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State of Qalifornia

GOVERNOR'S OFFICE
OFFICE OF PLANNING AND RESEARCH

1400 TENTH STREET

SACRAMENTO 95814

EDMUND G. BROWN JR. October 24, 1979

GOVERNOR

Dear Reader:

The California Water Atlas is considered by many reviewers to be the State's most
ambitious cartographic undertaking. A staff of researchers, cartographers, and graphic
artists worked for over a year and a half to assemble and portray information about
water in California. Their efforts were immeasurably aided by a large and dedicated
group of advisors, many of whom also contributed narrative portions to the Atlas.

The goal of all this work was to produce a book that would introduce Californians to
the complex and compelling issues of water in this state, giving them the information
they need to participate more actively in the decisions that governmental agencies make.

In an undertaking of this size, it is inevitable that some inadvertent errors will occur.
Such an error appears on page 64, paragraph 3, in which we attempted to summarize a
complex legal case which was ultimately decided by the Supreme Court. The statements
in the paragraph were derived in part from California Water: A New Political Economy
by Merrill R. Goodall, John D. Sullivan, and Timothy DeYoung (Allanheld, Osmum/Universe
Books, New York, 1978). The paragraph, which was not intended to imply any wrongdoing
on the part of the J. G. Boswell Company, should read as follows:

The Salyer Land Company brought suit against the Tulare Lake Basin Water
Storage District after its property was flooded in 1969. The flood damage
could have been reduced and Salyer's property partially protected, had additional
Kern River flood water been diverted into the Buena Vista Lake Basin. This
would have caused flood damages to agricultural operations in Buena Vista
Lake, then leased by J. G. Boswell Company. The flood storage servitude of
Buena Vista lake basin, asserted by Salyer, and the District's authority to
prosecute a suit against the Kern River interests, were disputed by Boswell
and others. Since Boswell held a majority of the votes within the District,
the District's board of directors never sought to force the Buena Vista District
to take the flood water.

Because of the widespread interest in California water issues and the large demand for
the Atlas, we expect it will be necessary to reprint additional copies. In order to keep
the document as current, accurate, and useful as possible, we would appreciate your
comments and suggestions.

Please send your letter to: The California Water Atlas: Comments
Oiffice of Planning and Research
1400 Tenth Street, Room 206
Sacramento, CA 95814

Sincerely,

% /%% St
Deni Greene
Acting Direcfor

DG/jp
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Foreword

This book sets out to tell the biggest story in the richest and most populous
state in the Union. Water lies at the basis of the modern prosperity of
California, and the history of the state is in large part the history of water
development. The problems of water supply and delivery for the future are
emerging among the critical issues facing not only California but the entire
American Southwest over the next ten years. And yet, at a time when
environmental consciousness is high and complex problems of world energy
supply and international finance are part of the normal fare in our daily
newspapers, water remains probably the least popularly understood of our
natural resources.

There are good reasons for this. Water is an immensely complex subject
which requires the mastery of many disciplines ranging from the practical
sciences of hydrology, engineering, and chemistry to an understanding of
history, social organization, and the law. The literature available on the
subject is vast, but most of it is highly technical in nature, useful only to those
who are already working in the field. In a state which was built on water, we
lack even a history of water development. As a result, the interested citizen
has had few places to turn for a basic understanding of the critical, water-
related issues facing California and the West in the balance of this century.

The atlas has been developed as an attempt to correct this problem by
providing the average citizen with a single-volume point of access to under-
standing how water works in the State of California. The reader will find
here treatments of every aspect of water supply, delivery, and use in
California—the nature of the water environment, the changes mankind has
made in that environment, the history of water development, the operation
of the major natural and artificial water systems of today, the relationship of
water pricing to water consumption, the uses of water in industry, recrea-
tion, and energy development, the problems of water quality, and the current
and emerging questions of water policy for the future. The atlas will not
answer every question the reader may have. In fact, if our work has been
done well, the reader should emerge after completing this book with many
more questions than he ever thought to ask before. The atlas can, however,
establish a context for understanding how those questions should be posed
and where to turn for the answers. And it is by prompting this kind of
inquiry that the atlas will succeed in its ultimate purpose of enhancing the
opportunities for the people of California to take a direct role in shaping
public policy in this critically important area.

The California Water Atlas is the product of a 15-month project sponsored
by the Office of Planning and Research in cooperation with the Department
of Water Resources. A team of researchers based in the Office of Planning
and Research assembled the basic data and detailed information for the prep-
aration of maps from a wide range of local, state, and federal sources
throughout the state. This material was then relayed to a team of carto-
graphers assembled at California State University, Northridge, where the
finished maps were developed. The narrative sections were prepared by
experts in each of the many topics treated in the volume. And the project as a
whole operated under the guidance and supervision of an advisory group
composed of the most prominent figures in the fields of hydrology, engineer-
ing, history, book design, environmental protection, and water law.

The result is not a conventional governmental publication. The sheer heft,
size, and sophisticated printing of the volume makes that self-evident. These
physical characteristics of the book were dictated by the complexity of the
information presented in the maps and other graphic elements. What is more
important in distinguishing the atlas from other governmental publications,
however, is the absence of policy recommendations. We recognized at the
outset that if the atlas ever concluded on any point by saying “therefore” then
we would have failed in our central purpose of providing a common basis for
understanding which leaves the individual reader free to draw whatever con-
clusions or raise whatever questions seem most appropriate.

The maps and other graphic elements contained in the atlas are likely to be
far more densely packed with information than most readers are accustomed
to encountering. The model of California’s hydrologic balance on the facing
page, which effectively combines in one place all the many aspects of water
treated in detail throughout the pages that follow, is probably the most com-
plex piece of design anywhere in the book. An attempt has been made in the
design of each of the full-page plates, however, to make them susceptible of
being read at several levels of detail. In other words, each plate should readily
convey some central relationship or aspect of water upon a quick perusal. The
three principal colors used in the design of the hydrologic balance, for
example, display the relative proportionality of the volumes of water involved
in each of the major parts of the system as a whole. For the serious student
of water, for applications by the specialist, or for use in the classroom the
plates reveal a wealth of information and precision which should, hopefully

make a close reading of them an adventure in seeing and understanding.

The quality of these graphic materials is related directly to the nature of the
atlas as a whole and the subject it treats. The plates are not designed simply
to illustrate the points raised in the text; nor has the text been prepared
simply as a helpful companion to fill out what might otherwise be only a
picture book. Instead, the narrative and graphic elements of the atlas have
been developed as equal partners which the design of the volume as a whole
must make to work together. The topics selected for treatment in the plates
are those which can be presented most effectively in a graphic form. The
information contained in the design of the hydrologic balance, for example,
would require pages and pages of charts and graphs to be treated narratively,
and it is doubtful that the reader at the end of such a treatment would be able
to grasp the relationship between the many parts of the hydrological balance
and the way in which these parts fit together as readily as is conveyed in this
single image. By the same token, if some aspect of the water system can be
just as well described by a sentence or paragraph, then it has been left to the
narrative. In this way, we have attempted to provide within the atlas a model
of the ways in which advanced cartography can be used as a medium for con-
veying complex information on issues of public policy.

A friend of mine in hydrology once described the construction of a dam as
man’s ultimate way of thumbing his nose at God. Certainly the story of the
development of the modern water system in California presents one of the
most massive rearrangements of the natural environment that has ever been
attempted. The book, therefore, begins with a detailed examination of the
nature of the original water endowment as a way of establishing an under-
standing of the limits it placed upon human settlement. The subsequent sec-
tions treat the ways in which these limits were confronted and in most cases
overcome through the construction of the various principal components of
the modern water system. The water system of today, however, is not simply
the inevitable result of the natural water endowment. Rather, each of the
major artificial water delivery systems developed out of specific historical
circumstances and were designed to address particular problems. The first
half of the volume, by treating in sequence the development of these systems,
thus deals essentially with the question of how things got to be the way they
are today. The balance of the volume, beginning with the section on the
modern water system, examines how things work today, the ways in which
water is used, the problems that result, and what the modern water system
can and cannot do.

Inevitably in a volume which attempts to treat so vast a subject in so brief a
space there will be disagreements as to which topics to bring up and where
the emphasis should be placed. The project was conceived from the beginning
as a cooperative venture and the book that has been produced as a result is a
reflection necessarily of the special talents and interests of the authors,
advisors, and staff members involved. Had any one of the more than 50
people who ultimately had a hand in shaping the volume been different, the
atlas itself would have been changed.

The cooperative nature of the enterprise was represented most clearly in
the development of the narrative. Once we had agreed upon an outline of the
book, we divided the topics to be covered according to the expertise of the
authors we had selected. As a result, each of the chapters that appear in the
volume is made up of parts prepared by several different hands. And all of
the original manuscripts were substantially revised and edited to establish a
consistent style and tone, to fill in missing elements, and to provide the con-
nectives which knit the pieces together into a whole. Nevertheless, each
author approached the topic assigned with his or her own perspective and
sense of priorities. As a result, the reader should be able to detect the sound
of many voices running through the narrative, and this diversity was felt to
be healthy to the extent that it provides a sense of the multiplicity of view-
points that exist with respect to the various aspects of water in California.

There were, of course, constraints of time, available space, and subject
matter imposed on what we could do. In developing the plates, for example,
we began with a list of all the subjects we wished we could treat and then
began to reduce that list based upon the information that was actually avail-
able. Hydrology, as the experts often say, is an inexact science. Cartography,
however, is a most exacting art form. If you are preparing a narrative and
have 95 percent of the information on the topic being treated, you can safely
write a conclusion; but if you are preparing a map of California and have data
for every community but one, you might as well have nothing at all.

There is more information available on water through the federal, state, and
local agencies used in this project than exists on probably any other topic.
And yet, a surprising amount is incomplete, inconsistent, or inaccurate. In
addition, there is substantial disagreement between agencies as to methods of
reporting, systems of calculation, and even the names of places and facilities.
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Quantities shown for each component are the
average annual magnitude of water associated
with that function or process.

When precipitation arrives at the earth’s surface
it is allocated to various outputs and forms of
storage by an environmentally controlled priority
scheme. Depletion of the input from precipitation
occurs within three major categories: return flows
to the atmosphere, storage and use, and runoff.
The natural demands for evaporation and evapo-
transpiration receive first priority in this natural
scheme, and return flows of moisture to the
atmosphere by evaporation and evapotranspira-
tion account for approximately 76 percent of the
precipitation input. Most evaporation and evapo-
transpiration occur from natural land and water
surfaces and from nonirrigated agricultural land.

Computation of the hydrologic balance for
California, however, requires consideration of the
effects of human modifications of the hydrologic
environment. For example, irrigated agriculture
increases evapotranspiration and reduces runoff
while asphalting land surfaces reduces moisture
infiltration and increases runoff. The evapotrans-
piration of water used for irrigated agriculture and
urban purposes accounts for 15 percent of the
total depletion of input which is attributable to
evaporation and evapotranspiration. In addition,
many of the various components of the hydrologic
balance are linked and some categories of water
disposition are consequently not necessarily
mutually exclusive. Water allocated originally to a
specified use, as in the State Water Project, for

example, may be largely evapotranspired or a
portion may become runoff. On the other hand,
moisture returned to the atmosphere by evapo-
transpiration from a forest is not available to
become runoff or to be applied to some further use.

The disposition of water for storage receives
second priority in the natural operation of the
hydrologic balance. Water may be stored as soil
moisture or in glaciers, snow, lakes, and ground-
water basins. A number of alternatives, however,
operate among the different forms of water stor-
age. Glaciers and snow, for example, store water
temporarily at the surface. After melting, some of
this water may be evaporated, some may become
runoff, and some may enter another form of stor-
age by infiltrating into the soil to be retained as soil
moisture or by percolating deeper to recharge
groundwater storage. In computing the hydro-
logic balance as shown here, soil moisture storage
and groundwater storage were not included
because net changes in annual soil moisture levels
occur only during extremely arid years, while net
changes in groundwater storage are indicated by
the average annual overdraft that is shown as a
supplemental input.

Runoff, the principal source of water for human
use in California, is the third priority for disposition

EVAPORATION &
EVAPOTRANSIPRATION

of the input to California from precipitation. Con-
sequently, runoff receives only those residual
amounts of precipitation which remain after
evaporation, evapotranspiration, and natural stor-
age requirements have been satisfied.

The magnitude of all the storage and use com-
ponents is small when compared with the magni-
tude of evaporation and evapotranspiration. A
summation of the components of the storage and
use category is provided by the developed water
supply figures. In-state development represents
39.2 million acre-feet but 56 percent of the devel-
oped water is consumed ultimately by evapotrans-
piration. Only 3.2 million acre-feet is retained as a
developed water reserve while flows into salt sinks
and runoff total 4.4 million acre-feet of developed
water. Depletion of the inputs produces a residual
of 51.4 million acre-feet of total runoff. The state-
generated portion of runoff is slightly less than
50 million acre-feet, but only 27.2 million acre-feet
is unencumbered runoff.

of applied water. precipitation
and conveyance losses

% \ 152.6
STORAGE & USE




public. Whether we have succeeded in this lofty objective or not, the effort
itself establishes a value for the project which is greater than the subject
matter involved. For, we began with the assumption that it is a valid public
service to take the vast quantities of information government collects and
turn it back to the public in a readily accessible form in order to enhance
public understanding of the problems we must confront together. And our
success in this greater endeavor will be measured not by the volume itself
but by the uses to which the reader puts it in the years ahead.

These differences, for example, proved determinative in the decision to
prepare the atlas using traditional units of measurement. Probably no sub-
ject was debated as vigorously by the advisory group as the question of
metrics; but when we found that the major water agencies had still not
agreed upon what the metric units for the measurement of water will be,
we felt we had no choice but to proceed as we have, providing metric con-
versions wherever appropriate.

In preparing this volume, we have consequently had to resolve many
differences of this kind and fill in numerous gaps in the available data with
research of our own. The result may be the most comprehensive assembly
of information on water in California that has ever been available to the

William L. Kahrl
Sacramento, 1979

Glossary

ACRE-FOOT. A standard measurement of volume
equivalent to the amount of water required
to cover one acre one foot deep. One acre-
foot is approximately the amount of water
that the average family of five uses in one
year, including lawn and garden irrigation.

APPLIED WATER DEMAND. The quantity of water
delivered to the user at the point of use,
exclusive of any water lost in transport
to that point.

AQUIFER. Any geologic formation of sufficient
porosity and permeability to store, transmit,
and yield water to wells and springs. An
aquifer which is surrounded by imperme-
able materials is a confined aquifer.

ARTESIAN WELL. A well tapping an aquifer in
which the water level will stand above the
bottom of the confining bed of the aquifer
because the hydraulic pressure of the water
in the aquifer is greater than the force of
gravity. Where the water rises to ground
level, a flowing artesian well is created.

BASE FLOW. That portion of the discharge of a
stream or river that is not attributable
to runoff from rain or snow. Such a flow
may be sustained by drainage from natural
storage.

BENEFICIAL USE. A use of water for some econ-
omic or social purpose. The specific identifi-
cation of beneficial uses may vary with
locality or custom, although the term is
most frequently defined by statute or court
decision. The State Water Resources Con-
trol Board recognizes 21 beneficial uses
of water and establishes the levels of water
quality required for each.

BIOCHEMICAL OXYGEN DEMAND. The quantity of
oxygen used in the oxidation of organic
matter in water in a specified time, at a
specified temperature, and under specified
conditions.

BLOWDOWN. Water discharged from a boiler or
cooling tower to dispose of accumulated
salts. Also, the removal of a portion of any
process flow to maintain the constituents
of the flow within desired levels.

BYPASS. A channel used to divert flows from
a mainstream, as for the diversion of flood
waters.

CLOUD SEEDING. A method of weather modifi-
cation in which clouds are injected with a
seeding agent such as dry ice or silver iodide
in order to enhance precipitation, clear fog,
or inhibit the severity of storms.

CONJUNCTIVE USE. The coordinated use of sur-
face and groundwater supplies. One tech-
nique is to recharge a groundwater basin
during years of above-average precipitation
so that the water can be withdrawn during
years of below-average surface runoff.

CUBIC FEET PER SECOND. A basic unit for meas-
uring the flow of water past a given point
over time. Equivalent to 449 gallons per
minute and 1.98 acre-feet per day.

DRAWDOWN. A lowering of the water level in
an aquifer or reservoir.
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EFFLUENT. Liquid or gas issuing from a con-
tained space, as in the discharge of waste-
water from a treatment plant.

ENTITLEMENT WATER.  As used in connection with
the State Water Project, the amount of
project water made available at a delivery
structure provided for the contractor under
the terms of a contract with the state.

FLUME. An artificial water channel supported
on or above the ground for the conveyance
of water or materials such as logs or gravel.

HEADGATE. A gate, flap or valve at the entrance
to a conduit, ditch, canal, or penstock which
is used to control water flow.

HYDROGRAPH. A graphic representation of some
property of water which is displayed with
respect to time.

INSTREAM USE. A beneficial use of water in a
stream channel as for recreation, fish and
wildlife, navigation, the maintenance of ri-
parian vegetation, or scientific study.

LEVEE. A ridge of material along a stream bank.
A natural levee is formed by the deposi
tion of sediment when a stream overtops its
banks during a flood. An artificial levee,
constructed of earth, rock or concrete, may
be used to contain or direct water flow.

NAVIGABLE WATER. In general, any body of water
which, during a substantial portion of the
year, is capable of floating watercraft for
purposes of trade, commerce, transport, or
recreation. The United States Congress
exercises regulatory authority over those
navigable waters (and their tributaries) which
are susceptible to use for trade and com
merce. For purposes of defining ownership
of stream and lake beds by the State of Cali-
fornia, navigable water includes any body of
water which was in fact navigable at the
time of California’s admission to the Union.

OUTFALL. The point, location, or structure where
sewage or other drainage is discharged.

PERCOLATION. The movement of water through
the interstices of soil or rock.

POINT SOURCE. Any discernable, confined and
discrete conveyance from which pollutants
are or may be discharged; this is distin-
guished from a non-point source, which is
so general or covers so wide an area that no
single, localized source can be identified.

RECLAMATION. As applied to land, the devel-
opment or improvement of land through
drainage, leaching to remove salts, flood
control, or the provision of irrigation water.
As applied to water, the treatment of waste-
water so as to make it suitable for some
beneficial use.

REIMBURSABLE COSTS. That portion of the cost
of developing and distributing a water sup-
ply which the water users are held respon-
sible to repay.

REPAYMENT PERIOD. The period of time pre-
scribed for the payment of reimbursable
costs. This period is commonly 40 or 50
years measured from a date specified in a

contract for water delivery or from the
time that the first services of a water pro-
ject are made available.

RETURN FLOW. Any unconsumed water which
returns to its source or some other water
body after diversion from a surface water
supply or extraction from a groundwater
basin.

SAFE YIELD. As applied to groundwater, the
maximum quantity of water that can be
continuously withdrawn from a ground-
water basin without producing an unde-
sirable result. As applied to surface water,
it is the maximum annual dependable sup-
ply from a water source during the driest
period likely to occur.

SEDIMENTATION. The settling of solids in any
body of water because of gravity or chemi-
cal precipitation.

SLOUGH. A creek in a marshland or tidal flat
or an inlet from a river.

SPREADING. The application of water over areas
of porous material in order to recharge an
underlying groundwater basin.

STORAGE, CAPACITY. As applied to groundwater,
total storage capacity is the amount of water
that could potentially be extracted from a
given depth of a totally saturated aquifer
without regard to quality or economics;
usable storage capacity, however, is the
amount of water of acceptable quality that
can be economically withdrawn from the
aquifer. As applied to surface water, total
storage capacity is the total amount that

can be stored behind an impoundment
structure or in a natural lake; usable stor-
age capacity is the amount of water that
can be drained through the lowest outlet
of an impoundment structure.

TOTAL DISSOLVED SOLIDS. The quantity of min-
erals in solution in water, usually stated
in nearly equivalent terms of parts per mil-
lion (ppm) or milligrams per liter (mg/1).

TURNOUT. The point at which water is diverted
from a main channel or water delivery
facility to a distributing facility.

WATERSHED. The total land area that contri-
butes water to a river, stream, lake, or
other body of water. Synonymous with
drainage area, drainage basin and catchment.

WATER YEAR. A continuous I12-month period
within which hydrologic data is compiled
and reported. In California, the water year
starts on October 1, when groundwater
and reservoir levels are usually at their
lowest and the rainy season is about to begin.

WEIR. Any structure across a water course used
to control, raise, or measure flows.

WETLAND. Any area in which the water table
stands near, at, or above the land surface
for at least part of the year. Such areas are
characterized by plants that are adapted to
wet soil conditions.

TO WHEeL. As applied to water and power, to
provide the use of one agency’s convey-
ance facilities for the purpose of trans-
porting another agency’s supply.

Metric Conversion Factors
To get
Quantity English unit Multiply by metric equivalent
Length inches 2.54 centimeters
feet 0.3048 meters
yards 0.9144 meters
miles 1.6093 kilometers
Area acres 0.40469 hectares
square miles 2.5898 square kilometers
Volume gallons 3.7854 liters
acre-feet 1,233:5 cubic meters
cubic feet 0.028317 cubic meters
Discharge cubic feet per 0.028317 cubic meters per
second second
gallons per minute 3.7854 liters per minute
Weight (Mass) pounds 0.45359 kilograms
tons 0.90718 tons (metric)
Temperature degrees Fahrenheit tF- 32 degrees Celsius
1.8
Electrical mho 1.0 siemens
conductance




CHAPTER 1

California’s Water in

Context

Too many of us know only that water comes from
the tap and then disappears down the drain. We trust
that it will be available when we want it and that we
can dispose of it without causing obvious pollution in
our immediate surroundings. This lack of knowledge
is unfortunate because water and its development
for human use forms the basis of California’s
modern prosperity, the framework of our history,
and the'substance of our existence. Seventy-five
percent of our body weight is water, and blood
plasma is 90 percent water. Water is so important to
our body functions that a loss of only 20 percent
brings death. The inventive mind of man has
developed no substitute for water in the production
of food and fiber to sustain our lives. In our urban
centers today, the use of water in homes averages
150 gallons per day for each person in the United
States. Per capita use in California is generally
greater than the national average and varies greatly
with the season of the year, location and climate, and
with the density and affluence of our population.
During the winter months in high density neighbor-
hoods, per capita use averages 100 gallons per day,
but during the summer in the hot Central Valley,
suburban dwellers may use as much as 660 gallons.

The amount of water we use directly in our
homes, large though it may appear to be, is only a
small fraction of the water used to produce our food
and fiber, to provide manufactured goods, and to
supply many of our other needs for such things as
electrical energy. This overall use of water has
climbed steadily from a per capita average of about
600 gallons daily in 1900 to 1,800 gallons in 1975.
Water is the life blood of agriculture, California’s
largest industry. Assuming that approximately 1,600
pounds of food are produced to supply the 1,500
pounds consumed annually by a typical person and
that an average of 1,000 gallons of water are needed
to produce each pound of food, then it takes about
five acre-feet of water to produce the food the
average American consumes each year. The water
requirements of food items in our diet, however,
vary greatly. A pound of bread takes 136 gallons to
grow the wheat, a pound of potatoes 23 gallons, a
pound of tomatoes 125 gallons, and a pound of steak
2,500 gallons. In addition, one gallon of milk requires
932 gallons of water to grow the silage and alfalfa,
water the cows, and clean the barns. Water is also an
irreplaceable item in many manufacturing processes
and the availability of water in adequate quantity
and quality is necessary for economic growth and the
standard of living we enjoy. As a result, we are
coming increasingly to appreciate the essential role
of water in our total environment and also the
importance of our environment to human well-being
and to the maintenance of numerous delicately
balanced life-support systems which sustain us.

Water, however, makes up only one-tenth of one
percent of the earth’s mass and very little of the
world’s water can be used directly for human
agricultural, industrial, and domestic needs. Ninety-
seven percent of the world’s water is in the ocean
where it contains many dissolved and suspended
materials. Of the remaining three percent, 2.2
percent is locked up in the polar ice caps, and three-
tenths of one percent is too deep underground to
recover and use. Less than one-half of one percent of
all the water on earth can be used directly to support
human life. Moreover, the earth’s water supply is
fixed; the quantity available is essentially the same

now as it was more than five billion years ago when
the planet was formed. Consequently, all the water
we use is recycled. Every drop we drink, cook with,
wash with, or use to irrigate our crops has been used
countless times before.

Solar energy is the driving force behind this
continuous recycling process. The sun, warming the
surfaces of rivers, lakes, the ocean, and even the
water in plants and the soil, agitates water molecules
until their increased motion causes them to escape
and be carried into the atmosphere by warm air
currents. As these water molecules break away, they
leave behind all minerals and other pollutants
dissolved or suspended in the water. This is how our
water is periodically cleaned for re-use. As these
water molecules rise, they may be carried over land
and mountains before they cool, condense into
drops, and fall as rain or snow. Whether it occurs as
rain or melting snow and ice, water immediately
starts running downbhill toward the ocean, first as
streams, and then combined into rivers. Some is
trapped in lakes and some percolates into groundwater
basins. But it is this water, recycled and redistributed
by nature, which we store, transport, pump, and use
to sustain our lives on earth.

The size and power of this natural recycling and
distribution system can be appreciated by a few

simple comparisons. A single one-inch rainfall on a
160-acre farm delivers 4,356,000 gallons or 36,300,000
pounds of water. To transport this 18,150 tons of
water would require 544 tank cars operating as four
trains each over a mile long. To evaporate this
amount of water from the ocean requires the
equivalent of over a million horsepower of energy.
Worldwide, about one-fourth of the total energy of
sunlight is used to evaporate water, more than 4,000
times the total power now available to the world’s
industrialized civilizations. This water cycle is
absolutely vital to the continuing renewal and
purification of our water supply and thus it is
essential to all life.

Nature does not, of course, distribute its freshwater
supplies equally. In terms of water supply, California
is made up of two very dissimilar areas: the northern
portion shares characteristics with the more humid
areas of Oregon and Washington while its southern
half is a part of the most arid region in the United
States. As a result, the total water supply in
California is much less than that of many other
regions of the nation with which California competes
industrially and agriculturally. Although annual
average precipitation per square mile in California is
equivalent to 79 percent of the average for the entire
United States, it is only 44 percent of the average per
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Numerous aspects of the urban,
industrial and recreational uses
of water are illustrated in this
view of the east side of San
Francisco Bay. Oakland is at
the bottom of the photograph,
Berkeley to the north, and the
fringes of Lafayette can be seen
at the far right. Intensive water
use for vegetation in public parks,
which appear here as vivid red,
contrast markedly with the
urbanized areas and watershed
lands where the East Bay Mu-
nicipal Utility District maintains
its reservoirs.







square mile in the South Atlantic and East Gulf
states. And while the average annual runoff in
California is more than nine times that of the
Colorado River Basin as a whole, it is egivalent to
only 51 percent of the average runoff per square
mile in the Ohio River Basin and 36 percent of the
annual averages that obtain in New England.

California is, however, unique in many ways. It
has a 1,072-mile coastline on the Pacific Ocean which
greatly moderates its climate, affects its water
supply and use, and provides a sink for outflows
from rivers and streams and from our agricultural
and urban developments. The state is essentially cut
off hydrologically by mountains from its neighboring
states to the east. Consequently, except for some
inflows from Oregon, small outflows to Nevada, and
the significant quantities of water from the Colorado
River which California shares with other states and
Mexico, our water supply is essentially independent
of other states.

Precipitation is the principal source of California’s
water supply. The state’s average annual precipitation
is about 200 million acre-feet. Two-thirds of this
total falls on the northern one-third of the state.
About 65 percent of this precipitation is lost by
evaporation directly into the atmosphere leaving
only 71 million acre-feet for the average annual
runoff in streams. Forty percent of this runoff or 28
million acre-feet occurs in north coastal streams; 31
percent or 22 million acre-feet in the Sacramento
River system; nine percent or seven million acre-feet
in the San Joaquin River system; and 20 percent or
14 million acre-feet is scattered over the rest of the
state. Approximately one-fourth of the total average
runoff or 18 million acre-feet is now protected from
development under the state’s wild and scenic rivers
program.

Groundwater is an important adjunct to the
natural supply provided by surface streamflows. The
vast groundwater basins which underlie the Central
Valley and other areas of the state have an estimated
total capacity of 1.3 billion acre-feet with a usable
capacity some estimate to be as high as 143 million
acre-feet. In years of normal rainfall, groundwater
supplies 40 percent of the water used in the San
Joaquin Valley. In the drought year 1977, however,
groundwater provided about 80 percent of agriculture’s
needs when 9,000 new wells were drilled in this
valley alone. Statewide, more than 20,000 new wells
were brought into production in 1977, further
aggravating the serious overdraft or mining of
California’s groundwater. During recent years of
average precipitation, groundwater overdraft has
approximated two million acre-feet; the groundwater
overdraft in 1977, however, has been variously
estimated at four to ten million acre-feet. Overdraft
in future dry years could go higher unless steps are
taken. Failure to control such overdrafts will increase
energy requirements for pumping, decrease water
availability, produce water of poorer quality,
encourage saltwater intrusion along the shores of
saline bays and the ocean, and bring about significant
and sometimes serious land subsidence.

Views on water development and use are changing.
Historically, Californians have developed and used
water so as to minimize constraints on the growth of
our cities and irrigated agriculture. Nature may have
intended much of California’s now highly populated
areas and most productive croplands to be brown,
but we have turned them green with produce or gray
with concrete according to our will. More recently,
however, we have come to realize that water is itself
a limited resource. The emphasis today is not so
much upon water development as upon water
management. What this alteration in our attitudes
will mean for the future of California cannot easily
be predicted. But the situation clearly calls for
increasing scrutiny of the reasonableness or efficiency
of present water uses.

There is considerable misunderstanding about
water use. The term “use” sometimes refers to the
total quantities diverted from surface water sources
or pumped from groundwater. Alternatively, it may
be applied to mean only that portion of the supplied
water which becomes unavailable for further use by
being lost in evaporation from water, soil, or plant
surfaces or incorporated into plant tissue or into
manufactured goods. Accordingly, some water uses
are non-consumptive and others are consumptive.
More than half the water delivered to California’s
irrigated farms, on the average, is lost to the
atmosphere by evaporation from soil and transpiration
by plants. Evaporation from soil can be partially

controlled by the installation of efficient irrigation
systems and management practices. But the process
of evapotranspiration from plant leaves remains
largely uncontrolled and presents, therefore, a
tremendous challenge to those seeking efficient
conservation. Water use in homes, except that lost to
the air in irrigating plants, is generally non-
consumptive. Typically, more than 90 percent of the
water used in homes is degraded and disposed of
down the drain. Similarly, water delivered to most
industrial plants is used non-consumptively to
convey, wash, cool, or heat materials. Most of this
water becomes effluent and remains a part of the
state’s water supply. But pollution itself can be
equivalent to a consumptive use when the water
becomes so degraded that the treatment necessary
for its re-use may not be technically or economically
feasible and its discharge to the ocean or other sink is
consequently the most practical solution to the problem
of its disposal.

In terms of withdrawals, 87 percent of California’s
developed water is taken for irrigation; 8.5 percent
for domestic, commercial, and institutional uses; 2
percent for manufacturing; and about 2.5 percent for
other purposes. But in terms of consumptive use, 91
percent goes for irrigation, 5 percent for domestic
and related uses, one percent for manufacturing, and
about 3 percent for others. By the year 2000, the
portion used consumptively by irrigation is expected
to decline slightly to 89 percent accompanied by
small increases in municipal and industrial uses.

Predictions of water use are highly controversial,
however, due to uncertainties about projected
population levels and our inability to predict the
domestic and international markets for various
agricultural products as well as other changes related
to crop production. Based on four population
alternatives and four alternative levels of crop
production, it has been estimated that present water
diversions will increase from about 37 million acre-
feet today to 41-46 million acre-feet by 1990 and 43-
55 million acre-feet by 2020. An unquantified
amount of water will also be needed to provide
instream flows for fish and wildlife, to preserve
wetlands for birds, and to protect water quality in
areas such as the Sacramento-San Joaquin Delta and
the San Francisco Bay.

How can water be managed so as to meet as fully
as possible the needs of diverse and legitimate
interests at all levels and in all geographic areas?
There are no easy answers. Sound water policy and
action programs require that account be taken not
only of the scientific and technical aspects of water
management but also of the numerous historic,
economic, social, environmental, legal, institutional,
and political interests involved. The sections of the
atlas that follow treat these many factors and their
interrelationships in detail. Only through enlightened
public understanding of these complex issues can we
hope to integrate divergent viewpoints and contending
interests into a wise policy of water management
which will have sufficient resiliency to cope with
climatic change and other developments in our
society which could substantially alter California’s
efforts to achieve a balance between water supply
and water demand.




CHAPTER 2

The Natural Endowment

Wildfowl in flight over the marsh-
lands of the Sacramento Valley
today. Such areas once covered
an estimated 500,000 acres of
California.

Water has shaped California from the very
beginning. Ever since the Sierra Nevada and coastal
ranges rose as obstacles to the eastward flow of air
from the Pacific, water has been carving canyons;
steepening, lowering, and smoothing slopes; forming
vertical walls; and carrying the debris from the
mountains to the lowlands where sediments accumulated
to form broad plains and valleys of rich soil. The gold
of the Mother Lode got there partly by hydrothermal
action, and subsequent stream erosion sorted the
gold into auriferous gravels where men later found it
in 1849. The winter-moistened slopes of the mountains
have been conducive to the growth of the world’s
largest living things—the Sequoia sempervirens of
the Coast Range and the more massive Sequoiadendron
giganteum in the Sierra Nevada. East of the Sierra,
water deficiency produced an austere environment
requiring the utmost in survival techniques, and
here the bristlecone pine achieved outstanding
success as the oldest of all living things.

This diversity of climates both reflects the
diversity of environments within the state and
contributes to that diversity. Most water provides

life support for plants and animals only after it has
seeped into the ground; but the upland redwood
forests are an exception to this rule, as are certain
fern-related species that collect fog and water vapor.
Along the sheltered inland margins of bays, lagoons,
and estuaries, salt and brackish water marshes
provide fertile and productive habitats rich in
nutrients which support grasses, pickleweed, mussels,
clams, herons, egrets, and hosts of migrant waterfowl.
Further inland where the land is relatively flat,
freshwater marshes and swamps, which once
covered an estimated 500,000 acres of California,
provide habitats as well for ducks, marsh wrens,
rails, swans, and geese.

As water enters streams, it brings nutrients,
sediments, and aeration that create a diversity of in-
stream plant and animal communities. Wildlife along
the riverbanks varies according to climate, elevation,
the temperature of the water, the rate at which it
flows, and the seasons of the year when flows are
sufficient to sustain life. Plants that are specially
adapted to saturated soils and flooding are found
here, such as the red alder and aspen, the sycamore

and valley oak in the Central Valley, and the
cottonwood and willow along the Colorado. Where
conditions are right, riparian habitats also support
myriads of insects which draw insectivorous birds,
amphibians, and reptiles as well as the predator birds
which feed on them in turn. Raccoons and golden
beaver come for shade and shelter and it is here too
that the yellow-billed cuckoo makes his home.
Salmon and the native golden trout are found in
colder waters, while catfish and bass prefer warmer
temperatures.

Where water falls as snow, two immediate plant
communities are created: the snow cup red algae
community that is found throughout the Sierra; and
the snow margin community of high alpine meadows
which is especially adapted to cold water. In the
mountain meadows, burrowing animals flourish,
and the hardy water ouzel strides the banks of
mountain streams. In the harsh desert climes, widely
scattered springs, seeps, and holes support stickleback,
chubs, and a variety of species of pupfish. And
scattered throughout the Central Valley, the
foothills of the Coastal Range, and the mesas of
Southern California, vernal pools spring to life and
then die back with the passing of each rainy season,
rare and transitory habitats which are found only in
South Africa and California.

Unlike many other parts of the country, California
has but two seasons, a dry summer and more or less
humid winter. Throughout the state approximately
80 percent of the annual precipitation occurs in the
five months November through March. Although
the rains commence in October of some years and
sometimes continue into April, the months of May
through September—the principal growing season
in most other states—are rainless or nearly so. There
is, however, no single dormant season for plant life
in California; instead, there is something growing all
the time.

In general, the qualities of a dry summer season
and a mild humid winter are found in the southwest
corners of many major continents. These conditions
are identified as a Mediterranean climate but they
exist as well in southwest Africa, Chile, and parts of
Australia. Although California does not have an
equivalent to the Mediterranean Sea, which extends
maritime conditions and mild winters eastward from
the Atlantic Ocean to the Middle East, it does have a
high mountain barrier separating it from the more
severe winters of the continental interior. And so,
California competes successfully with the balmiest
parts of Europe, North Africa, and the Middle East,
with commodities that thrive in mild winters and
sunny, dry summers such as cereals, grasses, olives,
citrus fruits, grapes, wine, tourists, and horses.

ATMOSPHERIC WATER

The Pacific Ocean is the source of water that
enters California through the atmosphere. Along
the coast in early morning the relative humidity
generally exceeds 80 percent, with little difference
from month to month or from north to south along
the coast. The degree of saturation is likely to
decrease during the day because of heating of the
atmosphere, but the relative humidity generally
remains above 60 percent along the coast.

In winter the land surface is colder than the ocean
and there is rain because the moist air is cooled as it






moves inland. Continued cooling as the air is forced
up over mountains, and the influx of cooler air
masses from the Gulf of Alaska produce more rain or
snow. In summer the ocean surface is colder than the
land and the difference is accentuated by the cold
California current moving from the north and near
the shore. The air from the ocean has relatively high
humidity and may produce fog offshore that
envelopes some coastal areas night and morning; but
the warming effect of travel overland permits
retention of the water vapor, and precipitation is
rare.

Solar energy is the driving force behind the move-
ment of atmospheric water. This energy, which is
greatest in the tropics where the noonday sun is
overhead part of the time and at a high angle all year,
heats water and land and air at the earth’s surface,
and creates water vapor which rises with the hot air
until it is cooled enough to condense and drop out and
return to water or land, still within the tropics. The
dehydrated air moves out of the tropics at high levels
and is replaced by nearsurface “trade winds” moving
toward the equator. The high, dry, upper air eventu-
ally descends to form cells of high pressure, calms,
and light changeable winds within the “"Horse Lati-
tudes” (30-35 degrees North) where sailors, becalmed
like the Ancient Mariner, could soliloquize about
horses aboard ship and whether to water, dunk, or eat
them.

Each year on June 21 the sun is directly over
Mazatlan in Mexico, and cloudless skies can be
expected throughout the area dominated by the
Pacific High, the high pressure zone over the Pacific
Ocean which extends as far as 40 degrees North
Latitude. Hot sun and cloudless skies will also be the
rule throughout the summer for the deserts of
northern Mexico and thesouthwestern United
States. The sun then appears farther south each day
until, by December 21, it is directly over Antofagasta
in northern Chile. Thousands of recreational vehicles
follow it part way each year and the center of the
Pacific High in most years moves several degrees
southward, perhaps as far as the southern boundary
of California. The southward retreat of the Pacific
High is important for the peace of mind of Californi-
ans: so long as it remains in its northern position, it
blocks the progress of low-pressure cells generated
near the Aleutian Islands, and the winter rainy season
is delayed or thwarted.

Precipitation includes all forms of water that fall
from the atmosphere and reach the ground as rain,
snow, drizzle, hail, ice crystals, or pellets. The flow of
precipitable water into California is greatest along the
North Coast and progressively less to the south. Inan
average year the North Coast has more than 75 days
and Southern California less than 40 days of measur-
able precipitation. The mean annual rainfall on
coastal plains near sea level is about 40 inches along
the North Coast, decreasing to 20 inches in the San
Francisco Bay Area and to 10 inches near San Diego.

Topography is a controlling factor in the distribu-
tion of precipitation throughout the state. The mean
annual precipitation on mountains adjacent to the
coast may exceed 100 inches along the North Coast,
50 inches near San Francisco, and 30 inches near
Santa Barbara. Less than 100 miles to the east and at
the same latitudes, the mean annual precipitation
drops to 23 inches at Red Bluff, 14 inches at Stockton,
and 6 inches at Bakersfield because the Central Valley
is in the “rain-shadow’ of the Coast Ranges. Still
farther east, along the 400-mile Sierra Nevada, mean
annual precipitation at these latitudes rises again to
about 80 inches, 60 inches, and 40 inches as the
mountains wring out a large proportion of the
precipitable water in the air masses attempting to
surmount them. And Nevada, as a result, becomes the
driest state in the Union, at least so far as water is
concerned. ,

Mean annual rainfall is less than 10 inches in exten-
sive areas south of 37 degrees North Latitude,
including the Colorado and Mojave deserts in Imperi-
al, Riverside, and San Bernardino counties; the
southern part of the Central Valley; and several
desert valleys in the Great Basin, which extends
eastward from the Sierra Nevada to the Wasatch
Mountains and high plateaux of Utah and Arizona.
These desert valleys are bordered by mountains
which are also arid, but which may be high enough to
intercept some moisture and wear a winter snowcap
once in awhile.

The mean annual precipitation map in this volume
is a graphic portrayal of the concept that precipitation
in California increases with increasing latitude or

Fog bank crossing over San Francisco Bay

increasing altitude, and decreases in the lee of
mountain interceptors. The map does not, however,
depict usual conditions, those that can be expected in
most years. Variations in precipitation are so great
that the state rarely enjoys a “normal” year in which
precipitation would conform to the means portrayed
on the map. Instead, California’s climate is likely to be
a product of the extremes rather than a product of the
means. Records of precipitation characteristically
show successions of several years when precipitation
was below the long-term average, perhaps interrupt-
ed by a year or two above average, followed by a series
of years when precipitation was generally above
average. Major trends in precipitation, including the
intensity and duration of alternating wet and dry
periods, are shown in the graphic comparisons of
precipitation variability. Thus the pattern of precipi-
tation throughout California is irregularly cyclic:
“cyclic” enough to be recognized in history, and
“irregular” enough to defy prediction.

In addition to driving the air masses from which
California derives its precipitation, solar energy also
works to return water from the earth’s surface to the
atmosphere, through evaporation from land and
water surfaces, and through transpiration by plants.
The operation of these natural demand factors helps
to determine which areas of California will experi-
ence water deficiencies while others enjoy a surplus.

The annual evaporative demand is less than 40
inches along the North Coast and in the high Sierra
Nevada, where annual precipitation may be twice as
great. These are consequently the principal areas of
surplus within the state. In the rest of California the
average water income from the atmosphere through
precipitation is insufficient to balance the demand for
evaporation, and water deficiencies result. The
demand is less than 50 inches throughout the Sierra
Nevada and in coastal areas as far south as Monterey;
but, even though the annual precipitation in these
areas is of similar magnitude, the rainfall occurs in
winter and may not be available for evaporation in
summer when the demand is greatest. Evaporative

demand exceeds 60 inches a year throughout the
Central Valley, far greater than the annual precipita-
tion. And in the southeastern deserts where precipi-
tation is least, the evaporative demand rises above 70
inches and approaches 120 inches in Death Valley.

Because natural demand is at a minimum during
the rainy winter season, and at a maximum during
the rainless summer season, most of California
experiences both a water surplus and a water
deficiency each year. The northwest corner of
California and the highest Sierra Nevada are the
only areas wet enough to have little or no deficiency
in any season. At the other extreme, the southeast-
ern deserts, the San Joaquin Valley, and several
smaller valleys in southern California have little or
no water surplus in any season. All the rest of
California—about two-thirds of the total area—has a
winter surplus and a summer deficiency of water.
The amount of surplus in any given area changes
from storm to storm and then dwindles to become a
deficiency that changes from month to month, and
these seasonal variations in surplus and deficiency
are modified from year to year by California’s wet
and dry cycles.

Water deficiencies are limiting factors in terrestri-
al life. If people, animals, or plants are to survive in
times and areas of deficiency, they must either adapt,
draw their water supplies from some distant source,
or depend upon the storage of water from the
surpluses of yesterday or yesteryear. Where sur-
pluses occur, on the other hand, they are the stuff
that create and maintain river systems.

RIVER SYSTEMS

Runoff occurs wherever or whenever there is
more water than can be retained in various water-
storage facilities. Runoff may derive from surpluses
of rainfall or snow melt that cannot be absorbed into
the ground; from ponds or lakes or swamps that
overflow; from the discharge of springs or seeps into
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Precipitation Variability

Precipitation is expected to vary with the season,
but annual variations in precipitation are just as signi-
ficant and much less predictable. The arithmetic
mean of annual precipitation is widely used as an
indicator of the precipitation that can be expected in a
given year. As the magnitude of average annual pre-
cipitation decreases, however, the variability of
annual precipitation increases, and the average
becomes a less efficient indicator of expected pre-
cipitation. The bar graphs portray the year-to-year
variability in precipitation and illustrate that average
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precipitation is the exception in California. (The
average annual precipitation is given in parentheses
after the station name on each graph.)

Longer term trends in precipitation variability are
portrayed by the graphs of cumulative departures
from average precipitation. Wet periods of above-
average precipitation produce upward-tending
curves while dry periods of below-average precipita-
tion produce downward-tending curves. These
graphs show that wet and dry periods are variable in
length and are not coincident statewide.
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The dramatic contrast between streams; or from water falling on impermeable rocks

the volumes of water carried or roofs or pavements or ice. Runoff is downhill and
by the major rivers of the North

Sacramento Basin Coast as compared to the much down valley and it will eventually reach the ocean if

smaller quantities of runoffavail-  not lost to the atmosphere or caught in a closed basin
able in the South Coast suggests th facilit te. El to th ;
one reason why water planners  OF Other storage facility enroute. Flow to the ocean is
ea0m) in Southern California have often achieved by a remarkable organization of river
] looked to the north for assistance gy gtems that ramify to the smallest tributaries. The
.| N I S O I I diee in meeting the water needs of S

| | I their burgeoning population. In incipient development of such systems can be seen
| kPl 80 ) addition, this graphic comparison  on smooth slopes such as road cuts, spoil banks, or

McCloud River (6) ‘;}fatz};eyg;ifetf;t gy Stlhre cultivated fields. Overland flow or sheet runoff may

Pit River (7) face runoff occurs in each of result from the first rainstorms, but rills and
Stony Creek (8) Ehe."ifatels hydrologic basins helps branching channels develop quickly by erosion that
0 illustrate why simultaneous z , .
] Sacramento River (9) flooding throughout California fashions their depth, cross section, and areal
. S T - = is a rare event. configuration. Natural channels of all sizes develop
| | i similarly.
T Mean annual runoff throughout the state is eight
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4500 | = i variability is the keynote for all runoff, from time to
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A As a result, the mean monthly runoff in most
California streams varies greatly throughout the
year. During individual months of maximum flow,
runoff is commonly more than 20 percent and may
be as much as 35 percent of the annual mean.
Minimum monthly runoff may be less than one
percent of the annual runoff, and in some streams
there is no flow at all for one or more months.
Precipitation on the Coast Ranges is generally rain
or snow that melts within a few hours or days.
Runoff from these areas increases soon after a storm
begins, particularly if rain is intense, and dwindles
after the storm ceases. The rocks that make up the
Coast Ranges are generally relatively impermeable,
and this may increase the rapidity and magnitude of
storm runoff. In coastal streams generally 75 to 90
percent of the mean annual runoff has occurred by
March 31, the end of the rainy season in most years.
By contrast, the temperatures in the Sierra
Nevada are cold enough that most precipitation falls
as snow and remains and accumulates on the ground

until spring. As a result, more than 60 percent of the
: mean annual runoff may occur after March 31,
Cacramenta Racir probably reaching a peak in May but continuing
Sacramento Basin through June and still significant in July. The graphic
’ Feather River (15) presentation of annual runoff and seasonality in this
V) Yuba River (16) section shows the great difference that exists
i ' between the seasons of the rivers and the seasons of
s the heavens, as the time-delay effects of snow
w storage produce different periods of peak runoff for

i each of the hydrologic areas of California. The value
i ‘_ Fl of the winter accumulation of snow as a magnificent

W / /] | R water-storage facility provided entirely by nature is
15,000 £ ———f——f ———1—— ’ .
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\ asin is rain, an percent o annua

ol 4. Iy . ) runoff occurs by March 31. But higher elevations
within the basin receive considerable amounts of
snow, which create a freshet during the spring that
provides 50 percent of the annual runoff. Thus the
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Mean annual runoff rises to more than 80 inches
in the northwestern corner of the state but declines
to less than 0.25 inch in the southeastern deserts and

w0000 [ —- : SR closed basins in the southern third of the Central
i [ | B Ventura River (29) ..

e ‘ B e e Valley. Areas of such extreme water deficiency are a

. EEEEE } R I3} Los‘Ange,Ies‘ny,ef (?Q) hostile environment to surface water whether

. | Al 1 I ! Santa Ana River (31) flowing in streams or standing in lakes or reservoirs.

(a'::’e'f;’;t) 1 1 . | [ B San Diego River (32) The streams flowing in these desert areas are

Sl B Mojave River (33) habitual losers to the unrelenting sun. Some streams

| | j are ephemeral or seasonal, others have broad sandy

\ \J\ eRoncH ohengie oRl chilba channels which, according to neighbors, “never”

T have water and do not deserve the name of river or

ﬁ%\\ rio. If there is perennial flow, it is limited to short

e iy reaches in mountainous headwaters or to areas of

X spring discharge. But such streams can flash into

national prominence during once-in-a-lifetime or
“hundred-year” floods. For example, rain beginning
February 27, 1938, caused disastrous floods in
Southern California: peak flows on March 2 reached
100,000 cfs in the Santa Ana River, 65,700 cfs in the
I RS DA v . San Gabriel River, and an estimated 67,000 cfs in the
Vo Yo Y oaus Y ser Los Angeles River at Main Street. In this flood
290,000 acres were inundated, 87 lives were lost, and

\

estimated damage exceeded $78 million. And vyet,
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most people regard the Los Angeles River as a dry
channel.

Only one river, the Colorado, traverses the
Southwest American Desert and discharges into the
sea. It has done a magnificent job of carving canyons
and transporting the debris therefrom to form a
huge delta which separated the Gulf of California
from the Salton Basin as it sank below sea level along
the San Andreas Fault. As a result, the Imperial and
Coachella valleys today are the only agricultural
regions below sea level in North America. The
Mojave River, with headwaters in the high San
Bernardino Mountains, flows toward the Colorado
River but gets lost in the Mojave Desert. In most
years the water is lost before it reaches Barstow 50
miles east of the headwaters, but in flood years some
water may reach and accumulate in Soda Lake,
another 50 miles to the east. During the flood of
March 1938, the Mojave River generated 150,000
acre-feet in its mountain headwaters, of which
120,000 acre-feet flowed past Barstow and discharged
into erstwhile dry lakes.

The Owens River has several tributaries that
drain the steep eastern slope of the Sierra Nevada,
and has had enough water in the past to fill Owens
Lake 250 feet deep and then overflow to form lakes
in Indian Wells, Searles, Panamint, and Death Valley.
But that was during the Ice Age which ended
thousand of years ago. For many centuries the river
has ended at Owens Lake, and most of its water is
now diverted into reservoirs and pipelines before it
gets near the former lake. Evidences of its former
affluence—a fossil river system—are the high shore
lines in Death Valley and Panamint Valley, and the
brines of borax, potash, soda ash, and salt cake that
have accumulated in Searles Lake.

The southern part of the Central Valley is
currently a closed basin. Buena Vista Lake is the
ultimate goal of the Kern River, southernmost of the
Sierra rivers. Two smaller rivers, the Tule and
Kaweah, flow toward a larger and lower depression
farther north called Tulare Lake, and the Kings
River still farther north turns southward toward the
same depression. Although this southern end of the
Central Valley has become isolated from the San
Joaquin River System, early explorers noted that in
1853 the Tulare Basin contained a lake of about
450,000 acres extent, which overflowed to the San
Joaquin River. In 1862 Tulare Lake reached a level
six feet above the overflow line and covered an area
of perhaps 500,000 acres. It may have been even
higher in 1868 and overflows occurred in several
subsequent years before ceasing in 1878. The lake
dried up during the drought years 1894-1904,
reappeared during the wet years 1906-16, and then
disappeared during the drought of 1917-35. Thus,
this area too has a fossil river system and a phantom
lake.

The rivers and creeks that flow to the Pacific
Ocean south of San Francisco generally have
headwaters that are high enough to receive mean
annual precipitation of 20 inches or more. This
coastal belt experiences a winter surplus and
summer deficiency of water, adding up to an overall
annual deficiency generally less than 20 inches.
Mean annual precipitation in the drainage basins of
these coastal streams is generally in the range of 20
to 30 inches, and 10 to 30 percent of this becomes the
mean annual runoff. Exceptionally high rainfall and
runoff are recorded in some places: the 46-square-
mile drainage basin of Big Sur River has mean
annual precipitation of 51 inches of which 50 percent
becomes runoff. Farther south and farther inland
the mountainous Lytle Creek basin near San
Bernardino has mean annual precipitation of 33
inches, of which 35 percent becomes runoff.

North of San Francisco Bay the evaporative
demand is greater than rainfall most of the year, but
the rainy season brings enough precipitation to
provide a water surplus in a normal year. The rivers
flowing westward have mean annual precipitation
ranging from 50 to 80 inches on their drainage
basins, of which 40 to 65 percent becomes runoff.
The streams draining the east slopes of the Coast
Range and tributary to the Sacramento River have
drainage basins with mean annual rainfall of 25 to 40
inches, of which 35 to 45 percent becomes runoff.

Most of the water surpluses of the Sierra Nevada
move westward into the Central Valley through
tributaries of the San Joaquin-Sacramento river
system, which flows to the Pacific Ocean via San
Francisco Bay. From the San Joaquin River north,
the major tributaries have mean annual precipitation
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The water stored as snow on the Sierra Nevada is the principal
cause of the difference between the seasons of the heavens and
the seasons of the rivers. The photograph at top shows one of
the sources of the San Joaquin River. The photograph below
displays a portion of the snowpack near Lake Tahoe.

exceeding 40 inches, and more than 50 inches in the
basins of the Yuba River and the American River.
The mean annual runoff in these tributaries generally
ranges from 45 to 55 percent of precipitation. The
principal streams draining the east slope of the
Sierra Nevada—the Truckee, Carson, and Walker
rivers which flow into Nevada—have somewhat less
precipitation on their mountainous headwaters but
about the same proportion of runoff.

The part of California north of Lake Tahoe and
east of the Sierra Nevada has mean annual precipi-
tation ranging from 30 inches down to less than four
inches. The mean annual runoff is less than ten
inches and generally less than five inches. This is
Great Basin country, with Goose Lake severing itself
from the Sacramento River system because of water
deficiency, and several alkali lakes farther south near
the Nevada border. It is also lava plateau country,
high enough that much of the annual precipitation is
snow, and with rocks permeable enough to absorb
most of the water from snow melt or rain. In a
typical stream such as Willow Creek near Susanville,
40 percent of the mean annual runoff occurs in
spring with snow melt and the flow is well sustained
throughout the rest of the year. Several other
streams in the northeast part of the state have fairly
uniform flow throughout the year because of
groundwater inflow: examples are Fall Creek,
tributary to the Klamath River; and Hat Creek, in
the Sacramento River system. Such uniformity of
streamflow throughout the year is rare in California,
and the lava plateaux are the best place to find it.

Groundwater can thus provide an important
adjunct to surface runoff. Although the mountains
that catch most of the rain and snow are relatively
impermeable, small valleys within these mountains,
and larger valleys and plains that border, separate, or
surround mountains generally contain unconsolidated
sediments—clay, gravel, sand, and silt—which may
be hundreds or even thousands of feet deep. These
permeable sediments form aquifers that may yield

moderate to large quantities of water to wells. The
aquifers in these valleys and plains may be recharged
by direct rainfall, melting snow, tributary streams,
or by underground movement from adjacent moun-
ain masses. A gauging station recording the runoff
from such a mountain valley may show quick
response to rain storms, slower response to melting
snow, and a base flow representing continuous
groundwater discharge into the stream. In succes-
sive dry years, these groundwater inflows can
become the principal source of runoff for some
streams.

NATURAL WATER STORAGE

Two-thirds of the precipitation upon California
does not become runoff, but instead comes down to
the land surface where it is measured, stored, or
calculated, and then returns to California’s atmosphere.
This return step in the hydrologic cycle, however,
only occurs after some delay, which may be a matter
of hours, days, months, or years.

Some atmospheric water is intercepted by vegetation,
or it is condensed directly from the atmosphere as
dew or frost upon cold objects. The quantity of
intercepted water is generally unmeasured, and
presumably much of it is soon evaporated. Neverthe-
less, it is substantial in some coastal areas; special
studies have shown it to be generally 5 to 15 percent
of annual rainfall. Some forms of vegetation such as
the redwood tree survive long rainless periods partly
by interception of atmospheric water, particularly in
the humid coastal areas. Like the individual cold rock
or plant, the high mountains of California intercept
atmospheric water, but they do it in a big way. All
winter long these mountains receive and accumulate
snow. On April 1 the depth and water content of the
accumulated snow are measured by snow surveys,
and these provide estimates of the natural storage of
water that will contribute to freshets in the
forthcoming rainless season.

The land surface thus offers one of the first
opportunities for delay in the circulation of water
from the ocean through the atmosphere to earth and
back again. Although some snow returns to the
atmosphere by sublimation before it can be measured
either as precipitation or runoff, rainfall on the land
may be absorbed by infiltration. Some materials,
such as dune sand, coarse gravel, talus, and some
organic soils, are permeable enough to absorb all the
water from storms of high intensity and long
duration. Most soils have moderate to low permeability
and can absorb some water, but the rate of infiltration
decreases as the uppermost pores fill with water.
The water that does not go underground but
remains on the surface may accumulate to form
puddles, pools, ponds, and lakes, thus filling depressions
of all sizes and shapes. The depressions in which
water accumulates are nature’s surface water
storage facilities, and as they fill to overflowing, the
overflows become runoff, either overland or in a
stream system.

Some water is retained as soil moisture in the
unsaturated materials immediately beneath the land
surface, where water occurs as vapor, liquid, or frost
depending on the temperature. Soil moisture is
estimated to be less than one-tenth of one percent of
the fresh waters on earth and about three times as
much as the average water content of the atmosphere.
Like atmospheric water (and closely dependent on it)
soil moisture is a very transient storage: yearly
receipts and dispatches of water by the soil are
doubtless several times as great as its average water
content.

The seasonal availability of soil moisture dictates
the growing season for many plants in California.
Grasslands are commonly green in the winter, go to
forage or hay or seed in early spring, and become
golden fire-hazards in summer. Similarly, the first
rains of winter reduce the summer pall of heat and
increased soil moisture revitalizes the forests,
chaparral, and brush lands. For much of California’s
native vegetation, summer is consequently the
dormant season.

Soil moisture can be retained by molecular forces
working against the force of gravity until it is
reached by plant roots. Water storage is not the only
mechanism, however, by which plants in California
have adapted to summer drought conditions. Some
plants form wax coatings to reduce evapotranspiration,
small leaves to reduce the evaporative surface, or
leaves that orient side ways to the sun in order to
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North Palisades Glacier, a rem-
nant of the great masses of ice
which carved the face of Cali-
fornia, appears as the densest
concentration of white on the
crest of the Sierra in the photo-
graph at far right. The Middle
Fork of the Kings River can be
seen to the left of the glacier.
Other forms of natural water
storage are represented by the
smaller photographs, which show
a glacial tarn near Yosemite Valley
and desert vegetation responding
to a rainstorm.

avoid having their maximum surface area exposed.
Other have green stems in order to reduce the use of
leaves in photosynthesis, or close their breathing
pores (stomata) at the onset of drought. And some
adopt ephemeral life styles so that they grow only
when the water supply is sufficient. Only the
succulents, which are rare among California flora,
use water storage as a major defense against
drought.

Many California householders are more involved
with soil moisture than they may realize. Roofs and
pavements reduce infiltration and may create runoff
instead, which may be a nuisance from the point of
view of a neighbor. A septic tank increases soil
moisture, as does any drain field. With a lawn a
householder establishes a need for very shallow soil
moisture which is frequently replenished, perhaps to
the discomfiture of nearby trees and shrubs. Native
vegetation may also suffer from so much water all
summer long. Fortunately, soil moisture’s movements
are chiefly upward and downward, and not across
property lines. Each man has a God-given right
(Matthew 5:45) to both sun for evapotranspiration
and rain for infiltration; so doubtless he has a perfect
right to all soil moisture within his property, and its
use, benefits, and problems.

If infiltration exceeds the retention capacity of the
soil, some water may percolate downward until it
reaches a zone where all pores are saturated. At this
point it becomes groundwater and forms a part of
the water-storage facilities widely distributed
beneath the lands of California. The total groundwater
on earth is more than 30 times as much as all the
water in lakes and rivers plus all the moisture in soils
and in the atmosphere. The relatively impermeable
consolidated rocks that make up the mountains,
canyons, slopes, and foothills of the Sierra Nevada
and Coast and Basin ranges cover about half of
California. More permeable sediments in these areas
are restricted to narrow valleys and “flats”.

In the southeastern deserts groundwater reservoirs
occupy about ten percent of the state’s area. They
have been explored only enough to show that most
of them contain some usable water, and some
contain brines of economic value. Discharge from
these groundwater reservoirs may come from
springs or by evapotranspiration from wet playas, or
through subsurface movement to a lower valley.
Farther north in California and east of the crest of

12

the Sierra Nevada, volcanic rocks on the Modoc
Plateau and the Cascade Range include some
excellent aquifers distributed over about 15 percent
of the state’s area. The groundwater here is
discharged at numerous springs and streams throughout
the year, and there are some very successful wells.
But groundwater development has generally not
been extensive. Thus the deserts and the volcanic
rocks contain most of the groundwater reservoirs
still undeveloped in California.

California’s largest groundwater reservoir is in the
Central Valley. It is composed largely of stream-
borne sediments that now contain fresh water to
depths ranging from 400 to 4,000 feet below sea
level. These sediments include beds of sand and
gravel, thickest near the canyons of the principal
streams flowing from the mountains, which are the
major aquifers, or bearers of water to wells. These
aquifers are separated by less permeable beds of silt
and clay which become thicker and more prevalent in
the middle and western parts of the valley and in the
intervals separating the major streams. Some deep
aquifers are separated from shallow aquifers by
extensive beds of clay, which have created artesian
pressure sufficient for flowing wells. This Central
Valley groundwater reservoir is a complex and
heterogeneous mass, too large to consider conveni-
ently as a unit and yet with sufficent unity that any
division on the basis of groundwater characteristics
is difficult. Taken as a unit, the Central Valley
groundwater reservoir has a usable storage capacity
estimated at 100 million acre-feet underlying a
15,000 square-mile area.

The Central Valley’s groundwater reservoir is
equivalent to the total area of the other 50 ground-
water reservoirs from which significant volumes of
water are pumped today. Approximately 40 of these
developed groundwater reservoirs are in the drain-
age basins of streams rising in the Coast Range and
flowing to the Pacific Ocean. These groundwater
reservoirs are in alluvial sediments in structural
valleys or coastal plains, or along streams that drain,
traverse, or bypass various ranges as they flow
toward the ocean. The northern coastal region has
the greatest precipitation and runoff; its ground-
water reservoirs are recharged each rainy season and
maintain the perennial flow of streams in the
rainless season. Water deficiency becomes increas-
ingly prevalent to the south, where groundwater

reservoirs are recharged in wet seasons but where
the water may remain underground as it moves
toward the ocean, appearing at the surface only
where it encounters impermeable rocks, faults, or
other barriers.

East of the Sierra Nevada and the Transverse
Ranges farther south, several groundwater reservoirs
have been developed and pumped chiefly for irrigation.
Some of these are along perennial streams and
receive recharge from those streams. Some are
recharged chiefly during rare intense storms and
flood runoff. And some give no evidence of replen-
ishment at any time.

Natural lakes include all bodies of standing water,
regardless of size, shape, or salinity. They are found
in topographic depressions where water can, does, or
used to flow and accumulate. Rivers and lakes do not
get along well and tend to work against each other.
When there is a sufficient surplus to fill the lake
depression to overflowing, the river will try to
destroy the lake by using its inflow to deposit
sediment on the lake bed, and by using its outflow to
erode its channel and lower the lake level. When, on
the other hand, there is a deficiency of water, the
outflow ceases, the lake takes all the water to meet
evaporative demand, and the river dies.

Lake Tahoe is California’s biggest natural lake.
With an area of 191 square miles, it contains
approximately 122 million acre-feet of water, about
four times the total storage capacity of all the
modern reservoirs in California. Its usable storage,
however, is in a six-foot layer between altitudes
6,223 and 6,229 feet, containing 744,000 acre-feet,
which is an amount nearly equal to the storage
capacity of the three Hetch Hetchy reservoirs of
today. Because its mean annual rate of evaporation
of 36 inches exceeds its mean annual precipitation of
24 inches, however, Lake Tahoe may be losing more
water to the atmosphere than Hetch Hetchy.

Mono Lake, east of the Sierra Nevada and south of
Lake Tahoe at an altitude of about 6,400 feet, covers
about half the area of Lake Tahoe and contains
approximately four million acre-feet of saline water.
Eagle Lake, north of Lake Tahoe and at about 5,100
feet altitude, is only half the area of Mono Lake and
contains half a million acre-feet of water. Both are in
areas of water deficiency where annual evaporation
exceeds rainfall and neither has a natural outflow. In
both lakes, levels increased after 1850 until about
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Natural Moisture Demand is the combination of
processes by which water returns to the atmosphere
through evaporation from land and water surfaces and
through transpiration by plants. The statewide pattern
of Average Annual Evaporation from water surfaces is
limited principally by the amount of solar energy avail-
able in a given region or season of the year. Evaporation
from land surfaces, however, is impeded by the cohesion
of soil and water particles, while transpiration by plants is
limited by the availability of soil moisture. As a result, the
combined rate of these processes, called evapotrans-
piration, is usually less than the rate of average
evaporation.

Evapotranspiration rates also vary with the season, as
shown in the two maps below, which depict maximum
potential evapotranspiration for moderately tall grasses.

In most areas of the state, there is a significant difference
between potential and actual evapotranspiration at
various times of the year. These differences are illu-
strated in the water balance charts for Los Angeles and
Sacramento. In the rainy winter months, when soil moi-
sture is the most abundant and solar energy levels are
low, actual evapotranspiration rates approach their
potential. As the seasons grow warmer, however, and
soil moisture is depleted, the difference between poten-
tial and actual evapotranspiration increases and deficts
consequently occur. When soil moisture is replenished
and the natural demands of evapotranspiration are satis-
fied, as in the months of January and Febuary at Sacra-
mento, surplus moisture may percolate downward as
groundwater or move horizontally as runoff.
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1915. Because of diversions via tunnel from its
tributaries, however, Mono Lake no longer mirrors
climatic fluctuations. Clear Lake, with inflows from
the east flank of the Coast Ranges north of San
Francisco Bay, is the largest fresh-water lake entirely
in California. It appears to be in an area of perennial
water surplus and it has a perennial outflow which is
today regulated.

Goose Lake, in the northeast corner of California,
is in a closed basin during droughts, but overflows
southward into the North Fork of the Pit River in
wetter years. This has not occurred, however, since
the nineteenth century. Thus its relations to the
Central Valley are tenuous and ephemeral, like those
of Tulare Lake at the south end of the San Joaquin
Valley. Tulare Lake is now confined because its
natural variable bed is too valuable to be inundated
at the whim of tributary rivers. As a result, thereis a
water-disposal problem during wet years. The Kern
River in flood directs its flows toward Buena Vista
Lake, some 60 miles southeast of Tulare and 100 feet
higher. The Tulare Lake area would receive the
overflow from Buena Vista plus the flood flows of
Tule and Kaweah rivers. The Kings River, generally
larger than these three combined, has a major chan-
nel southward down its alluvial fan to Tulare Lake.
But the Kings River can also flow north westward
via the Fresno Slough to the San Joaquin River, and
this is the preferred course today to prevent inunda-
tion of the Tulare Lake bed.

Honey Lake, north of Lake Tahoe, has some
inflow from the Susan River: in years of greatest
runoff the lake level rises and the water surface
expands until evaporation balances the inflow; and,
as inflows decrease the lake does likewise. Thus it is
similar to the playas and dry lakes in the southeast-
ern part of the state. Rogers Dry Lake in the
Antelope Valley, Searles Lake, and Bristol Lake have
dry lake beds larger than Clear Lake and three times
as large as the San Luis Reservoir, which is in a
similarly dry area in the San Joaquin Valley.
Rosamond Lake, also in Antelope Valley, and Soda
Lake, which sometimes receives water of the Mojave
River, are larger than the Oroville Reservoir. In
these areas of greatest water deficiency, where
annual precipitation is far less than the evaporative
demand, these water bodies do not act as reservoirs
but as evaporating ponds. Their principal products
are residual salts, which are of sufficient economic
value to be mined at Searles Lake and Owens Lake.
The dry lakes of the desert thus provide nature’s
confirmation of the law first stated in 1946 by
Harold Conkling, an employee of the State Division
of Water Resources: “No matter how large the
reservoir capacity, streams of erratic annual and
cyclic flow will yield for useful purposes no more
than 50 or 60 percent of the annual average
discharge because the remainder will be lost, over
the years, by evaporation from the excessive water
surface of the reservoirs necessary to impound the
water of the infrequent years of large discharge.”

THE OCEAN

The Pacific Ocean is the ultimate goal of all the
rain and snow that falls on California, unless it is
wafted toward heaven sooner by solar energy. Along
the California coast there are hundreds of places
where permeable materials—sand or pebble beaches,
sand spits and bars, sand dunes—extend both inland
and offshore. Beneath the surface similar permeable
materials may occur to depths of tens or hundreds of
feet. In these permeable sediments there will be an
interface between fresh and salt water. Because the
groundwater is flowing toward the ocean, this inter-
face should naturally be close to the coast, and in
many places fresh water does indeed come to the
surface close to the strand line. Surely the ocean
knows its place—below sea level—and stays there
most of the time. Only rarely does it rise up and
wreak damage on beachfront structures, vehicles
and people, shipping and harbor facilities. At such
times, however, ocean water may move up the
numerous streams and infiltrate into channel and
flood plain sediments.

Seawater intrusion can occur where the natural
hydraulic gradient is changed so that conditions
become favorable to landward or upward movement
of sea water. Such conditions develop where ground-
water levels are drawn below sea level by pumping
from wells. This could happen in a groundwater

Honey Lake

reservoir anywhere along the coast but it has hap-
pened more noticeably in the southland, where fresh
water is seasonally or perennially deficient.

By far the greatest influx of seawater into Califor-
nia occurs in the San Francisco Bay. Every day at
high tides ocean water enters the bay through the
Golden Gate and the bay is characteristically saline
as far as 30 miles inland at the Carquinez Straits. As
a rare exception, however, during the greatest of
historic floods in 1862, the flow of fresh water was
continuous out of the bay into the ocean, and San
Francisco Bay had freshwater fish for several
months. In Suisun Bay, east of the Carquinez
Straits, the water flowing from the Central Valley
during the nineteenth century was naturally fresh
enough to drink in some years, although never in
summer. Under natural conditions the Delta would
be wetlands through which about half the total
runoff from California flowed in a maze of channels
and sloughs with bottoms below sea level. With
increasing diversions for irrigation upstream in the
Central Valley, the fresh water flow diminished, and
saline water moved up the channels and sloughs of
the Delta. The preservation of the Delta has
consequently become a central issue in the formula-
tion of modern water policy. That the issue has
arisen at all, however, is a measure of how far
California has come in remaking the natural water
endowment.

CALIFORNIA AS IT WAS

The following accounts by early explorers and settlers of California des-
cribe aspects of the water environment that no longer exist and some that
never were.

In 38 deg.30.min. we fell with a convenient and fit har-
borough, and June 17. came to anchor therein: where we
continued till the 23. day of July following. During all which
time, notwithstanding it was in the height of Summer, and
so neere the Sunne; yet were wee continually visited with
like nipping colds, as we had felt before: insomuch that if
violent exercises of our bodies, and busie imployment about
our necessarie labours, had not sometimes compeld us to
the contrary, we could very well have beene contented to
have kept about us still our Winter clothes. . . . Besides how
unhandsome and deformed appeared the face of the earth it
selfe! Shewing trees without leaves, and the ground with-
out greennes in those moneths of June and July. The poore
birds and soules not daring (as we had great experience to
observe it) not daring so much as once to arise from their
nests, after the first egge layed, till it with all the rest be
hatched, and brought to some strength of nature, able to
helpe itselfe.... The inland we found to be farre different
from the shoare, a goodly country, and fruitfull soyle,
stored with many blessings fit for the use of man: infinite
was the company of very large and fat Deere, which there
we sawe by thousands, as we supposed, in a heard.

Sir Francis Drake Expedition, 1579
Through the interpreters that accompanied them, they

received reports from the Indian residents...that on an
island in the middle of the sea there is a famous settlement

governed by a queen, a very tall woman who, as they
demonstrated, is as tall as a giant and who wears many
strings, joined together like necklaces, of these large pearls
around her neck and that they cover her breasts.... Accord-
ing to this report and that which I explored and saw up to
thirty-four degrees north latitude, this land did not join,
and thus California is a very large island.... The said land of
California, along the interior coast, is composed of large
mountain ranges, barren and rugged and without forests.
They seem burned for they are composed of silver-bearing
rock.... Along the sea coast of the interior region, over a dis-
tance of one hundred leagues, all that one sees are heaps of
pearl oysters.... They are the size of a small plate, and full
and complete they would weigh from one to two pounds.

Report of Nicolas de Cardona, 1632

The soil is as variable as the face of the country. On the
coast range of hills there is little to invite the agriculturist,
except in some vales of no great extent. These hills are,
however, admirably adapted for raising herds and flocks,
and are at present the feeding-grounds of numerous deer,
elk, &c., to which the short sweet grass and wild oats that
are spread over them, afford a plentiful supply of food....
The valleys of the Sacramento, and that of SanJuan, are the
most fruitful parts of California, particularly the latter,
which is capable of producing wheat, Indian corn, rye, oats,
&c., with all the fruits of the temperate and many of the
tropical climates. [t likewise offers fine pasture-grounds for
cattle.... we find great aridity throughout the rest of Cali-
fornia, and Oregon also. All agree that the middle and
extensive portion of this country is destitute of the requi-

sites for supplying the wants of man.
Charles Wilkes Expedition, 1839-1842

From Tulare Lake come the turtles that make the rich
turtle soups and stews of San Francisco hotels and restau-
rants. It is the western pond turtle common in the fresh
water ponds. The Italians call it Ella-chick. These turtles are
sent in sacks to San Francisco. During the season more than
180 dozen found a ready sale at the bay.

History of Kern County, 1883

It is well to state some of the wonderful properties of the
water, that for bathing, shampooing, and general cleansing
powers it has no equal among artificial productions. It is
believed by many to be a specific for catarrhal and lung
affections.... Though mild and agreeable for a short time,
yet it will leave no vestige of bones or flesh of man or beast
put in it for a few hours.... No living thing abides the surface
of this water, perfectly clear as ever it is, neither fish nor
reptile nor anything save millions of small white worms
from which spring other myriads of a peculiar kind of fly....
Legions upon legions of a so-called duck ..lived on the
lake.... They are web-footed but have a bill like a common
chicken ...they have no real wings or feathers and conse-
quently cannot fly.... It is the reasoned conviction of parties
who have observed the facts for years that these birds
migrate from other regions, alighting on the Lake perfect
birds, only soon to become bereft of feathers and even the
physical power to prevent themselves from drowning
whenever the surface of the water becomes ruffled by a
continuous breeze.

“Owens Lake in 1885” T. E. Jones.




CHAPTER 3

The Advent of Human

Settlement

The first Europeans to come to California found it
settled by a numerous people of many tribes and
tongues who lived in so simple and elementary a rela-
tionship with nature that they had neither need nor
facility to manipulate its resources. The Indians, as
the Europeans called them, harvested such food as the
environment provided: the salmon which annually
crowded up the rivers; the acorns of the great oak
forests which covered the land; and the deer, tule elk,
and antelope which grazed in the hills and flatlands by
the tens of thousands. Although there is evidence
that some tribes along the lower Colorado River and
in the Owens Valley diverted water to flood natural
areas of vegetation, these native Californians for the
most part had no tradition of raising crops. They
made no effort to gather and transport water; rather,
they went where the water was, and lived beside it.

The Spaniards who came to Alta California in 1769
to establish permanent settlements brought with
them, however, a profoundly different culture. Their
arrival utterly transformed the Indian world, setting
in motion a process which would bring about its
virtual obliteration within the brief span of a century.
At the same time, the Spanish also transformed the
relationship between the natural environment and
humankind, for in their European homeland they had
been for centuries a farming people living on an arid

landscape. From the ancient civilizations of Rome and
the eastern Mediterranean they had inherited the
skills and attitudes of hydraulic engineering. From
their perspective, water was a raw material to be
gathered where it was in surplus and transported,
often over great distances, to irrigate dry but fertile
farmlands and quench the thirst of distant settle-
ments.

When Father Francisco Palou stood at the site
where Mission San Gabriel was to be founded, he
noted in 1771 that there was not only good soil for
farming, but “an abundance of water that runs
[nearby]...in ditches that form the river. [There are]
...facilities for taking out the water in order to irri-
gate the land.” In 1773, the fathers and their Indian
laborers built a dam six miles from Mission San
Diego, and an aqueduct to supply the settlement with
the water thus impounded. When the metropolis of
San Diego, with its many hundreds of thousands of
people, drew most of its water two centuries later
from the Colorado River through an aqueduct
system hundreds of miles long, constructed and
managed by public authority, only the scale of the
enterprise was different from that of the padres. Its
essential principle was the same.

The Spanish and Mexican periods brought little
modification of the California waterscape, for the

European population was tiny, scattered thinly along
the coastline and around the bay of San Francisco, and
its needs were few and simple. The arrival in 1839 of
an enterprising Swiss, John August Sutter, began a
new chain of events. Given a large rancho grant in the
relatively unoccupied Sacramento Valley, his fort and
thriving settlement beside the American River near
its juncture with the Sacramento soon developed
needs for lumber and other commodities. Sutter
determined to make a large-scale industrial use of
waterpower, causing a sawmill to be constructed on
the upper reaches of the American, where it was
flowing rapidly in the Sierra foothills. When his fore-
man, James Marshall, discovered gold in the mill’s tail-
race, California would never be the same again.
Now a civilization inundated the new American
state of California that made massive and complex
demands upon its water resources. It was, moreover,
an essentially Anglo-American civilization which
lacked Spain’s concept of a strong and centralized
public authority. In Britain and America, the social
center of gravity had long since shifted not only
toward the supremacy of elected legislative bodies
and away from powerful executives, but also toward
an assertion of greater freedom for individuals to
enrich themselves as they saw fit. In resource-rich
America, this laissez-faire mentality fostered a belief
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This view of San Francisco in
1873 emphasizes the importance
the waterfront once had for the
city as the focus of the com-
mercial activity the Gold Rush
brought to California. Virtually
every type of ship crowds the
wharves—steam and sail for both
inland and oceanic navigation.
A few years earlier, the bay itself
was fiﬁed with empty vessels,
abandoned by their crews who
left for the gold fields.




The map on the facing page dis-
plays the natural configuration
of lakes, rivers, and related vege-
tation which confronted the ear-
liest European and Anglo-Ameri-
can settlers upon their arrival in
California. Urban and agricul-
tural developments have today
replaced the inland marshes and
riparian forests shown here, while
the construction of the modern
water system has created the
Salton Sea and all but eliminated
Tulare and Owens lakes. This
map does not, however, show
the virgin waterscape as it exis-
ted at any single point in time.
The levels of many of the natural
lakes and marshes fluctuated from
Kear to year, and the map itself

as been reconstructed from sev-
eral historic maps drawn of var-
ious parts of California between
1843 and 1878, a period when
some areas of the state remained
largely unexplored.

that the continent’s resources were open for the
strong-minded and the enterprising to seize and use
in whatever way would most profit them individually.
Out of this economic anarchy, in which government
was to stand aside and remain small and inactive,
would come, it was confidently asserted, the enrich-
ment of all.

The Spanish notion of “public property in water,”
developed in an arid land culture where waterworks
had to be publicly managed to ensure their most effi-
cient and equitable use, thus gave way to the Anglo-
American concept of unrestrained private enterprise.
Coming from lands of water abundance, the Anglo-
Americans, Germans, and Irish who made up most of
the white population of California during the nine-
teenth century were disposed to think of water as a
free commodity to be used without restraint in any
industrial or other enterprise that came to hand.

THE FALL AND RISE OF THE SACRAMENTO

With the discovery of gold, the Sierra Nevada
swiftly became the seat of a teeming industrial sys-
tem devoted to the extraction of the precious metal.
In 1853, great deposits of gold-bearing gravels were
discovered in the high ridges overlooking the north-
ern mines in and around Nevada County. The miners
soon learned to work these deposits by directing
heavy streams of water onto the hillsides, washing
them down so that the flowing mud, sand, and gravel
passed through long sluice boxes, where the heavy
gold flakes could be recovered. The torrent of water
and mining debris pouring out of the sluice boxes was
discharged into nearby streambeds, its subsequent
destination not a matter of concern to the miners.
The miners’ need, however, for more and more water
led to the excavation of ditches to adjacent streams,
then to the building of a network of reservoirs and
flumes leading down from the higher mountain
regions.

Thus the first large hydraulic engineering works in
California were constructed entirely through the ap-
plication of private enterprise and capital, outside the
realm of public supervision. At the same time, a cadre
of professional engineers skilled in the building of
such works was forming, along with a community of
capitalists confident through direct experience that
they could transport rivers of water great distances at
great profit. By 1857, in Nevada County alone there
were 700 miles of ditches feeding water to the
hydraulic miners. The hydraulic mining industry,
however, passed rapidly through a complex techno-
logical progression which required heavier capitaliza-
tion and the concentration of scores of individual
mines into a few large operations. In 1871, the Cali-
fornia Water Company began operations in El Dorado
County with a capitalization of $10 million and the

Canals and Water Ditches for Mining Purposes-1867
Identifiable  Total Length of Total

County Ditch Systems Ditches (miles) Cost ($)
Amador 27 412.75 1,154,500
Butte 11 64.5 60,700
Calaveras' 15 272 754,000
Del Norte 13 35 59,700
El Dorado 24 786.25 1,365,500
Inyo 1 15 30,000
Klammath 5 18.25 23,100
Lassen 4 18.25 25,000
Mariposa 2 25 10,800
Mono 1 20 75,000
Nevada' 12 577 1,771,500
Placer 26 699.5 1,673,000
Plumas 20 132 361,050
Sacramento 4 58 948,000
Shasta 15 201 297,000
Sierra 26 1155 491,000
Siskiyou 20 201 296,000
Stanislaus 5 43 170,000
Trinity 42 158 199,000
Tulare 17 70.5 32,800
Tuolumne’ 6 142 1,765,000
Yuba? 26 150 591,400
'cost missing for one system

’mileage for one system only
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ownership of 24 lakes. Some operators, as in the case
of the North Bloomfield Mine, which used a hundred
million gallons of water a day, built their own water
systems. In other situations, ditch firms like the
Eureka Lake and Yuba Canal Company grew so large
that they acquired their own mines. By 1879, when
the hydraulic mining industry was operating full
bore, Nevada County was laced by more than a thou-
sand miles of ditches and flumes.

Meanwhile, thousands of farmers began breaking
the soil of the Central Valley floor to raise crops for
California’s burgeoning markets. Before the 1850s
were out, however, the farmers and townspeople
living along the Sacramento learned that they were
residing on what was essentially a flood plain. The
rivers crossing the flat valley floor could never con-
tain within their banks the great volumes of water
that almost annually surged out of the mountain can-
yons during winter storms. Flowing over river banks
for many miles, flood waters inundated the surround-
ing countryside, forming an inland sea in the Sacra-
mento Valley which took months to drain away when
the rains had ended. For this reason, a tule swamp
many miles across occupied the Central Valley floor,
paralleling the rivers. In 1850, the City of Sacramento
was flooded for a mile back from the river and, when
the water subsided, the community’s response set the
course for valley development over the next several
generations. Sacramento immediately began throw-
ing up levees, which were soon overtopped, so that
the embankments had to be built higher and higherin
succeeding years. Marysville, sitting at the juncture
of the Yuba and Feather rivers, had a similar experi-
ence, so that by the mid-1870s it had made itself a
walled city.

In the cities, flood control was a relatively simple
undertaking, although arduous and costly, because
the area involved was small and compact. In the
countryside, however, the problem was more compli-
cated. At first, there were efforts at central coordina-
tion. Under the Arkansas Act of 1850 the federal
government granted to the states all swamp and over-
flow lands within their borders, on condition that
these lands be drained and reclaimed. California even-
tually received a total of 2,191,000 acres of such land,
more than 500,000 acres of which lay in the Sacra-
mento Valley. A Board of Reclamation Commis-
sioners was established in 1861 to oversee the
reclamation process and careful plans were drawn up
to ensure that all levees would be constructed along
natural drainage lines.

Hydraulic mining in the Sierra
Nevada brought the first major
man-made alterations in the nat-
ural waterscape. In the photo-
graph at left, great streams of
water under pressure are used at
the MalakofﬁDiggings to break
down walls of gold-bearing river
gravel. In the photograph below,
water drives a sawmill preparing
timber for the construction of
flumes and diversion works. The
photogr?h at bottom left illus-
trates a different type of mining
which became popular during
the 1860s and 1870s. Here an
entire river has been diverted
from its course at the Golden
Feather Mining Claim to provide
access to the streambed. Works
of this magnitude required the
development of a structured work
force of paid laborers. The Chi-
nese workers seen here thus
began to replace the independent
miners who first opened the
mountains to exploitation.

The slow progress and ill-success of the first state-
directed leveeing projects, however, produced a
clamor from impatient enterprisers and in 1868 the
State Legislature passed the Green Act, freeing the
reclamation process of all controls. Property owners
could throw up levees along any alignment they
chose, even along the rectangular pattern of property
lines. Thereafter, the drainage system of the valley
was utterly fragmented, a crazy-quilt stitchery of
levees marching across sloughs and other natural
drainways, choking channels and producing ponds
where formerly the water had flowed easily away.
Out of this flood control anarchy came the popular
observation, “Of all the variable things in Creation,
the most uncertain are the action of a jury, the state of
a woman’s mind, and the condition of the Sacra-
mento. The crookedness you see ain’t but half the
crookedness there is.”

In an ever-escalating spiral, landowners regularly
raised their levees higher than those put up by farm-
ers on the opposite side of the river, hoping to force
the stream to overflow upon their adversaries and
thereby leave their own land dry. But, since every
acre protected from flood was therefore unavail-
able for overflow, and no one was compensating for
this by building channels which ensured general val-
ley drainage, the rivers in floodtimes got higher and
higher. The first levees were three feet high because
the river overflowed its banks in thin sheets. Even-
tually, the valley’s levees would become great walls up
to 25 feet high and 200 feet wide at their base.

Such undertakings went far beyond purely indi-
vidual resources and, in the late 1860s, the Legisla-
ture began authorizing the formation of levee and
reclamation districts which could raise revenues to
pay for these works by taxing the land protected.
Soon, the flatlands became a patchwork of such dis-
tricts. But since no one knew how large the rivers
were, huge sums were expended in many projects
which failed, and after 40 years of such efforts, Sacra-
mento valley farmers were still subject to frequent
and disastrous flooding.

Making the situation far worse, and in some parts
of the valley absolutely hopeless, an enormous mass
of hydraulic mining debris began issuing from the
mountain canyons to spread out on the valley floor.
Since the finest sediments in the mud, sand, and
gravel which composed the mining debris were
carried by the river system to San Francisco Bay
almost as soon as hydraulic mining began, the
riverbeds had in fact been filling in for some years.
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Shasta 4,500,000 1,300,000
Oroville 3,484,000 750,000
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Whiskeytown 241,000 30,000
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This type of sedimentation first affected navigation.
Steamboats which had regularly called at Sacra-
mento, Colusa, Chico Landing, Marysville, and Oro-
ville, soon were having difficulty in reaching even
Sacramento. While navigation upstream on the
Sacramento and Feather rivers was dying, the many
channels flowing through the Sacramento-San
Joaquin Delta became choked and narrowed by debris
and the beds of these tidal reaches were raised as
much as 15 feet for long stretches.

By the 1860s, heavier sediments began coming out
of the mountains. Farmers noticed that each flood left
wide deposits of glaring white mud and sand on their
property. By the 1870s, many thousands of acres
along the Feather, Yuba, and Bear rivers were buried
so deeply by mining debris that orchards, houses, and
barns were swallowed up. The bed of the Yuba,
between Marysville and the mountains, spread to a
two-mile width, the stream wandering at random
over the obliterated farmlands. Where the Yuba and
Feather met at Marysville, their beds eventually rose
20 feet, making them much higher than the adjacent
city streets. Debris pouring out of the mouth of the
Feather, where it joined the Sacramento, pushed an
underwater dam across the Sacramento’s bed which
sharply raised flood levels far up that stream to
Colusa and beyond. The entire central part of the val-
ley was under siege.

A bitter controversy consequently sprang up in the
mid-1870s between the flatland farmers and the
mountain miners. At first, farmers and townsmen of
the valley floor sought relief in the courts, asking for
damages and injunctions. It was impossible, however,
to establish which mine or company was responsible
for the mud and sand flowing upon given farms. Then
both miners and farmers, to quiet and resolve the
controversy, asked the Legislature to assume respon-
sibility. A valley-wide program of flood control, based
upon the first systematic survey of the river system,
was launched in the Drainage Act of 1880. The basic
objective of this act was to erect an integrated system
of levees which would constrict the rivers within nar-
row channels, create a heavy and concentrated flow,
and thereby induce the rivers to scour out their own
beds and carry the mining debris down to the bay for
deposit. Flood control, navigation, and reclamation
would all be served by this system. The Drainage Act
relied upon statewide taxation, however, and an
avalanche of protest soon poured in upon the Legis-
lature. Residents of other areas argued that the
Sacramento Valley should solve its own problems;
flood control was not a state but a local responsibility.
In 1881, the California Supreme Court threw out the
Drainage Act as an unconstitutional assumption by
the state of an essentially private concern.

The federal Circuit Court resolved the impasse in
1884, in the case of Woodruff v. North Bloomfield, et al., by
issuing a perpetual injunction against the discharging
of hydraulic mining debris into California’s rivers.
Judge Lorenzo Sawyer held that the discharge of such
debris created irremediable and uncontrollable
damage in the community at large and that the gen-
eral welfare therefore required the termination of
such discharges, whether of fine or coarse debris.
Thus, in one of the nation’s first environmentally-
conscious judicial decisions, an entire industry was
closed down. Mining, which had formed the basis for
prosperity in the new state of California, was forced
to give way to the needs of agriculture and commerce.

THE SACRAMENTO FLOOD CONTROL SYSTEM

There still remained, however, an enormous
volume of mining debris already lodged in the moun-
tain canyons which continued over many years to
wash down upon the valley floor and create more
destruction. Not until 1905 would the peak of the
debris wave pass the City of Marysville and move
down the Feather. And once again, it was the federal
government which provided the impetus for a resolu-
tion of the Sacramento River’s continuing flood con-
trol problems.

The involvement of the federal government in
California water affairs began as early as 1868, when
the United States Army Corps of Engineers respond-
ed to local requests by making the first of its many
studies of harbor sites and needs in the Los Angeles
region. In the 1870s, the Corps began a regular pro-
gram of pulling snags in the rivers of the Central
Valley in aid of navigation. In 1873 its engineers con-
ducted a study of irrigation possibilities in the state,

and during the hydraulic mining controversy of the
1870s and 1880s, the Corps made numerous techni-
cal examinations of the problem and a series of propo-
sals for dams and drainage works which were not
funded.

The first plan for flood control in the Sacramento
Valley was developed in 1880 by State Engineer Wil-
liam Hammond Hall who called for constricting the
rivers within strong levees in order to induce a vigor-
ous current which would thereby force them to scour
out their own beds and wash the mining debris down
into the bay. He warned, however, that even the
highest levees could never hold the giant floods which
occasionally strike the valley. Hall argued therefore
that there should be weirs and drainways at a few lo-
cations to allow excess water to flow out, as it had
always done, to pond in the basins beside the rivers.
Little was done to carry out Hall’s plan, but in his
painstaking studies of the river system he had laid
down the first reliable body of hydraulic information
concerning its performance, and his fundamental
concept endured.

In 1892, Congress created the California Debris
Commission, composed of Army Corps of Engineers
officers, to clear the rivers of mining debris and
restore a navigable channel. A third mission, to
restore hydraulic mining through the erection of

restraining dams, quickly demonstrated its futility.
For its part in the broader question of flood control,
the State of California in 1894 established the office
of Commissioner of Public Works, staffed by two of
Hall’s former assistants, Marsden Manson and C.E.
Grunsky. They took Hall’s plan one step further and
proposed that the flow of the Sacramento in flood-
time be divided by constructing a leveed bypass chan-
nel. This channel would lead out from overflow weirs
in the east bank of the main river levees, and down
through the Sutter Basin between the Feather and
Sacramento rivers and the Yolo Basin, which parallels
the lower course of the Sacramento on its west side.
This would force the river to carry all of the water it
could safely contain, inducing scour, while allowing
controlled overflows. It would also free most of the
lands in the basins for agriculture by keeping the
overflow within leveed bypass channels and prevent-
ing it from ponding.

To build such a system, however, would take mil-
lions of dollars and many years of steady construc-
tion. Neither Congress nor the State of California
was yet ready to take up the plan and thereby accept
the responsibility for flood control with its large
potential costs. After 1900, however, the national
mood swung more strongly under the leadership of
President Theodore Roosevelt toward the use of
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Although John Sutter built his
fort on high ground at some dis-
tance from the river, the city
that grew up around the fort
soon extended its borders to the
river banks. The photographs
above show the consequences of
this development in two views
of Sacramento during the flood
of 1862. Agricultural develop-
ment on the valley lands below
the gold fields brought an end
to hydraulic mining, but great
fields of spoils left over from
gold dredging still dot the banks
of the American River above
Nimbus Dam as shown in the
photograph at left.




The modern Sacramento Flood
Control System in operation
during 1975. The Yolo Bypass
is shown at the left of the photo-
graph with the Sacramento Ship
Channel running next to it. The
Sacramento River can be seen
entering from the left and curling
down through the center. The
American River entering at right
appears here to have a distinctly
darker color than the Sacramento
because the American carries
less silt.

public authority to conserve and manage the nation’s
natural resources. At the same time, beginning in
1902 and occurring again in 1904, 1906, 1907, and
1909, a series of increasingly violent floods washed
over the Sacramento Valley, demonstrating the utter
futility of fragmented, locally managed flood control.
In addition a new breed of entrepreneurs, college-
trained and ready to rely upon the expertise of
engineers, replaced the older generation of reclama-
tion leaders who had distrusted centralized regula-
tion and expert professionals.

By 1905, the California Debris Commission recog-
nized that it could not control debris along the Yuba
River, where it had been concentrating its attention,
without developing a project for valley-wide flood
control. In 1907, the commission asked Congress for
funds to purchase two very large dredges of a type
only recently perfected with which the commission
proposed to widen the debris-choked channels at the
mouth of the Sacramento so that the river could
accommodate an overflow of 600,000 cubic feet per
second. The dredges began their work in 1913 but so
large was their task that by 1924 they had succeeded
in opening the river’s mouth only enough to

accommodate a flow of 400,000 cubic feet per second.
The improved outflow, however, was so successful in
scouring out immense quantities of mining debris
that by 1927 the bed of the Sacramento had been
restored to its original elevation (before the impact of
mining debris) at the City of Sacramento. The clear-
ing of river channels was eventually extended up the
Feather, where a seven-foot lowering at the mouth of
the Yuba still left the river 13 feet higher than it had
been in the days before mining began.

In 1911, the commission’s chief engineer, Captain
Thomas Jackson, announced his plan for the Sacra-
mento Flood Control Project. Based upon the bypass
concept, it would let water flow eastward out of the
Sacramento River over weirs in the Colusa vicinity
about a hundred miles north of the riv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>