projects would be of large or small size.

These effects could be either beneficial or detrimental, depending

upon the degree of compatibility of project operations with fish-

eries requirements.
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In scope, this report is limited to Cottonwood and Cow

Creeks, and considers the development of potential sites to either

large or small sizes. Other related major features of The Calif-

ornia Water Plan, although not in either of these basins, are also

considered.
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FISHERIES AND WILDLIFE RESOURCES
OP COTTONWOOD AND COW CREEKS

Both Cottonwood and Cow Creeks presently support runs of

king salmon and steelhead rainbow trout. In addition, smallmouth

bass are found in certain areas of each stream and resident rain-

bow trout are present in Cow Creek. Silver salmon have recently

been introduced into Mill Creek, Tehama County, and could possibly

spread to these streams.

Cottonwood Creek

Cottonwood Creek rises in the rugged inner coast range

at an altitude of about 4,000 feet. It consists of three branches,

the North, Middle, and South Porks. The direction of flow is

generally east, entering the Sacramento River near the town of

Cottonwood. The drainage area is 929 square miles, and length of

stream is over 100 miles. Natural barriers reduce the available

spawning area for anadromous fish to about 83 miles. In the upper

reaches, the stream flows over hard shale and conglomerate, which

is of little value for spawning purposes. (Hanson, et al, 1940)

The lower section of the main stem is wide, shallow, and

meandering. Bank vegetation is generally sparse; giving little

protection to fish and no shade to reduce water temperatures.

Gravel is plentiful and of a suitable size for spawning purposes.

The South Fork has the better gravel of the Cottonwood

drainage and could produce large numbers of salmon if supplementary

water were supplied to augment the normal flows in the summer and

fall.
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Flow Records

Plow records for Cottonwood Creek have been maintained

since 1941 by the U. S. Geological Survey. The gaging station is

located two miles east of the town of Cottonwood. Mean and minimum

monthly flows from 1941 through 1955 are listed in Table I. The

average annual runoff is 900,000 acre-feet.

Table I

Flow in Cottonwood Creek Near Cottonwood, 19^1-1955
(in second-feet)

:0ct. :Nov. :Dec. : Jan.; Feb. ;March:April :May: June : July :Aug. ;Sept

Mean 105 214 1,510 2,062 1,998 1,589 1,213 59^ 319 112 6l 64

Minir .

mumi/ 37 40 42 44 105 156 224 111 76 30 20 15

T/ Lowest monthly flows recorded.
'

Fish Population

King salmon ascend Cottonwood Creek in the fall to spawn

when flows are adequate. In many years flows are too low for fish

passage until December or later. Since the bulk of the Sacramento

River fish spawn in November, very often Cottonwood Creek provides

no substantial spawning access.

Steelhead spawn in unknown numbers in the stream. Their

spawning migration is later than that of salmon and they usually have

sufficient water to move upstream successfully.

The mean king salmon spawning population in Cottonwood

Creek is estimated to be about 850 fish. Assuming a sex ratio of

two males per female, approximately 280 females use the stream. With

increased flows in early fall, many more fish would be attracted to

the stream.
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The major factors limiting king salmon at present are

irrigation diversions, hard bottom areas upstream, wide flood-

plain type channels in lower reaches, and low flows with atten-

dantly high temperatures during summer and fall.

Cow Creek

Cow Creek is composed of five tributary streams which

flow southwest down the foothills of the Cascade Range. From north

to south the tributaries are: Little Cow Creek, Oak Run, Clover

Creek, Old Cow Creek, and South Cow Creek. The main stem enters the

Sacramento River east of Anderson. The drainage area encompasses

527 square miles. The distance from mouth to the source of the

longest tributary, South Cow Creek, is 40 miles. Total length of

streambed in the drainage is approximately 66 miles. Stream

gradient in upper reaches is quite steep, but gradually lessens to

produce a sluggish section near the mouth. The lowest portion of

the stream is submerged by backwater from the Sacramento River

during periods of high flow.

Both the upper and lower portions of the stream are

unsuitable for king salmon spawning. The upper reaches flow through

bedrock gorges in many places. This generally limits upstream mi-

grants, and is unsuitable for spawning. Good spawning conditions

exist in the central portions of the stream and its tributaries.

The gravel is of acceptable size and is utilized by anadromous

fishes for spawning purposes.
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Flow Records

Plow records for Cow Creek have been maintained since

1950 by the U. S. Geological Survey. The gaging station is located

three miles downstream from the mouth of Little Cow Creek. Mean and

minimum monthly flows from 1950 through 1955 are given in Table II.

The mean annual runoff is 517,500 acre-feet.

Table II

Flow in Cow Creek near Millville, 1950-1955
(in second-feet)

:0ct. :Nov. ;Dec. : Jan.: Feb. : March : April : May : June : July ; Aug. :SepF

Mean 140 386 1,441 2,044 1,607 1,141 806 606 283 72 42 47

Mini-/
mumi/ 27 42 90 8l 327 28l 358 177 55 17 14 11

1/ Lowest monthly flows recorded.

Fish Populations

Important resident fish in Cow Creek include smallmouth

bass and rainbow trout. The bass maintain a population by natural

reproduction. Trout are maintained to a certain extent by natural

reproduction and, in addition, some are stocked by the Department

of Fish and Game.

Seasonal residents in the stream include steelhead trout

and fall-run king salmon. These fish enter the stream usually in

fall and winter. Flows are too low and water temperatures too high

to accommodate spring-run fish, the adults of which must remain in

the stream all summer.

Unpublished estimates by the Department of Fish and Game

indicate the average king salmon spawning run to be about 1,460

fish, based on ten years of obse'rvation. The largest run, in 1956,
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was over 3*000 while the lowest, in 19^9* was estimated at 200. No

estimates have been made on numbers of steelhead entering the stream

Much of the potential spawning ground in Cow Creek is

presently unavailable to anadromous fish because of natural barriers,

power developments, and irrigation diversions. All tributaries

except Clover Creek have natural barriers in their upper reaches

which prevent upstream migration. The areas above barriers are

considered relatively unimportant, however, because of poor stream

bottom characteristics.

Irrigation diversions are present on all tributaries of

Cow Creek. These seriously reduce normal flows during the summer,

and entirely bar any migration of spring- run salmon.

Power developments exist on Old Cow and South Cow Creeks.

The Kilarc plant on Old Cow Creek is considered to have no effect

on salmon because of an impassable natural barrier below the

power station. The South Cow Creek installation diverts water from

near the head of Wagoner Canyon to Hooten Gulch, a distance of four

miles. During low flows this stretch becomes completely dry. This

is considered a serious obstacle, since good spawning areas exist

in and above Wagoner Canyon.

Mine drainage waters enter North Cow Creek near the town

of Ingot. Copper and zinc, both toxic to fish when in sufficient

quantities, enter the stream. It is not known at the present time

if this condition adversely affects the fish populations.
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PROPOSED WATER DEVELOPMENT PROJECT

The California Water Plan (California Department of Water

Resources Bulletin No. 3, 1957) proposes five reservoirs and one

re-regulation structure on Cottonwood Creek and its tributaries.

Water provided by this plan would be used locally in Cottonwood

Valley and the Reeds Creek area.

Flood protection for the downstream areas and regulated

flows would improve and enhance stream flows for the maintenance

of fish life.

Table III

Summary of Cottonwood Creek Works

Dam and : Stream
: Dam
: Height

Normal
Pool

Elevation

: Storage
: Gross

:Capacity
: Active

Reservoir :in feet :acre-feet :acre-feet

Dippingvat South Fork 205 1,150 55,000 51,300

Rosewood Dry Creek 200 783 200,000 196, 000

Fiddlers Middle Fork 310
*

1,050 310,000 270,000

Hulen North Fork 205 850 96,400 93,400

Fiddler
Afterbay*

Middle Fork 73 750 5,400 1,000

* A re-regulation structure for Fiddlers Reservoir.

The California Water Plan proposes the development of

Cow Creek and its tributaries. Two dams and three diversion struc-

tures would conserve and regulate the flows of these streams.

The place of water use would be local Redding area and

Sacramento Valley. Regulated flows would improve and enhance stream

flows for the maintenance of fish life.

D-13



Table IV

Summary of Cow Creek Works

Dam and
Reservoir

Stream
Dam : Normal

Height : Pool
in feet '.Elevation

Storage
Gross

acre-feet

Capacity-
Active

acre-feet

Bella Vista=/ Little Cow 110 600 146,000 138,000

Millville^/ South Cow 215 800 206, 000 200, 000

Oak Flat-/ Oak Run 80 1,490 5,300 5,000

Old Cow Cr.-/ Old Cow Creek 145 815 18,000 10,000

Bear Creek Bear Creek 140 1,180

1/ Oak Flat Reservoir will divert Oak Run Cr. to Bella Vista Res.
2/ Old Cow Creek Reservoir will divert to Millville Reservoir.
3/ Bear Creek Reservoir will divert to Millville Reservoir.

Shasta County Cooperative Investigation

The Shasta County Cooperative Investigation between State

and County is primarily interested in determining the most feasible

means of developing supplies of water to satisfy requirements of

Shasta County. Two reservoirs are proposed for Cow Creek. They are

Millvillito Dam, a half mile west of the junction of South Cow and

Old Cow Creeks and Vacacilla Dam, two miles east of the town of Bella

Vista on Little Cow Creek. The stream areas that would be blocked by

the structures have little value for anadromous fish. Conservation

and regulation of flows with streamflow maintenance would improve

and enhance these streams.

One reservoir is planned for Cottonwood Creek. Hulen

Reservoir would be located on the North Fork Cottonwood Creek,

approximately four miles from the main stream junction. The stream

bed above the project is unsuitable for anadromous fish spawning.

Conservation and regulation of continuous flows would enhance the

downstream areas for fisheries.
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EFFECT OF THE PROPOSED PROJECTS ON FISHERIES AND WILDLIFE

Present flows in these two stream systems are almost com-

pletely unregulated. Some small diversions are present, but few

larger scale attempts have been made to store the heavy winter runoff

for use during the summer. Characteristically, the flow pattern is

one of extremes; high in winter and spring, iow in summer and fall.

The low flows approximate only one-half to one per cent of those

occurring during the winter runoff. It should be obvious that such

a pattern while natural, is not so desirable as more nearly uniform

annual flows with some increase during periods of anadromous fish

migration and spawning.

Previous Reports

Cow and Cottonwood Creeks have been considered in three

federal reports which are cited in the list of references at the end

of this report. The streams were described in reference to fish

salvage and enhancement for possible federal water projects. Salmon

spawning capacities were estimated for each tributary of the creeks

at different constant flows, and estimated capacities at various

selected flows drawn from these reports are presented in Tables V

and VI, Also listed is the estimated sport catch, commercial catch,

and angler use of the resources at the various population levels.

Assumptions used are a catch-to-escapement ratio of 3:1> that the

flows indicated would be measured at the U. S. Geological Survey

stations mentioned previously, and that increased flows would allow

spring-run fish to live through the summer and spawn in the streams.
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Table V

Possible use by King Salmon of the Main Stem Cottonwood

Creek at Selected Plows

Flow in Second-Feet .1/:Present^ : 80cfs
Conditions:

-'
: lOOcfvr* : 300cf s-^/

Number of spawners 850 10, 380 15,570 30,000

Number sport caught 459 5,605 8,408 16,200

Number commercially caught 2,091 25,535 38,302 73,800

Angler-days use 1,056 12,891 19,338 37,260

1/ Mean minimum flow at spawning time (1941-1955):
60 cfs; November, 90 cfs; December, 190 cfs.

2/ Entire year.

October,

Table VI

Possible use by King Salmon of the Main Stem Cow Creek

at Selected Flows

Flow in Second-Feet Present!/
Conditions

50cfs2/ lOOcfs^/

985 3,400 10,200

532 1,836 5,548

2,423 8,364 25,052

1,223 4,223 12,760

Number of spawners

Number sport caught

Number commercially caught

Angler-days use

1/ Mean minimum flow at spawning time (1950-1955): October, 40
cfs; November, 90 cfs; December 240 cfs.

2/ Entire year.

Possible Advantages to Fisheries by Projects

The projects as planned for these streams are primarily

for irrigation of local areas. They have, if properly managed,
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considerable potential value for fish, mammals, birds, and stream-

side recreation. Present flows support populations of fish. With

regulation of flows to produce slightly higher f t.ovs in periods of

normal low water and regulated flows through the winter, the poten-

tial use by king salmon spawning numbers would increase. The fig-

ures in Tables V and VI seem high but habitat improvement in addi-

tion to attraction of spring-run fish make them acceptable. One

note of caution to be expressed is that these predictions are of

the maximum potential use under optimum conditions. Actual use can

be determined only after operation at recommended flows for several

years.

King salmon are temporary users of the stream at spawning

time for egg deposition. Time spent by young in streams of the size

of Cow and Cottonwood Creeks is rarely more than one month. Adults

simply ascend the stream when adequate water becomes available,

select a nest site, build the nest, spawn, and die. The young

usually migrate downstream shortly after emergence from the gravel.

Resident fish in these streams would gain also from

stabilized annual flows. Rainbow trout and smallmouth bass could

be expected to increase in numbers and in average size from the

improved living conditions resulting from controlled water releases.

Steelhead and silver salmon enter streams later than king

salmon and are not usually affected by conditions of low flow at

spawning time. The young produced spend a few months to a year

or more in the parent stream. Constant flows would improve condi-

tions for them. Low summer flows, resulting in high temperatures

and decreased food supplies, limit the number of juvenile salmon
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and steelhead surviving to migrate to the ocean in their second

spring. Since a suitable stabilized flow would eliminate most of

these limiting factors, steelhead and silver salmon may be expected

to show population increases under stable flow conditions.

Disadvantages of Regulated Stream Flows

Periodic flood of the streams scours the stream bed

free of silt. The removal of silt facilitates free water circula-

tion through the bottom material which insures a good oxygen supply

to nests on the bottom.

Generally, the most serious objection to regulation of

streamflows is the obstruction the dams will produce across the

stream. In this instance, the proposed projects are upstream from

the spawning grounds, and could help maintain a high productive

level without interfering with migration.

Probable Use of Reservoirs

Shasta County has a great amount of diversified outdoor

water recreation. The planned reservoirs on Cottonwood Creek and

Cow Creek will add to the County's recreation potential. Tentative

plans are to draw the reservoirs down to minimum pool each year.

This drawdown would limit the amount of water available for

maintenance of fish populations in the late summer and fall. Warm

water is generally found in low altitude reservoirs and if the

minimum pool is shallow a dissolved oxygen deficiency might exist

during certain periods of the year. This would cause heavy fish

die-offs which would limit population size. Spring and early
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summer water levels of reservoirs would support local water recre-

ation but high air temperatures and low water levels in the latter

part of the year would decrease the appeal for water recreation

use. The majority of people using these areas during the initial

period after construction would be from local sources, and would

be expected to utilize the areas for short periods of time only.

During later years, increased pressure for recreation on the lakes

might be expected as the populations of the local metropolitan

areas increase.

MAINTENANCE OF PRESENT CONDITIONS

The amount of water which flows in a stream is one

factor that determines the size of resident fish populations.

Other information lacking, requisite maintenance flows may be

calculated from the typical flows during the period when fish

populations are most vulnerable to the effects of low flows. In

the case of salmonids, this period is generally late summer, fall,

and early winter, or September through December. A summary of

monthly average, minimum recorded, and modal flows of Cottonwood

Creek near Cottonwood and Cow Creek near Millville is shown on

Plate D-l.-x Typical flows for Cottonwood Creek are as follows:

August, 40-50 cfs; September, 40-50 cfs; October 50-60 cfs;

November, 80-90 cfs; (1941-1955 data). Cow Creek typical flows

are as follows: August, 20-30 cfsj September, 50-60 cfs;

* Plate d-1 effectively summarizes the results of statistical
analysis of the recorded flow data of Cottonwood and Cow Creeks
for the casual reader. Plates from which the summary data were
obtained are on file with the Department of Fish and Game.
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October, (bi-modal) 30-40 cfs, 100-110 cfs; November, 100-110 cfs;

(194-9-1955 data). The above flows may be considered to maintain

the existing resident populations of fish.

Calculating the typical flows for December and January

was impossible because of the wide dispersion of these flows.

The next best calculation would be a mean drawn from 36-year

average computed historic flows and recorded monthly flows. In

Cottonwood Creek, the 36-rnean flows for December are 1,250 second-

feet and for January are 1,675 second-feet. In Cow Creek, the

36-year mean flows for December are 1,215 second-feet and for

January are 1,315 second-feet.

RECOMMENDATIONS FOR DOWNSTREAM FLOWS BELOW TENTATIVE
DAMS ON COTTONWOOD AND COW CREEK DRAINAGES

Cottonwood Creek

Table V describes utility for salmon at selected flows

in the main stem of Cottonwood Creek. One hundred second-feet

minimum flow is recommended to accommodate the largest number of

spawners in proportion to the amount of water. Fifteen thousand,

five hundred spawners could be accommodated with this regulated

flow. The minimum water releases, which are recommended to main-

tain fish life in the three forks of Cottonwood Creek, should

satisfy the main stem flow requirements.

The South Fork of Cottonwood Creek has the largest

potential of the three forks of Cottonwood Creek for anadromous

fish production. Minimum flows would need to be larger than in

the other forks because of the width of the gravel beds. During
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the months of October, November, and December the runs of fall

spawning salmon would utilize the gravel beds if 100 second-feet

were available. Storage water would have to be utilized for

stream flow maintenance during October and part of November, and

natural runoff during the following month and a half. To maintain

this stream during the rest of the year for the production of

young salmon and for maintenance of a resident fish population,

50 second-feet minimum flow should be adequate. Gaging of these

flows could be made at the junction of the South Fork of Cottonwood

Creek and the main stem. With the recommended flows, there would

be made available gravel for 8,100 spawners (Moffett, et al, 19^5).

At present, salmon seldom utilize the gravels of South Cottonwood

Creek. The average width of this fork is 54 feet (Hanson, et al,

1940). Artificial channeling in the wide areas would help con-

siderably in better water utilization.

The Middle Fork of Cottonwood Creek has the second

largest potential for salmon production of the Cottonwood forks.

Maintenance of 50 second-feet minimum flow below the proposed

dam would accommodate 2,200 spawners (Moffett, et al, 19^5), and

an increased population of resident fish. Gaging of this stream

should also be at its junction with the main stem. Present plans

contemplate power releases from a proposed dam, therefore, water

of greater amounts than the minimum fish flow would be released.

It is recommended that continuous, non-fluctuating flows be

released from the power plant, either by operation without peaking,

or by adding a re-regulating reservoir.

North Fork Cottonwood Creek has the least value of the

three tributaries for anadromous fish production. A release of
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30 second-feet minimum flow should be adequate to maintain resident

fish and for the production of salmon. The minimum flows recom-

mended for the South Pork Cottonwood Creek (100 cfs), Middle Fork

(50 cfs), and North Fork (30 cfs), would be more than adequate

for the recommended main stem flow of 100 cfs. These flows would

accommodate approximately 15,000 salmon on the main stem, and a

total of approximately 10,000 salmon in the three tributaries.

Cow Creek

At the present, the major salmon spawning areas of

Cow Creek are located in the lower 14 miles of the main stream

and South Cow. Recommended flows for this section are presented

in Table VI. A flow of 100 second-feet minimum would provide a

potential for 10,200 spawners annually and support a resident fish

population as well (Moffett, et al, 1947). Oak Run, a tributary

to Cow Creek, has a potential of 9,033 spawners annually (Hanson,

et al, 1940). The limiting factors of this stream now are inter-

mittent flows and irrigation diversions. Tentative plans are to

divert Oak Run and Clover Creek to Little Cow Creek. The recom-

mended release would have to be from the diversion dam on Oak Run.

The successful downstream migration of young fish would be diffi-

cult unless the many diversions were screened. The total potential

utilization of the main stream Cow Creek and Oak Run would be

approximately 20,000 salmon yearly in addition to a resident popu-

lation of game fish.

The reservoirs, which are planned for both the Cottonwood

Creek drainage and Cow Creek, would be primarily for local
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irrigation purposes. Their sizes are of such magnitude, that

each year the lakes would be drawn down to the minimum pool size.

Winter and spring runoff would be expected to fill th3se reservoirs

and spill some uncontrolled water each year. Minimum flows in

streams below dams should be maintained when stream flow falls

below the values quoted in the recommendations by added releases

from storage. If at any time the minimum flow requirements are

exceeded, no additional water for fish would be needed from storage.

Minimum annual flows would permit utilization of the streams by

spring-run, as well as fall-run salmon. The controlled flows

would also allow a high survival of eggs and young fish, and would

facilitate their downstream migration.

Cottonwood and Cow Creeks join the Sacramento River

above the site of the proposed Iron Canyon Dam. After its con-

struction the continued success of these streams as producers of

anadromous fish would depend upon passage of adults upstream and

young fish downstream past this large dam and reservoir.

SUMMARY

Proposed water conservation projects on Cottonwood and

Cow Creeks are analyzed in order to give planning engineers facts

regarding the present fisheries resources in these streams, and

to make recommendations for protection and enhancement with water

development projects.

Cottonwood Creek now supports an estimated annual king

salmon spawning run of 850 fish. It is estimated that with

adequate annual minimum flows this drainage could accommodate
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approximately 25,000 spawners. These flows would also increase

steelhead and smallmouth bass populations.

Cow Creek annually accommodates approximately 985

king salmon. An estimated 20,000 kings could utilize this drainage

if minimum annual flows were adequate. Reservoirs would be

fluctuated over a wide range each year, and would not be particu-

larly suited to water-associated recreation or fishing. However,

it is probable that during part of the year they would receive

rather heavy recreation use from nearby centers of population.

Plows to maintain fisheries were calculated from

historic data. Average daily flows in Cottonwood Creek ranged

from August, 40-50 cfs to 1,675 cfs in January. Cow Creek ranged

from August, 20-30 cfs to January 1,315 cfs.

Three federal reports considered enhancement flows in

these Creeks. A minimum flow of 100 cfs in both Cow and Cottonwood

Creeks was selected as the level which would produce the highest

potential of king salmon production.

Water conservation and suitable flow regulation of

Cottonwood and Cow Creeks would improve and enhance the streams

for maintenance of fish life. Recreation potentials also could

be expected to be increased by the creation of reservoirs and

regulated streamflows. Anadromous fish production would not be

adversely affected by structures because the majority of the

spawning areas are found downstream from the proposed structures.
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State of California

MEMORANDUM
The Resources Agency

To Honorable William E. Warne
Director
Department of Water Resources
1120 N Street
Sacramento, California

Date: March 24, 1964

From Department of Fish and Game

Subject: WP - State of California, Department
of Water Resources Shasta County
Investigation, Bulletin No. 22

The Department of Fish and Game has received notice of the
proposed public hearing on the above subject bulletin and we
wish to make the following comments in connection therewith.

We understand Bulletin No. 22 is directed primarily towards the
presentation of basic water supply data and its probable present
and future consumptive use in Shasta County. Although a very
general plan of water development is provided in connection
with local water requirements, Bulletin No. 150 will largely
supersede Bulletin No. 22 and treat water development in Shasta
County on a much more comprehensive basis.

This Department, through the Contract Services Section, prepared
Appendix D to Bulletin No. 22 which summarized the probable
effects of several dams on Cow and Cottonwood Creeks. Since
completion of that Appendix considerable additional study has
been conducted in the area in connection with the Upper
Sacramento River Basin Investigation. Following informal con-
sultation with DWR personnel and in line with the present
investigation of the Upper Sacramento River Basin the more
recent fish and wildlife studies are proposed for inclusion in
the fish and wildlife appendix to your Bulletin No. 150.

In view of the above circumstances the Department of Fish and
Game does not propose to make an oral presentation at the
hearing scheduled for March 27 on Bulletin No. 22. However, we
suggest that this letter be incorporated in the final edition
of Bulletin No. 22.

/s/ Harry Anderson

Deputy Director
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APPENDIX E
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PUBLIC HEARING
Joint Hearing of California Water Commission

and Department of Water Resources
Held at Courthouse, Redding, California

March 27, 1964

Statement by-

Mr. Arnold Rummelsburg, Director
Shasta County Department of Water Resources

Some time ago Shasta County submitted, in writing,

comments on Bulletin 22 with a request that these comments be

included in the final published edition of the report. For

this reason our statement today will be very brief.

We are all aware of the time factor involved in this

study and the fact that the preliminary edition of the Bulletin

was published in December of i960. There has been a great deal

of progress in water development in Shasta County since that

time and I would like to call to your attention some of these

accomplishments, many of which were recommended in Bulletin 22.

Approximately a year ago the Clear Creek Community

Services District entered into a repayment contract with the

Bureau of Reclamation for the Clear Creek unit of the Trinity

River Project to serve the Happy Valley area. Designs are well

under way and it is expected that construction of this feature

will start this summer. Just last Tuesday the voters of the

Bella Vista Water District by a 98 percent majority approved a

repayment contract for the Cow Creek Unit of the Trinity River

Project to serve the Bella Vista Water District and it is

expected that construction of this feature will begin this

summer as well.
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A Shasta Community Services District is currently

constructing a water system to take water from the Trinity

River Project. The Cascade Community Services District,

located south of Redding will commence construction of a

domestic water system in the very near future. The Keswick

Community Services District is attempting to obtain a loan for

a water system through the Davis -Grunsky program and just

yesterday the subcommittee of the California Water Commission

was up here inspecting the Keswick area.

The Centerville Community Services District, located

west of Redding is attempting to obtain financing for a water

system. In the Igo-Ono area the landowners are concerned over

their water problems and just last week submitted a petition

for the formation of a district to the local agency formation

commission. People in the Cottonwood area are concerned over

water and erosion problems and have organized the Cottonwood

Creek Watershed Association. Because of the competition for

water in the Cow Creek area an adjudication is under way

covering all portions of the Cow Creek watershed which have not

already been adjudicated.

The State Water Rights Board has informed us that in

all streams tributary to the Sacramento River there is no

unappropriated water during the months of July and August. The

Shasta County Water Agency is actively negotiating a contract

with the Bureau of Reclamation to obtain water for potential

water users along these streams on an exchange basis from the

Central Valley Project facilities.
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I call these to your attention to point out some of

the things which have transpired since the preliminary edition

of Bulletin 22 was published.

Since that time we know a great deal of additional

data has been developed. Your department studies in the upper

Sacramento River basin have refined the cost estimates on some

of the projects included in Bulletin 22. From this study and

your North Coastal Investigation additional information

affecting Shasta County has been developed.

As stated in our formal comments which have previously

been submitted, we are quite anxious that Bulletin 22 be pub-

lished in its final form and that our comments be included. We

feel that it is important that basic data developed in the

Shasta County Investigation be made available to all those who

are interested. Therefore, we feel that the various appendices

to the report should be printed in several copies and be made

available. We feel that this basic data has been very helpful

so far and will continue to be valuable as future water projects

are considered in the area.
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SHASTA COUNTY

DEPARTMENT OF WATER RESOURCES
.u,

Written Comments on

BULLETIN 22
SHASTA COUNTY INVESTIGATION

GENERAL

Bulletin 22, The Shasta County Investigation, is a

cooperative study financed jointly by the County of Shasta and

the State of California and conducted by the State Department

of Water Resources. The major objective of the investigation

is the collection and cataloging of basic information relating

to the surface and ground water resources of Shasta County. It

is believed that this objective has reasonably been accomplished.

In the course of the study a great deal of information was

developed and put together in one place and in such a manner so

as to make it useful to those concerned with water development

and water development projects. A summary of this information

is contained in the report itself. However, much additional

valuable information is contained in the various appendices to

the report which we feel should be made readily available to

all who could profit by it. This could be done by having this

information published in accompanying reports and made available

to county officials and private engineers in the area.

CHAPTER I

Soils , The report states that of the three major soil

groups in Shasta County, only the recent alluvial soils are of

* uomments received 8-16-62.
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major agricultural importance. Although the recent alluvial

soils are the major ones developed to irrigations use at the

present time, the lacustrine deposits in the Fall River area

are significant, as are many of the old valley-filling soils,

particularly in the Happy Valley area. According to Plate 15*

a large percentage of the lands classified as potentially

irrigable consist of the old valley-filling soils.

Present Development . It is stated that the average

annual total farm income is $6,000,000 of which the livestock

industry provides $4,900,000. It should be noted that the year

I960, showed the total income is estimated to be $11,500,000 of

which $5,600,000 is attributable to livestock industry.

Industry . Since the development of this report there

has been established the Calaveras Cement Plant located north

of the City of Redding. This plant will be in full production

by 1963, and will have a production of 1,000,000 barrels. In

addition to this there is now being constructed a pulp and

paper mill by the Kimberly-Clark Corporation located near

Anderson. This plant will ultimately have capacities as follows

150 tons per day of ground wood pulp
300

" * " " bleached sulfate pulp
400 " " " " printing paper
75

" " " " tissue paper.

CHAPTER II

Water Supply . Chapter 2 of the report's discussion

of water supply begins by saying that the water resources of

Shasta are comprised of direct precipitation, surface runoff and

ground water within the county, surface and subsurface inflow to
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the county and Imported water. It goes on to say that a portion

of this water is used within the county but most of it flows

from the area as surface and subsurface outflow. This is a true

statement but it is certainly an understatement. We feel this

point should be emphasized more specifically. As a matter of

fact, farther on in the report it is stated that the mean

seasonal natural runoff that originates within the county is

estimated to be 5*800,000 acre-feet a year or slightly over

one-fourth of the surface water resources of the Sacramento

River basin. It is further stated that when contributions from

watersheds outside the county are added, the estimated mean

seasonal natural runoff from Shasta County is about 8,200,000

acre-feet. This is over 10 percent of the mean seasonal runoff

of the entire State of California.

Under the sections of water utilization and require-

ments it is estimated that the present consumptive use due to

the present level of development is in the order of 200,000

acre-feet. In other words, Shasta County apparently utilized

approximately 2\ percent of all of the water passing the

southern boundary and 3i percent of all water which originates

in the county.

Precipitation Stations . Of the 75 precipitation

stations listed in the report there are only approximately 28

active at the present time. These are well distributed through

the county with one exception, and that is in the Sacramento

Valley core section of the county. There is a precipitation

station in Redding and one in Red Bluff but nothing along the
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valley floor in between at the present time. It would seem then

that one of the recommendations that should be made as a result

of this investigation would be that a precipitation station be

installed in the Anderson-Cottonwood area.

Steam Gaging Stations . One appendix which is included

in the report as Appendix B is concerned with the various stream

gaging stations in and adjacent to Shasta County. This appendix

lists approximately 90 locations for stream gaging stations in

the county. Although the information from all of these stations

is quite valuable, such a large list tends to be somewhat mis-

leading, in that many of these stations are based on weekly

records, many were maintained for only a short period of time

and many are not maintained at the present time. It should be

pointed out that of all of those listed, there are approximately

23 active gaging stations in Shasta County at the present time.

Partially as a result of this investigation, certain of these

gaging stations were installed in the county and these stations

are already beginning to develop valuable information.

Ground water . Any discussion of ground water is quite

difficult to follow without a geologic map and geologic cross

sections and this information in the form of a plate has not been

included in the report. The plate showing well location and

depth and elevation of ground water for the Redding ground water

basin, Plates 8, 9, and 10 indicate thereon that four geologic

cross sections have been made; however, they are not found at

any point in the report. It is strongly recommended in the

final publication of Bulletin 22, that maps showing the geology
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of the area, and adequate cross sections as well, be Included.

It is stated in the study that maps for both ground water depth

and elevation were prepared for spring and fall of each year of

the study. However, these maps for only one year were found in

the report. It would be interesting and, we think, valuable to

have this information for each year for which it was developed.

In addition, more specific data on well yields would be helpful.

The averages shown in Table 6 for each of the general areas can be

misleading, and perhaps, there is enough information to indicate

more specifically at least where certain wells of adequate yield

have been developed in the past.

Quality of Ground Water . On page hj the problem of

saline ground water is discussed very briefly. This however, is

a very important and serious problem in Shasta County and one

which concerns us very much. It is believed that it warrants

major consideration and further discussion in a report of this

nature. Perhaps those areas which are general problem areas with

respect to saline ground waters could be delineated on a map.

It is believed however, that if the geologic map and geologic

cross sections previously referred to were included in the

report, this would provide sufficient information.

CHAPTER III

Water Utilization and Requirements . This chapter

discusses the water utilization and requirements both under

present and future conditions and states that even under

ultimate conditions the net depletion of the water supply by

all county uses would be a relatively small percentage of the
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total natural runoff originating in the county. This was referred

to in previous comments. Present water resources developments

are discussed in this chapter and on Table 8 the principle water

service agencies in the county are delineated. This information

is shown as well on Plate 14. It should be pointed out that the

Burney County Water District, which serves domestic water to the

Burney area was left off of Plate 14.

Present Pattern of Land Use . The pattern of land use

of Shasta County has been developed by hydrographic units and

summarized for the county as a whole on Table 9. This is exactly

the same as Table 32 of Bulletin 58, the Northeast County

Investigation. This is based on crop survey conducted during

1955 and 56. A comparison of the county totals on Table 9 with

the figures published in the 1956 report of the Shasta County

Agricultural Commissioner seems however, to indicate certain

discrepancies. It should be noted, however, that*land use

figures in the agricultural commissioners report are based on

all productive land, whether or not it is irrigated.

Net Irrigable Land . All of the land in Shasta County

was classified as to its suitability and a factor was applied to

each class of land to determine the percentage which would be

irrigated and developed at some time in the future. Except for

changes in the classification heading, Table 12 which indicates

classification of the irrigable lands of Shasta County by

topographic units is exactly the same as Table 35 in Bulletin 58.

This Information is shown on Plate 16. It is noted that in the

legend for this plate two classifications of hilly land are

indicated, one to represent hilly lands with crop adaptability
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not limited by the depth of effective root zone or rock in plow

zone and the other with those limitations. The colors used

appear to be identical and it is impossible to tell them apart

on the map

.

Ultimate Land Use Pattern . As stated in the report,

any projection of probable ultimate crop pattern must be

generalized and we, of course, recognized this. It is reasonable

that crop projections at the present time would be weighted

heavily in favor of the type of development currently found on

the land; however, it should be pointed out that if such a

projection had been made in the early 20's it is conceivable

that a much larger percentage of the land would have been

forecast to orchard crops and the like. In addition, we recognize

that forecasts of urban and suburban land use must be general

and are somewhat of a guess. We would like to suggest however,

that it is very likely that considerable urban and suburban

development will occur in the Olinda hydrographic unit, as this

covers much of the area immediately adjacent to the City of

Redding. As indicated in Table l8 of the report, no land was

forecast for development in this manner. In addition, it is

very likely that considerable urban and suburban development will

occur in hydrographic unit 23, the Keswick hydrographic unit,

particularly the area east of the river as this adjoins the

Buckeye and Central Valley areas. Table 17 on page 87, "Probable

Ultimate Crop Pattern" appears to contain a typographic error

in the 8th column heading. This should read "Deciduous Orchard."
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Recreational Land Uses . This section covers the use

of land for recreation including permanent summer residences and

commercial resorts and the like, and organizational camps and

camping and picnicking areas and discusses the user days for

these catagories. The last sentence of this section states that

"large quantities of water may therefore be expected to evaporate

from reservoir surfaces from within the county." This implies

that substantial reservoir evaporation is caused by recreational

use. Actually, recreation use of reservoirs in Shasta County

is in most cases incidental to the major purposes of the reservoir

and such evaporation is not caused by or a result of recreation

use.

Unit Values of Use of Applied Water . The discussion

of water use requirements goes into some detail regarding urban,

suburban and rural water use and discusses the requirements of

forest products industries and water use associated with recrea-

tion. The determination of the consumptive use of water for

agricultural crops however, is discussed very briefly. This

seems a bit out of proportion in that these consumptive use

figures are of major importance and are, perhaps, one of the

keys in determining the total water requirement for the area.

A review of the literature indicates that the consumptive use

figures here utilized are substantially the same as those of

Bulletin 58 and Bulletin 2. We feel that this point is

particularly important because of past disagreements over the

unit values used for consumptive use. It is noteworthy that at

the hearings held on Bulletin 58, the Northeast Counties
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Investigation, Shasta County made a rather strong point of its

objection to the figures for consumptive use of applied water

and felt that larger values should be used. In addition to

this, comments along the same lines were made by Siskiyou,

Plumas, Butte and Yolo Counties and several others.

Unit Value of Consumptive Use . Because of the differ

ences of opinion previously expressed regarding the values used

for consumptive use of applied water, this has been gone into in

some detail. Working very closely with the University of

California Agriculture Extension Service, figures have been

developed that we feel to be a satisfactory indication that the

consumptive use figures should be higher than are indicated in

the report. This information is attached to these comments.

Although this is based on limited data and is not purported to

be exact, we feel that this does provide adequate information

to indicate that the figures used in Bulletin 22 should be

significantly increased except for deep rooted crops in the

general Redding area where precipitation is high. When appro-

priately modified figures have been applied to the projected crop

pattern, the figure for consumptive use of applied water

obtained for irrigation is approximately 400,000 acre-feet,

up approximately 16 percent from the figure of 344,000 acre-

feet contained in Table 27 of the report.

Reservoir Evaporation . All of the tables in the report

regarding consumptive use and water requirements for Shasta

County contain a column for reservoir evaporation. This would

seem to indicate that this evaporation is a water requirement of
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Shasta County as such. On page 104 of the report however, it is

stated that approximately 95 percent of the present reservoir

evaporation occurs at facilities constructed primarily to provide

water for export purposes. This will also be true of a very

large percentage of the evaporation which occurs under ultimate

conditions. It would seem rather misleading then, to consider

reservoir evaporation as a water requirement of the county but

rather would seem more appropriate to set this figure up as a

separate item. It is recalled that the treatment of reservoir

evaporation was strongly objected to by Shasta County in its

comments on Bulletin 58. This item should be considered sep-

arately from the county's water requirements, or at least covered

by a footnote in the tables.

Water Requirements . When the same factors for irriga-

tion efficiency are applied to the 400,000 acre-foot consumptive

use figures that were applied to the figures shown in Table 27

a total water requirement *for irrigation purposes of 780,000

acre-feet is obtained. If the county total for Table 27,

Probable Ultimate Mean Seasonal Consumptive Use of Applied Water,

and Table 29, Probable Ultimate Mean Seasonal Water Requirements

of Shasta County are revised accordingly the results would be

as follows:

Estimate Mean Seasonal
Consumptive Use & Water Requirements for Shasta County

Consumptive Use Water
of Applied Water Requirements

Irrigated Lands 400,000 780,000
Meadow Pasture 25,000 25,000
Urban, Suburban & Rural Domestic 37,000 73,000
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Estimate Mean Seasonal
Consumptive Use & Water Requirements for Shasta County

(Cont. l)

Consumptive Use Water
of Applied Water Requirements

Forest Products Industries 10,000 89,000
Recreation Areas 13,000 13,000

TOTAL 485,000 980,000
Net Reservoir Evaporation (Not a
Shasta County Water Requirement) 153,000 153,000

TOTAL 638,000 1,133,000

Bulletin 22 shows water requirements 872,000 acre-feet per year

plus reservoir evaporation of 153,000 acre-feet per year. It

should be pointed out that while ultimate water requirements for

irrigation purposes may be determined in a relatively straight-

forward manner, industrial requirements (as forest products)

could easily be much different from the estimate figures. We

believe that the total ultimate water requirements could easily

be at least 10 percent to 15 percent greater than those indicated

in Bulletin 22.

CHAPTER IV

Plans for Water Development . This chapter discusses

possible sources of water supply to meet the future demands for

each of the 31 service areas delineated within the county. For

each potential service area there is a brief description together

with a discussion of the probable water needs and suggestions

are made as to where this water could be obtained. There appears

to be a discrepancy for many of the service areas between the

figures quoted in the text for supplemental water requirements
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and the total delineated on Table 35 of this report. An analysis

indicates that in the case of 12 service areas, the water require-

ments for either domestic or recreation uses were not included

in the text. In the case of another six or seven service areas

the item shown on Table 35 for the meadow pasture was not

included in the text. It would seem that the supplemental

requirement discussed for each service area would agree with the

figures delineated in the table which was developed in Chapter

III.

Reservoir Yield Studies . The report states that in

general the yields of the various reservoirs were computed on

the basis of full flows of the stream at the damsite without

reduction of uses of water that can be made under existing rights.

If this is the case, then the yield developed at any reservoir

site would be the yield of the entire reservoir-stream system

rather than that of the reservoir itself. In order to determine

the cost of new water provided by the reservoir it would be

necessary to divide the total project cost by the project yield

rather than the yield of the project-stream system.

Ground Water , Ground water is recommended as the source

of supply for eight of the service areas in the county. Six of

these are located in the mountainous regions, the Modoc plateau,

Hat Creek and Burney areas. In the case of three of these service

areas the report recommends test drilling in order to varify the

ground water potential of the area. Perhaps some suggestions or

guides to an appropriate test drilling program should be suggested
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Ground water is also recommended as the most suitable source of

supply for the Cottonwood Creek service area. There may be some

question about this however, as although ground water appears to

be available in the eastern section of the Cottonwood Creek

basin, it is questionable whether it can be developed satisfac-

torily in the area west of Dry Creek.

Major Storage Projects . The reports list 16 different

possibilities for major storage projects within the county which

are considered to be feasible from a physical point of view. For

each of these projects estimates were made of the cost of the

project and the cost per acre-foot of yield for what was con-

sidered to be the optimum sized project for the particular site

under consideration. As previously mentioned, it was stated

that yields were determined without reductions for prior rights,

and consequently the cost of new water developed by the project

would be higher than the figures shown in the report.

The department's progress report on their Upper

Sacramento River Basin Investigation which was published in May

of 1961 has considered three of these reservoir sites; Hulen,

Millville and Bella Vista. This report showed cost figures con-

siderably different from those indicated in Bulletin 22 for

these reservoirs. Following is a comparison:

>r

Capacity Yield Cost Per Acre
Project Acre-Ft. Acre-Ft. Feet of Yield

Bulletin 22
Millville 124,000 47,500 $10.80
Bella Vista 196,000 76,000 12.00
Hulen 92,000 21,200 14.00
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Capacity Yield Cost Per Acre
Project Acre-Ft. Acre-Ft. Feet of Yield

Upper Sacto . Investigation
Millville
Bella Vista
Hulen

72,000 40,000 $ 7.30
229,000 82,000 10.50
9^,000 60,000 4.90

Because of the differences in cost obtained, particularly of the

Hulen and Millville sites, the lower costs should be a least

noted in the final report. From a practical standpoint, it is

doubtful if either Bella Vista Reservoir or Mistletoe Reservoir

on Churn Creek should receive consideration simply because of

their location with respect to present and future suburban type

land use.

All of the costs presented are based on financing

projects with an interest rate of 4 percent. Somewhere it should

be pointed out that it is at times possible to obtain financing

for irrigation projects through federal programs under more

favorable terms. It should also be pointed out that multiple

purpose projects may be possible, through the Davis -Grunsky

program or other means by which the cost of water could be

reduced.

It is noted that the Iron Canyon Reservoir, together

with other projects which are export in nature are included on

Plate 30. If these projects are included on the plate, there

should be some discussion of them in the body of the report.
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COMMENTS ON CONSUMPTIVE USE OF WATER IN SHASTA COUNTY

The term "consumptive use" is defined as the total

amount of water taken up by vegetation for transpiration or

building of plant tissue plus the evaporation of soil moisture,

snow or intercepted precipitation. A proper evaluation of con-

sumptive use is of cardinal importance in developing the water

requirement for any area which may be under study.

The total amount of water required by a given crop

and consumptively used thereby is generally supplied from two

sources. The first of these is from precipitation and consists

of both the precipitation used during the period of its occur-

rence and that precipitation which is stored in the soil

within the root zone of any particular crop under consideration,

and later withdrawn from the soil. When precipitation does not

occur at the times and in the quantity needed, the additional

water required to satisfy the demand of crops must be applied

by artificial means and the amount which must be applied is

fundamental in determining the water requirements of any crop

or area.

Bulletin 22, the Shasta County Investigation, which

was published by the State Department of Water Resources in

December of i960, contains on Table 21, estimates of unit

values of consumptive use of applied water for various irri-

gated crops, for each hydrographic unit of the county. These

figures were obtained by using the Blaney-Criddle method which,

simply stated, is a correlation of consumptive use with the

climatic factors of mean monthly temperature and monthly
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percentage of daylight hours, with an allowance for effective

precipitation. This is the same data as that contained in

Table 44 or 58, the Northeast Counties Investigation. Sub-

sequent to the publishing of the preliminary edition of

Bulletin 58, and at the public hearings held on it, there was

considerable objection to the values used for consumptive use

of applied water, both on the part of Shasta County and several

others, and the opinion was expressed that the values were con-

siderably lower than they should be.

It is the purpose of this report to attempt to look

into the consumptive use figures for the major crops of this

area, primarily to have some objective basis for determining

whether or not we agree with the values used by the State.

For this analysis two crops were selected, alfalfa

and irrigated pasture. These two crops represent about 70 per-

cent of the total ultimate irrigated land use in Shasta County

as projected in Bulletin 22% Consumptive use was determined on

the basis of the difference in evaporation between black and

white atmometers, which in effect is a correlation of consump-

tive use with the climatic factor of solar radiation. The

atmometer data was obtained from the State Department of Water

Resources. The coefficient applied to the atmometer readings

was obtained from work done at the University of California at

Davis

.

Table 1 shows a compilation of the atmometer data for

the seven month growing season for several stations which have

been designated the "Redding Group" and indicates the monthly

consumptive use for this group and a total consumptive use
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during the growing season of 3.7 feet for either alfalfa or

irrigated pasture. This is identical to the total consumptive

use figure shown for these crops in Table 113 of Bulletin 2.

Table 2 shows the consumptive use for the same crops for the

"Fall River Group" stations for a five month growing season,

and indicates a seasonal value of 2.9 feet. This agrees

quite well with the comparable figure of 3.0 feet shown in

Table 113 of Bulletin 2.

After determining the total consumptive use during

the growing season, the breakdown between effective precipita-

tion and consumptive use of applied water is obtained by-

working out a "water balance" for a particular crop, and for a

particular type of soil for the entire year. In order to do

this the average precipitation, soil moisture capacity, root

depth, and an estimate of consumptive use during the non-

cultural period must be determined. Precipitation at Redding

and Fall River are shown on Table 3 and were obtained from

climatological data of the United States Weather Bureau. The

other items mentioned were estimated on the basis of discussions

with representatives of the Shasta County Farm Advisors office

and the extension irrigationist of the University of California

Agricultural Extension Service at Davis.

Table 6 through 9 are "water balances" for the two

crops under consideration for both the Redding and Fall River

areas which are based on typical conditions for the crops and

areas under consideration. A summary of the results, compared

with the consumptive use and effective precipitation figures
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used by the State in Bulletin 2, 58 and 22 (all three state

bulletins have identical figures), for comparable crops in

comparable areas, is as follows:

ALFALFA PAS T U R E

o> CD
c u CO c u CO

0) & cd &
•H -p CD «H -p

CD -P «H cd CD > +5 u cd 0)
> a 0:3 > •H cd 0^ rH >
•H +3 H «H p .p cd -HAREA •P iH "d cd -P O «H «-d -P -P
O ft {3 CD -p cd CD ft |Z3 CD cd
<D -H •H O H Cm -H •H £-< H
<t-l O • H Eh 3 Qh O • H
<M CD O ft 6 W 0) O ft £w £ ft< 3O £ ft

< 3

Redding Area
This Study 1.6 2.1 3.7 1.1 2.6 3.7
State Bulletins 1.7 2.0 3.7 1.5 2.2 3.7

Fall River Area
This Study 1.0 1.9 2.9 0.7 2.2 2.9
State Bulletins 1.6 1.4 3.0 1.4 1.6 3.0

It is seen that although there is a satisfactory

agreement with respect to total consumptive use, there is sig-

nificant disagreement as to, the portion of this consumptive use

which is satisfied by normal precipitation and that which must

be satisfied by applied water. In the case of alfalfa growing

in the Redding area, there is satisfactory agreement for all

figures.

It appears from an analysis of the data that in the

case of a deep-rooted crop such as alfalfa growing in an area

where there is sufficient precipitation, the method of analysis

used here and that used by the State gives satisfactory agree-

ment with respect to the amount of precipitation which can be

utilized. In the case of the Fall River area, and with crops
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of limited root depth, there is not a satisfactory agreement

and values approximately 1/3 greater than those contained in

the state bulletins are indicated.

State Water Resources Board. Bulletin 2 Water Utilization and
Requirements in California . 1955.

Veihmeyer, Halkins and Hendrickson. Determining Water Needs
for Crops from Climatic Data. Hilgardia Vol. 24 No. 9 Dec.
T55T.

State Department of Water Resources. Bulletin 58. Northeast
Counties Investigation . December 1957 (Preliminary Draft)

.

State Department of Water Resources. Agroclimatic Monitoring
Program in California. March i960.
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TABLE 1

ATMOMETER DATA for STATIONS in REDDING GROUP

Monthly Black minus White Atmometer
(in milliliters)

Evaporation

Station Year March April May June July Aug Sept Oct

Redding 6 SE 1955 - - 578 613 640 691 490 195

it ii

1956 - - 464 564 607 548 430 -

n ii

1957 - 432 461 622 597 485 379 252

n ii

1958 - - 506 510 571 457 - -

Redding Stayer 1958 - - - - - - 500 397

ii it

1959 - 449 491 633 739 602 456 396

it it

i960 - 373 470 632 677 567 463 316

Redding Airport 1957 - 418 427 474 - 554 324 275

Redding Ranger Sta. 1955 - 345 529 576 607 538 477 387

TOTAL Redding Group
Number of years

- 2287
6

3926
8

4624
8

4438

7

4442
8

3519
8

2218

7

Average Redding Group - 381 491 578 634 555 440 317

Consumptive Use for
Month (inches)
(Factor = 0.0134) 5.1 5.6 7.7 8.5 7.4 5.9 4.3

Total 3.7 ft.
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ATMOMETER DATA for

TABLE 2

STATIONS in FALL RIVER GROUP

Monthly Black minus White Atmometer Evaporation
(in milliliters)

Station Year March April May June July Aug Sep

Fall River Intake 1956 - - - 512 575 497 51

1957 - - 1*08 581 - - -

Fall River R. S. 1955 - - hfk 53^ 59^ 628 471

1956 - - - 536 612 563 45.

1957 - - 493 55^ 508 513 4ll

Fall River 4NW 1958 - - - - - 384 3&

1959 - - - 577 596 503 37

McArthur 2SF 1955 - - - - - 619 51!

1956 - - 428 503 591 540 W

Pittville IS 1956 - - - - - 537 W

1957 - - 448 626 641 549 45-

1958 - - - 474 579 602 -

1959 - - - 606 659 646 kS:

TOTAL Fall River Group
Number of years

-

_

2251

5

5503
10

5355
9

6581
12 1:

Average Fall River Group - - 450 550 595 548 45:

Consumptive use for month (inches)
(Factor = 0.0134) 6.0 7.4 8.0 7.4 6.(

Total 2.9 ft
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TABLE 3

Mean Monthly Precipitation

Shasta County Stations

Month Redding Pall River

January 7.4 2.6

February 5.4 3.0

March 5.1 2.3

April 3.1 1.7

May 1.7 1.3

June 1.1 0.7

July 0.1 0.2

August 0.2 0.2

September 0.3 0.4

October 2.2 1.5

November 4.1 2.0

December 7.9 3.1

TOTAL 38.6 19.0

Years of Record 86 22
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TABLE 4

Estimated Moisture Holding Capacities of Soils

Type of Soil Moisture Holding Capacity
(in. per ft. of soil)

Sand 1

Sandy Loam ii

Clay Loam 2

Clay Pi

TABLE 5

Estimated Depth of Root Zones

Crop Depth of Root Zone

Irrigated Pasture
(Ladino Clover) 2-3 ft.

Alfalfa 7 ft.
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TABLE 6

COUNTY of SHASTA

DEPARTMENT of WATER RESOURCES

Water Balance

Crop Alfalfa Root Depth 7.0 ft,

Soil Type Sandy Loam

Total Storage Capacity of Soil _
Precipitation Station Redding

Moisture Capacity 1.5 in. per ft,

10.5 inches.

Consumptive Use Station Redding Group

Growing season k/l to 10/31

C.U. During noncultural period 2.0 in. per month when available

Month Precipi-
tation

Soil Stor-
age at end
of month

Consump-
tive
Use

Effective
Precipi-
tation

Deficiency
During
Month

Cumula-
tive De-

ficiency

Jan 7.4 10.5 2.0 4.5

Feb 5.* 10.5 2.0 2.0

Mar 5.1 10.5 2.0 2.0

Apr 3.1 8.5 5.1 3.1

May 1.7 4.6 5-6 1.7

June 1.1 7.7 1.1 2.0 2.0

July 0.1 8.5 0.1 8.4 10.4

Aug 0.2 7.4 0.2 7.2 17.6

Sept 0.3 5.9 0.3 5.6 23.2

Oct 2.2 4.3 2.2 2.1 25.3

Nov 4.1 2.1 2.0 4.1

Dec 7-9 8.0 2.0 7.9

TOTAL 38.6 54.5 29.2 25.3

C.U. of applied water
Effective precipitation used during cultural period

Total C.U. during cultural period

2.1 ft
1.6 "

3.7 "
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TABLE 7

COUNTY of SHASTA

DEPARTMENT of WATER RESOURCES

Water Balance

Crop Irrigated Pasture Root Depth 2.5

i
ft

Soil Type Clay Loam

Total Storage Capacity of Soil

Precipitation Station Redding

5.0

Moisture Capacity 2.0 in. per ft

inches.

Consumptive Use Station Redding Group

Growing Season h/l to 10/31

C.U. During noncultural period 2.0 inches per month when available

Month Precipi-
tation

Soil Stor-
age at end
of month

Consump-
tive
Use

Effective
Precipi-
tation

Deficiency
During
Month

Cumula-
tive De-

ficiency

Jan 7^ 5.0 2.0 2.0

Feb 4.5 5.0 2.0 2.0

Mar 5.1 5.0 2.0 2.0

Apr 3.1 3.0 5.1 3.1

May 1.7 5.6 1.7 0.9 0.9

June 1.1 7.7 1.1 6.6 7.5

July 0.1 8.5 0.1 8.4 15.9

Aug 0.2 7.4 0.2 7.2 23.1

Sept 0.3 5.9 0.3 5.6 28.7

Oct 2.2 4.3 2.2 2.1 30.8

Nov 4.1 2.1 2.0 4.1

Dec 7.9 5.0 2.0 4.9

TOTAL 38.6 54.5 23.7 30.8

C.U. of applied water
Effective precipitation used during cultural period

Total C.U. during cultural period

2.6 ft

1.1 "

3.7 "
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TABLE 8

COUNTY of SHASTA

DEPARTMENT of WATER RESOURCES

Water Balance

Crop Alfalfa

Soil Type Sandy Loam

Root Depth 7-0 ft.

Total Storage Capacity of Soil

Precipitation Station Fall River

Moisture Capacity_

10.

5

inches

.

1.3 in. per ft.

Consumptive Use Station Fall River Group

Growing Season 5/l to 9/30

C.U. During noncultural period 1.0 in. per month when available

Month Precipi-
tation

Soil Stor-
age at end
of month

Consump-
tive
use

Effective
Precipi-
tation

Deficiency
During
Month

Cumula-
tive De-

ficiency

Jan 2.6 5-2 1.0 2.6

Feb 3.0 7.2 1.0 3-0

Mar 2.3 8.5 1.0 2.3

Apr 1.7 9.2 1.0 1.7

May 1.3 4.5 6.0 1.3

June 0.7 7.4 0.7 2.2 2.2

July 0.2 8.0 0.2 7.8 10.0

Aug 0.2 7.4 0.2 7.2 17.2

Sept 0.4 6.0 0.4 5.6 22.8

Oct 1.5 0.5 1.0 1.5

Nov 2.0 1.5 1.0 2.0

Dec 3-1 3.6 1.0 3.1

TOTAL 19.0 4l.8 19.O 22.8

C.U. of applied water
Effective precipitation used during cultural period

Total C.U. during cultural period

1.9 ft
1.0 "

2.9
"
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TABLE 9

COUNTY of SHASTA

DEPARTMENT of WATER RESOURCES

Water Balance

Irrigated PastureCrop_

Soil Type Clay Loam

Root Depth 2.5 ft.

Total Storage Capacity of Soil

Precipitation Station Fall River

Moisture Capacity 2.0 in . per ft.

5.0 inches

.

Consumptive Use Station Fall River Group

Growing Season 5/l to 9/30

C. U. During noncultural period 1.0 in. per month when available

Month Precipi-
tation

Soil Stor-
age at end
of month

Consump-
tive
Use

Effective
Precipi-
tation

Deficiency
During
Month

Cumula-
tive De-

ficiency

Jan 2.6 5.0 1.0 2.4

Feb 3.0 5.0 1.0 1.0

Mar 2.3 5.0 1.0 1.0

Apr 1.7 5.0 1.0 1.0

May 1.3 0.3 6.0 1.3

June 0.7 7.4 0.7 6.4 6.4

July 0.2 8.0 0.2 7.8 14.2

Aug 0.2 7.4 0.2 7.2 21.4

Sept 0.4 6.0 0.4 5.6 27.O

Oct 1.5 0.5 1.0 1.5

Nov 2.0 1.5 1.0 2.0

Dec 3-1 3.6 1.0 3.1

TOTAL 19.0 41.8 14.8 27.0

C.U. of applied water
Effective precipitation used during cultural period

Total C.U. During Cultural Period

E-30
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STATE OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DIVISION OF RESOURCES PLANNING

SHASTA COUNTY INVESTIGATION

LOCATION OF SHASTA COUNTY
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PLATE 2

HYDROGRAPHIC UNITS

16 MC ARTHUR
17 HAT CREEK

18 MONTGOMERY CREEK

19 MC CLOUD RIVER

20 DUNSMU1R

21 SHASTA LAKE

22 CLEAR CREEK
23 KESWICK

24 COTTONWOOD CREEK

25 OLINDA

32 STILLWATER PLAINS

33 COW CREEK
34 BEAR CREEK

35 BATTLE CREEK

38 MILL CREEK
42 NORTH FORK FEATHER RIVER

50 ANDERSON
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PRECIPITATION STATIONS

,_OS9 TRINITY CENTER RANGER STATI

1-0S9A MUMBO BASIN

1-19 WEAVERVILLE RANGER STATION

S-012* DAY

S-0124A LOOKOUT

5-0169A COLEMAN FISH HATCHERY

5-0170 OILMAN RANCH

5-0171 HAT CREEK RANGER STATION

5-0172A HARRISON GULCH RANGER STATI

5-0173 MACUMBER

5-0173A MANZANITA LAKE

5-0175 MONTGOMERY CREEK °2 SSW

S-0175A ROUND MOUNTAIN

5-0178 PIT RIVER POWERHOUSE »S

5-0179 ST.VRAIN RANCH

5-0179A INWOOD

5-0I79B SEITZ

5-01BO SHASTA DAM

S-01S0B IRON MOUNTAIN «2

S-01B0C TOYON (GOVERNMENT CAMP)

5-OtBOD TURNTABLE CREEK

5-01S1 VOLLMERS

S-0201 BEEGUM

5-02QIA WILLIAMS RANCH

•5-02OIB SADDLE CAMP RANGER STATION

5-0204 ROSEWOOD

5-0JO4A FERGUSON RANCH
•5-2 MT. SHASTA SLOPE

•5-2A MT . SHASTA SLOPE

5-3 DUNSMUIR RANGER STATION

5 -3A CASTELLA

' THESE STATIONS ARE NOT DELINEATED.

MC CLOUD

STOUT'S MEAOOW

BIG BEND

FALL RIVER MILLS INTAKE

3IEBER (CORY)

DELTA

10A LAKESHORE

B UCKHORN

SQUAW CREEK GUARD STATION

SQUAW CREEK RANGER STATIC

CHURN CREEK

ANDERSON (BARRY)

MILLVILLE

KENNETT

KILARC FOREBAY

KILARC POWERHOUSE

HAT CREEK POWERHOUSE #1

1SB BURNEY

BLACK'S MOUNTAIN

BLACK'S MOUNTAIN BRANCH

SHASTA

FRENCH GULCH

IGO (NORTHWEST)

1SC ONO

REODING FIRE STATION #2

PAYNES CREEK

MINERAL

CHESTER

RED BLUFF AIRPORT

DEPARTMENT Of WATER RESOURCES I960
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MAJOR CREEKS BELOW SHASTA DAM
-MEAN PERIOD I894- 95 THROUGH 1946-4'
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LINES OF EQUAL DEPTH
TO GROUND WATER

REDDING GROUND WATER BASIN

SPRING 1956 , FALL 1956









WELL LOCATION AND NUMBER

GROUND WATER AREA BOUNDARY

STATE OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DIVISION OF RESOURCES PLANNING

SHASTA COUNTY INVESTIGATION

MODOC PLATEAU
GROUND WATER AREA

SCALE OF MILES
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GROUND WATER IN FEET

GROUND WATER AREA 6OUN0AI

STATE OF CALIFORNIA
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LINES OF EQUAL DEPTH
TO GROUND WATER

MODOC PLATEAU GROUND WATER AREA
FALL 1957, SPRING 1958
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LEGEND

3300 ..PROJECTED LINES OF EQUAL ELEVAT
WATER IN FEET

ON OF GROUND

• 3300' ISOLATED MEASURED WELLS WITH
ELEVATION OF GROUND WATER IN

* GROUND WATER AREA BOUNDAR1

APPROPRIATE
FEET

STATE OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DIVISION OF RESOURCES PLANNING

SHASTA COUNTY INVESTIGATION

LINES OF EQUAL ELEVATION
OF GROUND WATER

MODOC PLATEAU GROUND WATER AREA
FALL 1957, SPRING 1958
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