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The bofileneck of Colusa Basin drainage where ihe Knights Landing Ridge Cut meets

the Yo/o Bypass. Only two smo// channels (center foreground and at left adjoining road)

are available for controlled release of drainage flows.
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PUBLIC HEARING
on

Preliminary Edition
of

Bulletin No. 109, Coliisa Basin Investigation

In confonnance with the Water Code and the Department of Water

Resources' policy, a public hearing was held on December 5, I963, in Woodland

California to receive comments from agencies, groups, and local interests on

the preliminary edition of Bulletin No. 109, "Colusa Basin Investigation."

The hearing was attended by about 30 persons, including local farmers,

ranchers, and representatives from state and local governmental agencies.

After consideration of both verbal and written comments, it was

concluded by this department that no technical and only minor editorial

revisions of the preliminary edition of Bulletin No. 109 were necessary

before final publication.

The department prepared an office report setting forth the results

.of the hearing and the department's response to written comments. Copies

of the office report and the transcript of the December 5> 19^3 > 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 following persons:

Senator Virgil 0' Sullivan
Mr. E. C. Means, Attorney from Woodland, California
Mr. Kenneth Laugenour, Engineer from Woodland, California
Mr. William C. Reimers, Orland, California
Mr. Robert Montgomery, Department of Fish and Game

Written comments were received from the following:

Department of Fish and Game
Division of Highways
Board of Supei-visors, Glenn Coimty
Mr. Kenneth Lai;genour, Engineer from Woodland, California
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CHAPTER I, INTRODUCTION

The Colusa Basin is a leading a^ricultxiral area as well as one of

the most notable waterfowl himting areas in the State. It is located in the

Sacramento Valley along the west side of the Sacramento River and extends

from Stony Creek on the north to Cache Creek on the south. In the early

part of its history, the Colusa Basin produced mainly dry-farmed grain.

The area has been progressively developed for irrigated agriculture and is

presently a major producer of rice. Several reclamation districts have

been formed. An extensive system of levees has been constructed along the

Sacramento River and along the various drainage channels to protect the

basin from inundation by floods of the Sacramento River each winter. The

levees, however, have not solved local problems of shallow flooding of

large areas of the basin. During the winter months, runoff from tributary

drainage areas backs up behind the levees and along inadequate drainage

channels. Such flooding damages fall planted crops. During the late spring

months, similar problems of flooding result from return flow from irrigation

practices.

Authorization for Investigation

Interested individuals on several occasions have met with repre-

sentatives of the Department of Water Resources to discuss the current

drainage and flood problems in the Colusa Basin. The Legislatiure became

interested in the problems and, in 1959^ passed Senate Concurrent Resolution

No. 79 requesting the department to make a study of the problems of flooding

and drainage in the Colusa Basin. This resolution reads as follows:



SENATE CONCURRENT RESOLUTION NO. 79- -RELATING TO A STUDY OF
THE "COLUSA BASIN."

"WHEREAS, There exists in the Counties of Glenn,
Colusa, 6Lnd Yolo inadequate drainage and flood control
facilities that are necessary for the general area
located therein which is known as the 'Colusa Basin';

and

"WHEREAS, This condition of inadequate drainage
and flood control has emnually resulted in great dam-
age to the agriculturaJ. crops in the eirea amounting to
many thousands of dollars each year; and

"WHEREAS, The agricultural and economic development
of the area is greatly impeded by these conditions; and

"WHEREAS, The citation of new irrigation and soil
conservation districts in this area will compound the
damages now being suffered; and

"WHEREAS, It is necessary for an overall plan to be

developed for this area to alleviate the damages caused
by drainage, seepage and storm water disposal, giving
due consideration to the established water rights exist-
ing in the area; now, therefore, be it

"Resolved by the Senate of the State of California,
the Assembly thereof concurring. That the Department of

Water Resources is hereby requested to make a comprehen-
sive study of the 'Colusa Basin' for the purpose of
determining the best manner for alleviating the problems
resulting from inadequate drainage ajid flood control
facilities, seepage and storm water disposal giving due

consideration to the protection of established water
rights in the area; and be it further

"Resolved, that the Secretary of the Senate is

directed to transmit a copy of this resolution to the
Department of Water Resources."

To sxipport the study directed by SCR No. 79> tlie Legislat\u*e

added $8o,000 to the Department of Water Resources 1959-60 Budget (item

262.5) to be spent during the I959-60 and 196O-6I fiscal years.

-2-



Objective and Scope of the Investigation

The general objective of the Colusa Basin Drainage Investigation

was to develop the information requested in Senate Concurrent Resolution

No. 79- This objective was achieved by conducting engineering and economic

studies directed toward the formulation of a plan for alleviating the

drainage and flooding problems in the Colusa Basin.

Preliminary Reconnaissance

In order to comply with the legislative directive "... to make

a comprehensive study of the 'Colusa Basin' for the purpose of determining

the best manner for alleviating the problems resulting from Inadequate

drainage and flood control facilities, seepage and storm water disposal,

giving due consideration to the protection of established water rights In

the area", the first step by the Department of Water Resoxirces was to

make a rapid reconnaissance survey of the problems of the area. Information

was assembled pertaining to the geography of the basin, existing flood

control and drainage works, the hydrology of flooding, and, most important,

the identification of areas subject to flood damages. This latter infor-

mation came from interviews with residents and landowners.

The reconnaissance survey indicated that the Colusa Basin appears

to be adequately protected from floods of the Sacramento River, which, in

the past, were the major threats, lb some extent, floods originating from

local rionoff have been controlled, although the areas not presently

protected by levees continue to suffer frequent damage from floods of a

local nature. Inadequate drainage of Irrigation return flows at certain

periods of the year causes damage to crops planted earlier in the yesir.



The areas presently subject to such flooding are located along Willow

Creek and along a 50-raile reach of the Colusa Basin Drainage Canal. The

maximum areas flooded in recent years, as indicated on Plate 1, "Existing

and Possible Flood Control and Drainage Features", incliade approximately

100,000 acres. The preliminary survey indicated that inadequate drainage

of irrigation return flows during summer months is the most serioiis problem

in the southern reaches, while winter flooding is the most serious problem

in the northern reaches.

Extent of Problems Studied

The scope of studies conducted during the subsequent two-year

investigation was limited to seeking solutions for existing drainage and flood

control problems with consideration of the effect of probable future develop-

ment. Primary consideration was given to engineering improvements to the

master drainage facilities. The problems on tributsiry channels and of farm

drainage were considered only in their relationship to the major facilities.

Consideration of individual farm drainage was not within the scope of this

investigation.

A reconnaissance level study was made of fish and wildlife in

the area of Colusa Basin subject to flooding. Particular attention was

given to migratory waterfowl, because the waterfowl habitat is dependent

upon natural flooding. A more intensive study than was made would be re-

quired to determine the effects that construction of levees and flood control

works in the Colusa Basin would have on waterfowl.

Extent of Area Studied

The area to which studies within the Colusa Basin were confined

was determined during the initial reconnaissance. At that time the U. S.

Corps of Engineers was engaged in study of flood control on the upper reaches

I



of Willow Creek and its tributaries. Althoygh a small project vas found

economically justified in that area, public hearings indicated that local

interests were unvrilling to assume the operation and maintenance require-

ments necessary to obtain state and federal financial participation. On

December 23, I960, the Corps of Engineers reclassified this project to

an inactive status. Accordingly, no works were considered for the area

affected by the Corps of Engineers' study. Within the main body of the

Colusa Basin, studies were confined to the area flooded in recent years.

At the southern extremity of the Colusa Basin Drainage Canal, drainage

problems associated with the canal extend into the Yolo Bypass. Therefore,

the study area was extended south in the Yolo Bypass to the Sacramento

Deep Water Ship Channel.

Possible Solutions

To comply with the objectives of the investigation, several

alternative solutions to the existing problems of flooding and inadequate

drainage were considered. These were: (l) systems of levees to protect

areas subject to damage; (2) flood control reservoirs in the western foot-

hills; (3) watershed management to reduce runoff rates; and (h) improve-

ment and enlargement of existing drainage facilities. These approaches

to a satisfactory solution are discussed in the following paragraphs with

an indication of the results that may be expected for each alternative

and the emphasis placed on analysis of each possible solution.

Levee Protection. Levee projects of several sizes providing

substantial flood control protection to the presently flooded areas of

the Colusa Basin were thoroughly investigated and found to be physically

feasible. All engineering and economic factors needed to determine the

economic justification of these projects were analyzed. A major portion of

the work involved in this investigation was directed toward this phase.



The largest levee system studied would provide protection from

floods reaching the magnitude of that expected to occur once-in-50-years.

Evaluation of the benefits provided by this project shoved an extremely

unfavorable benefit-cost ratio. Annual costs vould exceed annual benefits

by approximately 3 to 1. Consideration was given to providing a lesser

amount of protection by reducing the size of the levee system. If protec-

tion from floods exi)ected to occur once-in-ten-years was provided, costs

would exceed benefits by approximately 2 to 1. For the present level of

development in the Colusa Basin, therefore, a levee project would not be

economically justified.

Flood Control Reservoirs. About 80 percent of a flood entering

the Col\isa Basin is contributed by 17 streams draining the foothills to

the west. The cost of constructing flood control reservoirs on these

streams was estimated and found to exceed that of a levee system. Further-

more, the reservoirs could provide a reduction only of about 50 percent

in the area flooded as compared to the once-in-50-year levee protection

project discussed above. Any flood control reservoir project, therefore,

would require a supplemental levee system and be more costly than a levee

system alone. Designs and cost estimates were prepared at a reconnaissance

engineering level, and the results did not indicate that more detailed work

would be warranted.

Watershed Management. A brief investigation was made into the

feasibility of limiting flood flows by improved watershed management. With

proper watershed treatment, some reduction in flood flows coxild be expected;

but it is considered highly improbable that, by watershed protection '

measures, adequate control of flood waters could be realized. The investi-

gation of watershed management was quite limited in scope and, because of
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the complexities involved, would require an extensive analysis to evaluate

fully its jxDtential.

Improved Drainage. The construction of improved drainage facilities

from the mouth of the Knights Landing Ridge Cut through the Yolo Bypass was

found to provide a limited degree of protection to lands at the southerly

end of the Colusa Basin and within the upper portion of the Yolo Bypass.

This project, designated the Yolo Bypass Project, would provide "benefits

approximately 3^ percent greater than its cost. Although the drainage

project is economically justifiable, it provides only a very limited amount

of protection to the lands presently damaged by flood flows in the Colusa

Ba^in.

Engineering and Economic Studies

Studies to analyze properly the engineering feasibility and

economic justification of the above-stated alternatives, particularly the

levee and drainage projects, may be grouped into four general categories;

hydrology, hydraulics^, economics, and design.

Hydrology studies included estimates of the magnitude of floods

and probable frequency of flooding with existing drainage channel facilities

under present and future conditions of land use. The development of these

relationships was bsised on a combination of regional hydrologic stxidies

and streamflow records in the area.

Hydraulic studies consisted of analyses of the effects that the

various proposed projects would have on flows of various magnitudes. The

results of these studies were used primarily in the design of projects for

the control of the various sized floods investigated. The hydraulic capacity

of existing channels was determined from rating curves for stream gaging

stations or by field survey methods.



Economic studies were made to determine the benefits \Aich would

accrue to the various projects considered. Since the benefits vould consist

primarily of damages prevented, extensive field work was done in estimating

the types and axnounts of historical damages. In determining these benefits,

a land use study was made for existing and projected future land use within

the historically flooded areas.

Design studies were limited to preliminary designs and estimates

of cost. While these designs are not of the detail required for actual

construction, they are of sufficient accxiracy to provide a measure of project

feasibility by comparing estimated costs with benefits. After the economic

justification of the Yolo Bypass Project was determined, a detailed review

of design and cost estimating criteria was made. The costs reported for

the Yolo Bypass Project reasonably represent 1961 construction costs, and

are adequate for the purposes of this investigation.

Related Investigations and Reports

A review of related investigations and reports, both published

and unpublished, has provided much of the background and data needed to

conduct this investigation. A great deal of infonnation relative to the

history and reclamation of the Colusa Basin was obtained from files of the

Reclamation Board of the State of California. Basic data concerning stream

flow and floods were obtained from publications of the U. S. Geological

Survey, the U. S. Coi-ps of Engineers, the U. S. Bureau of Reclamation, and

the State of California Department of Water Resources.

The U. S. Corps of Engineers has made numerous studies in con-

nection with the Sacramento River Flood Control Project. Although no specific

report pertaining to the Colusa Basin has been published, several reports have

included information useful in evaluating the flood and drainage problems

of the Colusa Basin.

-8-



The U. S. Bureau of Reclamation, in connection vith its responsibili-

ties for the Central Valley Project, has also published information useful in

evaluating the problems of the Colusa Basin. Investigations and reports in

connection with the Sacramento Canals lAiit, Sacramento Valley Project, were

particularly helpful in estimating future flows in the Colusa Basin.

Organization of Report

The report on the Colusa Basin Investigation is presented in the

ensuing chapters. Chapter II discusses the "Geography and Economy" of the

Colusa Basin and is intended to acquaint the reader with the physical features

of the basin, the flood control and irrigation works developed during its

history, and the economic development that is affected by its flood and drain-

age problems.

Chapter III, "Existing and Potential Flood and Drainage Problems,

"

presents information relating to present and future flood and drainage prob-

lems vith the hydrologic analysis needed to design corrective works. Flood

damages that presently occur, and that would occur in the future without

project development, are also presented.

"Possible Solutions" are discussed and analyzed in Chapter IV.

Chapter V is a summary of conclusions and recommendations.

In addition to the illustrations and figures included in the

bulletin, six plates are boxmd following the text. Of particiilar interest

is Plate 1, "Existing and Possible Flood Control and Drainage Feiatures,

"

showing the area of investigation, historicaJ.ly flooded areas, and the locations

of possible improvements.





CHAPTEE II. GEOGRAPHY AND ECONOMY

The Colusa Basin is a shallow trough lower in elevation than the

Sacramento River that borders it on the east. In its natural state, the basin

was subjected to overflow from the Sacramento River whenever the capacity of

the river chajinel was exceeded during winter floods and spring snowmelt floods.

Annual flooding was common. Precipitation within the area, as well as runoff

from the western foothills, added to the flooding.

The present agricultural development of the Colusa Basin has been

made possible by the flood control Eind reclamation features constructed by the

individual and cooperative efforts of local, state, and federal agencies. Many

of the flood control works protecting the basin from floods have been construc-

ted as part of the extensive Sacramento River Flood Control Project.

Agricultural activities are the most significant factor in the area's

economy. Considerable recreational activity also takes place in the form of

hunting for ducks, geese, and pheasants. Waterfowl are attracted to the Colusa

Basin in their seasonal migrutions by the presence of extensive flooded areas.

Area of Investigation

The Colusa Basin is one of several similar basins that are located in

the Sacramento Vsilley. The several basins adjoin the Sacramento River and are

separated by the major tributaries of the Sacramento River System. The Sacra-

mento River collects runoff from the entire Sacramento Valley and conveys this

water to Suisvin Bay.

The basins generally can be described as depressed areas or shallow

i troughs located on each side of the Sacramento River. The Sacramento River

flows on an elevated ridge that has been built from the silt and sand carried

by the river during times of flood. The basins were formed by the gradual

11-



building up of the banks of the river from sediments deposited as the water

overflowed its natural channel. The heavier and larger sediments carried by

these flood flows were deposited on the banks and near the main channel while

the finer, smaller particles were carried considerably further from the main

channel. The slope of the ground away from the main channel is relatively

steep and gradually flattens towards the center portions of the basins, which

are generally 6 to 20 feet lower than the river banks.

During seasons of heavy rainfall, and before the present system of

levees in the Sacramento Valley was constructed, the flood basins or troughs

were filled by runoff from the adjacent plains and hills, sind by water from

the main river flowing over the banks. The basins usually discharged through

sloughs, either back into the main channel, or into the next lower flood basin.

In times of great prolonged floods, these basins performed a dual function,

acting both as large shallow flood water channels ajid as temporary storage or

equalizing reservoirs that reduced the peak of the floods. The basins would

remain full of water until the river receded to a stage that would allow the

basins to drain.

Colusa Basin

The Colusa Basin is one of two major basins lying west of the Sacra-

mento River. The Yolo Basin, located southerly of the Colusa Basin, is sepa-

rated from the Colusa Basin by the Knights Landing Ridge. This ridge was

formed by sediments from Cache Creek deposited in a manner similar to those

deposited by the Sacramento River. The Colusa Basin extends over portions of

the counties of Glenn, Colusa, and Yolo. The exact limits of the Colusa Basin

are not precisely defined, but generally include those lower lands that may be

covered by flood water. The Colusa Basin has an overall length of approximate!

70 miles and a maximum width of about eight miles. It is divided into an upper

-12-



and lower basin by a small ridge created by the sedimentary deposits from

Upper Sycamore Slough. The upper basin is a comparatively narrow tract of

land, generally not more than four miles in width.

Colusa Basin Drainage Area

The drainage area of the Colusa Basin extends from the Sacramento

River on the east to the crest of the foothills on the west. Stony Creek and

Cache Creek are the approximate northerly and southerly boundaries, respec-

tively. The Colusa Basin drainage area, identified on Plate 1, includes about

1700 square miles. Plate 2, "Irrigated and Irrigable Lands, I95J+-56" shows

the location of the agricultural lands within this area. Water agencies serv-

ing the area are shown on Plate 3, "Principal Irrigation Water Service Agencies

and Proposed Water Service Areas." The physical works of the water agencies

aJid the various reclamation eind levee districts located within the area are

important factors in the agricultural economy of the Colusa Basin. The various

reclamation and levee districts are shown on Plate h, "Reclamation and Levee

Districts."
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Topography and Geology

Figure 1, a generalized east-west geologic section across the

Colusa Basin near Grimes, depicts the topography of the Colusa Basin

di-ainage area. The geologic classification of the subsurface materials

also is indicated in this figure. The foothills and uplands which are

shown in about the western one-third of the figure are part of the Coast

Range. The remainder of the figure shows the relatively flat floor of

the Sacramento Valley.

'^ 100

Deposits of the Socromenlo River
flood ploln and fiood bosin

eoo

500

100

-20

OlSTiNCE IN MILES

Figure I GENERALIZED GEOLOGIC SECTION
ACROSS COLUSA BASIN NEAR GRIMES

The hills and mountains of the Coast Range are composed mainly of

sedimentary sandstones, shales, and conglomerates. These hills, in the

western portion of the Colusa Basin drainage area, resemble a giant deck of

cards stacked nearly on edge. The more resistant strata stand out as

ridges, while the intervening, less resistant have been worn down by erosion.
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This is illustrated by the photograph on pagel6. The sedimentary strata

dip beneath the valley, lie thousands of feet beneath the central part of

the valley, and emerge on the other side in the foothills of the Sierra

Nevada. The valley floor vas formed primarily by the deposition of mate-

rial carried by flood waters of streams. Geologically, the principal

formations of the valley are the alluvial faji deposits, the flood basin

deposits, and the river deposits. The alluvial fan deposits were laid

down by streams draining the Coast Ranges and vary in composition from

clay to gravel. Deposits of the Sacramento River include channel deposits,

natural levees, flood plains, and flood basins. All but the flood basin

deposits were laid down by active waters suid are primarily coarse grained.

The flood basin deposits, which make up a major portion of Colusa Basin

proper, are mostly composed of fine-grained material deposited by slowly

moving or standing water.

Soils

Soils in the Colusa Basin vary in their chemical and physical

characteristics in accordance with differences in their parent material,

drainage, and age or degree of development since their deposition. The

soil characteristics exercise a strong influence on the relationship be-

tween precipitation and runoff. The principal influence of the coarse-

textured soil in the western foothill area is that runoff results only

after very heavy, sustained storms. The soils of the valley floor are

finer-textured and much less pervious; consequently, a higher percentage

of the precipitation tends to run off. However, the valley Ismds are

relatively flat and runoff is slow.

Most of the fine-textured valley floor soils having slow to

very slow permeability rates were deirlved from slow moving flood water.
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The more resistant strata stand out as ridges, while the intervening, less resistant have

been removed by erosion.



I
A large part of these clayey soils are affected to varying degrees by

concentrations of soluble salts or exchangeable sodixnn. Those affected

by soluble salts are called saline soils, and those with an excess of

exchangeable sodium are known as alkali soils. Both of these conditions

have occurred primarily as the result of poor drainage, a slow permea-

bility rate, a high ground water level, and a high rate of evaporation

during the summer. Alkaline soils resulting primarily from sodium sul-

phate (glaubers salt) occur in most of the basin.

The crop adaptability of these fine-textured, salt-affected

soils is greatly restricted at the present time. The improvement of drain-

age conditions wo\ild assist markedly in bringing about their reclamation.

Dispersed throughout the area are relatively small bodies of coarse-

textured soils which were derived from depositions of fast-moving flood

waters and lie adjacent to stream channels. These soils have good perme-

ability, are free of soluble salts or exchangeable sodium, and are suitable

for a wide range of climatically adapted crops.

Climate

The climate of the Colusa Basin is characterized by dry svmmers

with high day-time temperatures and warm nights, ajid wet winters with

moderate temperatures. More than 8o percent of the precipitation occurs

during the five-month period from November through March. The growing

season between killing frosts is long; the average for Colusa, located

centrally in the area, is about 288 days. The average for Willows

Is 22^1 days. Temperatiores at Colusa have ranged from ih F. to

11*4- F. for the ^7 years of record; the monthly average ranges from k3°F.

in January to 78 F. in July. Temperatures at Willows have ranged from

15°F. to ll6°F., and the monthly average ranges from ^5 F. in January to

80°F. in July.
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Population

The Colusa Basin has had a gradual increase in population as indi-

cated by census figures from I920 to I96O. Table 1 shows this trend by

counties as well as projected increases over the next 60 years. Population

figures for the northern part of Yolo Co\inty, Knights Landing Division,

located in the Colusa Basin, indicate am increase more similar to that expe-

rienced in Colusa County than that in the remainder of Yolo County. Future

population increases in the Colusa Basin drainage area are expected to follow

the trend predicted for Colusa and Glenn Counties.

TABLE 1

POPUIATION MTA AND PROJECTIONS-
(in thousands)

1/

Years :



Reclamation

The development of Colusa Basin into a productive agricultural

area has been dependent upon the progressive reclamation of the area to

prevent flooding, improve drainage, and provide irrigation. Individuals,

local districts, state and federal agencies, through the years have con-

structed various works necessary to the farming of the fertile acres lo-

cated within the basin. Local reclamation districts were the first agencies

to develop the area for agricultural purposes. Investigations and proposals

by the state and federal government, in the early 1900's, concerning flood

protection in the Sacramento Valley greatly influenced the subsequent devel-

opments within the Colusa Basin.

In 1850, through the passage by Congress of the Arkansas Act, the

State of California obtained from the federal government approximately one

and three-quarter million acres of swamp and overflow lands. In accepting

these lands, the State was obligated to reclaim them as far as practicable.

Laws in I855, I856, and I859 provided for sale of these lands to the public

at a price of $1.00 an acre in tracts not to exceed 6hO acres, with the con-

dition that the purchaser should reclaim portions of the land. A more defi-

nite system of reclamation of swamp sind overflow lands was established in

1861 when the State assumed direct responsibility for reclamation. In doing

i

;

so, it established a board of Swamp Land Commissioners to plan, authorize,

and supervise reclamation works; and it impowered districts to levy assess-

;
ments to raise funds for reclamation projects. These duties and responsi-

' bilitles linderwent n\merous changes until the reclamation districts as

presently constituted were established.

'

Reclamation districts have been effective agencies to accomplish

!

' initial reclamation, not only in the Colusa Basin but also in extensive

' areas of the Delta, and Sacramento and San Joaquin Valleys. Their

I
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activities hastened agricultural development in California. However, recla-

mation was accomplished bit by bit, without coordinated planning; and im-

provements in one area often would worsen flood hazards in another area.

The Sacrajnento River Flood Control Project, a Joint venture of

local, state, and federal agencies, received federal sanction in 1917*

Because initial reclamations by local districts have been modified subsequent-™

ly to conform to the general plans developed for the Sacramento River Flood

Control Project, a brief discussion of that project will be presented first.

The description of works constructed by local districts, which in some

instances were initiated prior to the conception of the Sacramento River

Flood Control Project, will follow the discussion of that project.

Sacramento River Flood Control Project

The Legislature of the State of California, on December 2k, I9II,

approved the California Debris Commission plain for controlling floods of

the Sacramento River and created the State Reclamation Board to supervise

the carrying out of this project. The Sacramento and San Joaquin Drainage

District, which included practically all of the overflow land in the valleys

of Sacramento and San Joaquin and which comprised some 1,750,000 acres, was

organized in 1913' The Reclamation Board was charged with its supervision.

The Sacramento Mver Flood Control Project, as adopted by the

State of California in I9II, was authorized also as a federal flood control

project in 1917. Although subsequent modifications to the basic plan have

been authorized by both the state and federal governments, the original con-

cepts proposed by the California Debris Commission have been substantially

followed. The bypass concept was adopted after the floods of I907 and I909

demonstrated the insufficiency of the proposals to confine flood flows to

the main river channels. The bypass concept is based on the diversion of
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flood flows from the main channel to an auxiliary channel or bypass. The

concentration of flooding in the winter months has made it possible to

utilize the bypass areas for agricultural pursuits during the remainder

of the year in all but those years when flood flows persist beyond the

planting period for crops.

tm The project, now substantially completed, consists of a compre-

hensive system of levees, overflow weirs, drainage pumping plants, and

flood bypass channels. The bulk of the flood flows passing through the

Sacramento Valley is conveyed by weirs from the Sacramento River to the

Sutter Bypass and Yolo B3rpass. Flood waters then continue downstream and

return to the Sacramento River in the vicinity of Rio Vista. The original

proposal to construct a bypass in Butte Basin has never been implemented.

Floods continue to discharge by over-bank flow into Butte Basin which acts

as a natural detention basin reducing inflow to the upper end of the Sutter

Bypass.

' Work on the Sacramento River Flood Control Project within the

Colusa Basin has been done by the state and federal governments as recently

as 1958. This work resulted in the improvement of the back levee of Recla-

jmation District No. IO8 from Knights Landing to high grovmd in the vicinity

of Colusa.

[j
In early years, proposals were made for a bypass through the

I

Colusa Basin, generally along the alignment of the Colusa Basin Drainage

Canal. This bypass would have carried Sacramento River flows safely through

the Colusa Basin area, as well as collecting and providing drainage for

local runoff occurring within the Basin. The construction of the Sutter By-

pass, on the east side of the river, as part of the Sacramento River Flood

Control Project to carry Sacramento River flood flows eliminated the need
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for a similar bypass in the Colusa Basin. Consequently, desirable drainage

features which would have been included with the proposed Colusa Basin by-

pass were not constructed.

Works Constructed by Local Districts

The levee system and reclamation works within the Colusa Basin

in many instances have been constincted by the reclamation districts, the

locations of which are shown on Plate h. Construction activity by these

districts started in 1868. In the discussion which follows only the more

significant activities as related to the key flood control and drainage

features will be discussed. The activities of the several districts involved

are discussed in regard to the major reclajnation features including the river

levee, the back levee, the Knights Landing Ridge Cut, and the Colusa Basin

Drainage Canal.

River Levee . Flooding from the Sacramento River was the initial

concern of Reclamation District No. lOB, and its early activities were

devoted to providing a levee system which would prevent this flooding. The

district eventually constructed and maintained a levee on the right, or

west, bank of the Sacrajnento River between Knights Landing and the town of

Sycamore in Colusa County. The total length of this levee system was about

39 miles. The district also was interested actively in the extension of

this levee upstreajn about kO miles more. It contributed the greater portion

of the funds required to construct the upper portion. Throughout early years,

construction work was continued, maintenance was perfonned, and weaker sec-

tions of the levee were strengthened. In 1915 the Sacramento River West Side

Levee District assumed the maintenance of the river levee upstream from

Eldorado Bend. Reclamation District No. 78?, formed in I908, assiomed the

maintenance of the lower nine miles of river levees extending southerly from

Eldorado Bend to Knights Landing.
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The construction of this river levee blocked the natural drainage

outlets from the Colusa Basin. Each spring the accumulated drainage would

be released back to the river by the cutting of the levee at PCnights Landing.

This necessitated the reconstruction of the levee before the next winter's

river floods. As early as I883, a structure with automatic gates was pro-

vided to allow for drainage from the basin. This solution, however, was

not effective because it was generally late in the planting and growing

season before the accumulated drainage waters could be released. To permit

releases while high stages prevailed in the Sacramento River, a drainage

pumping plant at lower Sycamore Slough was constructed in I885.

Back Levee . The back levee of Reclamation District No. IO8 has

been improved and strengthened progressively to conform fully with require-

ments of the Sacramento River Flood Control Project. Its present alignment

easterly of the Colusa Basin Drainage Canal is shown on Plate 1. The back

levee extending from Knights Landing to high ground near Colusa protects

lands to the east from flood runoff of the western foothills. In early

years, considerable difficulty was encountered in maintaining portions of

this levee. Limited funds were available and, consequently, levee sections

I were not nearly as massive as they are at present. In flood periods, an

extensive lake would form west of the back levee; then wind- caused waves

' would wash away the levee sections. In early years, breaks were frequent.

In some years ponding became so extensive that flood waters would overtop

the levee and flood the reclaimed area, and would also overflow the Knights

Landing Ridge to flood lands in the Yolo Basin. Drainage through the

Knights Landing outfall gates was impossible because of high water in the

Sacramento River. Not until 1958 was the back levee brought to full stand-

ards of the Sacramento River Flood Control Project.

I

1

I

i
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Knights Landing Ridge Cut . In 1913, the Knights Landing Ridge

Drainage District was formed to develop a plan to provide an outlet for

water ponded between the back levee and high ground on the west and south.

Drainage of this water would be further restricted from flowing through

the Knights Landing outfall gates by high stages in the Sacramento River.

The district proposed a cut through the high ground on the south to pro-

vide aJi outlet for the ponded water.

The Knights Landing Ridge Cut subsequently was dredged through

the Knights Landing Ridge for a distance of about seven miles. This cut

terminated in low lying land in the Yolo Basin at the western edge of what

is now known as the Yolo Bypass. The cut is about UOO feet wide on the

bottom and has a maximum depth of nearly 20 feet. It has a discharge

capacity of about 20,000 second-feet when the water surface elevations

(used datum) are 39 feet at Knights Landing and 35 feet at the Yolo Bypass.

The ridge cut was completed and in operation during the flood of September

1915.

The Knights Landing Ridge Cut provides a gravity outlet for

floods occurring in the Colusa Basin. The outlet does not prevent the

flooding of extensive areas along the Colusa Basin Drainage Canal during

flood periods, but it greatly reduces the length of inundation.

Colusa Basin Drainage Canal . As development of the irrigated

leinds in the Colusa Basin continued, return flows f2~om irrigation during

certain periods of the year created flooding problems downstream from the

areas irrigated. Because of the inadequacy of the drainage facilities

within the Colusa Basin, Reclamation District No. 20U7 was formed on

December I6, 1919. This district developed a plan and constructed physical

works designed to handle the anticipated irrigation return flow.
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The principal feature of RecleLination District No. 20U7 ' s plan was

the Colusa Basin Drainage Canal. South of its jxinction with Willow Creek

the canal proceeds southerly to the vicinity of Colusa and then follows the

alignment of the back levee constructed by Reclamation District No. IO8 and

others. The borrow pits used for obtaining material in building the back

levee were utilized for this channel. Considerable excavation was required

in some reaches to provide a continuous drainage canal of desired capacity.

This canal terminates at the Knights Landing outfall gates on the Sacramento

River in Yolo County. The design capacity of this canal is 1,^50 second-feet

with the elevation of the water surface at a minimum of one foot below the

adjoining land so as to provide drainage to the lands along its entire align-

ment. The canal was designed to convey irrigation return flows from 101,000

acres of rice located in Reclamation District 20^7 and in production in 1920.

In addition to this main cainal, a branch channel was constructed.

This channel followed the common bovmdary between Reclamation Districts IO8

and 787, and connected to the Sacramento River at Eldorado Bend. A pumping

plant at this point was originally constructed to pump flood waters into the

Sacramento River during periods when the Knights Landing outfall gates were

closed because of high stages in the Sacramento River. The pumping plant is

not used for flood relief however, but pumps water from the Sacramento River

to irrigate several thousand acres adjoining the branch canal and within

Reclamation Districts IO8 and 787.

The Colusa Basin Drainage Canal also serves as a water supply facil-

ity for lands adjoining the canal. To be effective as a source of supply,

the water surface must be maintained at a level adequate for pimped diversions

A small control structure with limited outlet capacity at the lower end of the

Knights Landing Ridge Cut accomplishes this purpose. The elevation of this

control at the mouth of the Knights Landing Ridge Cut is sufficiently low that

the major floods, usually occurring during the winter flood season, can be
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A pumping plant on a branch of the Colusa Basin Drainage Canal was originally con-

structed to pump flood waters into the Sacramento River. However, it is not used for

flood relief, but supplies irrigation water to lands in fhe Colusa Basin.



discharged into the Yolo Bypass. In the fall, when large irrigation return

flows are conveyed by the Colusa Basin Drainage Canal, the water level in

the Sacramento River is sxifficiently low so that the water caji be readily

discharged through the Knights Landing outfall gates. In the spring, how-

ever, irrigation return flows cannot be adequately discharged. At this

time, the water level in the Sacramento River usually is too high to permit

gravity drainage. Also, discharge of water into the Yolo Bypass creates

further problems at this time. The problem of inadequate drainage will be

discussed more fully in the next chapter.

Agricultural Development

Settlement of the Colusa Basin commenced shortly after surveys

were made by General John Bidwell in the iS^J-O's. Early settlers took up

land grants from the Mexican government. Navigation of the Sacramento

River and the proximity of available land to the river were responsible

for the first settlements taking place along the river. The production of

grain became of major importance in the years that followed. Grain raising

received its impetus from the demand created by the large number of freight

teams hauling supplies to the mines in the Sierra Nevada. Large acreages

were planted to dry-farmed wheat and barley; but near the turn of the cen-

tury, production of those grains declined and the emphasis turned to irri-

gated crops

.

Irrigation Works

In conjunction with the reclamation of the Colusa Basin, irriga-

tion works were developed. Irrigation facilities have been provided by

irrigation and other type districts, as well as by individuals. The waters

of the Sacramento River initially were developed for irrigation use. After
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constinction of the Colusa Basin Drainage Canal irrigation return flows were

used by irrigators along this channel.

Irrigation District Developments . One of the earliest irrigation

schemes was promoted by Will S. Greene of Colusa in l86k, and was to consist

of a large irrigation and navigation canal to serve Colusa and Yolo Counties,

Not until after passage of the Wright Act in I887, however, was progress made

toward bringing water from the Sacramento River to the lands. The Central

Irrigation District, organized in November I887, was the fourth irrigation

district to form in the State. This district embraced an area of 156,550

acres in what was then Colusa County (now Colusa and Glenn Counties). A por-

tion of the Central Canal was constructed, but financial difficulties post-

poned progress for several years. In 1903, private interests provided capital

to complete the canal and constructed a pumping plant at the river intake.

The first water was delivered in I906. In the years that followed, the dis-

trict was plagued with numerous problems, involved in litigation, and troubled

with financial problems. As a result, six districts were formed between I916

and 1920 to take over the system and the area originally embraced in the

Central Irrigation District. The divided area comprised the Glenn-Colusa

District, about one-third of the Jacinto Irrigation District, about half of

Provident Irrigation District, and most of Compton- Delevan. Maxwell, and

Williams Irrigation Districts. The largest of these is the Glenn-Colusa

Irrigation District, which now serves about 112,000 acres.

Table 2 lists the irrigation districts in the Colusa Basin that pro-

vided water in 1959> and indicates the acreage irrigated and the amounts of

water delivered. The table includes similar information for other water serv-

ice agencies, as well as for the larger private irrigation developments. The

location of the larger public districts is shown on Plate 3.
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TABLE 2

PRINCIPAL WATER USERS IN THE CXDLUSA BASIN
IN 1959

Name
: Water delivered, : Presently irrigated

In acre -feet area, in acres

Mutual Water Companies

Willow Creek Mutual Water
Company

(included with
Glenn-Colusa I.D.)

Colusa Irrigation Company



Many of the pumps are locafed on feeder canals some distance from ibe main
drainage canal.

In fhe western and especially northern portions of the basin, ground water

pumping provides a water supply.



Private Irrigation Development . Outside of the organized dis-

tricts, private landowners also have constructed irrigation facilities.

These developments began at an early date with pumping from the Sacramento

River. Somewhat later, following the establishment of a more-or-less firm

return flow through the Colusa Basin Drainage Canal, land was brought under

irrigation by pumping from the drainage canal and feeder cauials. This

latter development has been possible because of the very low land gradient

adjacent to the drainage canal. A typical installation located on a feeder

canal is shown in the top photograph of the facing page. The water is con-

veyed westward by canals in cut and fill with low ptmip lifts. Irrigation

is then accomplished by gravity. In the western and especially the northern

portions of the basin, ground water pumping provides part of the water

supply

.

The lands along the Colusa Basin Drainage Canal are served either

by pump diversions from the canal or by wells or by both in some cases.

Many divertors have filed applications for water rights. Filing began

shortly after the enactment of the Water Commission Act (Statutes 1913^ Chap-

ter 586). Due consideration of these water rights and conditions of use is

Iniandatory in planning for flood control or drainage improvements. In this

regard, field investigation and interviews with irrigators showed that in

any proposed summer drainage improvement, water levels must be maintained

in the Colusa Basin Drainage Canal to permit existing diversions to continue

unimpaired.

Proposed Irrigation Development

Large areas of land in the Colusa Basin remain undeveloped, partic-

ularly the higher lands to the west. The U. S. Bureau of Reclamation, as

i
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part of the Central Valley Project, has plans to provide water to irrigable

lands within the Colusa Basin. The seinrLce areas in which irrigation water

will become available are indicated on Plate 3«

Water Quality i

!

Water quality is not presently a problem, at least insofar as the '

quality of an irrigation supply from the Sacramento River or the Colusa
jj

Basin Drainage Canal is concerned. Studies by the Department of Water Re-

sources indicate that the q\aality of water in the Sacramento River will

continue to be excellent in future years. Water quality information, par-

ticularly that applicable to the Colusa Basin Drainage Canal, was reviewed

for this investigation.

Since 1952, a series of periodic water quality samples have been

taken from the Colusa Basin Drainage Canal at Highway 20 and Knights Landing.

Mineral analyses of these samples indicate a fairly consistent water quality

during the irrigation season. Of the 63 samples taken from the lower part

of the Colusa Basin Drainage Canal over a period of nine years, only two

samples failed to meet the standards of Class I water. Both of these were

taken during a very dry spell in April and May 195^

•

Fish aind Game

Recreation, measured in temis of money spent, is one of the most

important activities in the Colusa Basin and is exceeded only by agriculture

as a factor in the local economy. Hunting, particularly for pheasant and

waterfowl, constitutes the principal form of recreation in this area. The

many sloughs, channels, aind drains in the Colusa Basin also sustain warm-

water game fish. Catfish and largemouth black bass are the principal game

fish. Lesser numbers of bluegill and green sunfish are also taken. Most of

these game fish appear in the Colusa Basin Drainage Canal and in channels or
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ponds on permanently flooded gun club lands along Willow Creek. The numer-

ous irrigation ditches and drainage ways in the area are also heavily fished.

Fishing for striped bass and salmon occurs primarily in the Sacramento River.

The Pacific Flyway, one of the four major waterfowl migration fly-

ways within the North American Continent, covers California, Oregon, Washing-

ton, Idaho, Montana, Nevada, Utah, and Arizona. Ducks and geese using the

Pacific Flyway nest and breed, for the most part, in Alberta and Saskatchewan,

and move southward to winter in California, Arizona, and Mexico. The breeding

areas have been affected only slightly by man's activities, although winter-

ing areas to the south, particularly in the Central Valley in California, are

continually reduced as a result of increases in population and accompanying

increases in land use. Consequently, the two areas are seriously out of bal-

ance. Waterfowl popiilations are limited by insufficient wintering areas, even

though their northern breeding areas are sufficient to support a larger water-

fowl population.

Throughout recorded history, California has been the principal

wintering groiind for migratory waterfowl of the Pacific Flyway. An estimated

60 percent of Pacific Flyway waterfowl winter in California. Extensive marsh

areas in the great valleys of the State were used, prior to reclamation, by

hordes of ducks and geese. Today these same valleys have a much reduced

marsh and water acreage, and are crowded with waterfowl during the winter

season.

Figure 2 shows the several major routes within the flyway as well

as the complex of branching routes, concentration points, and interchanges

between subflyvays. At least seven migration routes converge at the Tule Lake-

Lower Klamath concentration area, one of the largest in the nation. From there

the birds move in great flocks down into the Central Valley of California.
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Figure 2. PACIFIC MIGRATORY WATERFOWL FLYWAY,
SHOWING PRINCIPAL FALL MIGRATION ROUTES



The Colusa Basin is within the most important wildlife area in

the Sacramento Valley. The hasin contains two federally-owned national

wildlife ref\iges, the Sacramento National Wildlife Refuge near Willows,

and the Colusa National Wildlife Refuge near Colusa. These two refuges,

together with the state-owned Grey Lodge Waterfowl Management Area in Butte

County, the Sutter National Wildlife Refuge in Sutter County, and adjoining

areas provide the bulk of the waterfowl wintering grounds in the Sacramento

Valley. This area contains 2l|,000 acres of federal and state-owned water-

fowl refuge and waterfowl management areas as well as an estimated 33,000

acres of privately owned gun club lands in Butte and Colusa Basins. U. S.

Fish and Wildlife Service records from 1953 through 1957 show that 78 per-

cent of the U65,000 migratory waterfowl in the Sacramento Valley in September

occupy these four refuges.

The state and federally-owned areas serve primarily to supply

needed habitat for feeding and resting as well as refuge areas for water-

fowl and other species of wildlife. These areas also function to alleviate

crop depredation. During the period from August to October before rice is

harvested, rice fields are subject to serious monetary losses due to depre-

dation by ducks. Much of this economic loss has been alleviated in recent

years by the growing of crops on the state and federal waterfowl areas, and

the attraction of birds to these areas during the critical rice harvest

period.

The Colusa Basin provides one of the best pheasant producing areas

in the State. Each year, Colusa County sustains the heaviest kill of pheas-

ants of any county in the State. Other game birds in the basin include the

widely distributed mourning dove and the far less numerous California quail.
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Naturally, the wetland habitat associated with waterfowl supports

a great variety of wildlife other than game birds. Widely distributed spe-

cies of these birds include large numbers of shore birds, egrets, herons,

swans, grebes, and pelicans. In addition the riparian habitat existing

along ditches, drainage, and waste ways supports large niunbers of songbirds.

These forms of wildlife, as well as the game species, are part of our wild-

life heritage.

Skunk, opossum, racoon, fox, otter, mink, and rauskrat occur in

the basin. Muskrat, damaging as they are to irrigation works and agricul-

ture, provide commerce in the winter months to a few people who trap for

furs.

The Colusa Basin is the most heavily hunted area of comparable

size in the State. Considerable hunting taJces place on lands subject to

flooding. In the flood of February 1958, 93,000 acres were flooded. In

this area, 21,000 acres are devoted to waterfowl management, either in the

Colusa National Wildlife Refuge or in commercial or private gun clubs. Most

of the rest of these 93 >000 acres are devoted to pheasant hunting. In an

average year 72,500 hunter-days are expended in waterfowl hunting and 27,000

in pheasant hunting on the area subject to flooding.

In the Colusa Basin as a whole, 166,000 acres are devoted to

pheasant hxinting in cooperative or community hiinting areas and at licensed

pheasant clubs. On these lands, 52,600 hvinter-days are expended on pheas-

ant hunting annually, and fees of over $60,000 are collected.
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CHAPTER III. EXISTING AND POTENTIAL FLOOD AND DRAINAGE PROBLEMS

Flood conditions, including those arising from poor drainage,

impede agriculture and economic development in portions of the Colusa

Basin. Problems of flooding exist along V/illow Creek, along the Colusa

Basin Drainage Canal and its tributary drainage channels, and in portions

of the Yolo Bypass below the Knights Landing Ridge Cut. These problems

are caused by improper and insufficient individual farm drainage, inade-

quate facilities to remove drainage from low lying areas into the Colusa

Basin Drainage Ceinal and other major drainage canals, insiifficient channel

capacities of flood and drainage canals tributary to the Colusa Basin

Drainage Canal, and inadequate discharge capacity of the Colusa Basin

Drainage CanaJ. into either the Sacramento River or the Yolo Bypass.

The scope of this investigation was restricted to meet the

objectives of Senate Concurrent Resolution No. 79 with available funds

and within available time. Problems investigated in detail were those of

flooding and drainage along a portion of Willow Creek and along the Colusa

Basin Drainage Caxial and the inadequate discharge capacity of that canal.

Flood and drainage problems along channels tributary to the Colusa Basin

Drainage Canal were considered only in connection with their relationship

to problems of the main canal. The area of study was limited to that

downstream from the Willow Creek area studied by the U. S. Corps of Engineers,

and areas downstream from the Glenn-Colusa Irrigation District Canal crossing

of Willow Creek just east of the town of Willows. The study area extends

downstream along the Colusa Basin Drainage Ceinal, the Knights Landing Ridge

Cut, and the Tule Canal in the Yolo Bypass as far south as the Sacramento

Deep Water Ship Channel.
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Existing Flood Problems

During the winter flood i)eriod, roughly October through March,

floods are caused by precipitation within the basin and runoff from the

foothill region to the vest. The magnitude of the discharge in these

winter storms is very large when compared \rLth. the channel capacity of

the Colusa Basin Drainage Canal. The channel capacity in the upper reaches,

for example, is exceeded when the discharge at Highway 20 near Colusa is

greater than 2,100 second-feet. The maximum mean daily discharge of

record occurred on Februajry 21, 1958, and was 23,900 second-feet at that

point. Because the channel is inadequate to handle the discharge, the

excess flows flood an extensive area alor^g the channel. In 1958 > the

flooded area extended continuously from ?Cnights Landing to Orland, a dis-

tance of 70 miles. The flooded areas are frequently large at this time

of ;'ear, but the damages are relatively light since the lands inundated arc

principally agricultural and idle d'oring the winter. Highways, roads, and

public utilities, as well as the limited urban or domestic development

within the flood plain, are also subject to damage.

Existing D-ainage Problems

In the spring months, April through June, flooding is caused

principally by irrigation return flows rather th.-^n by precipitation. During

the spring, precipitation is generally insignificant. The channel capacity

of the Colusa Basin Drainage Canal is usually adequate to handle

the irrigation return flows, except in the reach between College City

and Knights Landing where flooding of a small area occurs regularly. The

resulting damages are large since this flooding occurs in the normal

growing season. This spring flooding results from local agricultural
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practices which cause irrigation return flows that cannot be dissipated by

works constructed to relieve winter flood conditions.

Virtually all of the rice in the Sacramento Valley is planted

between April 15 and May 15- In order to control weeds, the rice fields are

flooded to a depth of 10 to 12 inches for a period of three to four weeks.

In this time, both the rice and weeds germinate, and both would be drowned

out if this depth of water were retained. The rice has a somewhat longer

life under the deep water, ho^'^rever, and, after the weeds have died but

before the rice is harmed, ^^ to 6 inches of water is dumped from the fields.

The acreage of rice in the Colusa Basin is very large; in recent years, it

has averaged around 100,000 acres, reaching a peak of 131,000 acres in

195^' Since the planting and flooding schedule for all this rice is about

the same throughout the basin, the dumping practice creates a considerable

flow that generally reaches a peak in May. The resulting flow may be

augmented by water that must be released from rice fields d\iring sustained

north winds prevalent at this time of year. Most rice fields are large and

have a considerable fetch, particularly in a north-south direction. Conse-

quently, the water piles up at the south end of the field. In order to

protect his checks, the grower must allow part of the ponded water to escape.

Several conditions contribute to the inability of existing works

to handle spring flooding. High water in the Sacramento River prevents the

drainage water from escaping through the Knights Landing outfall gates into

the river. The outlet of the Knights Landing Ridge Cut is inadequate to

release the required flow. Backwater resulting from these conditions causes

flooding of lajids along the west side of the Colusa Basin Drainage Canal.

Whatever water does escape into the Yolo Bypass causes additional damage by

flooding farm land which has been planted at this time of year.
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In the early years of this century, when the Knights Landing Ridge

Cut and the Colusa Basin Drainage Canal were constructed, there was no

agricultural development along the west bank of the drainage canal. Over-

flow onto these low lying lands was exi)ected to occur whenever the outfall

gates at Knights Landing were closed. Now conditions have changed, and

laxids right up to the bsink have been brought into production. To protect

their operations, some landowners along the drainage canal have built low

levees at the water's edge. These levees raise the water surface still

further. As a result, both the flows through the ridge cut and" the spring-

time damages in the Yolo Bypass are increased.

Table 3 compares the size of the spring peak discharge with the

average July discharge and the fall peak discharge. The latter results

primarily from the draining of rice fields prior to harvest.

TABLE 3

FLOWS IN COLUSA BASIN DRAINAGE CANAL
AT HIGHWAY 20 BRIDGE





Although the large. fall peak discharges often equal or exceed

those of the spring, they have never flooded areas in the Colusa Basin.

The absence of fall flooding is due to two facts: (l) The Knights Landing

outfall gates at the lower end of the Colusa Basin Drainage Canal always

have been free to discharge large quantities of water without serious back-

water effects during the late sunimer and fall when the Sacramento River is

normally low; (2) In neither the spring nor the fall have irrigation return

flows exceeded the channel capacity of the canal unless they were accompanied

by the serious backwater effects which result only from the closing of the

Knights Landing outflow gates on accoiint of high river stages.

Since the Colusa Basin Drainage Canal has virtually no capacity

for channel storage, flows of the magnitude of those listed in Table 3

will pond a large quantity of water when even a brief damming of the flow

occiirs. In the spring, the Sacramento River often rises high enough to

close, at least partially, the outfall gates. Between April 1 and June 1

in 15 of the past ko years, the water has overflowed the banks of the

drainage canal between College City and Knights Landing.

Flooding in the Yolo Bypass is coincident with this flooding in

the lower Colusa Basin. High stages at the lower end of the Colusa Basin

Drainage Canal cause flows through the Knights Landing Ridge Cut into the

Yolo Bypass. From the mouth of the ridge cut to the Tule Canal on the

opposite side of the bypass, the capacity of two channels that meander

through the Yolo Bypass is about 100 second-feet. Any flow in excess of

100 second-feet overflows the banks of these two channels and crosses the

bypass from west to east as a sheet. The capacity of these channels is

often exceeded because large flows come through the ridge cut in the spring-

time when the outfall gates at Knights Landing are closed.
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Two small meandering channels constifuie ihe only outlei from f/ie Knights Landing

Ridge Cuf which is shown above entering fhe Yolo Bypass from ihe lower righi corner

of the photograph.

Any flow in excess of 100 second-feet crosses the Yolo Bypass as a sheet.



The Tule Canal, located on the east side of the hypa.cz, conveys

the water southward as far as the too d^a.Ln of the Sacramento Deep Water

Ship ChaJinel. The discharce capacity of the Tule Canal is seriously restricted

in the reach from the Sacramento Bypass to Highway hO. Backwater in the

Tule Canal causes additional flooding; within the Yolo Bypass.

Potential Flood and Drainage Problems

Future flood problems can be expected to be the same as thor^e

experienced in the immediate past, except as altered by water projects

and land development. Foreseeable works which could alter such problems

can be arranged into three groups: (l) The construction of major vmter

development works outside the project area could cause changes in the flow

of the Sacramento. River; (2) improvements on the channels tributary to the

Colusa Basin Drainage Canal could cause changes in flood flows from tribu-

tary channels; (3) changes in land use in Colusa Basin drainage area could

modify drainage and runoff patterns. The possible effects of each of these

factors are discussed in the following three sections. A fourth possible

work of man which might alter flood problems, that of a major drainage

channel for water pollution control in the Sacramento Valley, was not

evaluated.

Construction of Major Works Outside the Project Area

Because the Colusa Basin lies on the floor of the Sacramento

Valley, the drainage of this area will probably be affected by major changes

in the regimen of the Sacramento River. Changes in the regimen of the

Sacramento River may result from the construction of storage reservoirs on

the tributaries of the Sacramento River or from changes in the operation

of existing reservoirs. These operational changes could take place as new

projects are activated in the Central Valley and as water is imported to or



exported from the valley. The construction of the Feather River Project

and the importation of water from, the North Coastal Area are among such

developments. The Sacramento River could be used as a canal to convey

imported water from the North Coastal Area to the Delta for use in the Sacra-

mento Valley and for transfer to areas of deficiency south of the Delta.

It is conceivable that the importation of this water could hold the

river stage at Knights Landing high enoiAgh to close the outfall gates at

times during the summer.

In the winter, a significant amount of new reservoir storage in

the Sacramento Valley would reduce flood peaks in the river. Under such

conditions, winter floods, often trapped in the Colusa Basin, might be

able to escape into the river. However, this possibility is remote because

at even moderate 20,000 second-foot flows in the Sacramento River, the

jaiights Landing outfall gates will be closed. The additional reservoir

storage shown to be needed in the Sacramento Valley probably would not

reduce major flood peaks in the river to this 20,000 second-foot level.

No predictions of flows in the Sacramento River under future

conditions have been attempted as part of this study. However, two reason-

able assumptions concerning such future flows may be made: (l) Under

future winter flood conditions in the basin, the outfall gates to the river

will be closed as they have been in all major historic floods; (2) in the

summertime, sustained flows sufficient to close the outfall gates may be

reached in 50 to 60 years. Because this latter possibility is not likely

for many years, its effect was not taken into account in planning flood

control works in this investigation. Further, it was assumed that if a

potential flood condition were created by water development projects, those

responsible for the project would be required to alleviate the situation.
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To summarize: Future water developments in the Sacramento River

Basin will not significantly relieve winter floods in the Colusa Basin,

but potentially could cause summer or fall damages not presently experienced

which would he corrected by those responsible therefore, if and when such

occurred.

Improvement of the Channels Tributary to the Drainage Canal

The present principal source of major floods in the Colusa Basin

is runoff from tributary streams originating in the vrest side foothills

(see Plate l). These tributaries are small but their flood crests develop

quite rapidly. ^There these streams cross the valley floor, their channels

are generally too small to convey the flood flows directly to the Colusa

Basin Di'ainage Canal without flooding adjacent lands. This condition re-

duces peak flows and slows the entry of flood waters into the drainage canal.

Despite such flooding, orchards are gro'^m along these tributaries

without experiencing serious damage. The slight damage which does occur is

usually in the nature of a nuisance. Furthermore, flood vmters that leave

the channels spread over adjacent lands and recharge the ground water basin.

If flooding were prevented by means of improvements along the tributary chsinnels,

one of the important sources of ground water recharge would be eliminated.

The most serious damage occurs when the tributary flood flows that

enter the Colusa Basin Drainage Canal combine and cause flows greater than

the channel capacity. Consequently, a large amount of overflow occurs as

the flood waves pass slowly down the valley from north to south.

Under present conditions the flood crests from the southern

tributaries pass through first and are receding when the peak crest from

the combined northern tributaries reaches the lo^irer end of the basin. Levee

and channel improvements on the tributary streams would increase the peak
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flows through the Colusa Basin Drainage Canal. Hydrologic studies for this

investigation were made with the assumption that the channel capacities of

the tributaries would not be improved.

Changes in Land Use in Colusa Basin Drainage Area

Changes in land use are a third factor which could alter future

flood and drainage problems in the Colusa Basin.

Floods during the winter period are caused by precipitation on

the drainage area. It was assumed that, since the valley area contributes

little runoff to the major flood peaks, land use changes on the valley floor

will not significantly influence the magnitude or frequency of occurrence

of large winter floods.

The smaller flood discharges resulting from irrigation return

flows would be modified by the development of additional irrigated land.

The crop pattern, particularly that of rice acreage, on both the newly

developed and the presently irrigated area would have an influence on the

spring and fall drainage floods.

To consider the effect of projected changes in land use and crop

pattern, estimates were made of both the distribution of floods within the

seasonal periods and the probable flooded area. The predicted pattern of land

use assumed complete development of the service area of the U. S. Bureau of

Reclamation's Colusa-Tehama Canal and Yolo-Zaraora projects. The future crop

pattern was applied to the area presently irrigated as well as to these new

lands. Lfrider the predicted conditions, a larger percentage of the smaller

drainage flood discharges would occur in the summer, but there would be

little appreciable change in the time of occurrence and size of damaging

drainage floods. Therefore, for the purposes of this investigation, the

frequency and size of drainage floods were assumed to remain the same for

future conditions as they are for present conditions.
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Flood Analyses

Flood hydroloGY studies vore made to provide a basis on which

to design projects to prevent flood damages, and also to analyze the benefits

derived from such projects. Such studies included investigations into:

(l) The frequency and degree of flooding; (2) the characteristics of flood

hydrographs; (3) the annxial distribution of floods; and (h) the extent of

flooding.

To facilitate the analyses of floods, the flooded area was divided

into the six reaches shown on Plate 1. Reach 1, the northern Yolo Bypass,

extends from the Sacramento Deep Water Ship Channel northward to the mouth

of the Knights Landing Ridge Cut. Reaches 2 through 5 extend northward

along the Colusa Basin Drainage Canal and Willow Creek. Reach 2 lies

between Knights Landing and College City; Reach 3, between College City

and Highway 20; Reach h, between Highway 20 and the Colusa-Glenn County

line; Reach 5? between the Colusa-Glenn County line and Willows. Reach 6,

an area northwest of Willows, was considered briefly in the study of the

foothill reservoir system.

Frequency and Degree of Flooding

Studies of flood frequency were based upon historical records

of precipitation and flood runoff in the Colusa Basin. A statistical de-

termination was made of the possibility of occurrence of various sizes

of floods. The February 1958 flood in the Colusa Basin in Reaches 3> ^,

and 5 was of a size that probably would be equalled or exceeded two percent

of the time, or an average of once-in-50-years. The expression of probability

of ajinual occurrence of various sizes of floods as a percentage is preferred

because it does not imply that this size of flood occurs only at widely

spaced intervals.
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Figure 3 shovs the probability of annual occxirrence of various

sizes of floods in Reaches 3, h, and 5. This probability vas determined by

statistical sinalysis of records of flood discharge of the Colusa Basin

Drainage Canal at Highway 20 near Colusa. The gaging station on the canal at

Highway 20 measures all the flow from Reaches k and 5, and is considered

to be representative of the flow continuing through Reach 3-

100

DISCHARGE OF COLUSA BASIN DRAINAGE CANAL
AT HIGHWAY 20 NEAR COLUSA IN 1000 CFS

Figure 3. FREQUENCY OF FLOODING

IN REACHES 3, 4, AND 5

On February 21, 1958, the mean daily discharge of the Colusa

Basin Drainage Canal at Highway 20, was 23,900 second-feet. Because the

channel capacity of the drainage canal in this vicinity is about 2,100

second-feet, flooding occurs when this flow is exceeded. There is suffi-

cient slope in the drainage channel in Reach 3 that this reach is not

influenced by backwater conditions prevalent in Reach 2.

In Reach 2, the degree of flooding can be related more satisfac-

torily to the water stage in the Colusa Basin Drainage Canal at the Knights

Landing outfall gates than to flood discharge. Factors other than flood
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discharge from the tributary area have a marked effect upon the degree of

flooding. A high stage in the Sacramento River and flow through the Yolo

Bypass, combined with only a minor flood discharge from the tributary area, can

cause backwater in the drainage canal and significant damage in this reach.

The probability of annual occurrence of various sizes of floods in Reaches 1 and

2 in terms of gage heights of the Colusa Basin Drainage Canal at the Knights

Landing outfall gates is shown in Figure k. In the 1958 flood, the stage

in the drainage canal reached a peak elevation of 36.7 feet (USED datum).

100

GAGE HEIGHT OF COLUSA BASIN DRAINAGE CANAL AT
KNIGHTS LANDING OUTFALL GATES (USED Dotum)

Figure 4. FREQUENCY OF FLOODING

IN REACHES I AND 2

Chaj-acteristics of Flood Hydrographs

Flood hydrographs were prepared for the Colusa Basin to provide

information relating to peak discharges, the time required for a flood to

pass through the basin and total quantity of water involved in a flood.

Basically, a flood hydrograph is prepared by plotting the acutal or estimated

discharge of a stream at intervals of two to eight hours throioghout the

duration of the flood. The result is a graph, or picture, of the rise and

fall of the stream as the flood passes a given point. Ihis information was

used primarily in designing works to alleviate flooding.
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Typical flood hydrographs were developed for each of the tributary

areas. Preparation of such hydrographs postulated quantities of flood

runoff resulting from a \aniform amount of precipitation on each watershed

and used the pattern of the hydrograph experienced in the February 1958

flood. These synthetic floods were combined and routed through the existing

channels to determine the extent of flooded areas possible under present

conditions. AI50, the same synthetic floods were combined and routed

through proposed systems of protective works to determine the effectiveness

of the proposed works. The same characteristics, or sequence of time and

volume, of the typical hydrograph were assumed to prevail for all sizes of

floods

.

Annual Distribution of Floods

The seasonal variation in flooding was determined from analysis

of historical discharges of the Colusa Ba^in Drainage Canal at Highway 20

and historical stages at the Knights Landing outfall gates. For this

purpose, the year was divided into three time periods as an aid to the

economic analysis of flood damage to crops. As previously stated, the

greatest monetary damage occxirs dur^'ng the spring floods.

Tables k and 5 show the amount of flooding during each of the

time periods selected. Table k, representing Reaches 3, h, and 5, indicates

that nearly all floods larger than 11,000 second-feet at the Highway 20

ft-idge will occur dviring the period February 1 through March 31. However,

eight percent of the floods smaller than 2,U00 second-feet, including the

spring drainage floods, will occur during the period April 1 through

September 30. Table 5> representing Reaches 1 and 2, shows that nearly all

flood stages higher than 35 feet (USED latum) in the Colusa Basin Drainage

Canal at the Knights Landing outfall gates will occur during the two
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TABLE h

ANNUAL DISTRIBUTION OF FLOODS
IN REACHES 3, ^, AND 5

Magnitude
of flood,

in second-feet

:Tiine of year of flooding,
Probable number: in percent of time

of floods : April 1 :Oct. 1 : Feb. 1
per 100 years : through : through : through

Sept. 30: Jan. 31: March 31

27,000



consecutive periods extending from October 1 through I^rch 31' About seven

percent of the floods reaching 30 feet will occur during the period April 1

through September 30.

Extent of Flooding

The extent of the area flooded in each reach at various discharges

or water levels in the Colusa Basin Drainage CanaJ. was determined through

study of the rerjords of historical flooding and of measurements taken

from topographic maps. For each reach, the relationship between the proba-

bility of smuual occurrence, in percent, and the extent of the flooded area,

in acres, was determined. Curves depicting this relationship are presented

in Figure 5« For Reach 1, the northern Yolo Bj-pass, Figure 5 depicts only

those conditions existing d'oring the period April 1 through September 30.

Flood conditions in the bypass during the winter periods were not considered

because the bypass lands are established to convey winter flood waters.

Flood Damages

The probable frequency of flooding and the extent of the areas

flooded in each of the reaches are measiires of flood damage. However,

economic evaluation of the proposed projects requires that damages be

expressed in monetary values. The benefits derived from any flood control

project are measured by the difference in monetary damages occurring before

the project and those occiirring after construction of the project.

Interviews with about half the landowners in the areas subject

to flooding provided detailed information on the extent and cost of flood

damages experienced in recent floods. The area farmed by the landowners

represented considerably more than half of the total flood area. Local

officials, county farm advisors, representatives of irrigation districts,
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and others also cupplied information used by the Department of Water Resources

to evaluate monetary damages. These damages are based upon the price level

of crops, their yield per acre, and associated costs of nroduction that
"

1/
prevailed during the 5-yEar period from 1952 throiagh I956.

In the predominately agricultural Colusa Basin area, most monetary

flood damage ocoiirs as crop damage; the rest, as miscellaneous damage to

public and private facilities. Data developed by the U. S. Corps of Engi-

neers sho^/ed that, during the floods of February to June of I958, damages

to an area of 62,000 acres in the Colusa Trough amoiinted to $985,000, an

average of about $l6 per acre.

Crop Damage

Crop damages are those losses directly caused by the flooding

of agricultural land. Crop damages can occur during every stage of plant

development as well as during periods of land preparation prior to the

actual planting of the crop. They include reductions in yield and quality

resulting from plantings delayed by early floods or partially destroyed by

floods of short duration, and losses incurred in replanting crops completely

or partially destroyed by flooding. Both the loss of original expenses

incurred in raising such crops, and the loss of income which would have been

received from their sale contribute to crop flood damages. Estimates of

damages in this investigation comprise only those that accrue to the primary

producer, or farmer, but not to secondary processors.

Crop damages vary greatly according to the time of year when flood-

ing occurs. A relatively small flood during the growing season may cause

1/ The Department of Water Resources currently (1962) uses the 5-year period
from 1952 through 1956 as a base period for prices and costs in evaluating
the economics of futiore agricultural development.
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more crop damace than a large winter flood. Table 6 shows estimated flood

damages per acre to representative crops during three selected periods of the

year.

TABLE 6

ESTD-IATED CROP DAMAGE RESULTING FROM FLOODING
IN REACHES 1, 2, 3, k, MID 5

(in dollars per acre)

Crops

Time of year of flooding
April 1 : October 1

through : througli

September 30 : January 31

February 1

through
: larch 31

Truck crops



flood, of a magnitude whose annual frequency of occurrence is 25 percent

would result in a weighted average annual damsige per acre to bsurley of

$50.19. This figure was derived from Tables k emd 6 as follows: Table k

shows that of those floods in Reach 3 v^ose annual frequency of occuirence

is 25 percent, two percent occur in the period from April 1 through

September 30, 33 percent in the period frcm October 1 through January 31

>

and 65 percent in the period from February 1 throiogh March 31- Table 6

shows that barley wovild sustain crop damage of $60.50 em acre, $U6.00 an

acre, and $52.00 en acre, resi)ectively. In the same three periods. The

weighted average annual damage per acre of bsurley, therefore, is the sum

of two percent of $60.50, 33 percent of $46.00, and 65 percent of $52.00.

In a similar manner, the weighted aversige anmial, daautge per 6u:re

was developed for the range of flood sizes which could affect e£u:h crop

^rtiich might be grown within the areas subject to flooding.

ATter having established crop damage per e«;re, it became necessary

to determine the present and predicted futxire acresige devoted to each crop.

The product of crop damage per acre and the acreeige devoted to each crop

equals the total damage to each crop. This total damage was computed for

various sizes of floods. The crop pattern of crops flooded in emy part of

a reach was eissumed to be the same eis that in the entire reach.

The present pattern of crop acreage in eeich reeich was determined

by appropriately adjusting data provided by a land use survey made in 195^

for Department of Water Resources Bulletin No. 58, "Northeast Counties

Investigation." Estimates of the crop pattern as it would be in the future

without additional flood protection were beised upon the soil types in each

]%ach, the suitability and adaptation of cezi;ain crops to each reach^ and
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the anticipated economic trends eLffecting each reeu;h. !Hie crop pattern

vas assiaaed to change from the existing to the future pattern uniformly in

the first ten yeaxB and to remain constant theree^Tter. Table 7 sunmarizes

the net acreage devoted to each crop within each reach under existii]g ajid

predicted future conditions without additional flood protection. Lands

now vised as himting areas for gun clubs are etssumed to continue in the

same category in the future.

Figure 6 shows graphically the probability of present and future

crop damages, in Reaches 2, 3> ^, and 5, resulting from various sizes and

frequencies of floods. The frequency-damage relationshii>s depicted in

this graph were vised to determine an estimated average annual equivalent

crop damage for a 50-year period. This crop damage, eis it would occur with-

out construction of flood protection works, averages $150,000 a year. This

amount does not include crop damages tdiich would occur in the area along

the Colusa £asin Drednage Canal for which a flood easement would be

purchased in connection with flood protection works discussed in Chapter k.

Miscellaneous Deunage

KLscellaneous deunage includes damage to such public facilities

as highways, roads, cormtuni cation systems and irrigation works, damage to

such private facilities 8is pumping jxLants, irrigation and drainage systems,

fences, farm equipment, and. personal property; damage from weed infestations

resulting from weed seeds carried by flood waters; suid damage to areas used

for waterfowl msmagement and by duck clubs.

Public and private feu:ilities subject to flooding within the

Colusa Basin area are few, however. A significant amount of miscellaneous

damage is physical damage to property used in waterfowl management and to

property belonging to duck clubs. This damage was estimated at three dollars
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a year per flooded acre. No monetary value was placed on damage to

recreation enjoyment through the loss of hunting opportunity. A reasonable

analysis of this type of damage was not possible with the meager data avail-

able. Although this loss is significant in some years, qualitative studies

indicate that it becomes only slightly significant when reduced to an annual

probability of occurrence during the legal hunting season. Although floods

interfere with hunting opportunity, the waterfowl population benefits from

the increased resting and feeding areas available to it during floods.

Field surveys and studies by other agencies provided the data

required to obtain estimated miscellaneous damages resulting from several

recent floods. After these damages were plotted on a graph according to

the frequency of occurrence of the size of flood involved, a projection was

made of flood damages for a full range of flood sizes. Figure 7 graphically

summarizes the magnitude of miscellaxieous damage expected for floods of

various probabilities of occiurence. Without additional flood protection,

an estimated average annual equivalent miscellaneous damage of $46,000

would occur during a 50-year period in Reaches 2, 3j 4> and 5-

Table 8 summarizes flood conditions and flood damages in the

Colusa Basin under present conditions of development.
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Estimated flood dainage,
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CHAPTER IV. POSSIBLE SOLUTIONS

In this investigation the following four possible solutions to

flood problems of the Colusa Basin were considered: (1) systems of levees

along the Colusa Basin Drainage Canal; (2) flood control reservoirs in the

western foothills; (3) watershed management; and (4) improved drainage facil-

ities fix)m the Knights Landing Ridge Cut through the Yolo Bypass.

These plans were designed to operate without interference to water

rights or diversion of waters from drainage channels in the Colusa Basin.

Detailed engineering studies and economic analyses showed that

levees constructed along the Colusa Basin Drainage Canal would not be econom-

ically justified. Three such projects, the Colusa Basin Levee Projects, are

summarized in this chapter. Additional details of the investigation are on

file at the Department of Water Resources.

The investigation of flood control reservoirs in the western foot-

hills, the Foothill Reservoir Project, was conducted to the point where it

became apparent that the project would be more costly than any of the Colusa

Basin Levee Projects. This chapter summarizes data developed during the

investigation.

Limitations of time and funds permitted only brief consideration

to be given to practices of watershed management which might minimize flood

problems of the Colusa Basin. Such consideration as was given is summarized

in this chapter.

The construction of improved drainage facilities in the northern

portion of the Yolo Bypass proved to be an economically justified solution

to problems created by limited flood volumes in a limited area. This project,

the Yolo Bypass Project, was thoroughly investigated. The results of this

investigation are described in this chapter.
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ColTiaa Basin Levee Projects

EJach of the Colusa Basin Levee Projects would consist of a contin-

uous system of levees on both sides of the Colusa Basin Drainage Csjial from

Knights Landing to the canal's junction with Willow Creek euad along Willow

Creek to a point near Willows. The canal itself would continue to function

as the main drainage channel of the Colusa Basin. The main flood chajinel

within the basin would be that formed by the existing cajial and an area

varying from 1,000 to ^50 feet in width between the levees.

Additional levees to be constructed along streams tributary to

the canal would convey flood flows into the canal. Such additional levees

would continue up the tributajry streams to the limit of the backwater

inTluence of the main flood channel. Drainsige water from the axeas protected

by these levees would be conveyed into the Colusa Basin Drainage Canal either

by gravity or by pumps. Facilities for drainage from areas lying outside

the present flood plain would not be included as part of the levee projects.

The Colusa Basin Levee Projects wotild provide flood protection

to Reaches 2, 3, k, and 5, but would not extend into Reach 1. Within

design limits, therefore, they would protect lands in the bsisin presently

subject to flooding. The largest levee system—the Two Percent Project^/

—

would provide protection from project design floods reaching a magnitude

of 27,000 second-feet as measured at the Highway 20 Bridge near Colusa.

Smaller levee systems, the Five Percent and Ten Percent Projects, would

provide protection from project design floods reaching magnitudes of

1/ The terra "two percent" refers to the size of flood that would be equalled

or exceeded two i)ercent of the time or an average of once-in- 50-years.

Similarly, a five percent flood would be equalled or exceeded once-in-20-

years; and a ten percent flood, once- in-10-years.

70-



22,000 and 15,300 second-feet, respectively, at the same point. Becavise the

projects wo\iLd confine flood waters to the leveed chaxinels and prevent

temporary storage on flooded areas, project design flood discharges would

be greater than pre-project flood discharges.

Each size of levee project woiild comprise lU2 miles of new levee

construction. In the southern portion of the eurea, between Knights Letnding

and a point k miles south of Col\iBa, the existing back levee of Reclamation

District No. 108, which is part of the SsLcramento River Flood Control Project,

woiold constitute the east levee of eax:h of the Colusa Basin Levee Projects.

Only the west levee would be new along this stretch. To allow for the passage

of project design floods, the west levee for its entire length would be

placed some distance from the Colusa Basin Drainage Canal. Proposed flood

channel widths of about 1,000 feet in the southern peurt of the project may

be ccanpared with the present drainage channel width of about 200 feet.

Table 9 shows the channel width and design discharge at various

points for each of the three projects. Plate 5, "Profile and lypical Sections

of Colusa Basin Levee Projects," shows typical cross sections and water

STirface profiles of the three projects. Levee eind channel design stajidards

conform to those of the U. S. Corps of Engineers, Sacramento District.

The levees would vary in height from about I8 feet in the south

to 11 feet in the north and would provide 3 feet of freeboeu-d at design

flood stage. The levee embankment would be constmcted with side slopes of

3 to 1 on the waterside and 2 to 1 on the landside. A berm 20 feet wide

was provided between the waterside toe of the levee and the edge of the low

water channel. From the southern terminus of the system at Knights Landing

Ridge Cut north to Highway 20 near Colusa, levees along the Colusa Basin
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Drainage Canal would bave a crown width of 20 feet. Further north and along

all tributary channels, their crown width would be 12 feet.

The new levees of any of the three Colusa Basin Levee Projects

would block drainage from the lands that the levees would protect. New

drainaige facilities would be required to remove water frcMn the protected

areas. Such facilities would consist of improved farm drainage works,

co3J.ector drains, and pumping plants. Construction of improved farm drainage

works would be the responsibility of individual landowners. The farm drains

would convey water to project-built collector drains, 6 to 8 feet deep,

which, in turn, would carry the water Into the Colusa Basin Drainage Caaaal.

Project-built pumping plants would pump water frcm the collector drains

into the canal during its high water periods. During low water periods,

water from the collector drains would flow directly into the canal.

The largest of the Colusa Basin Levee Projects, the Two Percent

Project, would include a flood retention reseirvoir just north of Maxwell

Roeui at the confluence of Stone Corral Creek and the drainage csmal. Two

miles of low dike on its perimeter, as well as a jwrtion of the new levee,

would confine the reservoir to 2,100 acres. The reservoir would have a

storage capacity of l6,000 acre-feet. Whenever discharge near Colusa would

exceed 20,000 second- feet, a specially designed concrete weir in the main

levee would permit excess flows from the drainage channel to enter the flood

retention reservoir. By reducing the peaks of the very large floods, this

reservoir would allow the use, in the lower i>ortion of the project area,

of a smaller flood channel than would otherwise be possible for the same

level of flood protection.

The Two Percent Project would protect about 80,000 acres of Colusa

Basin leunds which have flooded in recent years. The project wovsld handle
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floods whose magnitude, without the flood retention reservoir, would be

27,000 second-feet as meas\ired at Highway 20 Bridge near Colusa. A comparable

flood under present conditions would discharge about 25,000 second-feet at

Highway 20. Under present conditions, the flow is decreased somewhat by

storage in flooded areas, whereas under project conditions the entire flood

runoff woiold be channelized. The flood retention reservoir would reduce

floods of this magnitude to 18,000 second-feet at Highway 20. Project design

would provide complete protection from the once-in-50-yefiLr flood and would

reduce the aicreage affected by larger floods.

The Five Percent Project would have a design capax:ity of 22,000

second- feet as measured at the Highway 20 Bridge. A flood of this size,

occurring under present conditions, would discharge about 18,000 second-feet

at Highway 20. Project design for this flood was beised upon complete chaimel-

ization of the flows without a retention reservoir. Ccorplete protection

would be afforded to lands subject to overflow from the Colusa Basin Drainage

Canal for floods up to the design cap6«:ity. This capacity approximates a

flood with a probability of once-in-20-ye8Lr occurrence, or about the size

of that which occurred in February 19*4-2.

The Ten Percent Project would have a design capacity of 15,300

second-feet, measured at the Highway 20 Bridge. A flood of this size,

occvurring under present conditions, would discharge about 11,000 second-feet

at Highway 20. Project design would provide complete protection to lands

subject to overflow from the Coliisa Basin Drainage Canal from floods up to

the magnitude of a once-in-10-year flood. This size may be compared to a

flood smaller than that of February 19*4-2, but larger than that of Msurch 19'4-9.
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Estimated Costs

The estimated capital cost of each project includes costs of con-

struction, costs of ax:quiring flood easements £ind rights-of-way, and costs

of relocating public and private utilities. Capital costs were based on

unit constniction prices prevailing in the spring of I96I. Capital costs

include allowances for contingencies, engineering and administration. Capital

costs also include a1 1 owances for interest during construction at the rate

of four percent a year for one-half the construction period.

Annual costs include costs of replacement, operation, maintenance,

and general expense. They include interest on the capital investment and

repayment ov«r a 50-year period at either k or 2-5/8 percent a year. The

four percent rate is assumed to be applicable to construction by a local

public agency; the 2-5/8 percent rate, to construction by an agency of the

United States.

Table 10 shows the estimated capital cost of each of the Colusa

Basin Levee Projects, and Table 11, the estimated annual cost of eax;h.

Project Benefits

The three projects would provide complete protection from floods

whose pre-project magnitudes would reach 25,000, 18,000, and 3JL,000 second-feet,

respectively, as measiired in the Colusa Basin Drainage Caxial at Highway 20

Bridge near Colusa. Floods of this magnitude represent the once- in- 50-year

flood, the once-in-20 year flood, and the once-in-10 year flood.

Flood discharges greater than those for which each project was

designed would continue to flood Colusa Basin lands, but to a reduced extent.

In general, proposed levees west of the main flood channel would be lower

than those on the east. Overtopping the west levees woxild not cause general
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TABLE 10

ESTIMATED CAPITAL COSTS OF
COLUSA BASm LEVEE PROJECTS

(In dollars)
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flooding because flood waters then would be confined to the area between

the levees along tributary streaais at the north and south ends of the area

affected. The effect of such overtopping would be to reduce the flood stage

in the main flood chajinel and to lessen the flood hazard to areas downstream.

The comparison of estimated flood damage to Col\isa Basin land

before and after construction of each of the Colusa Beisin Levee Projects

I)ermitted the evaluation of the accomplishments of each project. The effect

on each of the projects of flood sizes exceeding project design floods was

calculated in tenns of the extent of area which would be flooded. Statistical

analysis of areas subject to flooding enabled the preparation of grajdis

showing the probability of occurrence of various sizes of floods and the extent

of the area flooded by each size under project conditions. The method of

analysis was similar to that used to determine probability of occurrence under

pre-project conditions. The graphs in Figure 8 depict conditions of flooding

in Reaches 2, 3, k, and 5 with aoid without the Colusa Beisin Levee Projects.

Average annual primsury benefits directly attributable to the

Colusa Basin Levee Projects result from reductions in crop and miscella-

neous damages as well as from enhancement to agricultxiral and urban lands

in the four reaches included in the project. Table 12 itemizes these

benefits. A discussion follows of the methods by which such benefits were

computed.

Crop Damage Reductions . A method similar to that discvissed in

Chapter lU to determine average annual equivalent crop damage without a

project was xised to compute such damage under project conditions. The

method utilized data developed frcm the relationship between crop damage

in Reaches 2, 3, k, and 5 euid the probability of annual occurrence of
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TABLE 12

ESTIMATED ANNUAL BENEFITS
OF COLUSA BASIN LEVEE PROJECTS

(In dollars)
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The method utilized data developed from the relationship between miscel-

laneous damage in Reaches 2, 3, k, ajid 5 and the probability of annvial

occurrence of various sizes of floods in these reaches. This relationship

is shown in Figure 10 under conditions with and without the Colusa Basin

Levee Projects.

Under existing conditions, without a project, the average annual

miscellaneous damage was estimated to be $^4^6, 000; with the Two Percent

Project, such damage would amount to only $2,000. The annioal amount of

damage reduced by the project, $i+i4-,000, represents the average ann\ial

miscellaneous damage prevention benefits of the Two Percent Project.

Similarly, average anniial miscellaneous daaiage prevention benefits for

the Five Percent and Ten Percent Projects were estimated to be $1^3,000

and $^+2,000, respectively.

Enhancement to Agricultural Lands . Significajit benefits woiild

result from the possibility of a more intensive use of aigricultural lands

xuider project conditions. The future crop pattern would include more of

the higher paying truck and field crops and the use of lands now idle

would increase the total crop area. Such benefits were meas'ored as the

difference between returns to the land with and without esich of the Colusa

Basin Levee Projects. The average annual benefit from more Intensive use

of agricultural lemds was estimated to be $368,000 for each of the levee

projects in the four reaches affected by the project.

Enhancement to Urban LaJids . Under the level of flood protection

afforded by the Two Percent Levee Project about 1,500 additional acres in

the Colusa Basin would be subject to urban development. This amount

includes about 800 acres near Willows, 120 acres at Delevan, jOO acres at
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Colusa, and 320 acres at Knights Lemding. Such an increase in habitable

areas protected from floods is a project benefit.

Assuming progressive urban developnient of these leinds throughout

a 50-year period, the avereige annual urbaui benefit for the four reaches

affected by the Two Percent Project was estimated to be $22,000. This

benefit was based on the increase in returns to the land measured at five

percent per year of the increased capital value of the land. The two pro-

jects of lesser protection woiold afford insufficient protection to induce

urban land use and consequently, no enhancement benefits would be derived.

Economic Justification

Before a public agency ceui consider construction of a flood control

project, that project must be economically justified. To be economically

justified, a project must have primary benefits which exceed project costs.

The primary benefits from any of the Colusa Basin Levee Projects

do not exceed the respective costs of each project. Table 13 shows this to

be the case whether the interest rate is that assimied applicable to construction

by a local public eigency or that assumed applicable to construction by an

agency of the United States. For the present level of development in the

Coliisa Basin, therefore, a levee project would not be economically justified.

A complete economic analysis woiold require a determination of the

benefits or detriments accruing to the project as a result of its effect on

fish and game. Wildlife studies were conducted during this investigation

only at a reconnaissance level to determine the usa^e of land within the

historically flooded area for migratory waterfowl habitat. From this brief

survey it was assumed that construction of a flood control and drainage pro-

ject in the Colusa Basin would adversely affect waterfowl habitat. A
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detailed determination of possible detriments, or benefits, was omitted

because the project was shown to be not justified on the basis of primary

agric\iLtuj*al smd urban benefits.

TABLE 13

COMPARISON OF ESTIMATED COSTS AND BENEFITS
OF COLUSA BASIN LEVEE PROJECTS

: Two Percent : Five Percent : Ten Percent
Item : Project ; Project ; Project

Annual costs, in dollars
J+^ interest 1,771,000 1,5^^9,000 1,365,000
2-5/8^ interest 1,1+40,000 1,306,000 1,155,000

Annual benefits, in dollars 578,000 550,000 5M4-,000

Benefit-cost iratio

kf, interest 0.33 O.36 O.i+O

2-5/85^ interest 0.1+0 0.1+2 0.1+7

Footbm Reservoir Project

The surea, contributing flood runoff to the Colusa Basin Drainage

Ceuaal covers about 1,500 sqijare miles. Of this area, 570 sqxiare miles

comprise the tributary watershed in the eastern foothills of the Coe^t

Range and the remal ning 930 square miles lie within the relatively flat

SaLcranento Valley. During major storms in this drainage area, more precip-

itation falls in the foothills than in the valley. Dams constructed across

the streams of this foothill watershed wotild create reservoirs whose

temporary storage of flood runoff would reduce flood discharge in the Colusa

Basin Drainage Canal. An investigation was made to determine the degree of

flood control that a series of reservoirs would provide.

Control of the entire watershed wtmld require dams on 67 stireams.

However, dams on I7 of the larger streams would control a watershed of
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U80 square miles, about 80 percent of the foothill drainage area. These

17 dams are described in this section as the FoothilJ. Reservoir Project.

A reconnaissance engineering survey was made to determine the cost of the

project and the degree of pi"otection it would provide.

The Foothill Reservoir Project was designed to control floods

with a prooabllity of occurrence of two percent, or floods whose magnitude

is that of the once- in- 5O-year flood. Flood hydrographs and the magnitude

of flood flows at the reservoir sites were developed from data used to

determine the contribution of the tributary streams to flood flows in the

Colusa Bcisln Drainage Canal. The storage capacity of each reservoir was

selected for purposes of flood control only and without consideration of

water conservation or other purposes. Reservoir capacity at eaich site

would be sufficient to store runoff \rLthoirt outflow for the duration of

high flood inflows to the reservoir. Outlet works were designed to

release the stored water rapidly so that each reseirvoir would empty and

be ready to control the next flood peak occurring on the tributary.

Releases would not be j>ermitted to exceed the capacities of downstream

channels, and would be timed to enter the Colusa Basin Drainage Camal

€trter the peak flood flow in the canal had passed well downstream.

Preliminary designs and cost estimates were prepared for each

of the 17 dams ar.d reservoirs with consideration given to the geology

of the site, the availability of construction materials and engineering

standards for the safety and operation of the project. The total capital

cost of the Foothill Reservoir Project was estimated to be about $28,760,000.

For each dam and reservoir. Table l^*^ gives the capiteiL cost, drainage area,

storage capacity, and flood discharge under conditions of the once- in- 5O-year

flood. Tables I5 euid 16 show probable conditions during a once-in-50-year
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TABLE 15

PR0BA3LE DISCHARGE IN WILLOW CREEK AND THE COLUSA BASIN
DRAINAGE CANAL DURING A ONCE- IN- 50-YEAR FLOOD

(In secend-feet)

Location

With
Foothill
Reservoir
Project

With
Two Percent

Colusa Basin
Levee ProjectV

Without
either
project

Willov Creek

at Glenn-Colusa Irriga-
tion District Cajial

crossing near Willows

Colusa Basin Drainage Cemal

at Highway 20 Bridge near
Colusa

at Knights Landing

6,200

9,600

13,200

1/ Without flood retention reservoir
2/ Maximum mean daily flow, I958

17,000

27,000

3l+,000

23 ,90ClS/

TABLE 16

PROBABLE FLOODED AREAS IN REACHES 2, 3, k, 5, and 6
DURING A ONCE- IN- 50-YEAR FLOOD

(In acres)

* Levee project does not extend into Reach b.
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p
flood with and without either the Foothill Reseirvoir Project or the Two

Percent Colusa Basin Levee Project. "Pable 15 shows probable conditions in

terms of discharge in Willow Creek and the Colusa Basin Drainage Cajial.

Table l6 shows the probable flooded axeas in Reaches 2 throiigh 6. Rea^h

6 was not included within the eirea to be protected by the Colusa Basin

Levee Project.

The accomplishments of the Foothill Reservoir Project may be

evaluated by comparing the degree of flooding expected under project

conditions to that which would occvir both under pre-project conditions ajid

under conditions which would be created by the Two Percent Colusa Basin

Levee Project.

During a flood of the once-in-50-year msignitude, the most favorable

operation of the foothill reservoirs would reduce the ijeaJi flow in the Colusa

Basin Drainage Canal to 9,600 second-feet at the Highway 20 Bridge. Under

pre-project conditions during a flood of the same magnitude, discharge at

the same point would have been 25,000 second-feet. Correspondingly,

operation of the foothill reservoirs would reduce to 1*^,300 acres a flooded

area which under pre-project conditions would have been 10U,100 acres.

During a flood of once- in-50-year magnitude, the Two Percent

Colusa Basin Levee Project would completely alleviate flooding in Reaches

2, 3, ^, and 5 of the Colusa Basin, whereas, the Foothi3_L Reservoir Project

would allow flooding of 14-8,300 ax:res in those reaches. However, flooding

of 17,500 acres in Reach 6 north of Willows would be prevented by the

reservoir project but not by the levee project.

An evaluation of the economic justification of the Foothill

Resex*voir Project would require that project costs be ccxnpared to project

benefits as computed by determination of the reduction in flood damages
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in the area protected by the project. Because It can be seen by ccanpiaring

riooded areas that the benefits frcm the Foothill Reservoir Project woiild

not be as great as those frcsn the Tvro Percent Project, this computation

was not made. For the Foothill Reservoir Project to provide the same

degree of protection as that provided by the Two Percent Project, a system

of low levees along the Colusa Basin Drainage Canal wo\ild have to be built.

This additional constiniction would raise the cost of the reservoir project

considerably above that of the Two Percent Project. Furthermore, despite

the greater benefits and the lower cost of the Two Percent Project, the Two

Percent Project has been shown not to be economically justified. It may

be concluded, therefore, that the Foothill Reservoir Project also is not

economically justified.

Watershed Majiagement

Runoff from a watershed, measured as the difference between

precipitation and infiltration, is influenced greatly by the retentive

characteristics of the watershed. If the infiltration rate can be increased

by watershed management, the amount of nonoff contributed to downstream

flood flows can be reduced.

R\inoff from the foothill drainage ar«a makes the major contri-

bution to flood flows occTirring in the Colusa Basin. Detailed analyses

of a number of small-to-mediian storms exi)erienced in this area indicate

that for a given storm the soil absorbs a laxge quantity of water before

any runoff occurs. This absorption is called the initial loss. As the

soil becomes saturated, the infiltration rate decreases and becomes quite

low. The average infiltration rate in the foothill drainage axea for the

ten hours after initial loss was estimated to be O.O5 inches an hour.
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The "Hydrology Handbook," prepared by the Committee on Hydrology

of the Hydraulics Division of the American Society of Civil Engineers, and

adopted January' 17, 19^^-9, cites studies which indicate that such an infil-

tration rate cetn be increased two to three times by improvement of the

watershed. Watershed raaneigement experiments in similar foothill regions

show that the infiltration rate can be increased considerably by Improving

the grass cover, by converting chaparrel areas to grass covered areas, amd

by improving grazing practices.

It can be estimated that if the foothill drainage area infiltration

rate of O.O5 Inches an hour were doubled within a 25- square mile area In the

foothill watershed, the reduction in runoff from that area could be as great

as 8CX) second- feet. Were watershed management to duplicate such reductions

in runoff throughout the foothill drainage area, flood discharge through

the Colusa Basin Drainage Canal would be greatly reduced. The reduction in

flood discharge would not equal the s\am of the reductions in runoff effected

by watershed management because the runoff from various tributary watersheds

would reaxih the drainage canal at different times. T5ie effectiveness of

watershed management for the purpose of flood control would be lessened

during extended periods of rainfall or in repeated storms.

Because of limitations of time suid funds, field studies of water-

shed management practices were not ma^e as part of this investigation. Such

studies would be of great value to future evalxaations. Much time and

exi)erimental work would be required before conclusive results could be

reaxihed. These results might well indicate a relatively inexpensive method

of reducing flood discharge. Such a method, however, would have to be coupled

with some levee works in the valley area to provide flood protection comparable

I
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to that provided by the levee projects previously discussed. Adequate

control of flood waters by watershed management only is considered highly

improbable

.

Yolo Bypass Project

The Yolo Bypass Project would improve existing drainage facilities

within the Yolo Bypass. The project is designed to alleviate springtime

crop and miscellajieous damages caused principally by irrigation return flows

flooding Reaxihes 2 and 1. Reach 2 extends along the Colusa Basin Drainage

Canal froaoa College City to Knights Landing. Reach 1, within the northern

Yolo Bypass, extends southward from the mouth of the Knights Lajnding Ridge

Cut to the Sacramento Deep Water Ship Channel.

In the spring, high water in the Sacramento River prevents irri-

gation return flows from passing through the Knights Landing outfall gates

into the river. At the same time, the inadeuqate outlet at the downstream

end of the Knights Landing Ridge Cut impedes water passing through the

ridge cut into the Yolo Bypass. Before the water reaches an elevation

sufficient to discharge into the bypass, it has flooded lands in Reach 2.

Water passing through the ridge cut into the bypass cavises additional damage

by flooding early plemtings in the bypass farm lands of Reach 1.

The Yolo Bypass Project wovild correct this situation with a new

channel from the downstream end of the ridge cut. Under conditions of no

flow in the Yolo Bypass, drainage facilities of the project would prevent

flooding of farm lands in Reaches 1 and 2 when discharges from the ridge cut

did not exceed 2,000 second-feet. During floods in excess of this design

capacity, flooding In Reaches 1 and 2 would be reduced both in extent and

duration.
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From October 1 through March 31, the draineige feuillitles of the

Yolo Bypass Project would have only very limited effect because the Yolo

Bypass usually would be carrying winter flood waters from the Sacramento

River at the same time that runoff from the Colusa Basin would be high.

Although project facilities are not designed specifically to function

under such conditions, they would provide some relief from flooding in

Reach 2 at times when flows through the bypass were relatively small.

The drainage facilities provided by the Yolo Bypass Project would

include: (l) a check structure at the downstream end of the Knights Landing

Ridge Cut; (2) a new channel across the Yolo Bypass from Knights Landing

Ridge Cut to the Tule Canal; (3) an enlarged Tule Canal; and (k) a check

structure near the downstream end of the enlarged Tule Canal. Plate 6,

"Profile, PlcLn and Typical Sections of Yolo Bypass Project," shows these

facilities.

Check Structure (No. l)

A check structure of reinforced concrete woiild be built at the

ridge cut entrance to the new channel. Incorporated into the design of this

check structure would be a transition section between the Knights Landing

Ridge Cut and the new channel across the bypeiss. The structure would be

divided into bays for stop logs. These featxires would control the discharge

within permissable velocities, and would maintain the water surface elevations

required for irrigation. The check stiructure would not infringe upon the

existing capacity of the ridge cut for the discharge of winter flood flows.

New Channel

I The new 10,000 foot long channel across the Yolo Bypass would

extend from the mouth of the Knights Lemding Ridge Cut to the Tule Cajial.
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It would be unlined ajid woiiLd have side slopes of 3 to 1, an average depth

of 10 feet, and a bottom width of 70 feet. The bottom of the new channel

would slope from an elevation of 11 feet at the west end to 7 feet at the

east end (USGS datum). The design capacity of the new channel would be

2,000 second-feet. Channel construction would require the acquisition of

an estimated 60 acres of Isjid. This acreage would be sufficient to provide

for the channel as well as for alternative methods for disposal of an

estimated 'i31^000 cubic yards of excavated material. The actual method

of disposal should be determined prior to project construction. Some of

this material might prove to be soil of a quality satisfactoiry for farming

purposes; the possibility exists that such soil might be spread out so that

the disposal area could be farmed. In the event of actual construction, the

State Reclamation Board would have to approve the depth eind configuration of

proposed spoil areas.

Enlarged Tule Canal

The Tule Canal is situated adjewient to the east levee of the

Yolo Bypass and is utilized for both irrigation and drainage. The enlarged

Tule Canal would carry flows from the proixssed new channel to the upper

end of the toe drain of the Sacramento Deep Water Ship Channel. For prac-

tical purposes, the capeu:ity of the toe drain at this point, 2,^4-00 second-

feet, governs the hydraulic design of the Yolo Bypass Project. Therefore,

the 2,U00 second-foot capacity of the enlarged Tule Canal at the point

where it enters the toe drain would be 1+00 second-feet greater than the

capacity of the new channel across the Yolo Bypass. This greater down-

stream capacity provides for drainage water to enter the Tule Canal

from lands farmed in the Yolo Bypass. Existing rights-of-way held by the
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View of Tu/e Canal looking southward showing resfricted channel capacify above High-

way 40 crossing. Sacramento Deep Water Ship Channel and toe drain can be seen

in background.

k



View of fhe Tule Canal looking northward showing Sacramenfo Bypaa entering Yolo

Bypass from the right side of photograph, and the much restricted channel of the Tule

Canal.



Sacramento and San Joaquin Drainage District should be sufficient for the

work required along the Tule Canal. These rights-of-way are under the

Jurisdiction of the State Reclamation Boajrd.

Tule Canal would be enlarged by excavating 225,400 cubic yards

from 3>800 lineal feet of a narrow section of the csmal between the Sacramento

Bypass and Highway kO. Some bnish and trees wo\iLd have to be removed.

The enlarged cemal would have side slopes of 3 to 1, and a bottom width of

70 feet. The elevation (USGS datum) of the bottom of the canal would be

at sea level at the intersection of the Sacreunento Bypass and 1 foot below

sea level at the intersection of the Southern Pacific Railroad bridge.

In addition to the required excavation, small levees will be

required at several locations to maintain the design water surfewe in the

Tule Canal from its junction with the new channel to the toe drain of the

ship channel. Plate 6 shows the locations of these levees. The required

levees will total 15,300 lineaJL feet in length. Their construction along

the Tule Ceuial will require 30,500 cubic yards of embankment material. The

maximum height of these levees including 1 foot of freeboard, would be k.'^

feet. It was assumed that their side slopes would be 3 to 1 and that their

crown width would be 12 feet. That portion of the levee across the mouth

of the Sacreunento Bypass woxiLd have a maximum height of 2 feet. To mini-

mize the obstruction to flood flows entering the Yolo bypass from the

Sacramento bypass, the freeboard at this point would be reduced to one-half

foot. This is the freeboard provided by the west levee of the toe drain

of the Sacramento Deep Water Ship Channel.

The enlargement of the Tule Canal and the construction of the

low levees would require relocation of certain existing drainage facilities
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Id this area or tL.e Yolo B>pas3. At same points, the new levees woiiLd

interfere with existing irrigation pumping facilities and these facilities

also would require relocation. The preliminary designs made for these

relocations would be subject to review during final design stages should

this project be constructed.

Check Structure (No. 2)

A check structure similar to that proposed for the downstream

end of the Knights Landing ftidge Cut would be built near an existing check

structvire located about l+,000 feet north of Highway kO. The proposed

check structure would maintain water elevations at present levels in the

Tule Canal during the irrigation season.

Estimated Costs

Based upon construction prices prevailing in I96I, the estimated

total capital cost of the Yolo Bypass Project would be $586,000. Levee

construction euid canal excavation, including the removal of brush and

trees, comprises $317,000 of the cost. The acquisition of rights-of-way

and relocation of existing structures comprises the remain i ng $269,000.

The amount estimated for rights-of-way would be subject to minor change

depending upon the method used to dispose of the material excavated from

the new channel across the Yolo Bypass.

The total annual cost of the project would be $i^l,200, with

financing at an interest rate of four percent a year.

A sunmary of capital and annual costs of the Yolo Bypass Project

is presented in Table 17

.
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TABLE 17

ESTIMATED CAPITAL AND ANNUAL COSTS
OF YOLO BYPASS PROJECT

(In doLlars)

Item ' Costs

CAPITAL COSTS

Constiructlon items
Embanlanent $ l8,300
Excavation
New channel 129,500
Enlarged Tule Cemal 90,200

Lajids and damages
Rights-of-way 15,000
Acquisition costs (30^) '*-,500

Relocations
Check structures liH,000
Irrigation and drainage structures 37,5QQ

Subtotal $1+36,000

Contingencies (20^) 87,000

Engineering eind administration (10^) 52,000

Interest during construction {h'ji) ]J.,000

Total Capital Costs $586,000

ANNUAL COSTS

Interest (iv^) 23,^*00

Repayment 3,800

Operation and maintenance ltv,000

Total Annxial Costs $ 41,200
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Project Benefits

Facilities of the Yolo Bypass would function primarily during the

spring and summer growing season when there would be no flood waters in the

Yolo Bypass and when high stages in the Sacramento River would prevent the

Colusa Basin Drainage Canal from discharging through the Knights Landing

outfall gates. The Yolo Bypass Project would not relieve flood or drainage

problems in the Colusa Basin at times when the Yolo Bypass would be flooded

heavily by water diverted from the Sacramento River.

Table l8 shows the reductions in frequency and duration of flooding

which might be expected in Reach 2 under project conditions. At present,

on the average, a flood affecting 3^000 acres will last l8 days and occur

in seven out of ten years. Under project conditions, a flood affecting 3^000

acres will last, on the average, only 11 days and occur in about five out of

ten years. This is a reduction of 22 percent in the frequency of floods of

the size affecting 3^000 acres and a reduction of seven days in the period of

inundation. Slttiilar reductions will be realized for floods of other sizes.

The facilities of the Yolo Bypass Project also would reduce the

extent of the area flooded; floods under project conditions would affect

less Isjid than floods of the same magnitude under pre-project conditions.

Fig\ires 11 and 12 show the probability of various sizes of floods in

Reaches 1 and 2 and the area which would be flooded under conditions with

and without the project. For Reach 1, Figure 11 depicts only those con-

ditions existing during the period April 1 through September 30. Flood

conditions in the Yolo Bypass during the winter periods were not consid-

ered because the bypass lands are established to convey winter flood

waters. In Reach 2, adjacent to the Colusa Basin Drainage Canal, up to
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500 acres of land presently kept idle in the spring ajnd suinraer by the

threat of floods could be brought into production under project conditions.

Although a greater degree of flood relief could be achieved by increasing

tne capacity of the Yolo Bypass Project drainage facilities, the controlled

discharge frcxn the project was limited to the capacity of the ship channel

toe drain to avoid any increase in downstream flood damages.

The Yolo Bypass Project would provide benefits to Reaches

1 and 2 by preventing flood damages. Flood damages for conditions at present

and for conditions which would exist after construction of the project, a^

well as the resulting benefits, were computed by the method used to compute

such damages ajid benefits for the Colusa Basin Levee Projects. Average

crop damages, based on prices prevailing from 1952 to 1956, corresjxsnd

to those which occur from flooding during the period from April 1 through

September 30. Total flood damages were computed for several sizes of floods

8Lnd analyzed to determine frequency of occurrence. The probability of flood

damage with and without the Yolo Bypass Project is shown on Figure 13.

The average annual crop damage reduction benefit for Reaches 1

and 2 is $2^(^,000 and $23,80O, respectively. The average annual miscellaneous

damage reduction benefit in the same reaches is $1,U^00 and $6,000, respec-

tively. The total average annual flood damage reduction benefit which may

be credited to the Yolo Bypass Project, therefore, is $55,200.

Economic Justification

The Yolo Bypass Project has an average sjinual cost of $^4-1, 200, an

average smnual flood damage reduction benefit of $55,200. The benefit-cost

ratio of 1.314- to 1 shows the project to be economically justified.
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1 Althou^ the capital cost oi' the project, estimated to be $^86,000,

is relatively low, project benefits accrue to a relatively small area within

the Colusa Basin euid to only a small number of land owners. No analysis

was made of a possible method for financing, constructing, smd operating

this project, nor was an analysis made of the ability of the beneficiaries

to pay for the project.
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CHAPTER V. CONCLUSIONS AND RECOMMENDATIONS

Principally an agricultural area, the Colusa Basin is also of

great value as a habitat for wildlife atnci an area for recreation. The

natural advantages of this area are flat topography, long hot summers, and

a good water supply. From the standpoint of both texture and alkalinity,

the poor quality of the soil in much of the area has restricted crop pro-

duction largely to rice and irrigated pasture, Agriciiltural development

began at an early date and has continued in conjunction with the reclamation

of lands from frequent and widespread flooding from the Sacramento River.

Reclamation works protect the basin against flooding from the

Sacramento River, but although these works have provided a high degree of

protection to certain lands, they have not controlled floods from runoff

of western tributary streams or from irrigation return water.

As a result of field investigation and the analysis of available

data on flood control and drainage problems in the Colusa Basin, the

following conclusions and recommendations are made:

Conclusions

1, Because flooding from the Sacramento River has been largely controlled

by a system of river levees, bypass channels and upstream reservoirs, little

damage results from this source,

2, Floods from tributary runoff and precipitation within the basin

cause frequent and widespread flooding, restricted mostly to the winter months

of October through March. Because the frequency with which this area is

flooded has limited development in the flood plain, mainly to agriculture and

waterfowl hunting facilities, only moderate amounts of dairaage occur. The farm

lands are seldom planted in the winter. The area contains almost no domestic

development and few paved roads or public utilities,
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3. Serious flood problems in the Colusa Basin arise from spring flood

flows that are created principally, cind at times wholly, by irrigation return

flows. The Colusa Basin Drainage Canal is inadequate to carry the spring

flood flows when high water stages in the Sacramento River prevent discharge

through the Knights Landing outfall gates.

4. Although water quality problems exist in some local areas as a

result, mainly, of the leaching of alkali lands, the quality of available

water supplies in general and of the water in the main drainage channel in

particular was found to be satisfactory.

5. Recreation in the Colusa Basin, in the form of hunting for pheasants

and migratory waterfowl, constitutes one of the principal resources, A

reduction in flooding in the basin could increase slightly the hunting

opportunities, but land use changes made possible by flood prevention might

seriously reduce the area suitable for migratory waterfowl,

6. The February 1958 flood in the Colusa Basin was the largest recent

flood for which records are available. In that month, a maximum daily flow

of 23,900 second-feet was recorded in the flood channel of the Colusa Basin

Drainage Cansil at the Highway 20 Bridge.

7. Future flood and drainage problems in the Colusa Basin may be

modified by possible developments as follows:

a. Future water developments in the Sacramento River
Basin will not significantly relieve winter floods
in the Colusa Basin, but may cause summer or fall
drainage floods not presently experienced. It is

assumed that any flood conditions induced in this
manner would be alleviated by those responsible,

b. Flood flows from streams tributary to the Colusa Basin
Drainage Canal are expected to be little changed in
the future unless the carrying capacities of the tributary
channels are increased. Such increased capacities could
increase flood peaks in the drainage canal.
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c» Predicted land use changes vfill result in somewhat
larger irrigation return flows throughout the summer

months, but no significant increase in magnitude or
change in frequency of damaging spring drainage flows
is expected to occur.

8, Flood characteristics used herein for the design and analysis of

flood control and drainage projects were assumed to remain essentially the

same throughout the future fifty year period as experienced in the past.

Frequency studies indicate that a flood with a pxx>bability of occurrence of

two percent (one expected to be equalled or exceeded once in 50 years on the

average) would have a peak discharge of approximately 25,000 second-feet in

the Colusa Basin Drainage Canal at the Highway 20 Bridge near Colusa.

9, On the basis of the frequency of occurrence of floods, the future

crop pattern estimated to prevail without additional flood protection, and

those farm costs and prices which prevailed from 1952 through 1956, it was

estimated that crop flood damages in the Colusa Basin would average $150,000

a year,

10, It was similarly estimated that without additional flood protection,

miscellaneous flood damages to private property and public facilities would

average $46,000 a year.

11, Engineering works for solution of flood and drainage problems were

designed to operate without interference to water rights and diversion of

water for irrigation uses.

12, The Colusa Basin Levee Pixjjects were evaluated to determine the

degree of protection afforded by each of three sizes of levee projects

designed. These projects would protect lands in the Colusa Basin between

Knights Landing and Willows from flooding from the Colusa Basin Drainage Canal

and Willow Creek, The Two Percent Project, (once in 50 year flood protection)

with a capital cost of $26,033,000 and an annual cost of $1,771,000 wovdd
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provide annual benefits of $578,000. The Five Percent Project, (once in 20 yea

flood protection) with a capital cost of $23,322,000 and an annual cost of

*1, 549,000, would provide annual benefits of $550,000. The Ten Percent Project

(once in 10 year flood protection) with a capital cost of $20,126,000 and an

annual cost of ^>1, 365, 000, would provide annual benefits of $544,000. In the

case of each project, costs would exceed benefits, and therefore not one of

the levee projects was fo\md to be economically justified for the present

or expected future level of development in the Colusa Basin.

13, A study of the wildlife aspects of the Colusa Basin Investigation

was not required under the authorizing legislation. However, until this

aspect of the problem has been fully investigated, the proper approach to the

solution of the problem cannot be ascertained with a high degree of confidence.

This is particiolarly true with respect to possible state or federal participa-

tion in a project, for the wildlife aspects are of great interest and importance

to the public at large auid would necessarily influence any decision reached

within the framework of public interest. Even from a local point of view,

maintenance of existing wildlife areas may be more beneficial in overall

economic terms than alleviation of the local flooding problem.

14, The Foothill Reservoir Project, comprising flood control reservoirs

on 17 tributary streams in the western foothills, was determined to be a

less desirable solution to flood and drainage problems in the Colusa Basin

than that provided by any of the Colusa Basin Levee Projects. The capital

cost of the Foothill Reservoir Project would be $28,760,000, Because this

cost woxild exceed that of any of the levee projects, and because the accomplish

ments and benefits of the project would be less than those of any of the levee

projects, the project would not be economically justified.
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15. Watershed majiagement, coupled vLth some levee works in the

valley area, might provide an inexpensive way to reduce flood hazard.

The reduction in flood hazard resulting from watershed management was

not evaluated due to the lack of data applicable to the foothill area.

16. The Yolo Bypass Project would increase the outlet capacity

of the Knights Landing Ridge Cut into the Yolo Bypass and improve drainage

in the area. It would fimction primarily to alleviate damages resiLlting

from irrigation return flows. The project would protect lands in the

lower Colusa Basin between Knights Landing and College City ajid in the

northern Yolo Bypass between the Sacramento Deep Water Ship Channel and

the mouth of the Knights Landing Ridge Cut. Two check structures would

maintain summer water levels at the elevations required for punrped diversions.

The Yolo Bypass Project, with a capital cost of $586, CXX) and an annual cost

of $41,200, would provide annual benefits of $55,200. The benefit-cost

ratio -- 1.34 to 1 -- indicates economic justification.

Recommendations

It is recommended that:

1. Althou^ BJi improved drainage channel and levee system essentially

as described herein comprises the most desirable engineering solution to

existing and foreseeable flood problems, it not be adopted for consti\iction

at this time by local, state, or federal interests becaxise the costs greatly

exceed the benefits.

2. The economic justification of an improved drainage channel and

levee system be re-evaluated in the future when improved land use and the

threat of excessive damage thereto creates a greater demand for flood

protection.

-Ill-



3. tXiture reclamation and flood protection provided by local interests

to limited areas within the Colusa Basin be made compatible with an eventual

basin-vide plan such as the IVo Percent Levee Project.

k. The channels of tributary streams entering the Colusa Basin Drain-

age Canal from the west be maintained essentially in their present condition.

5. Future analysis of flood control and drainage systems in the Colusa

Basin include recreation and wildlife data sufficient in detail and scope

to allow evaluation of these resources to be included in determinations

of economic justification and financial feasibility.

6. The Yolo Bypass Project as described herein and shown to be economi-

cally jiistified to be adopted by an appropriate local districts or public

agency for construction to alleviate flooding along the southern reach of

the Colusa Basin Drainage Canal and in the northern Yolo Bypass.
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