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FOREI,ORD

The combined effect of substantially below-normal
precipitation during 1976 and record low precipitation in 1977
imposed an unusual burden on the operation of both the State Water
Project and the Central Valley Project in meeting their water
delivery objectives.

This is the second report on the Sacramento Valley
Water Use Survey that began in 1976 to (1) learn more about dry
year hydrology, and (2) obtain information that would help manage
our limited water supplies. This report presents the findings of
that survey for 1977.

The report contains data and analyses of precipitation,
runoff, streamflow, diversions, accretions, land and water use,
water rights, Delta salinity, and other information necessary for
determining the effect of the drought on the Sacramento and Feather
Rivers and in the Sacramento-San Joaquin Delta. It also shows
graphically the changes that occurred in ground water levels within
the Sacramento Valley between 1975 and 1977.

Federal and othe~ public agencies, as well as private
agencies, have assisted in the survey by providing a portion of
the data presented.

;f~
obie, Director

Department of Water Resources
The Resources Agency
State of California
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Chapter 1.

Water supplies markedly affect the lives
of California citizens and the State's
economy. Nonirrigated farmlands, such
as pasture and grain, depend on direct
rainfall. Irrigated areas depend not
only On direct rainfall but also on
water stored in surface and ground
water reservoirs. Snow, which is
"stored" in the higher elevations dur
ing winter, is a major source of run
off in the late spring and early
summer. Both rainfall and snowmelt
runoff are stored in foothill reser
voirs and later released for irrigation
and many other uses.

During the 1976-77 season, California
experienced below-normal precipitation
.hroughout the State. In the
Sacramento Valley, precipitation from
October 1, 1976, through August 31,
1977, ranged from 30 to 50 percent of
normal. A moderate-sized storm
occurred in September 1977, but it did
not produce significant runoff because
most of the precipitation was absorbed
by dry watersheds. The snowpack in
Northern and Central California was
close to the lowest of record. Unim
paired runoff in the Sacramento Valley
ranged from about 14 percent of normal
in the southern portions to about 43
percent at Red Bluff. The annual unim
paired runoff for the Sacramento and
San Joaquin Rivers to the Delta was
only 27 percent of normal.

Sacramento Valley Water Use Survey

During the early part of the 1976 irri
gation season, water supply inventories
showed that reservoirs were being
depleted at a greater rate than had
been estimated. A substantial part of
the increased use was directly related
to the below-normal precipitation.
Less apparent, however, was the reason
for higher-than-estimated losses of
water between the upstream reservoirs
and the Delta.

INTRODUCTION

The Sacramento Valley Water Use Survey
program was developed cooperatively by
the Department of Water Resources
(Department), the U. S. Bureau of
Reclamation (USBR), and the State Water
Resources Control Board (SWRCB), to
determine why increased releases were
necessary to meet water demands and to
provide supplemental information that
would help managers make decisions to
equitably distribute the limited water
supplies. The program was oriented
primarily toward measurement of water
quantities. The only water quality
problem considered was salinity in the
Delta.

Scope of Survey

The Survey, which began in July 1976
and continued in 1977, covered the area
from Shasta Dam on the north (Plate 1)
to Vernalis on the south (Plate 2).
The survey included the service area of
the Sacramento-San Joaquin Delta as
shown on Plate 2.

Records of monthly flows at streamflow
gaging stations operated by State and
Federal agencies along the major
streams and tributaries in the
Sacramento Valley and around the
periphery of the Delta are inc~uded in
the survey. Also included are esti
mates and measurements of monthly diver
sions and return flow along major
streams. The location of stream-gaging
stations, return flows, and precipita
tion stations, and of major diversions
and places of use are shown on Plate 3.

Records of inflow, storage, and release
for Shasta, Folsom, and Oroville Lakes
and exports from the Delta were obtained
from project operators. The scope of
the survey also included compilation of
records of salinity in the western Delta
derived from continuous electrical con
ductivity recorders, and data on
climatic and runoff conditions.

1



Scone of Report

This report contains a sumnlary of
hydrologic da a collected during the
1977 irrigation season. The basic
data presented were compiled from
information currently being collected
under ongoin programs and from addi
tional field work undertaken specifi
cally for this survey.

Some of .he basic data resented herein
are preliminary and subject to revi
sion. Final data will be included in
periodic published reports of the
Department and other cooperating
agencies.

Dry Year Pro ram of the State Water
Resources Control Board SWRCB

The SWRCB has responsibilities for
administration of programs dealing with
water rights and water quality. During
the drought, many interests were con
cerned that water users would inad
vertently interfere with water rights
o others if not forewarned about the
availability of water. To reduce this
possibility, the Dry ~ear Program was
established as a function within the
Division of Water Rights. This program
was designed to protect and enfol'ce
priorities of surface water users.
Activities conducted under this program
were closely allied with the activities
conducted under the Sacramento Valley
Water Use Survey. Therefore, a free
interchange of information was made
between the two programs.

The program elements directly related
to the Sacramento Valley Water Use
Survey program were as follows:

1. Estimates were made of the water
available to satisfy water rights.
Over 3,800 notices were sent to
water users in the central and
northern parts of the State
request in them to conserve water
and to divert only water to which
they were entitled.
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2. Additional taff was assigned to
respond to an unprecedented
increase in water right
complaints.

3. An interagency agreement was
entered into between the SWRCB and
the Department. Under the agree
ment, the Department supplied per
sonnel to investigate uses of
water under appropriative and
assumed riparian rights on the
Sacramento River and its main
tributaries nd appropriative
diverters in the Delta. The
Department also conducted a crop
survey of the Delta lowlands.

Information collected under the Dry
Year Program has been considered and
information concerning land and water
use in the Delta has been incorporated
into this report.

Sununary

The 1976-77 unimpaired runoff of the
Sacramento-San Joaquin Rivers to the
Delta was only 27 percent of normal,
the lowest since records have been
maintained. Reservoir storage on
December 1, 1977, was only 30 percent
of normal. During 1976 and 1977 irri
gation seasons, stored water was
depleted at rates in excess of planned
project operations.

Although water conservation measures
had been initiated in 1976, increased
emphasis was given to reductions in
water use during 1977. The USBR
announced that only 75 percent of the
normal contract quantities would be
delivered to water users along the
Sacramento River. The Department
limited deliveries to contractors on
the Feather River to only 50 percent
of normal e~titlements. The SWRCB
implemented a Dry Year Program and
mailed notices to water right holders
announcing the forecast of limited
water supplies and requesting their
cooperation in diverting only water to



~hich they ~ere entitled. The SWRCB
also made field investigations of ~ater

right complaints in an effort to
enforce water right entitlements.

Diversions from the main river channels
above Sacramento during 1977 ~ere about
75 percent of the diversions during the
1976 irrigation season. Reductions in
river diversions were attributed to:
(1) ~ater contract restrictions placed
on ~ter diverters by the USBR and the
Department, (2) compliance with notices
sent to water users by the SWRCB, and
(3) new wells drilled to supplement
surface diversions.

Over 95 percent of the appropriative
rights along the main stem of the
Sacramento and Feather Rivers were con
tractually augmented by stored ~ater.

Water diverted ~ithout proper rights
from these channels ~s estimated to
be less than 1 percent of the total
~ter diverted.

respectively, for 1977. Changes in crop
patterns did not result in any substantial
reduction in water use. The total water
use during the 1976 season was computed to
be 2 156 cubic hectometres (1,748,000
acre-feet), as compared with 2 125 cubic
hectometres (1,722,000 acre-feet) for
1977.

Water ~as computed to be available
until the first part of July to satisfy
riparian uses. On a mean monthly flo~

basis, during 1977, shortages of ~ater

to satisfy riparian rights and Delta
outflow prevailed during the months of
July and August. Assumed riparian use
of water ~thin the Sacramento Valley
and in the Delta service area exceeded
the nonproject runoff by approximately
360 cubic hectometres (290,000 acre
feet) during these months. Estimated
project ~ater used by ~ppropriators in
the Delta uplands during June, July
and August was about 165 cubic hecto
metres (135,000 acre-feet).

Conclusions

1. The restriction imposed by contracts
for water from the Central Valley
Project and the State Water Project
was the principal reason for reduc
tions in diversions from the
Sacramento and Feather Rivers during
the 1977 irrigation season.

Salinity was allowed to move into the
Delta channels in compliance with emer
gency regulations of the SWRCB. The
daily maximum 1 000 mg/l chloride con
centration level moved in as far as the
vicinity of Rio Vista on the Sacramento
River and Jersey Point on the San
Joaquin River.

Ground ~ater levels declined as much as
18 metres (60 feet) between the spring
of 1975 and the spring of 1977 in the
southern portion of the Sacramento
Valley west of Knights Landing. Data
and information were insufficient to
estimate the amount of ground water
recharge from river channels and the
amount of pumping from the ground water
basin. Ho~ever, most of the decline in
water levels upstream from Colusa ~as

attributed to lack of water supply for
recharge. In the reach downstream from
Colusa, drawdown in excess of about 1.5
metres (5 feet) was attributed to
increased pumping. The greatest losses
in both ground and surface water
occurred in the reach from Colusa to
Sacramento.

Land use in the Delta during 1977 did not
change substantially from 1976. In 1976,
the total irrigated area and the double
cropped land was 203 900 hectares
(503,800 acres) and 6 176 hectares
(15,300 acres) respectively, as compared
with 207 500 hectares (512,800 acres)
and 3747 hectares (9,260 acres),

2. Minimal reductions from the 1976
level in the amount of water used by
agricultural crops in the Delta
service area were achieved. How
ever, some impairments in water
quality occurred, particularly in
the western Delta, from the relaxa
tion in water quality criteria.
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3. Stored water from the Central Valley
Project and the State Water Project
was used to provide acceptable qual
ity of water within the Delta. The
Delta service area benefited from
this use of stored water. Impair
ments in water quality resulted in
minimal reduction in crop yields.

4. Stored water was used to supplement
riparian water supplies for assumed
riparian land in the Delta service
area during July and August, and

was used by Delta uplands appropri
ators during the latter part of
June ~~d during July and August.

5. Additional data are needed to quan
tifY ground water and its movement.
Ground water data collection should
be continued to monitor ground
water level trends and to inventory
and classifY wells to create a data,
base for future ground water
investigations.

Sacramento River at Hood. The
major inf~ow tributary to the De~ta.

4



Chapter II. WATER SUPPLY

During the 1977 irrigation season, very

1

10W flovs of the Sacramento River vere
caused by diversions from the river for
irrigation, lov accretions to the river
by ground vater seepage, and minimum
releases of vater from Shasta, Trinity,
Oroville, Folsom, and other reservoirs.

Water in the Delta service area is sup
plied from (1) direct precipitation,
(2) tributary inflovs, and (3) ground
vater contributions to the Delta
uplands. Water is removed from the
Delta by (1) evaporation and transpira
tion (agriculture, vater surfaces,
riparian vegetation, etc.), (2) export
ation to areas outside of the Delta,
(3) urban uses vithin the Delta, and
(4) outflovs into Suisun Bay.

Precipitation

In the Sacramento Valley, direct pre
cipitation is generally a source of
vater for groving crops during early
spring. In normal years, rainstorms
during March and April substantially
reduce the demand for irrigation diver
sions during those months and affect
the demand in the same month from year
to year. During 1977, rainfall in the
Valley vas vell belov normal for
January through April, and temperatures

Iduring March and April vere varmer than
. normal, resulting in increased diver-
, sions as compared vith a year of normal
precipitation and temperature.

Table 1 presents the monthly precipita
tion for January through October 1977
at stations throughout the Sacramento
Valley and Delta areas. The correspond
ing normal monthly precipitation is also
shovn. (The precipitation stations are
shove on Plates 2 and 3.) At the bottom
of Table 1, the average monthly precipi
tation for the Delta service area is
shove. Also, the total monthly acre
feet based on the average precipitation
for both the lovlands and uplands areas
are shove.

Runoff Comparisons

To compare runoff conditions on a
particular stream, the average or normal
runoff for that stream over a period of
years must be computed. Deviations from
the normal are expressed as a percentage
for each year considered. Runoff com
parisons are based on percentages of
average determined for the 50-years
October 1920 through September 1970.

Since runoff conditions are affected by
man-made impairments, an equitable com
parison throughout the vater year
requires that all runoff quantities be
adjusted to unimpaired runoff. Unim
paired runoff is determined frommeas
ured (actual) runoff by adjusting for
the quantitative effect of storage
development, diversions or importa
tions above the point vhere the flov
is measured.

Table 2 compares unimpaired runoff
for the major streams tributary to
the Sacramento Valley and Delta for
1923-24, 1930-31 and 1933-34 through
1976-77 •

Table 3 presents a monthly comparison
of runoff for October 1976 through
October 1977, for the major streams
tributary to the Sacramento Valley
and Delta. The vater year tota],s
shove at the bottom of the table do
not include October 1977.

Reservoir Storage

The dry period from January 1976 to
November 1977, resulted in drastically
reduced inflov to the storage reser
voirs in the Sacramento River drainage
basin. This lack of inflov, plus the
heavy demands for irrigation vater and
for Delta salinity control flovs,
resulted in extremely lov reservoir
levels in October 1977. On December 1,
1977, the storage vas about 30 percent
of the normal for that date.

5



Storms in December 1977 and January
1978, changed the ~ater picture. Based
or. February I, 1978, forecasts, the
Department and the USBR announced plans
to provide full entitlements to water
contractors during 1978. Above normal
rainfall conditions during February,
~Inrch and April of 1978 made water
available to make up deficiencies sus
tained by water contractors during 1977
and also to provide surplus water.

Table 4 shows the water in storage for
major reservoirs on tributaries to the
Sacra~ento Basin as of December 1,
1977, compared to the Same time in the
previous 2 years. To summarize this
data, water storage in all reservoirs
in a given stream system has been com
bined (as if there were only one reser
voir for each stream), and shown on
Plate 4.

Reservoir Operations

Most of the winter runoff made available
for summer use in the Sacramento Valley
basin is regulated by Shasta Lake on the
Sacramento River, Folsom Lake on the
American River, and Lake Oroville on the
Feather River.

Table 5 presents monthly reservoir
operations for Shasta Lake, Keswick
Reservoir, Oroville-Thermalito Reservoir
complex, Folsom Lake, and Lake Natoma
for March through October 1977.

Inflow to Keswick Reservoir included
releases from Shasta Lake and water
imported from the Trinity River Division
of the Central Valley Project, which
enters Keswick Reservoir via Spring
Creek Power Plant.

The computed inflows shown for Lake
Oroville in Table 5 do not include
amounts pumped back into the reservoir
during May and June. The release fig
ures shown are the amounts of water
passing through the dam via the Hyatt
Power Plant minus the quantities pumped
back, to indicate the net amount of
inflow into the Thermalito Complex from

6

Lake Oroville. (Flows from Lake
Oroville to Palermo Canal are not
included in the release figures, since
these flows do not enter the Thermalito
Complex.) Water also enters the
Thermalito Complex below Oroville Dam
through the Kelley Ridge Power Plant
and is shown in Table 16.

Under the heading, "Thermal ito Diver
sion Dam Release to River", Table 5
gives the amounts released through the
diversion dam, over the Fish Barrier
Dam, and through the Feather River Fish
Hatchery, which are located between the
diversion dam and the Thermalito After
bay release facilities. Quantities
shown for Thermalito Afterbay release
are the regulated amounts of water
released into the Feather River from
Thermalito Afterbay. These releases,
plus releases from the diversion dam
(assuming no accretions or losses en
route) make up the total flo~ in the
Feather River below the Thermalito
Complex.

Inflows to Lake Natoma shown in Table 5
are equivalent to the releases through
Folsom Dam except for Some minor accre
tions or losses. Releases to the
American River below Nimbus Dam include
releases made for the fish hatchery, but
do not include diversions to Folsom
South Canal.

The inflows shown in Table 5 for
Shasta, Oroville, and Folsom Lakes are
"computed inflows" developed from meas
ured data on storage, release, precipi
tation, and evaporation. The computed
inflows are an estimate of the flows
that would have passed the site of the
respective dams if the dams were
nonexistent.

Streamflow

The main streams of the Sacramento
Valley are the Sacramento, Feather,
Yuba, and American Rivers. Major trib
utary streams entering the Sacramento
River above Red Bluff are Cottonwood,
Battle, and Cow Creeks. Below Red



u. S. Geological Survey measuring
the fZow of the Sacramento River.

Bluff, Mill, Deer, and Big Chico Creeks
'enter the river from the east and
Elder, Thomes, and Stony Creeks enter
from the west. Considerable flow is
lost by percolation or used by divert
ers between the foothills (where these
creeks are measured) and the river, a

~
distance of 15 to 30 kilometres (10 to
20 miles).

In July 1977, the minor streams were
bserved from the air. Each creek bed
as dry at the point where it entered

the river. The contributions from
hese and other creeks were adjusted to
ccount for water lost below the foot

hill measurement site in Table 15.

Stations

aging stations record water levels at
various points on rivers and drains and
through large drainage and canal pump
ing plants upstream from Sacramento.
Flow measurements at each station
determine a relationship between gage
height and flow. From this relation
ship and a record of gage heights,
daily and monthly flows were computed.

2-17730

Table 6 shows quantities of water pass
ing the principal gaging stations on
the Sacramento, Feather, and American
Rivers; on various streams tributary to
the Sacramento and Feather Rivers; and
on streams tributary to the Delta.
Many of the flows presented in Table 6
were measured by the U. S. Geological
Survey (USGS).

Table 6 also shows irrigation return
flows (insofar as these were obtain
able) and exports from the Delta. In
many instances, these records of flow
were obtained by methods other than
those described for regular gaging
stations. For example, for pumped
drainage, records are obtained by rating
the pump.

The locations of the surface water
measurement stations are shown on Plate
2 and Plate 3.

-==1

Drainage pump in
Delta lowlands.
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Accretions to Streamflow

Accretions consist of surface and ground
water inflows to the stream from any
source and include tributary inflows,
surface and subsurface return flow from
irrigation, precipitation, and percola
tion from adjacent ground water. These
accretions are of major importance as
additional irrigation supplies.

Accretions can be either measured or
unmeasured. Measured accretions are
surface accretions that can be measured
by gaging stations or other means.
These are shown in Table 6 as minor
tributaries and irrigation return flow
stations. Unmeasured accretions are
computed quantities and make up the
balance between measured inflows and
outflows along a particular stream
reach. Tables 15 and 16 summarize
measured monthly flows and diversions,
along with computed monthly accretions
(or losses, as shown by a negative
figure) occurring along each reach of
each stream between gaging stations.

The term "return flow" is used to indi
cate that portion of diverted water that
is not used and that finds its ~~y by
surface drainage or by percolation to
the original source. It is then avail
able for reuse by other diverters. The
computed accretions within a stream
reach may include substantial amounts
of return flow, as well as accretions
from other sources.

Irrigation Return Flow

Irrigation practices in the Sacramento
Valley have historically provided con
siderable return flow to the river.
Prior to 1976 and 1977 irrigation sea
sons, the return flow amounted to
approximately 30 percent of the applied
irrigation water. Much of the return
flow consisted of carriage water 
water that is excess to the entitle
ments but necessary to force adequate
water to the last diverter on the con
veyance canal. The carriage water was
not reused by the diverter, but became
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available for use by downstream
diverters.

Water project operations have, in
prior years, benefited by a consider
able quantity of return flow to meet
the needs of downstream diverters and
Delta requirements. During the
extremely dry year of 1977, it was
estimated that less than 15 percent of
the diverted water returned to the
river.

Ground Water Conditions and Changes

During this drought, a large number of
wells in the Sacramento Valley were put
into production and ground water was .
used in large quantities. This, along
with the lack of normal recharge of the'
ground water basin, resulted in a drop
in ground water levels. Many wells
have shown the lowest levels of record.

The following sections document the
extent of these changes in ground water
conditions. Possible effects of these
ground water conditions are discussed
in Chapter IV under "Interrelationship
between Surface and Ground Water".
Ground water data used in this survey
were collected by the Department's coop
erative ground water level measurement
program and by the USGS. Between JulY
1977 and January 1978, the USGS measured
wells located within about 3 kilometres
(2 miles) of the Sacramento River at
major bridge crossings every 2 or 3
weeks.

Ground water level contour maps of the
Sacramento Valley between Red Bluff and
Sacramento were prepared for springtime
water level measurements of 1975 and
1977 (see Plates 5 and 6). A contour
map also was drawn showing changes in
water level measurements between the
above 2 years (see Plate 7). An addi
tional reference point was a map show
ing water level contours for spring
1968, the last time prior to 1975 that
such a map was prepared. With these
contour maps as a base, water level pro
files transverse to the Sacramento River



were drawn at each gaging station
between Red Bluff and Sacramento (see
Figures 1 and 2). The USGS, using its
recently collected data, also plotted
water level profiles transverse to the
river at a number of locations, some of
which were at river gages, showing
ground water levels. This information
has been considered in this report.

The amount of ground water depleted from
the basin between Sacramento and Red
Bluff (within the area covered by con
tours) from spring 1975 to spring 1977,
was estimated to be about 2 100 cubic
hectometres (1,700,000 acre-feet). This
estimate was derived from area and water
levels shown on the contour maps, using
an average specific yield factor of 7
percent, and assuming that all water
level contours represent zones of free
ground water. Actually, many well
measurements represent pressure levels
in confined zones, which if excluded
would result in a change in storage less
than 2 100 cubic hectometres (1,700,000
acre-feet) .

At the end of the 1977 irrigation
season, the ground water levels were
measured. No contour map was prepared;
however, .an estimate was made of the
depletio~ of ground water from the basin
during the period from spring 1977 to
fall 1977 by taking the average change in
ground water level for each quarter of
each township (9 square miles) and multi
plying that by the specific yield for
that area. The estimated total depletion
north of Sacramento was approximately
1 200 cubic hectometres (1,000,000 acre
feet) • Of this total depletion, about
700 cubic hectometres (600,000 acre-feet)
occurred south of Colusa and about 500
cubic hectometres (400,000 acre-feet)
occurred north of Colusa.

Areal Summary of Changes

The following paragraphs describe
spring 1977 ground water conditions and
changes in water levels since spring
1975 in several areas of the Sacramento

Valley. Also described are some find
ings of the USGS well measurement pro
gram conducted in July and August 1977.
The spring 1968 water levels did not
vary greatly from those of spring 1975,
Which indicates that the major declines
began in 1975. Table 7 presents a Sum
mary, by county, of the average change
per measured well in ground water lev
els between the spring measurements of
1975 and 1977. Data for Yolo and
Sacramento Counties pertain only to
wells located in the area north of the
latitude of Sacramento (north of town
ship 8 north).

North of Hamilton City. In the area
north of Hamilton City, spring 1977
ground water contours, as in the past,
showed a general slope of the ground
water table toward the Sacramento River
and southvard down the valley (Plate
6). These contours, vhen compared vith
those of spring 1975, showed declines
in ground water levels generally from 3
to 6 metres (10 to 20 feet)(see Figure
1 and Plate 7).

Since agricultural development in this
area is not extensive, increased pump
ing for irrigation probably was not the
major factor in the decline of ground
water levels. Ground water vould tend
to move southward to lower elevations
in the basin and into the river, vhere
hydraulically possible. The lack of
normal recharge would result in a net
depletion of ground vater in storage.

Ground vater levels at the Tehama-Los
Molinos bridge crossing, the most north
erly measurement location, were about 1
to 1.5 metres (3 to 5 feet) higher than
the river stage in summer 1977. Ground
vater, therefore, could flow toward the
river at that point. Farther down
stream, ground vater levels dropped
below the river stage, about 1.8 metres
(6 feet) at Vina Bridge and 2.5 to 4
metres (8 to 13 feet) at Hamilton City.
These differences in head between sur
face and ground vater indicate that
vater could flov from the river toward
the ground vater basin.
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Hamilton City to Colusa. From Hamilton
City southward to about Butte City,
where considerable ground water is used.
water levels for the most part declined
about 3 to ~.5 metres (10 to 15 feet) on
both sides of the river between the
spring measurements of 1975 and 1977.
From Butte City southward to Colusa,
declines were generally in the order of
1 to 2 metres (3 to 6 feet). In gen
eral, the water table continued to slope
toward the river and down the valley
(see Figure 1 and Plates 6 and 7).

USGS profiles showed ground water levels
near the river remaining below the river
stage, varying up to ~ metres (13 feet)
at Colusa. Water in the river, there
fore, would tend to seep into the adja
cent ground water basin.

South of Colusa. In the Colusa County
area south of Colusa, the spring 1977
water levels generallY were 3 to 6
metres (10 to 20 feet) below those of
spring 1975. The largest drops in the
water table occurred in Yolo County,
particularly south and west of Knights
Landing. Deep pumping depressions have
developed in some areas 6 to 20 kilo
metres (4 to 12 miles) west of the
Sacramento River. Depressions in the
vicinity of Woodland, for example, were
more than 15 metres (50 feet) below the
spring 1975 water levels (Plate 7).

In Sutter and Sacramento Counties, water
levels for the most part declined less
than 2 metres (6 feet). In Placer
County, the decline was about 1.5 to 4.5
metres (5 to 15 feet)(see Plates 7 and
8).

In the area south of Knights Landing,
the water table in spring 1975 was only
slightly below the river stage. In the
spring of 1977 the water table generally
sloped steeply toward the large pumping
depressions about 3 kilometres (2 miles)
west of the river. However, USGS pro
files show the water level in wells near
the river to be only slightly below the
river stage, indicating that the water
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table is being maintained by recharge
from the river (see Figure 2).

Feather River. Ground water levels on
the east side of the Feather River in
Butte County declined as much as ~.5

metres (15 feet) between the spring
measurements of 1975 and 1977. On the
west side, declines generally were
less than 2 metres (6 feet). In
Sutter and Yuba Counties, declines
were generally 2 to 3 metres (6 to 10
feet) on both sides of the river,
except in an area south of the Bear
River, where the decline was about 6
metres (20 feet). The water table
generally sloped away from the river,
indicating a possible loss of river
flow to the adjacent ground water
basin (see Figure 2 and Plates 6 and
7).

Overall Ground Water Conditions

Ground water levels in the Sacramento
Valley fluctuate considerably during
the year. Normally, the peak levels
occur in March or April after fall and
winter precipitation and runoff have
recharged the ground water basin. The
low levels generally occur in July or
August, after ground water has been
withdrawn to help meet irrigation
requirements.

During the past two drought years, peak
water levels have occurred earlier in
the water year and at much lower eleva
tions. These two conditions reflect
the lack of normal recharge of the
ground water basin after it has been
drawn down for irrigation. Plate 8
shows fluctuations in water levels for
selected wells that typify seasonal
changes in water levels for the basin
since 1968. The wide fluctuations
shown for Well No. 9N/2E-16Nl, in Yolo
County, are typical for wells with
drawing water from confined zones.

From the limited data available, it was
impossible to accurately estimate the
rates of loss from the rivers to the
ground water basin.



1
Chapter III. WATER USE

Water utilization includes uses of
water by nature or by people, either
consumptive or nonconsumptive, and
losses of water incidental to those
uses. The term "diversions" means the
gross amounts of water taken from the
river channel as measured at the point
of divers ion.

In the Delta, water is served to the
islands through innumerable siphons,
culverts, and pumping plants, or by
percolation from adjacent channels that
cannot be accurately measured. There
fore, consumption of water in the Delta
service area was computed by multiplying
land-use acreages by appropriate unit
evapotranspiration (ET) factors, as
discussed in the appendix.

The procedures for computing water use
in 1977 were essentially the same as
the procedures used in 1976. Minor
modifications were made as a result of
changing conditions and new information
developed in the 1977 survey.

Diversions Upstream from Sacramento

,Surface diversions from the Sacramento,
Feather, and Yuba Rivers are shown in
Tables 8, 9 and 10. The smaller
unmeasured diversions were computed
from electric power records obtained
from the power companies. The larger
diversions along the Sacramento River,
which amounted to 88 percent of the
total water diverted, were measured by
the USBR. The Department measured the
major diversions from the Feather
River.

Early in 1977, the USBR requested each
water contractor along the Sacramento
River to reduce river diversions by 25
percent of their total contract quan
tities. In May, on the basis of the
February 1, 1977, forecast of water
supply, the SWRCB notified riparian
water users that unless they had a

Water diversion pump on
the Sacramento River

contract with some water agency to
provide them with water, they should
restrict their water use to 60 percent
of the amount normally diverted in
June,45 percent in July, and 50 per
cent in August.

As a result of these notices and the
drought, many river diverters drilled
wells to supplement the deficient
river supply. Some wells are believed
to receive a significant amount of
replenishment from the surface streams.
However, insufficient data were av.ail
able to quantify the relative amounts
drawn from the river and the ground
water body.

During 1976 a field survey was made to
identify the unmeasured smaller pump
ing plants along the Sacramento River
between Shasta Dam and Sacramento, the
Feather River below Oroville Dam, the
Yuba River below the gaging station
near Marysville, the Bear River below
Wheatland, and the American River
below "H" Street Bridge. No diver
sions were found along the latter two
reaches. Since most small pumps are
operated by electric motors, power
consumption records provided the basis
for estimates of diversions.

13



Man thly amounts a r water diverted at
the individual points are presented in
Tables 8, 9 and 10. Diversions for the
Sacramento and Feather Rivers have been
segregated into stream reaches, defined
by gaging stations at each end of the
reach. Total monthly diversions in
acre-feet within each reach are shown
in Tables 8 and 9, and summarized in
Tables 15 and 16. Table 10 is pre
sented only for determining the net
tributary inflow to the Feather River
from the Yuba River.

Land Uses in Sacramento-San Joaquin
Delta

Land-use surveys of the Sacramento-San
Joaquin Delta service area were made in
1976 and 1977. Colored 35~m slides
were taken from the air and viewed on
a screen. The field boundaries and
other land configurations were then
delineated on USGS base maps. The
types of crops and field boundaries
were interpreted by specialists and
noted by symbols on the maps. Field
checks verified the photo
interpretations.

The surveys covered the entire Delta
service area, both "lowlands" and
"uplands". The lowlands are those
lands generallY below the 1.5 metre
(5-foot) elevation above mean sea
level. The uplands lie outside of the
lowlands and are served by irrigation
water for the most part diverted from
Delta channels. Lands that lie outside
of the Delta lowlands and that are
served by diversions from below the
lowest gaging stations on streams flow
ing to the Delta are also considered as
Delta uPlands. The boundary of the
Delta service area is shown on Plate 2.
Areas of the various types of irrigated
and nonirrigated crops, native and
riparian vegetation, vater surfaces,
and other nonagricultural areas are
shown in Table 12.
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Consumptive Use of Water

Unit consumptive use factors for agri
culture are determined by experimental
investigations and by measurements of
water in irrigated areas. Unit values
of consumptive use are generally used
for long-range water resource plan
ning, and are therefore those that
would occur under average conditions
of water supply and climate. Values
that have previously been used would
not necessarily be applicable to a
dry year such as 1977. Unit values
given in the 1976 Sacramento Valley
Water Use Survey report were reviewed
and modified to reflect 1977 condi
tions. Although the monthly consump
tive use varied significantly from the
lO-year average, the annual values
were not significantly different.
Regardless of this similarity, it
should be noted that irrigation
demands from streamflows are substan
tially higher during the drought,
because irrigation water must be sub
stituted for rainfall normally con
tributing to the soil moisture.

Table 11 presents the modified monthly
unit consumptive use factors for crops,
nonagricultural vegetation, urban
areas, and evaporation from water sur
faces in the Delta service area.
These unit factors, when applied in
corresponding areas of land use in the
Delta, provide an estimate of the water
consumed. A more detailed explanation
of the work done in developing the
unit use factor is given in the
appendix of this report.

"Consumptive use ll as used herp.in is
synonymous with "Evapotranspiration".
The total volume of water derived
from rainfall is considered as hav
ing been available for use in the
Delta as one of the sources of water
supply (see Tables 12 and 17). The
total rainfall in a particular month
was assumed to be fully used during



that same month, either by the crop
or as a contribution to soil moisture.
This rainfall, being low, did not
contribute to surface runoff. Table
12 presents total monthly consumptive
use for the March through October
period.

Leaching and Preirrigation

In the Delta it is common practice to
periodically leach and preirrigate the
land by flooding after the crops have
been harvested. On August 25, 1977,
an aerial survey showed that about
1 000 hectares (2,400 acres) were
flooded. A field check on September 15
showed only about 400 hectares (1,000
acres) flooded. On November 23 an
aerial survey showed about 14 000 hec
tares (35,000 acres) flooded.

Exports from Delta

Normally, exports are made from the
Delta by the Department for the State
Water Project, by the USER for the
Central Valley Project, and by the
City of Vallejo. During 1977, addi
tional exports were made to East Bay
Municipal utility District (EBMUD) ,
the City of San Francisco, and Marin
County.

The State Water Project diverts water
from Old River via Clifton Court Fore
bay and the Delta Pumping Plant to the
California Aqueduct. The Central
Valley Project diverts water from Old
River via the Tracy Pumping Plant to
the Delta-Mendota Canal and from Rock
Slough via a pumping plant to the
Contra Costa Canal. The City of
Vallejo pumps water from Cache Slough.
These diversion locations are shown on
Plate 2.

During 1977 a pumping plant was
installed on Middle River to provide
an emergency supply of water for the
Bay area. Water was pumped into the
existing Mokelumne River Aqueduct of
EBMUD for use in a portion of the
EBMUD service area and also for use by
the Contra Costa County Water District.

Additional information is given in the
Department's report, "The Continuin
California Drought", under the heading,
"Water Exchanges", beginning on page
85. The location of the emergency
facilities is shown on Figure 4 of that
report.

Salinity Control

The extent of salinity intrusion into
the Delta is related to the rate and
time of occurrence of Delta outflow
and can therefore be controlled by
freshwater outflow in sufficient
quantities to counteract salinity
intrusion.

HistoricallY, outflow from the Delta
has often been insufficient to prevent
harmful salinity intrusion in the
western Delta. Since the construction
of the Central Valley Project and the
State Water Project, releases of
stored water have effectively
restrained such intrusion.

In 1975, ocean salinity was almost
completely repelled from entering the
Delta. As shown on Plate 9, the maxi
mum intrusion of 1 000 milligrams per
litre chloride concentration was
almost 5 kilometres (3 miles) down
stream from Antioch. The monthly
average computed Delta outflow to
repel ocean salinity during the irri
gation season ranged from 1 900 cubic
metres per second (66,000 cubic feet
per second) in March down to 270 cubic
metres per second (9,500 cubic feet
per second) in August (see Table 13).
During the summer (June through
September), the average computed Delta
outflow was 400 cubic metres per sec
ond (14,200 cubic feet per second).
This amounts to 4 400 cubic hecto
metres (3,500,000 acre-feet). The
quality of the water in the Delta was
better than required by water quality
objectives established by the S\ffiCB.

In 1976 the maximum intrusion of the
1 000 milligrams per litre chloride
concentration during the irrigation
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season moved upstream about 15 kilo
metres (9 miles) to approximately
Emmaton on the Sacramento River and
Blind Point on the San Joaquin River
(see Plate 9). The quality was
essentially in compliance with
objectives established for a dry year
by the SWRCB. The computed Delta
outflow ranged from a maximum of 266
cubic metres per second (9,400 cubic
feet per second) in January, to 93
cubic metres per second (3,300 cubic
feet per second) in September. The
average outflow for the four summer
months was 103 cubic metres per sec
ond (3,650 cubic feet per second).
This amounts to 1 080 cubic hecto
metres (876,000 acre-feet).

On December 1, 1976, Sacramento Valley
reservoirs were at relatively low
levels. Carryover storage, which a
year earlier had been 11 600 cubic
hectometres (9.4 million acre-feet)
was at 6 500 cubic hectometres (5.3
million acre-feet).

With precipitation substantially less
than normal, it was apparent that large
quantities of stored water would be
required to control salinity intrusion.
However, this same water was needed for
other uses in other areas.

Prompted by the severity of the water
shortage, the SWRCB held a special
hearing on January 20 and 21, 1977, to
consider a relaxation of quality objec
tives for the Delta. As a result of
these hearings, an interim water qual
ity control plan for 1977 was developed
to conserve the limited water supplies
and to help spread the burden of the
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critically dry year. Details of the
plan were published in an ffi,RCB report,
"Interim ,later Quality Control Plan for
1977, Sacramento-San Joaquin Delta and
Suisun Marsh", dated February 1977.

With the increased severity of the
drought, stored water was being
depleted at an alarming rate to satisfy
even the interim water quality
objectives. As a result, the SWRCB
adopted emergency regulations on June
2, 1977, further relaxing the water
quality objectives and allowing further
reductions in Delta outflow. The
resultant intrusion of ocean salinity
moved the maximum 1 000 milligrams
per litre chloride concentration to
a point near Rio Vista on the
Sacramento River and Jersey Point
on the San Joaquin River, as shown
on Plate 9. The computed Delta out
flow (Table 13) ranged from 140 cubic
metres per second (4,900 cubic feet
per second) in February, to 59 cubic
metres per second (2,100 cubic feet
per second) in June. The average for
the summer months was 74 cubic metres
per second (2,600 cubic feet per
second) or 784 cubic hectometres
(635,000 acre-feet).

Water supply conditions to provide for
Delta outflow greatly improved with
storms in December 1977 and January
1978. Following these storms, a
special hearing was held by S,ffiCB on
February 2, 1978, and the emergency
regulations were repealed.

Monthly maximwn and same-day minimum
chloride concentrations are listed in
Table 14 for nine western Delta salin
ity observation stations.



Chapter IV. INVENTORY AND ANALYSIS

Data on water supply, water utiliza
tion, and water rights have been con
densed into summary tables and charts
for study and analyses in Tables 15
through 22.

Inventory of Water Supply and Use - 1977

An inventory of the source and dispo
sition of the water supply of the
major streams in the Sacramento Valley
and of the Delta were compiled for
1977 conditions. Some elements of the
inventory, such as surface stream and
return flows and diversions were
directly measured. Other elements,
such as ground water and Delta con
sumptive use, were estimated.

Sacramento River

Table 15 summarizes monthly streamflow,
diversions, and unmeasured accretions
along the Sacramento River between
Shasta Lake and Sacramento, along with
computed inflow to Shasta Lake and the
change in storage. The items, "Com
puted Inflow" and "Change in Storage",
were taken from Table 5. Computed
inflow was developed by the USBR from
data on storage, release, precipita
tion, and evaporation.

Releases from Shasta Lake enter Keswick
Reservoir for reregulation and are aug
mented by imports from the Trinity
River Division of the Central Valley
Project, which enter Keswick Reservoir
through Spring Creek Power Plant.
Flows from the Feather and American
Rivers are considered as tributary
inflows in the last two reaches near
Sacramento. Diversions from the
Feather River below Nicolaus were
included in the diversions for the
reach, Knights Landing to Verona.
Total diversions and accretions for the
entire river from Keswick to Sacramento
are shown at the end of Table 15.

Feather River

Table 16 summarizes monthlY streamflow,
diversions, and accretions along the
Feather River from Lake Oroville to
Nicolaus and the computed inflow and
change in storage for Lake Oroville.
Items relative to operation of
Oroville-Thermalito complex were taken
from Table 5.

The complex of Thermalito Forebay,
Afterbay, and Diversion Dam, together
with their release and diversion
facilities between Oroville Dam and the
Thermalito Afterbay Release, WaS con
sidered to be the first reach along
this river system. Flows from Kelley
Ridge power plant enter this reach
below Oroville Dam. Several large
diversions, including Sutter Butte and
Western Canals, divert water from
Thermalito Afterbay. The release to
the Feather River from Therrnalito
Diversion Dam is considered to be an
outflow from this reach and an inflow
to the following reach. Flows from the
Yuba and Bear Rivers are considered as
tributary inflows in the last two
reaches.

Sacramento-San Joaquin Delta

Table 17 summarizes water supply and
water use of the Delta service area
during March through October 1977.
The Delta tributary inflow was obtained
from Table 6, and the volume of precip
itation was obtained from Table 1.
The amounts shown under the heading,
"Urban Requirement Imported or from
Wells" were assumed to be supplied
from sources other than Delta channels.

Under the heading "Water Use", monthly
quantities of consumptive use in the
Delta service area, exportations from
Delta channels, and change in soil
moisture are presented. The total
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consumptive usc was obtained from
Ta le 12. Total exports were obtained
from Table 6.

The 1977 monthl)' soil moisture gains
and losses in the Delta were estimated
from past studies by the Department,
modified by the land and water use
analysts to reflect, in their judrment,
the 1977 conditions. The maximum soil
moisture in the Delta lowlands was
considered to be 250 millimetres of
water per metre (3 inches per foot) of
rooting depth. Maximum soil moisture
in the Delta uplands is one-half that
of the lowlands. The minimum soil
moisture waS nearly zero. This minimum
limit of soil moisture was considered
to occur when lands were either non
cropped or were in dry farmed crops.
In general, water from precipitation
and channel seepage supply soil mois
ture during spring, and crops deplete
the soil moisture during summer.

Channel seepage is assumed to be 25
millimetres of water per metre (0.3
inches per foot) of rooting depth for
the Delta lowlands only. While channe
seepage cannot be measured, this is
believed to be a reasonable assumption

Under the heading "Computed Surface
Outflow" are the monthly quantities
obtained by subtracting water use from
water supply. These residual flows
are estimates of the net amounts of
fresh-water outflow from the Delta at
its western extremity. The computed
average monthly rate of flow is also
presented.

Total consumptive use in the Delta
service area (Table 12) for the period
March through October 1977, amounted r

to 2 125 cubic hectometres (1,722,000
acre-feet). This figure is 1 percent
lower than the total use for the same
period during 1976.

Irrigation of Safflower
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Monthly Diversions and Accretions

ITable 18 and Plate 10 compare 1977
"diversions above Sacramento with
'diversions for the 5-year period 1972-
1976, thus enabling a comparison of

I
diversion quantities and diversion
patterns in recent years. The monthly
diversions in percentage of total
!seasonal diversion are also shown in
ITable 18 to compare diversion patterns
,with those of prior years.

IThe percentage of normal runoff at
Sacramento River at Sacramento is shown
lfor comparison with the diversions for
Ithe season.

The diversions in April are higher in,
Ithe drier years than in the normal or
above normal years. Also, March would
probably show higher diversions if com
parative data were available. The
reasons for the high March and April
diversions in the dry years are to
increase the soil moisture that was not
upplied by rainfall and to irrigate
rops planted earlier than normal.
able 18 shows that maximum monthly
iversion occurred in May and June,
hile the irrigation pattern for
arlier years presented in the Bulletin
3 series, "Surface Water Flow", shows
uly to be the maximum month of irriga
ion. With the exception of 1977, when
eficiencies had to be taken, increased
iversions are attributable in part to

'ncreased diversions via Corning Canal
since 1961, and Tehama-Colusa Canal
since 1966. Diversions to Tehama-Colusa
anal during March through October of
977 amounted to 152 cubic hectometres

(123,000 acre-feet).

late 10 shows a substantial reduction
n the 1977 diversions, particularly
uring May, when rainfall was above
ormal and temperatures were below
ormal, resulting in a considerably
educed water demand. The seasonal
otal diversion was 74 percent of the
976 diversion quantity.

Table 19 compares unmeasured accretions
for the last 31 years of record. (Suf
ficient data were not available for
1970 and 1971 to enable reliable esti
mates of diversions and accretions.)
These figures represent the total net
unmeasured accretions between
Sacramento and Keswick Dam and were
computed as described in the first part
of this chapter. The diversion quanti
ties measured by the USBR for the years
since 1963, the last year when all the
diversions were measured, were revised
to include an estimate of the unmeas
ured diversions. The increase was
approximately 8 percent in most of the
years; however, in some years, the
increase was less than 5 percent of the
measured diversions.

The total of the unmeasured accretions
is the net result of all the computed
gains or losses within the various
river reaches. This quantity of water
can be attributed to ground water move
ment to or from the river, since all
surface flows have been measured or
estimated. Also shown for purposes of
analyses are: (1) runoff in percentage
of normal for Sacramento River at
Sacramento, and (2) total accretions
for April through October and July
through September. The July through
September period is probably more indi
cative of the loss or gain between sur
face flow and ground water.

Plate 11 is a graphical analysis of the
monthly data taken from Table 19. The
graph shows that the average unmeasured
accretions for 1976 and 1977 are below
the 10-year averages of both dry and
wet years.

Plate 12 is a graphical presentation of
the decrease in total seasonal (April
through October and July through
September in Table 10) unmeasured
accretions of the Sacramento River
above Sacramento for all years except
1970 and 1971 since 1947.
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Diversions during 1977 from the Feather
River from Oroville Dam to the mouth
amounted to a total of 162 cubic hecto
metres (611,900 acre-feet) for March
through October. These diversions were
62 percent of the 1916 quantities. This
quantity of water was diverted by a
total of 16 individual points of
diversion. Of the 16 points of diver
sion, there are 13 major diversion
points that are measured each year by
the Department. These 13 accounted for
about 95 percent of the water diverted.
Four points of diversion, which take
water from Thermalito Afterbay,
accounted for 83 percent of the total
Feather River diversions.

The unmeasured accretions along the
Feather River below Oroville Reser
voir are presented in Table 16. The
unmeasured accretion between Oroville
Dam and Nicolaus for March through
October 1916 was a gain of about 205
cubic hectometres (165,100 acre-feet)
compared with a loss of 9 cubic hecto
metres (1,100 acre-feet) in 1911.

Interrelationship between Surface
and Ground Waters

Efforts were made to analyze the direct
relationship between the decline in
unmeasured accretions and the decline in
ground water levels. This interrela
tionship could not be quantified, but is
discussed in general terms.

The large declines in ground water lev
els in the Sacramento Valley between
1915 and 1911 have resulted from two
main factors: (1) decreased recharge
because of low precipitation and surface
flows and (2) increased extractions from
the ground water supply to satisfy water
demands normally met by surface supplies.
In the spring of 1915, the ground water
basin was essentially filled to its
normal storage capacity. By spring 1911,
stored ground water had been depleted by
about 2100 cubic hectometres (1,100,000
acre-feet) .
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In a sense, t he increased use of
ground water could be considered inci
dental conjunctive use of surface and
ground water. Ground water served as
a reserve supply in many areas to ma.r.e '
up the difference between available
surface water and the increased irriga_
tion water required to sustain agricul_
tural production during the drought.

The declines in ground water levels
during 1916 and 1911 increase the possi,
bility for percolation of streamflo\l to
the ground water basin. Factors haVing
the greatest influence on percolation
\lould be the slope of the hydraulic
gradient away from the river, the
length of time the hydraulic gradient
is sustained, and the permeability of
the soils in the area.

Hydraulic Gradient and Duration

In March 1911, the slope of the
hydraulic gradient from surface water
to ground water immediately adjacent to
the Sacramento River was not signifi
cantly different than in March 1915,
because the river stage dropped along
with the water table. The major change
in hydraulic gradient was in the vater
table itself, which changed from an
approximately nat slope in 1915 to a
rather steep slope toward the pumping
depressions in 1911 (see Figures 1 and
2) .

Well hydrographs (Plate 8) showed that
ground water levels continued to drop
through the irrigation season, thereby
increasing the slope of the hydraulic
gradient away from the river.
Decreases in unmeasured accretions to
streamflow (see Plate 11) during the
irrigation season, therefore, are
attributable in part to percolation of
streamflow.

With the progressive declines in vater
levels since 1915, a hydraulic gradient
away from the river probably has been
maintained for a much longer time than



it would be during normal years. This,
along vith the steeper hydraulic gradi
ent toward the pumping depressions,
would tend to increase the rate of
ground vater movement away from the
river. The steepest landward hydraulic
gradients occurred near Knights
Landing, where losses in streamflow, as
indicated by negative unmeasured accre
tions, were the greatest. A portion
of these losses is due to percolation.

Some irrigation wells, if located in
the highly permeable stream deposits
near the river, may withdraw more vater
directly from the river than from the
ground water basin. A detailed investi
gation is required to document the
amount and time of travel of vater from
the river to wells and other movements
between surface and ground vater
resulting from changing hydraulic gradi
ents. Of particular importance is the
collection of data that could be used
in estimating the quantity of ground
vater recharged directly from the river.

Recharge of the Ground Water Basin

From a vater supply standpoint, percola
tion of flow from the Sacramento River
does not constitute a loss of vater.
The recharge to the ground water basin
becomes available for beneficial use
through wells or return flow to the
system. other major sources of recharge
are precipitation and applied water.
During 1976 and 1977 recharge from pre
cipitation on the valley floor area vas
negligible •

The ground water basin generally
receives variable quantities of
recharge through percolation of applied
irrigation water. Under normal condi
tions, about 65 percent of all irriga
tion vater is consumptively used by
plants for vegetative growth. The
remaining 35 percent percolates, evapo
rates, or runs off. Depending on the
soil, about 10 to 25 percent of the
irrigation water percolates into the
ground vater basin.

When vater supplies are deficient,
farmers undoubtedly irrigate more
efficiently, and less than the normal
portions of applied water percolate
into the ground water basin. ~~ch less
excess water was probably applied
intentionally to meet leaching require
ments of irrigated crops.

Water Entitlements

In the spring of 1977, the S,ffiCB, in
cooperation with the Department and the
USBR, made forecasts of the extent to
which water would be available to
satisfy existing water rights. Notices
were sent to Sacramento and San Joaquin
Valley water users who did not have
contracts with the USBR or the State
requesting their cooperation in limiting
water use to the anticipated water
supply.

Because of storms in May, the actual
runoff of valley streams for May and
June was higher than had been forecast.
Table 20 compares the percentages of
water available to satisfy normal
demands under various forecasts and
actual measurements and the percentages
of normal demand of water used by
crops. As indicated in the table, the
assumed riparian use based on 1977 con
ditions was lower than the water supply
available to satisfy riparian rights
through June, but exceeded the supply
in July and August. An overview study
was made to quantify the amounts of
water diverted for assumed riparian use
in excess of the estimated nonproJect
runoff. The results of the study are
summarized in Table 21.

Many assumptions were necessary in mak
ing the study. Three of the most sig
nificant were: (1) the nonproJect
runoff was used to satisfy ripar-
ian rights before water was made
available for other rights, (2) all
Delta lowlands and 12 500 hectares
(31,000 acres) of the uplands were
assumed to have riparian water rights,
and (3) for various calculations in
.his survey, Delta outflow required to

• "Evaluation of Ground Water Resources: Sacramento County", DWR Bulletin
llB-J, July 1974.
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satisfy the 1977 emergency conditions
was considered to have rights analogous
to riparian rights.

Nonproject Water Supply

The actual recorded outflows of foot
hill reservoirs were modified by elim
inating the effect of projects.
Estimated contributions and losses
occurring between the foothill reser
voirs and the Delta were added to or
subtracted from the modified reservoir
outflo"s. The resulting figures are
the estimated nonproject runoff avail
able to satisfy riparian rights. They
include the flows of Sacramento River
at Keswick, the Feather River at
Oroville, the Yuba River at Englebright
Dam, and the American River at Fair Oaks.
A cursory review of the unimpaired runoff
and riparian use of the San Joaquin River
system was also made. The actual
recorded flow at Vernalis was used in the
table because significant unimpaired run
off to the Delta Occurs only through
June.

Assumed Riparian Land and Water Use

The assumed riparian land along the
Sacramento River was determined from
information provided b~' USBR. \~ater

diverted.by assumed riparian users was
computed in two categories; those users
who have contracts for water from USBR,
and the remaining diverters. According
to USBR, practically all of the water
users along the Sacramento River who do
not have a contract for project water
claim riparian rights. The water
diverted by these users was estimated
from electric power records and assumed
to be riparian. Added to this assumed
riparian use was an amount of water
estimated from information furnished
by USBR for use on assumed riparian
lands by users who have USBR contracts.
An estimate of the riparian use on the
Feather, Yuba, and American Rivers was
made from information provided by the
S"~CB. Actual data from assumed ripar
ian use on these rivers were not
available. In the Delta, the extent of
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riparia rights was based on reports
prepared by the USBR entitled "Central
Valley Project - Delta Lowlands Service
Area Investigation", dated January 1964
and "Central Valley Project - Delta '
Uplands Service Area Investigation",
dated January 1963.

All of the Delta lowlands and 12 500
hectares (31,000 acres) of the Delta
uplands were as sumed to have riparian
rights. However, questions have been
raised on whether or not the south
Delta has riparian rights to water fro,"
the Sacramento River system during July
and August of a critical dry year such
as 1977, because only a limited amount
of water would have flowed across the
Delta under natural conditions. The
south Delta is generally assumed to
have been riparian to the San Joaquin
River at least under natural conditions.
No special investigations into the
status of assumed riparian rights were
made under the Sacramento Valley Water
Use Survey.

The water use shown for Delta agricul
ture and Delta water surface, riparian
and native vegetation, and urban deve1- I
opment was obtained from a computer
program operated by the Division of
Planning. The use was computed by
multiplying crop data collected in 1971
and a unit water use figure adjusted
for assumed soil moisture contribution.

Since 1944 project water has been used
to repel salinity in the Delta during
the summer months. Delta outflow,
along with many other Delta vater uses,
is considered to have riparian rights.
Many assumptions can be made in comput
ing the amount of vater that has been
released to limit salinity intrusion.
Table 13 shovs the monthly computed
amounts of Delta outf10v for each year
from 1965 through 1977. The table is
included to shov the magnitude of Delta
outf1ov in the various years.

As indicated in Table 21, the nonproject
runoff to satis fy as sumed ripar ian
rights was deficient during July and



August. The water deficiencies in non
project runoff vithin the Sacramento
Valley and the Delta vithin these
months was estimated to be approximately
360 cubic hectometres (290,000 acre
feet). The deficiencies were assumed
to be supplied from stored water from
the State Water Project and the Central
Valley Project. The water was used for
Delta outflow and for Delta agriculture.
More detailed studies and information on
specific water rights would be required
to identify the extent of excess use by
assumed riparian users on an individual
basis.

Table 22 is similar to Table 21, except
for different assumptions. In Table 22,
Delta outflow and consumptive uses in
the Delta other than for agricultural
(evaporation from water surfaces, water
uses by riparian and native vegetation)
were considered to be losses that must
be satisfied before other riparian
rights. Also, Table 22 is based on a
full supply (1976) for assumed riparian
rights and, using Table 17, Delta out
flow quantities for salinity control.
Based on these assumptions, the percent
of normal water supply for crops on
assumed riparian land during 1977 would
have been 95, 29, 30 and 100 for the
months June through September,
respect i vely .

Tables 21 and 22 show that all of the
nonproject runoff was needed by assumed
riparian rights during the months of
July and August. Assumed riparian
vater users diverting from the
Sacramento River upstream from
Sacramento reduced their diversions
about 25 percent of their full demand
during June, July, and August.
Because of these reductions, suffi
cient nonproject runoff was available
to satisfy actual diversions under
assumed riparian rights during June.
Only a small amount of water was
available for appropriative rights
during June, and none was available
during July and August. Those
appropriators who had contracts for
vater from the Central Valley Proj-
ect and the State Water Project

3-777.19

were assumed to be diverting stored
water in accordance with their con
tracts during these summer months.

Unauthorized Diversions

From the information collected under
the Sacramento Valley Water Use
Survey, it was concluded that unautho
rized diversions from the main stem of
the Sacramento River upstream from
Sacramento and from the Feather River
was less than 1 percent of the total
diversions because contracts were in
force for the use of project water to
supplement riparian and appropriative
water rights. Detailed studies were
not made of diversions from the Colusa
Basin Drain and other channels tributary
to the Sacramento River system. The
Sutter Bypass was investigated by the
SWRCB and its findings were reported in
a report titled "Sutter Bypass, Report
on Use of Water During the 1977 Irriga
tion Season", by Mike Golden, Associate
W.R.C. Engineer, under the direction of
David Sabiston, Supervising Engineer.

The USBR claims a right to Central
Valley Project return flows and alleged
that much of the water diverted from
the Colusa Basin Drain and some other
tributary channels during June, July,
and August was return flow from project
water and was being diverted without
authorization.

In the Delta, except for an interim
agreement between the Department and
the North Delta Water Agency, uses of
project water vere not authorized.
Based on studies made to develop Table
21, the diversions of project water
amounted to about 360 cubic hectometres
(290,000 acre-feet) by the assumed
riparian vater users during July and
August primarily in the Delta lowlands,
and about 165 cubic hectometres
(135,000 acre-feet) by appropriators in
the Delta uplands during June, July,
and August. It should be recognized
that no measurements of diversions vere
made in the Delta. Estimates of
unauthorized diversions were made from
estimates of water use based on the
crops grown during 1977.
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DEFINITIONS

Accretion - Surface and growld water inflows to a reach of a stream.

Appropriative Water Right - A water right which is not derived from the

ownership of land abutting a water source but which derives from

applying the water to beneficial use.

Assumed Riparian Water Use - A use of water under a claim of a riparian water

right that has not been verified by title search or by court decision.

Chloride Concentration - See "Salinity Intrusion".

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

ciently impervious to sever free hydraulic connection with all over

lying ground water except at the upper edge of the confining stratum

where the confined water connects with free ground water. Confined

ground water moves in strata, conduits or arteries under the control

of the difference in head between the intake and discharge areas of the

confined water body.

Consumptive Use - See "Evapotranspiration".

Diversion - Taking water from a stream or other body of water into a canal,

pipeline, or other conduit.

Drainage - Removal of surface or ground water from a given area by gravity

or by pumping.

Evapotranspiration (ET) - The quantity of water transpired by plants,

retained in plant tissues, and evaporated from adjacent soil surfaces

in a specified time period. Usually expressed in depth of water per

unit area.

Exports - Water diverted from Delta channels and conveyed to areas outside

of the Delta service area.
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DEFINITIONS

Free Ground Water - Water moving through an interconnected body of pervious

material unhampered by impervious confining material, and moving under

control of the water table slope.

Impairments - Man-made adjustments to the natural flow.

Leach Water - Water used to flood land for the maintenance of soil salinity.

Lysimeter (Evapotranspirometer) - A device used to measure the evapotrans-

piration of a crop.

Native Vegetation - Lands that have not been cultivated during the past 3

years; i.e., roadways, levees, barren lands, etc.

Nonproject Runoff - Water quantities that flowed in the Survey Area stream

channels that were not provided by the State Water Project,

Federal Central Valley Project, or other significant storage,

import or export projects.

Percolation - Flow of ground water in streamline flow in any direction

through the ground.

Potential Evapotranspiration (PET) - The amount of water that can be trans

pired by low growing green crop of about the same color as grass, which

completely covers the ground, bas an unlimited supply of water and an

extensive area of similar ground cover.

Precipitation - Total measurable water supply from all forms of falling

moisture during a specified time.

Return Flow - Diverted water which is not taken by consumptive use and finds

its way back to the original source by surface drainage or percolation.

Riparian Vegetation - Vegetation growing along back of streams and sloughs,

and in marsh and meadowland naturally occupied by phreatophites as the

dominant vegetation; i.e., tules, willows, and water lilies.
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DEFINITIONS

Riparian Water Right - Legal right which assures to the owner of land abut

ting a stream or other natural body of water the use of a share of

such water.

Salinity Intrusion - Relative concentration of chlorides in water expressed

in milligrams per litre (mg/l), caused by tidal action mixing the more

salty water of the bays or ocean with fresh water flowing toward the

ocean.

Seepage - Slow movement of water through small cracks or pores of unsaturated

material into or out of a body of water.

Unimpaired Runoff - The runoff that would occur if there were no storage or

diversions along a stream.

Water Balance - Balancing the flow in a reach of a channel by equating the

inflow and return flow to the outflow, diversions, and unmeasured

accretions.

Water Contractors - Water users who have contracts for a supplemental water

supply from either the Federal Central Valley Project or the State

Water Project.

Water Entitlement - Water that a person is entitled to use on a parcel of

land as the result of the exercise of the various types of water rights.

Water Utilization - Uses of water by nature or man, either consumptive or

nonconsumptive, including water losses incidental to that use.

Wetness Index - Percent of average annual unimpaired runoff.
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TABLE 1

MONTHLY PRECIPITATION

Sacramento Valley and Delta

January through OCtober - 1917

Inches
Station Jan. Feb. Mar. Apr. May June July Aug. Sept. OCt.

SACRAMENTO VALLEY

Shasta Dam 1977 3.31 2.48 2.96 1.26 5.34 0.03 0.01 0.27 8.89 1.87

Normal 11.28 8.45 7.94 4.51 2.15 1.45 0.22 0.20 0.41 3.45

Redding Fire
Station 2 1977 3.00 1.75 2.51 0.34 4.40 0.03 0.02 0.13 7.94 0.74

Normal 7.97 5.77 4.76 2.93 1.47 1.00 0.16 0.20 0.54 2.21

Red Bluff yAirport 1971 2.70 1.35 1.37 0.98 3.29 0.45 0.35 1.26 0.13

Normal 4.27 3.11 2.49 1.63 0.91 0.44 0.04 0.12 0.35 1.29

Orland 1977 2.25 1.03 1.69 0.59 3.16 0.05 0.07 0.04 0.57 0.04

NorMl 4.07 3.30 2.63 1.51 0.60 0.31 0.04 0.13 0.28 1.14

Oroville 1977 2.17 1.62 1.12 0.62 1.60 0.00 0.00 0.00 0.72 0.09

Nomal 5.75 4.64 4.03 2.25 0.97 0.37 0.04 0.07 0.30 1. 54

Colusa 1977 3.10 1.04 1.35 0.70 1. 66 0.00 Y 0.00 0.49 0.27

Normal 3.12 2.37 1.80 1.05 0.37 0.20 0.07 0.08 0.18 1.06

Marysville 1977 1.80 1.36 1.01 0.04 1. 47 0.00 0.07 0.02 0.72 0.40

Normal 3.99 3.48 2.62 1.64 0.62 0.25 0.05 0.06 0.21 1.27

Woodland 1977 1.59 1.07 2.05 0.04 1. 43 0.00 0.00 0.00 0.50 0.44

Normal 3.57 2.95 2.11 1.32 0.46 0.16 0.04 0.03 0.17 0.93

Folsom Dam 1971 1.39 1.12 1.21 0.07 1.65 0.00 Y 0.00 0.46 0.18

Normal 4.68 3.99 3.45 1.96 0.84 0.23 0.05 0.04 0.20 1.31

Sacramento 1971 1.36 1.10 1. 33 0.36 1. 02 0.00 0.01 0.00 0.55 0.25

Normal 3.47 3.22 2.41 1. 51 0.48 0.14 0.02 0.05 0.20 0.93

Records for 1977 precipitation were obtained from California Department of Water Resources (OWR) Snow
Surveys. Monthly normal precipitation is DWR SnoW Survey Record for base period 1931-1~7S. except Colusa
vhich was calculated from the 21-year period 1954-1975.

y Trace.

Metric Conversion: Inches ti~eB 25.4 equals millimetros.
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TABLE I (Cont'd. )

MOrtrULY PRECIPITATION

Sacramento Valley and Delta

January through OCtober - 1977

Station Inches
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct.

DELTA SERV.lCE AREA

Calt 1977 1. 08 1.14 1.05 0.01 1.54 0.00 0.00 0.00 0.49 0.25

Normal 3.22 2.87 2.42 1.39 0.50 0.12 0.02 0.03 0.19 0.84

Davis 1977 1.34 0.89 1.83 0.01 1.12 !I Y 0.00 0.11 0.23

Normal l. 59 3.01 2.12 1. 26 0.45 0.15 0.02 0.02 0.15 0.93

Lodi 1977 1.24 1.19 1. 63 0.12 1.43 0.00 0.00 0.00 0.39 0.16

:-lormal 3.15 2.68 2.36 1. 40 0.48 0.12 0.03 0.04 0.20 0.92

Stockton Pi re
Station 4 1977 1.06 0.91 l. 06 O. 04 1. 39 0.00 0.00 0.00 0.34 0.06

~ormal 3.00 2.88 2.54 1.30 0.47 0.11 0.02 0.03 0.17 0.75

Rio Vist" 1977 1.29 1. 04 1. 50 1.03 1.21 Q.25 0.00 0.00 0.92 0.12

Normal 3.44 2.75 2.25 1.31 0.42 0.14 0.02 0.05 0.13 0.83

8rentwood Corporation
Yard 1977 0.69 0.59 ),1) 0.23 1.87 0.00 0.00 0.00 0.26 0.00

Normal 2.61 1. 9<: 1.48 1.14 0.21 0.08 0.01 0.14 0.22 0.7J

Tracy 1977 0.84 0.39 0.58 0.12 1.93 0.00 0.05 0.00 0.41 0.19
Carbona

Normal 1.91 1. 66 1.41 0.90 0.34 0.06 0.06 0.07 0.12 0.47

AVERAGE DELTA SERVICE AREA PRECIPITATION!!

weighted Averaqe!l
1.12 11.15 1.60 0.02 0.02 0.1)1) 0.49 0.16Inches: Uplands 1. 00 0.70

Lowlands 1.10 0.99 1. 30 0.48 1. 43 0.10 0.00 0.00 0.61 0.13

Monthly Total
Acre-feet: Uplands 17,682 12,378 19.804 2.652 28,292 354 354 0 8,664 2,829

Lowlands 42.716 34.561 50.482 18,652 55,530 3.883 _0 __0 23.688 5,048

Totals 60.578 46,939 70,286 21,292 83,822 4.237 354 0 32,352 7.817

precipitation and Normal for 1977 is from DWR Snow Surveys records tor base period 1931-1975. except
Brentwood Corporation Yard. which is from Contra Costa County records.

!/ Trace.

!I Thiessen Balance Method.

Metric Conversion: Inches time~ 25.4 equals millimetre••
Acre-feet times 1233.5 equal. cubic metres.
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TABLE 2

A.UNlW. UNIMPA1RED RUNOFF

10 Percent of Averaae

sacramento

••• sacramento Sacramento Feather YI.lba River AMrican l<tJkeluarle Saa JOII.qu1n
&u:l Jooquia River near River at River •• River at River near River near
Ri~r. to Red Blurt Sac1'll.lD8nto near SmartvIlle Fair Oak. Mokelumne Vemali.
Dol" (1) (1) OrovIlle Rill (1)

Average ADnua.l
R\mott (2) 23,809 1,9"8 11,082 1.1,281 2,21_ 2,513 105 5,1155

1923-24 31 41 33 29 26 20 25 26
1930-31 33 41 35 33 28 26 28 29

1933-34 48 51 51 41 43 "" 42 42
1934-35 101 9" 91 100 99 100 100 US
1935-36 106 89 102 100 il4 132 127 il9
1936-31 88 15 18 14 82 90 99 120
1931-38 189 185 186 201 111 115 116 206

1938-39 48 55 48 43 40 41 48 53
19»-40 128 132 131 132 126 132 122 121
194~1 152 180 159 151 138 122 il9 145
1941-"2 143 142 148 155 150 152 140 135
1942-43 126 101 124 131 138 151 143 135

1943-44 63 59 61 61 61 51 63 12
1944-"5 82 84 88 87 93 98 ilO 121
1945-"6 102 101 102 9B 106 ill 106 105
1946-41 60 64 61 59 60 55 56 63
1941-'18 88 96 92 90 88 87 90 11

1948-"9 69 16 10 61 65 12 13 10
1949-50 85 12 85 90 9B 104 101 85
1950-51 135 114 134 133 156 180 165 133
1951-52 168 145 161 186 181 193 188 111
1952·53 101 122 il8 122 112 103 91 80

1953-54 9" ill 102 99 84 18 15 19
1954-55 64 11 64 58 51 61 62 64
1955-56 114 161 115 186 114 181 111 119
1956-51 84 90 87 85 86 8) 85 19
1951-58 161 190 114 163 155 159 151 153

1958-59 65 85 11 61 54 48 53 53
1959-60 10 81 16 15 15 65 59 54
1960-61 61 90 10 62 50 41 40 38
1961-62 91 9" 88 85 85 80 91 103
1962-63 128 125 135 146 ,'''' 138 124 m

1963-64 62 66 64 60 65 63 61 58
1964-65 150 130 150 162 111 114 110 148
1965-66 14 92 16 61 63 54 65 13
1966-61 150 132 141 141 145 154 162 183
1961-68 72 87 80 81 69 66 58 54

1968-69 113 148 151 165 161 166 189 225
1969-10 130 141 140 142 128 123 126 103
191<>-11 121 136 133 ,'''' 126 il6 ill 59
1911-72 14 83 19 15 15 13 13 65
1912-13 ill 121 il8 il3 ill ill ill il8

1913-1
4

!l!
112 200 189 190 172 165 143 130

1914-15 3 ilO il6 ill il3 100 100 ilO il3
1915-16 P "" 61 48

~~ 30 31 33 35
1916-11 3 21 43 30 " 14 19 19

(ll F'1£!.ll"1' vere CoqlU;ted tl"Olll .WIIIIlt1on. ot' un1lllpalre4 runott at foothill .tattOD' on ..Jor t1'ibut&r1u ODly
and. do not loc:1u4e runott tyQa 111'001' trlbut&riu and t'f'OUI Yal.ley (loo1'.

(2) Avenge unimpaired nmot't ia tboull&od. ot' acre-teet computed. troa tbe 50-year period October 1920 through
Septtll'oer 1910.

(3 ) Pre1tmlnary data aubJect to revla10n.

Metric Conversion: ThOusands or acre-feet times 1.2335 equals cubic hectometrea.
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TABLE 3

MONTHLY UNIMPAIRED RUNOFF (1)

1976-77 WATER YEAR
In Percent of Average

October 1976

November 1976

December 1976

January 1977

February 1977

March 1977

April 1977

Hay 1977

June 1977

July 1977

August 1977

September 19 77

October 1977

1976-77
Wat~r Y@ar (3)

Percent
Average
Percent
Average

Percent
Average

Percent
Averaqe

Percent
Average

Percent
Average

Percent
Average

Percent
Averaq8

Percent
Average

Percent
Average

Percent
Average

Percent
Average

Percent
Average

Percent
Average

Sacramento and
San Joaquin

Rivers to
Oelta(2)

8.
512

.7
896

19
1,938

20
2.476

15
2,935

19
2,952

20
3,628

2.
3,935

J2
2,468

38
965

70
.88
102
.00

69
512

27
23,593

Sacramento
River Near
Red Bluff

103
292

66
425

33
837

28
1,106

20
1,275

29
1,093

25
1,006

.9
68'

62
'35

80
298

97
251
128
2'7
96

292

4J
7.948

Sacramento
River at

Sacramento
(2)

87
.60

52
752

22
1,618

22
2.082

16
2,416

20
2,313

19
2,569

28
2,286

36
1,262

57
569

81
39'
110
361

75
.60

30
17,082

Feather
River
Near

Oroville

67
107

4J
1H

18
380

20.6.
17

541

17
576

1.
721

19
658

29
331

50
153

62
102

68
85

51
107

2.
4,287

Yuba River
at

Smartville

3.
35

3.
81

5
202

13
2.7

6
287

11
296

17
383

20
'25

17
219

20
55

o
24

.7
20

o
35

15
2,274

American
River at
Pair Oaks

69
25

15
76

2
199

8
265

8
313

12
348

17
.59

19
519

20
278

2
65

o
16

o
10

19
25

1.
2,513

Mokelumne
River Near
MokelWMc

Hill

.1
5

14
17

•39

8
.5

12
56
14
72

28
127

22
195

21
121

7
22

.2

•
5'

2

17
5

19
705

San Joaquin
River Near
Vernalis

(2)

58

•
20

118

6
253

11
300

11
.00

12
50}

23
864

18
1,409

27
1,069

9
370

21
89
23
36

15
'6

19
5,455

(1) Average unimpaired runoff in thousands of acre-feet computed from the 50-year period October 1920 through Septemb~r 1970.
(2) Figures wer@ computed from summations of unimpaired runoff at foothill stations on major tributaries only, and do not

include runoff from minor tributaries and from the valley floor.
(3) For entir@ water year (l2-month period).
Metric Conv@rsion: Thousands of acre-feet times 1.2335 equals cubic hectometres.



TAIlLE •
SACRN1£:ITO BAS IN RESERVOIR STORJ\<a:!I

1975 . 1917

IAl1 QUilnti t I CI in A~rO-PIH!tl

StroM Syltem
W..eer In SlOr.1qro

Agency ROscrvol,. C.1p;lclty "0. 1 1975 COo. 1976 ,n
Saccarrento USBIl Whiskeytown 241, 000 201,800 201,800 212,900

USBR Shast.1 4,552,000 3,329,000 1,562,000
Ur:fg~Total, 4,1§j,add 3,,30,800 i, 76],800

roather PC" ",. Meadows 24 ,900 5,410 oy 30
PC'E L",ka AImanor 1,308,000 821,553 574 ,598 519,900pen: Butt Valley 53,120 43,177 0,224 41,300
PO,E Bucks L.lke 103,000 51,389 O,42(j 37,380

OW. Antelope 2',600 2,lS7 l,2U.!I 3,170
OW. Fronchman 55,500 H,.l! 14,219 7,770
OW. L.lke Davia 84,400 7.l.644 58,841 JJ,600
OW, Oroville ],5H,600 2,582,146 1,627,254 917,138

Orovillo-wyandotte Ll ttlo Gu.s v.lloy 93,000 50,194 44,508 3D, 8 40
J.D. Sly Creek 60.050 9,048 9,97a 12,3aO

Touts " 347 ,070 ].663,557 2,421,35. l,610,60a

YUba Brown'l Va110y 1.D. Morle Collinl 57,000 38,000 14,500 5,300

Yuba Co. Wtr. A<j"Y • tlow Bullardl ." 969,000 ]89,701 284,665 213,1£,0

klevode I. D. Mountain Divilion!! 1£.0,000 90,301 16,142 17,270
Nevad. 1.0. SCOt.tl "lat 49, 000 J8,941 15,700 2,710

pc,t Lilke Fordyce 46,660 .,002 5,40:!! 4,47~~/
PGU Lake Van NOrden 5,874 2,JS]
PC'£ Sp.uldinq 74 ,481 11,810 19,395 38,394

C.IH. Dttbch COnun. Enqlebriqht 70,000 68,821 6],701 65.820
'rotah 1,432.022 gn,oL.:! 4J9, 507 '61 ,liS

SOoClr So. Sutter ""tr. oist. CMp rAr Weat 104,.00 105, ~OO 5,900 4, (,00

N.I.o. Rollin. 66,000 60,378 6,500 19,2]0
N.I.D. COlllble 9.000 5,555 1,259 1.726

'rota!1I 119,400 171,03 !l,659 25, 556

Cache Creek 'tolo Co • • cwee Cla,lI' L.ake no,ooo 75 .000 19,000 10
'tolo Co • • cwee Indiiln valley 300,000 104,000 0 0

Totol. 72o,dd6 [h,odd n,doo 10

AlMr.l.C:ln Phcar CO. ~.A. French ,"'I_ado"'" 1]],700 19,813 39,141 18,470
PllIClH Co. W.A. Hall Hole 201,400 148,148 94,093 7), JOO

Georgetown P.U.D. St.umpy Jo1Qodowl 20.000 15,901 10,000 5.500

SMUD Loon Lake 76.500 55,242 7,784 17.940
SMtlO lee HOUle 45,960 22.230 4,955 l1,660
$HUD Union VIIUey 271,000 148,248 34 ,690 52,420
SHUD SUb Creek 16,600 13.160 15,600 15,500

pe,,£ Caples Lakct 21,581 18.376 9.465 5.1.0
PGIot Si Ivor Lake U,800 3,574 ". '0'

usn ~'ol $0lIl t .010,000 630,200 393,700 10,000
Totill. I.s15.51il l,il$,599 610,556 nl, /j4

Stony Creuk USSR East PArk 50,900 3,186 2,3'1 2,790
USSR Stony COrq. 50,000 :.!), all 8,678 5,070

C. or E. Bhck Butle 160,000 26,200 11,600
-~::U'TOlals iCo,90d S1,3n 22.&5'

BASW 1'OTALS 1•• 541,933 9,37(j,800 5,~71,'j]2 ),241,&\13

J.1okaon Meadows, Fronch Lako. roucherio, Bowmen Lake,

!I Does not include power regulation rcaervolrs, "Cterbay requlAtion rellerVOl'S, resorvoinl leill
5,000 AF capacity, or reservoirl outside tho ba.in which axporl so~e ""oCitor Into the basIn.
E:vaporatlon loal, no draft In 197&.
Dclwilterod for fish ~radic"tion.

includes six relervoirll in upper YUba watershed:
Sawmill. Cat(ilh.

5/ Breached by PC'£.
~tric Conwrslonl Acre-feet. till'''. 12]).5 equal. cubic Nttrcl.

than
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Tj\BLE 5

RESERVOIR OPERATIONS - 1917

Acre-Feet
Har. Apr. Hay June July Aug. Sept. Oct.

SHASTA LAKE

10 flo....' (computed) 245.440 200,060 223,320 195,410 L80,100 197.000 235,960 231,090
Storage (End of Bonth) 1,460,700 1,214,100 1,127,100 937 I 700 680,500 SIB,OOO 630,600 656,000
Change in Storage -24,900 -246,600 -81,000 -189,400 -251,200 -102,500 +52,600 +25,400

KESWICK RESERVOIR

Inflow from Shasta 267.230 441, 340 453,490 378,380 430,050 294,520 180,460 203,740
Import from Trinity civ. 71,010 44,880 152,930 176,240 227.390 224,620 95,790 16,300
Release 333,350 474.280 451,910 555,130 656,050 512,960 273,530 215,930

OROVILLE-TIIERt-tALITO COMPLE.'<

Inflow (Computed.) 74,315 60,553 72,229 46,701 42.763 98,419 100,448 61,231
Storage (End of r-tonth) 1,564.494 1,406,826 1, 353.410 1,202,953 996,872 891,820 915,160 905,324
Change in Storage -7,917 -157,668 -53,416 -150,457 -206.081 -105,052 +23,340 -9,836
Release 80,072 213,780 122,103 191, 04] 242,113 197,801 72,828 67,892
Thermalito Diversion Dam

Release to River 24,990 23,869 24,523 24,242 24,887 24,995 2],784 46,753
Therma1ito Afterbay

River Outlet ]4,299 12],5]8 33,747 57,726 98,618 71,590 45,991 8,944

FOLSO:-l lAKE

Inflow (Computed) 32,750 34,920 43,080 25,430 10,710 24,080 24.160 20,680
Storage (End of Month) 285,300 297,900 303,900 252,500 200,100 163,600 147,000 146,300
Change in Storage +13.800 +12,600 +6,000 -51.400 -52,400 -36,500 -16,600 -700

LAKE NATO~IA

Inflow 16,880 17,770 32.570 68,5]0 56,100 53,710 ]1,220 16,560
Release to River 15.920 15,570 ]0.740 65,570 52,910 51.170 29,910 15,400

Metric Conversion: Acre-feet times 123].5 equals cubic metres.
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HQrltHI.Y Pl.OWS "T SUlI.PM:1; 11ATCIl >If.ASUIU:'tfNT TAt lOllS - 1917

Station
Milt. Apr.

Acru-Pcot
.I'llna .July S",pl.. oc,.

HJ.aoo 410.100 456.'00 168.~00 665.JOO 522.900 271.1i00 111.000

40),200 502,400 HO.200 5J5,400 rill,100 511,400 ltO.JOO 221.600

'!l4.100 111.'!10 HL,OOO 4)1,'00 523,100 198.51')) a'l,M1'l n4.61'10

164.700 nl,400 HO.un 420.400 S07.100 "'.100 262,100 n2"OO

141,000 JSl,OOO H4.100 )".aoo 501.'00 )89.500 160.500 104.JOO

J5',800 J4).100 40J,400 )11,500 46'),000 J".OOO 25'7,100 200.100

H6,I00 261.000 152.700 296,400 )'1,200 1l1,200 1H,'00 204.700

HI,100 261,100 112.100 nO.500 )89.100 J".400 287,000 2U,~00

Ul.'OO JU.100 457,000 ))',500 462.'00 U5,OOO 1'4.'00 nO,500

404,100 J54.700 467.100 401.500 507.200 472.bOO 406.'00 21).JOO

Aboy.g ••nd 'rid,. (near d Bhatti

At Vina 'rid"ll

At H_Uton City

At Oed Perry

At Butta City

klo,"" WH~in. Slou<Jh

At KniqhU LoItKhn'i

At V.rClnG

At Sacro1..ntCl

In. 'on 501.1no 512. 21ll) \15.100 116,700 2H, 000

~...!-!!..2!:

Role••• Throuqh Ther... l ito
Dl .... rllon Oall

Thcr... llto Ah.erbOly Ro:rloo1.e

Hear Cridlcy

Bulo,"" Shanqhol IlIlIwl

At :Heoillul

'4,"0 1'.1"

J" .199 11:3.531

51,150 D4.2eO

67,500 131.100

?2,nO 124,'00

24,S?)

3).747

,',750

G2.000

24.242

57.126

68,110

15,750

71 ,750

24.817

98,618

111.400

1l6,700

110.700

24,"S

71 ,590

90.500

95.250

'4,610

13.1"

45."1

".100

72.260

16.210

46.nJ

8.944

52.420

66,890

n.no

At r;alr ~ltl

At SlIoramllntCl

16.810 15,'40

tJ.8JO

31,990

10. no
&'1.S20

62,910

$),420

50.460

51,600

'18, ,"0

J5.120

lZ,010

17,460

Ie., 120

l1inor Stra;alllll Trlbutllry to
slenm.nto Rivar

176, )00 227. 400 224 .100

2,'40 ),020 ),010

4,4 JO

2,'))

2.404

5.010

71

.Il

'"

,..
'"

lJl

16, JOO

2. ltO

2.620

12,5'0

5.712

'S .110

2.2150

2:.620

1),120

5,110

"•
2,011

5, 090..
HI

~. 210

'"
'61

'"
5.50a

5,110

16'

"

'Ol

I, ISO

•

o

1,"1

1,160

~ ,1lo

o

1.UO

...
,n

5,651

",410

".

'"

"
o

...

•
1,490

'0'
), ISO

1.150

I,no

4,400

"

S,410

"'

'69
2.115

''I

7. "0

".
".

1. '70

.n...

4,510

2,210

•
i ."0

I,oao )'.1 46

lJ,JOI) 12.)JO 11,760

4.4)0 J.OSI 2,"0

1.5395,OI~

2.110

'"12.115

'"
'"

7, S10

123

2. no

6.260...
,..
In

•

I, )60

16.HO

10,BO

\52, '00

J.550

10.210

'"

..
III

2.550

'"

OJ

"
7,140

5, '10

J.790

"

1, ,SO

1,010

l. 750

D,HO

',100

44,1180

'J<
10. ;no

"

"
I. )59

...
7. "2

2,UO

6.560

I. 460

6.110

•

1.110

8. '70

11.0)0

J.150

1.2S0

zoo
HI

'"
1l.UO..

Red •• nk Cratlle Near Ill'd Blure

Cottonwood Creole r~.r Cottonwood

liq ChieCl Creek ,It Chica

,lIh "Qter 11.1001'•• CoyOte craek

'.ttl. Crook Below Cole."'lIIn r.M.

Antelope Cree~ Neter Red alllH

~i 11 Cn.); Noar 1.0, Molino,

elder Crellll NeeI' ".:a,lIont.

'prln\! Craflk at Kflllwiele

Clo., Creek Near 1(}0

CO,"" Cnek Neer "ill"'IUfi

StonflY Crflelt !'Ia.r Orlend

"\14 Creek Neer Chtco

North Honcut Creell Ne.r "n<J0r

SOllth Honellt Crmlle Near e..n'1or

"ack Slough "•• 1' l'tlll:y tlh

Yuba River Nur l(4ry U Ie
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TAal.': « tCO,.,' 'd.1

MOHTltl.Y n.O\oIS AT SUHI'ACf. WATI:k 'trJ\....,uH.:JoiIt:Ptr STATIOliS - un

/'I.1r. "I,r. ""
Iw:r'1~'_t

JU/'K' J"'~y .... ~l. ""..
Irf.l, .. lIon Ret.urn t'low to Sactol.l\Iunto Alvar

I ••" 6n

•

o

,..
'"

o

•

o

".
10.490..

••

•

•
m

...

."
3.012

o

o

•

•,

,

~.n,

1.IU

1'0 HO

'50.111 1.4'500

• 2U

18.540 U."O

15.'40 416."'0

o :liS6

),4S5

o

'"

o

.0]

o

o

o

o

o...

"

l,U4

1,'06

1l.:lI'0

o

,

o

o

o

o
no

o

'"

'"

4.554

6.163

1.022...
"

12.900

2,209

,

o
2,251

o

o

lOO

o

'"~

10.

'50,1'"

1,068

'"
29,150

1.,030

o

o

o
,

o

m

60'

so.

o
1.117

o

1,91'

1),820

o

'"
l, iS7

'01
o

7. JOG

o

o

2,H2

\,67fi

J,059

21,200

"

n.ll. 187 Drlll"

II,\). lOt Llr,OIn

n.o. '/0 Orl""

rCD. 1000 l'lr,dn NO.

R.O. 1000 Drllin No.4

lrfl l'llon ROlurn Pi..... to F<l/ltbnt Ri,vlIJ'

R.O. 1000 Or,un No.

R.O, 1000 ouin 12nd Il •• noon SIc)u'jhl

M.D. 15000r.l1n

SyC:lllllOr!' Slo",qh IR.n. 1871

SIIC",IIIIHIIO Slough

R.O. 1001 Or,,"n

COil SpIII"'.• y

t:1l(lQr l.olion Fro", De 1 t<lo

CIlI,loflll"l\.qucdIlCt

O(! 1111 ""tldotll COl",,) 1/

Cily of Vallejo

CIISt ,t;"y "unidp;ll Utility Ducue,,!!

96. S7J

124,71)

7,672

1. 01 3

7,I2l

1, 118

72.301

lDl,US

Ii ,ll6

1,256

11,114

11,117

10,Il4

1,481

20,35]

410 ••14

1.'02

),sn

6.016

1.n,

'"
S.111

229, '71 81 ,711 112,128 51,S06 52. III

$UUl:ICI' InlJov to 0.0ll..

3H,1DO 461,100 4.0I,:il)0 !o0'1.2DD U:iI.6DD 406.'00 :rn.JOO

16 ]4 12 ]J 14 ]1 D

S, I', Put"h Crli'ek "o"r ollyis

Dry Crcvli: Melt Colt

JoloIi:"lulIII\-: R~vl:r "" Woudbrldl,1o

Dellr Creek Ncar lDc:krord

ClIl,l\I(:f/U' River Near Stockt.on

Stockton D1YIlrt1nIJ Cdn..ol "t. St.ockt.on

DUCk crlleli: fo'o... Stockton

t'rench C.""p Slough H"lIr FrClnc:h ClIlllp

Slln J'<)lIq\,l:t.n lhvl'lr at vernl\lil

Mllrlh Cre(lli: Hullr byron

~04, 200

'"
o

11

'"
'"
"
'",..

12, ~OO

o

o

".
•
o

517

,,'
50'J..
m..

12,620

o

..
o

m

'"
'"'"
'"lOS

U.~IO

o

o

'SO

•
o...
"

'"
HI..
>Os

'"
7 .020

o

o

'"o
•,..
"
'".n..
'0.
m

'5i, 'nO

o

".
•
o

".
","
'"
sa

on...
7,.40

o

•
'"•
•

lOS

lS

'"o
•...

'"
10.610

•

o
.,.
•
o

DO..
,
•
o

."
'"
•

Tot .. 1 Surt.,eu Intlow 1'n O.,ttlo n4,166 411,716 51:,,611 'In.SH 4".621 n,.lst

!I IloIH .. Mend.)tll elln,,1 (low. l'!ayCl bf'!<i!ln reduced by thc 1I11lOW\Ul diYl'!rt.vc! 1,0 Bant,' CMbon.1o Irri".. tiol'O Dlau'ct ......
Wi:'!ll Side Irrlql\tlon DlItrlct pa r.tlo· ...• Ot,t.rtc"" lire "tt.l'lln efle Del"., Servler. ATllll.

~/ St.IIt1Ii'd oper,niotltl S'Jlllcabor I, 1917,

NIt ~ Hol AvaH,lblo.

f4oeotrlC Co"vl!ir"ton: Aerll-{(lot. tll'llUt: 121J,5 equ.,ll cub.c ll\Cttea.
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TABLE 7

AVERAGE GROUND WATER LEVEL CHANGES BY COUNTY
SPRING 1975 - SPRING 1977

Average Change
County No. of Wells r~easured Feet 1/

Tehama 57 -9.4

Glenn 89 -12.6

Butte 48 -9.0

Colusa 56 -9.6

Yuba 84 -9.5

Sutter 129 -11.1

Placer 63 -6.9

YoloY 153 -26.3

2/
54 -4.2Sacramento-

1/ 1 foot = 0.3048 metres.
f/ In area north of Sacramento.
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TA81.£ 8

I'!ONTU1.Y OIV£RSloNS '')71

SACRAMENTO RIVER

Loei'ltlOn

liilil
.lnd ORIIII

Abo...o
Suc:rlllllltntO Apr. ,Juno July 11.1.19. SOpt.

TOul
OI"'ctSl0n_

"ACtll-fcct

TOWER BRIDGE ~ SACRAM~NTO

GACING STATION - SACAA.1't£tlTO

'.0
0.61.

0.81.

MEM\CMi RIVER 1.ll.

BACK 9ORR~' rlT - RtCLAMATI0~

DiSTRICT 1000 \.ll.

Rt:CI.A.'V.TION DISTRlC1'
1000 DRAIN
l~nd 8nnnon S10u~hl

l.55R

4.0R

3.8401

10

11. '1
"
"

"
101

5,296

"
'01

S,41 \

20

"

.. ,871

II

"

S,l6J 18,844

'"m
o

STAGE STATION - SACAAMellTO
RTVER AT SACRAMENTO WElR

RECLAMATlON DlSTR1CT
1000 OIlAW NO. )

INTERSTATE S aMIDeE

EL"'HORN fERRY lSIT£1

LOR

".6SIt

5.0SR

5. ~5R

S. JR

5.51\

6.8St.

~h.sl.

1.1R

7.8L

?'9L

IJ.IR

'). )to

'J .1511.

'J.BL

'). !lR

1/10.2:IL

HI. 6SR

!lll.lll.

11. 1

11. 9

!In.o'!l

l~. SR

12. 7R

12.95L

1) .In

l}.~5R

!/U.1L

14 .2SR

'"
"0

"
n

"'
"
'"
lBl

"
'"
'"

as
168

,..

"
7l

10'

"

1,4!)0

10

m

120

1O

"
,os
1.

118

80

141

l<S

6.048

"
>6l

III

2.226

'"

"
10

,
•
"1,24]

'"
'"
"
",..
20

lJ

61

"
"

.. , )81

n
1<8

'00

L058

'"

"
"
"
1O

"..
1.100

'41..
1"
III

".
'"

1O

189

",

"

1,801

101

~. 021

'"

14

"
"
lJ

110

1,591

".
m

01

'01
m

)J

1"

1"
III

1i,702

"
.1.076

189

"
"
11

1,..
1.106

'"

",..
100

261

11

10>

lJO

".

.. ,440

"
Lon

"

"

20

"..
10

..

>6l..

"

"

,

\10

'"

"
100

'"
168

"
'"

8.280

'"..0

'01

181

'"
1,548

151

112

'"
'"."

29.802

180

'71

o...
10.l97

1.918

'1UttlC COnver_lonl Acre-tool tll1lO' 12)~.S u_\uIo1. cubic lIIetrel.

M~lu. tJ~tll 1.(09) oqual_ kllo~otrQI.
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TAlU: 8 tCOnl'd)

MONTHLY DIVERSIONS ~ un
SACJW'lENTO RIVESt

!tile Taul
and &enk MOnthly Divereione in Acre-Peet Diveuions

Location Above to
Sacramento "«. Apr. Hey .June July Auq. Sept.. DeL Aero-Feet

!In.1R 164 .. J1 36 10 " 2J '64

!l16.0L 2,017 4,523 3,702 6,522 6,281 5,0 LO 721 28,1)6

Y16.27R •
Y16.62R 71 152 II " 10' 121 " • ..,
Yl7.0R ., OS " 80 71 10'

17.U '" 182 7) '" '"
17.75 220 " '" '" 18l 1,190

18.0Jl <0' 119 20' m '" 1,431

1I.2L " 7S " 11 7S " 10 ,<0

1I.45L 141 12 14. m 21. m " 1,166

1I.7J1 '" 172 11' ". ,.. 1,161

1I.7L " OS 20 100 160 101 11'
,,,

SACRAKI!:NTO TO VEJIOAA

Reach Total. 11,234 2),499 17,916 25,558 25,6)6 20,423 , ,929 6,O'J 1J1,3J8

GAGIttG STATION - SACJWU:HTO
RIVER AT VERONA 19 .61.

CROSS CANAL - RECLAKATION
DISTRICTS 1000 AND 1001 19.6L

~/(0.05S) " l05 160 172 220 111 '"
R£CLAMATIOH DISTRICT

1001 DRAIN (0.151'1)

Y 11.05) 71' 2,182 1,935 J,024 3,189 2,643 '" 14,452

RECLAMATION DISTRICT
1000 DRAIN (1.551

!In.osl 2,343 3,289 4,409 4,055 5,616 5,324 2,152 27,788

!/ Y (J. 3lt) '" .. '" ... '" 12 2,378

!I YO.)5M} Y

II YO.45H} m '" " 1,009

EL CEtrrJlO ROAD 8J1JOCE Y C4.1)

P~THEfl RJYl:R 20.9L

SACRAMENTO SLOUGK 2l.2L

21. 75R 141 '" 25 '" " ,.. " '"
!l22.5R '" '" " .. 159 80 .. 1.2)]

STAGE STATION - SACRAHENTO
RIVER AT PUMONT WEIR -
EAST Em) 22.58R

22.6L '" 12 15 <0 441

STAGE STA~JON - SACRAMENTO
RIVER AT PREMONT WEIR ~

WEST END 27.9R

!/21.1R " 120 1JJ 106 '"
!/21. 2L l1l l1l

2'.6L 108 " 64 20'

Metric Conversion I Acre-feet. d ..... 12]].5 equah cubie lIItltnn.

Hiles ti~1 1.6093 equal. kilonctrel.

37



TAI\I.E I ICont. 'dl

MOrITHLY DIVERSIONS - 1977

SACRAMCNTO RIVf.R

1111.
and Bank

~M.hlV D!version& in Acr.·P~et
Div.rdona

LocRt.ion ",",v. ,.
SllCroll!lento M..r, Apr. HIIY Jun~ Juh Au9. Supt.. oc,. Acre-reet

2:I.6A " • 10 " 20 Ii H '"n.lR •
2'.5A •

!.In • 7R " '" 10 .. " '"
n.81. ... 101 '" " 1.004

)0.21. •
30.3A •
30.4R 2ll " " 1St

V 30 • St. 11
" 19 .. " 20.

lI30.HI :!I " "
30.'1. " II 11 "
11.8R •

Yl2.lR :!I 106 loo lOB 101 ...
!/H.41. ... 2,011 2.674 1,074 J,464 2,'" m .. 15,02.5

)2.51. .. • H 108

n.6" " 127 " " m

33.01. .71 '" ,.. ", 2,696

J].Ot. 5ll '"
,,, '11 1.]44

)].2L 27 ". 14) ,.. m ...
]].SR II lOS 20' '62 " '"

YlJ.7L " 11' 42 '" 101 SO>

VERONA TO KNICHTS LANDING

ROIlCh To\.1I1. 5,367 10,705 12 ,153 14,161 15,12J U.499 4,12t " 74,IlO

CAGING STATION - SACRAHEtiTO
RIVER AT KNICHTS LANOINC J4 .01.

KNICHTS LANDJOO 8RJDCt H.l

COLUSA BASIN DRAIN H.15R

YH.SR 1.141 '" '" )) '54 I, UI 1.364

)4.11. III '" '54 m

y 35.lL )SO ,. 41 85 SO>

)5.7L 20 " 12 .. .. m

35.81. II 12 • Ii 24 24 111

16.21. " .41 '"
,., ." 172 2.515

36.41. " 5' " .. 115 72 ...
R£C~~TtOH DISTRICT '"DRAINAGE: rLA~ )1.0Jl

37.51. 17 11 11 11 11 'OB

n.1L 55. W '" '85 ". m '" 21 2. )11

17.'1. " 10 " .. " lB'
11.51. 141 " 20'

M8triC COnVer.lOn: M;:re-fClln u_" 12)). 5 equal. cubic melle ••

Mile. tllt'ca 1.60t3 equah; kllo/"luue ••

38



TA8LE 8 lCOnt.'dl

~~HLY DIVERSIONS - 1977

SAC~~ENTO RIVeR

>tIle TOul
.tid a"nk Mont.My Olve~sions in Ac~e·F.et Diversions

Loc,lt.lon Abova '"Sacra_nto Kllr. Apr. l1ay Juno July Auq. sept. ""<- Acro-Pe.t

J&. II. " " ,"
)9.41. '18 " '"
19.8L 112 129 '"
19.9L

Y40.6L 622 2,818 1. liZ I ),1)S ),)06 l,lll I ,108 18,455

!.In . OR y
'" 7" 1 ,005

42. ZL .. 75 " .. 61 " m
42.1R SO, 761 '" 1,255 1,251 ,.. ". 'i,H6

4Z.)L '14 " 75 " '"!loll. lit !! 1.IZ) ) ,193 4,316 l,U7 lolliZ '" 17,763

!/n.lIt 4,657 ),592 ),611 120 III lZ, til

!l41.411 y I7l " 201 m " 75 '"
n.4L 'U m 50>

RE'Cl.N'\ATIOr: OlSTRICT ,..
DRAINAGE PLANT 44.0R

!/u.2L '" ,.. ,. ,,.
" m

Y4S.6L !I '06 III .. '" '"!/H.4L !I '" 'u '"1I46. SI. 24' '" " 11 " "S

46.91. 110 20 " .. '"
Y41:.7t. '" '"

.., 75' ... 24 '.05Q

1149 • 0 1. 1U " ..,
!/49.7L !!I '" " )7 " '"

50.IA •
1ISl . lIt Y Z,4Z0 2.131 ),516 J,4l5 LtH L IlS " 16,52t

!1st. ZL .. ... ". '" ,.. '18 .. 1,UI

!.!I 51. 6R " " " " \l \l ,,,
52.01. ." '" ", 2ll " " 1.466

5.1.11. 151 " " .. " .. '"
52.9t. 'H .. .. '"Y H • U Y 91' 1,Hl 1.]41 t. 04 5 '" ." ", 6,269

Sl.'L ". " ...
lIS5 • 1L Y 281 'I) '" 11 '"1/ 56 • 4", Y 2,395 Z,199 2.514 Z.472 ::'618 '64 .., 13,084

lIS6 .9L 1.000 ." ... ... '" m 4,960

!/57.2L

57.51. '" ,.. ... 2n SO '"
!/58.)L !I '" ... '"

51.91. •
1I59.1R Y '" " 11. " '" 26. LID)

59.9t. '" ... 110 no " Ln,

MetrlC Conv~r.iOnl Acre-feet tJ.lIles 1211.5 eqU4h cubic _tre••

Kilu ti..u 1.6091 <!q'Ua1!l kilOf11Ot~e ••
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TAHLt I tCOn~'dl

I'tOtorrltLY OlVr:RSIOHS • un
SACRAH&~TO RIVER

Looc.ulon

"lie
lind tldn"

Above
S41cr"..:lnto '''" . ....pr.

~~nlhly OIV~r.lon. in Aere-Feet
~ay June July AU9 . Sept.. 0,,,.

TOut
Oiveulo",

In
Acre-Filet

-!NIGHTS ~~VISG TO WILKINS SLOUGH

Keach Tot."I.

GAGING ST....TIOII • SACAA."lr.NTO
RlVEI! AT WIt.KItlS Sl.OllGll

TISOAI.r. WE1R RECORDER STATION

RECLAMATION DISTRICT 70
DRAIN PLANT

YU.4L

60.SL

!/61.2ft

61. aL

Y62,3R

62, :lL

!/n.6R

62.6ft

6).9M

!/6), 211

6), 3L

6l,7L

116 3. 7L

!l6l ,9L

64.21.

64.4ft

4.SL

65.7L

65.6lI

66.41\

!/".IL

!/.7.IL

y 67. 5L

n.IL

69.0R

69.2M

69.211.

70. OM

70. (L

!/'O. (II

1I71.tL

11.911

lIn .IL

lh.LIL

75.llt

",.,
y

IS'
11

'"y
II

11,']7

).652

"
12.65'

m

III

161

1.000

'"

'"

"
'"

"
'"

1, 5!ill

'"
'"111

'"
"..
"

'"
170

"
'98

1J,570

20.047

I5l

1"

27 ,A05

1"

'"
"
51

156

'48

2,049

."
1,041

'"
'"
'"
"

187

117

,..
"'

'"m
27

III

11.

11

19,701

II.OU

'09

'"
22,HI

281

llO

"

55

"
...
'"

'"

'70

'"
100

"
875

87

'"
"

".
'50

"
18.

".
"

m

11,428

20,704

81

'"
)J.618

197

'"
"0

'"

'"
1,624

'"
1, ]76

1. 272

,<8

'"
"
18

Ol.

IS'..
'"
"'

597...
"
'"
Il5..
'"

21,'"

19,054

81

'"
32.lI2

'"
'"
m

'"
'45

'"
1,5]1

J ,all

'"
'"..
"

'"
"

..
IJ1..

lO

17.HL

16.227

110

'"
21, \164

'J7

98

'"
151

15<

".
."..,

'"
'"

5Il

"
'"
'"
ll5

...
27

II

"
'95

6. l04

6.2l9

85

"

'05

"I

"

'"
<G.

"

'J7

",.,
,.,

1,976

'"

'"

'"

..
"

2.046

1. 778

l42

255..,
III

",
t,OO\l

Ill. US

!iJ6, '42

'"
l,017

161,251

1.760

2.442

'"
1.604

8,290

4,6]1

o
4,201

1,7!iJ5

),2)8

4,628

'"
210

'"
6,01'7

."
1,124

2,765

5ll
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T~8L£ 8 (Conl'dl

HONTHL~ DIVERSIONS - 1911

SACAAMEtm) RIve~

Sept.Aug..JulyJu~H"yApr.

and Bank
"",,v.

Sacramento
Location

Il-------------,rrnr---------------------------.,,"".r-
OiV.rlion5

i.
OCt. ~I:re-Foot

IlliTTe SLOUGH OUTP"t.t. GATeS

1S.9L

Y'6.1L

16.5ft

!In.8ft

n .9L

!.t,a . 1ft

!J,8.7R

!/78,eR

'18 .9ft

19.0L

19'. JR

H.5L

19.7L

!/!I0.0L

10.lA

!/81.5L

!/81.8L

81.5t.

Bl.OA

83. 2ft

83. JL

84.0L

!/as.JL

8S.6A

8S.8L

86.1R

86.lL

86.2R

86.9R

87.51.

81.(iL

1I87.7R

sa.OR

88.0L

18.2R

811. 4L

88.n

89.01.

!/ag.2R

.!Jsg.2L

89'.) L

"!l/
'16

1.280

'"111

!Y

!Y

81

8

"W

",
!Y

"
1.210

'"
18

'"
"
'"
'13

"
"
I)

"

10

"
"

'"
7

'OJ

"

507

I, 70J

'"
I, 889

'"
II

19

"
2,178

117

'08

'79

1,200

'"
"

138

'04

'"

l'
Il

1>

II

"
"

561

"

'54

18'

118

'"
43'

2.026

L1'

"
,

16

2, 102

'16

70

16

5

'"'64

'lO

'"
18.

I"

II

85

LI

7J

"
II

"
"

'54

174

'"
507

'"
175

1. Jl6

51'

1.190

"
"
"
"

2,664

"
1>,

505

ll'
.J

52l

'lD

135

"
'0'
Il

10

JJ

14

16

"
"

185

'"
507

)81

1,594

on

1. 810

19

)7

"
'0
J)

2.611

145

25

'"
'"
"

'"
'"
1ll

"
85

15

81

14

47

10

"
"
'"
'"
\1.

m

160

164

1,598

565

L 716

"

2. )21

16

14

381

"
85

'"
lJ5

15

14

'0

'0

"
"

'0'

'll

"...

1.294

771

18

"

'"

II

17

,

)7

'"
'25

"

148

"

'"

'"

"

"

56

o

50'

2,621

1,518

7.140

2.826

10.195

48l

'"
'41

'0'
'"

D.7]8

'"
L,I74

185

S. J2(i

1,867

'"
,

'"
2.1)7

1,1)7

47'

'"
"
75

'"
43

llJ

II

'"
'"

1.102

1,120

2.085

2.683

Motde COnvorsion: AC'rC'·f~el tl/1lO" 1233.5 equal. C:UblC metrea.

Milos Limen 1.60') equol15 IdlOlllClrCI.
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TMH,': 8 (emIt 'JI

HONTIILY DIVP,R.'.;JDNS - 19"1

MonLt'lly Oh'ct"lllullIi in Act"lI-t'(](lt.

.... ILl<lNS SLOUGH TO COLIJS,"I

HUIICh totilis

GAGING STII'tIOtl - So\CIW1r.tITO
RIVF.R AT COLUSA BRtDCE

COWSA W£1 II: IU:COfWt;H STATtON

STAGE STATIOM - SACItNt£!f'l'O
R1VU A.T HOUt.TOH WEI II;

!'ul~

",na (l,\nk
Above

Sacr.1f1Cnt.o

8!L4H

811.lL

!l1I0.711:

91.0R

91.0L

,)2.4t.

.v,)J. lR

94.JR

!L95.:lL

!l95.6t.

.!I9S.7t.

!l95.8t.

95.8R

91.2R

97.7R

97.BR

9B.0t.

98.3M

!/98.6t.

Y9B.6L

'8.1ft

99.0R

".IL

Y".2L

100.8L

101.6L

!tIDLIL

102.511:

102' .6t.

103.61\

10l.711

103.n

1'kIl',

77.015

'"

,
'"

94..
30

30

•
'"

41

1J8

17

"
l2..

107

m

'"•
'0'

"
'"~

'",.,

67.378

'"
",

"
'"
HI

..
'"

30

"•
'"
"

220

'"~

"'0
'07

no

"
"

'81

'"
'"

'"
68J

/'lily

49,611

Jl

7Sl

'"
'"
'0'

l2

77

77

"
740

19

'00

'"
l5

"
52

'0'
.00

m

'0'

"
"

"
1,078

"

70'

1,066

dune

'I' ,l SO

71

"
"
'"
711

He

"

."
"

'"
24'

,
)l

"
771

77

"...
'"

"
'"
117

'"
'"

July

'12. l81

88

• S<

"

"
JJ

'"".
m..
"
27

,"
12

'94

'"

'0

m

lSI

m

"
'0

"
"

1,146

19'

'54
J77

Auq.

"...

910

lJl...
'68

"

"
l5

10'

m

"
'"
"
17

'07

..
"

20

1.046

'"

18'

S(lPt..

22,"8

'15

'"
,

,,,
"

152

"

"
"

,

".
J3

'0

'68

27

"

,
"

'0'
77

'''a.

2,1'6

"

'88

'00

'0

'0

"
JJ

520

,..
"

~96

Toldl
Divorsion.

"ACTo-Peat

l'13, 324

"
10.

3.0114

1.823

3.666

1,153

".
'01

123

17

1.111

1,267

,.,
58.

251

'0'
1.711

2,113

2.046

'"
",..
"'0'

878

2.588

J,249

Hetrie Converclonl ACl'c-fQCl ti-es 12]).5 equals cubic metres.

Kilos ti._lI l.60'] t.o(J\Ids Itllo-ct.rcs.
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TABL£ 8 (Cont'd)

:o«lNTIlLY 01V~RSIONS - 1 J77

SACRAM~NTO RIVtR

Monthly olver. Ions in Aere·Feet

May June July AUg.

61 82

2.295 1,803

66 53

5.062

5.523

'"
191

2.153

2,549

'"
2.314

ll.

14

11

51,690

m

12,119

264

•
•

'"
'"

2,112

10

11

..

4.156

Total
Diversions

'"OCt. Acre-Feot

"

4l

20

125

311

'"71

..
J1

'"

..,
13

Sept..

2S

OJ.

LS

"..
lJ

n •

L 325

"

6.603

11

68

70S

11

,,,

,,'

1,352

1,210

"

J1

..

'"

141

'18...
'20

211..
".

18

117

'68

2S

18

10,189 10,050

t.355

1,156."
"

I, 4 ~2

18.

11'

,
5J5

16

417

m

"

"
18

10,190

"1,460

"

11

'51

'24

40'

'"
):;8

"

'"

Apr.

."
1.027

"
'18

7.258

54

4.102

"

'"

llS

51..

"
138

'"
"
21

Xar.

18

2,520..
1.294

115.5R

Jollie:
and BankAI>,,,.

Sact'4IllGnt.o

114.1R

114.2R

114.3R

!.!tOJ.8R

114.JR

115.0R

U2.3L

Y112 •.4R

!!l 11 J. 3L

104.1R

!/IO.4.BL

!/106.0R

106. SR

106.SR

110.0R

lIO .n
!!Ill 0 •"IL

1I2.0L

YU2.1L

Location

COLUSA TO BUTTE CITY

Reach lJ"otala 8,191 20,114 25, Ul 24,))2 24.907 16.369 4,467 1i,2ll 13 1. 229

GAGING STATION - SACRAMENTO
RIVER AT BUTTE CITY 115.8L

117.1R

117.2R

123.6R

!.!t2J.9R

!/124.2R

US.6R

128.31l;

129.2L

130.91\

J1

2.270

1. 558

11

102

"

"
7.198

10,4U

18

"
"
60

5,430

3.282

lJ

'"
881

18

J1

7.520

B.056

"
1.41\1

149

7.041

6.119

S

"
1. 801

'"

20

5.847

5.017

'09

1," 5S

1. 864

1.077

",..
OJ

1.095

"

•
•

'"
17 .170

36.646..
618

6.945

'"
8UTTt CITY TO ORO FERRY

Reach '1'Otall

GAGING STATION - SACfUJ1ENT'O
RIVER AT ORO FERRY 130.8R

132.8L

133.4(,

133. ~L

),9" 17.937

'"

9,85]

"'
'"

10

n.H1

11

15.257

59

n.

12,969

..
"

3,901

11

1.124 82.263

'"
60'

"
~etric Convnrsion: Acre-feet time. 1233.5 aquals cUblc met~ea.

Miles tlmes 1.609J cquols ~ilomctreB.
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Tobll' II (ConL'dl

MONTIILY DIVERSIONS· 1977

SACItAKP.NTO II lVt:1l

l1l\(· TotAl
lAd B"nk, 'tOnLhly Dlv('r',ionc In AC'r~-rnct Oivtlr'slons

We t Ion Abovo In
Siacr'.ulOnto .~r', Apr- • ••y J"~ ,July Auq. S'lpL. 0". Acr'~-faCrt

!.YULIIR " "
., l1 l1 Ii'

115.SR l5 l5 , 51

Yl4L5L '<I '" I, ''''
l,UO ),146 ),22' m U.,)6

142.U U, ,,,
'" )J " ,.,

14).6R '" '" '" JJ ...
0"" fEIlRY TO H"''1ILTO:~ CITY

Rtlllch TotAls on 1,610 l.191 ),080 l,1S9 J. )82 "1 .. 1~L 116

CAGING STATION - SACRA.'tI!Nto
RIVER AT IIAMILTOt: CrTY 1·19.5L

150.lIR 88 7S >SO '" • SI ...
151.21. '" «7 '" 878 t ,127 '" 776 4.298

1:)l.6L '" 117 1.059 '" 7S8 76) 10' 4.092

154.0t. l5 IS

!h!l4.1I1l 41.041 107. 5)1 19.168 109.784 114.65' 91,4)1 21, S'10 ll,Ur, 606.464

155.6R '0 17 76 II 11 17 ll8

156.6R IS ,
"

.LS6.1R , lS

B6.8R LJ .. LJ " 6D " l1 " JOO

161. 'It. 110 " '" '" '" 17 'JJ
161.8L 17 " " " " '" '"
165,01. H " 01 57 " 100 II ".
166.21, U 17 )J

HAMILTOS CITY TO VJ~A 8RlDG£

Rellch 1'otala 0.851 109.019 80.654 111. J:ll:l 111.2U loo.on 29.n4 22.0U 617,951

GAGING STATION - SACFW~Et:TO

IUVER AT VI:l'" 8RIDGE 166.511

161.7" 12 "
169.81, • •
110. OR " 18 " " '0 l51 LS m

110.91, 0

111. 911 .. .. " .. " lO II '0 101

172. • ., 159 ." .l1 LJ7 77 ,.,
!it 17)')J. " " " " lS , ",

17l. 6t. 10 '0 , ,
"

174 .911 " ., " " 11 '"
176.U 11 11 , "
179.6R ,

A"'TtLOrt: CRtlll ~80.]L

Hl1,1L- 7 "
tll.H. 7 11 11 l1

M(lLr'IC' Convurllon: Ac:ro)·r(f~t LIIllt'U 12)).5 uqu/lil cub~c /IIt'Lrnl.

l1il'l' Limo. L609) 07qu"I, kilOCl'otrlll.
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TA81,[ 8 (Cont'dt

I'tOtn'IIL'i OJ VERSIONS - 1977

SACRAMENTO RIVER

MUl) TOto)
and 8ank

III AcC!.:-rl!!~t
Diversions

l.OcAtiOn Abo•• Honthl y DivllrSlonli 10
Sacrall'lOnto ,,"'. ",pro Hoy J",no July 1."'2· Supt. ""L Acre-Feett

187.SL 10

188.0L " 17 " .. "
189.1R

lY190.2L " 7S " 6l " 11 '"!,!/ !lUI. 2 R 1" 2,340 t ,002 2,453 3,041 J,2lJ 2,690 2: ,Oil 16.909

!!I V 19l. 2R 8,488 lJ,827 16,OJ7 ]8,424 28,920 8,567 J,265 5,110 122,639

lIUI. 5R II " 14 J5 J5 25 " '"
IlEO Bl.UFF BRIOCiE UJ.~5

196.5L

196.6L 17 15 JB " " " Il.

201.6L jO .. " 14 ..
205.2L " 13 25 " ,.

BEND 8RtDGE 201.0

201, JL 0

201.5[, ]} " 70 180

----
VU,A B.:UlG.t 'I'D AIlOVE. BE.tm BR10CiE

Reach '%'Otals 8,7\16 16,466 17.431 41,411 32,601 12,319 6.2.96 7. )25 H2.6S7

GAGING STATION • SACRAMENTO
RIV£R A8QVE BEND BRIDCE 209.1

21], OR

213.5L " " .. " " Il '"
2lS.0L 0

21ti. OR " " 18 " " 14l

!.YUti. 7L • 14 II 18 18 "
217.9L 0

!t22l.0R " " 113 128 '0' " 31 '"
COTTONWOOD CReeK 222.211

223,8L 17 " .. '"!.!l22S • 6R " " 161 '" '" " J2 '"
225. 'JL , , ..
228.0R

229,OL " " l5 ..
229.4L 26 " " 22 119

2]],5L

2] l. 811 " " ]} " '0 " " 31 '"
234.0[. " ]} " " '"
2J!L 011 ..0 1,463 '2,4]]

CLEAR CHff:K ]]7.111

2)8.9L " " 11 " " 10' lOJ " ...
240.2L " " '0 " " '"

Motrie Conversion: Acre-teet times 12]].5 ~qU~l5 cubiC metre,.

Miles tim~. 1.6093 eqUAls kIlometres.
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TA8LE 8 (Cont.'dl

~O~~HLY DIveRSIONS - 11tH

SACRAMENTO RIVU

Mllu tOtal
,1nd 8"nll: Monthly DlvCll:'lIio'll in Acre-Fee\. DlvertlOnl

Loc/lllOtl Abovo '0S.1CI:'/UlltlntO Mar. Apr. MO' Juno July AuCj. Sopt . Oct. AcrO-Pllot

.!h~0.5L 2,391 ... 3,202 J. 600 J,419 1, 618 ,,, 16, 03~

HO.IL " " " J7 11 , '85
!h.... ~L Il. '" '" \ ,]03 2.021 I, 81 J '" 27l 1,310

11/ !lNG.OIl. 1,525 U.~22 6, Jill 21,988 22,132 2D.JO~ t3,~'2 11.605 1\6.146

!/H6.1R 16 " " " i7 ,
'"

!/246.7R )6' ... HI • U ... ... '" ", 4,615

GAGING STATIOt: - SACRA."U,:NTO
RIVER AT KESWICk HO.5

BEND BRIDGr. TO KESWIC~

Rellch TOtlllri 2.0119 23,\71 1.215 H.901 30,8152 27. t 7 7 17,038 lJ.218 150.699

TOTAL DIVERSIO:I

Smcra~"to to Xo.wick 121.819 31~.!J5 241,810 310.604 360,170 278.538 101,843 60.37) 1,857.312

Rocord turn~.~d by U. S. 8ur.au of Recl..atlon (USIR).
Ito" in parenthelil Ire located on CrOll Canal. on north or south b~"k .1 .hown.
Includod in diverlion lilted tor (3.3M).
Included in dlvorllon liltod tor 29.7R.
InclUded in diverlion lilted for 2'.2L.
Included in dlverlion lilted tor )~.5R.

Included in diverlion lilt.ed tor 43.11\.
Included in diverlion lilted for 35.2L.
Includod in divlrlion lilted tor 44.2L.
Included in divlrllon lilted for .9.0L.
Included in diver.lon ll.ted tor 71.1L.
Ineludad in diverllon liitod fot 77.8R.
Included ln dlvo~.ion lilted tor 81.5L.
No rlcord. on die.el in.taUatlOnl. h,.t ye.u··1 tlqurel art!! u.ed.
Pumped divot.ionl Cornin9 Canal.
CraVlty diverlionl Teha~-eolu., Canal and Ipawnin9 channel.
Cravity diver.ionl AndlrlOt\-Cottonwood II:'rl91tion Di.trict.

Metrlc Conveuion: Acre-feet tlllO. 12]].5 equall cUbic Ntr•••

)lllIe. tl'" 1.609] eqUal. kilollletre••
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TA..IILI:: ,

UONTHLY OIYtRSIO~S 1911

FEATHER RIVER

t.ocotion

Hue
olInd Oolnk

Above
Mouth ...,. /'Ionthly O!verslon' In AcrG·Funt.

/I.pr. HIlY June July ,'~9. Stlpt;.

Total
oivordonl

'"OCt. Acre-FeCIt

as>

SOl

l.lS8

'",sa

2.408

'"
770

1,'16

1 ,470

II

os

H

"

"

'2l

"
15

15

10
"

151

.56

"
'60

..
'"

'"..

415

"
'44

"
II'

SO.

I"
'"
'"

50

'19

"
'"
'"
",

2l..
'H

"
"

..
'50

..0

100

'"
'0

".

"
1.637..os

61

..
110

1>0

,..

,..

'"

"

10

"
150

1>.

u.

'"
"2.6t.

4.011

4. SSt.

4. '"

5.21.

5.61.

6.HL

7.n.

1. 511

2.:U.

I.H.

2.n

LOll

0.0

Q .IiM

HOUTH Of FEATHER MIVER

HOC.M'H TO NICOLAUS

1.0.5 ." 4.57' 1.7Z] 1,911 1.410 50' " 11.])5

GAGING STATION ~ FEATHER
RIVER AT NICOLAUS

HIGHWAY" eRIoo!
f1UC01.AUS 811100£1

I.OL

9.n.

U4 109 530

5. 41 5

97\ 1,120 2,150

U 34 3'

112 1.586 112

581 1.U' 650

•

35 14

501 1,11'

55~ UI
"

3,11'...
...
"

III

9,991

'"

1,103

U.611

'"
19

u

u

'"

20.

59'

II

lJ

'"
"
"
'"

20

'1>

I>

1,552

51

1,945

56

'"...
"

l1l

"

l5

1. '7'77

"""

U' 153

2,717 2,946

4' 60

II l5

1,171 2,297

In '00

1.521 2,249

15

"

'u

10

'"
"

"
50

"9.25L

9.7511 !J

11.31l.

12.0L

13.111: !I

17.91.

U.4Il. Y

l'.OR

l' . lit

19.3M

19 •• 1t

1I.4R

18.6L

15.21\

15.211 Y

17.5L !I

20. OR

20.411

20.UI,Y

10.'L

11.41\ !I

21, tL

III

'45

II

ill

'50

II

,..
"

1.020
•

'"

'"
'"
• 09

lJ

'"
".
II "

"
loU2

l,U3..
NICOlAUS TO SHANGHAI BEND

2.791 6.937 6.U3 '.410 10,016 5,'146 J.105 1,171

!I tt.....ul"ed each yell" by t .... D41p.rtJaoent.

JoIatl"lc Conv.ulonl ACI".-feet time. 1233.5 eql1.1. cWllc _tnll•.

Hiln tllllClS 1.6093 equ.lI kllo... t~...
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TMH,E 9 ICOnt'dl

KO:lTllI.Y OIVP.IIS10tlS - U77

t'EATIlER RIveR

"!lITO
.md 8ttnk

Abol/"
Mouth Mar.

~

110nthly Oll/'lraton. l/l !\Cr"'-I'ctlt Ci\l.:~don.

API. May "un" July Au~,••,,~._--,O""'~'~'O"'C"C."r""",",~

G1IGltlG STA'110N - n:A'WF.R
RIVEII tlEa.ow SllANGKJll UIlNI) 2).OR

26.8L ,

YUHA RIVER

:l:1.0L

;n.lL

He ". m 2\' '" '01

GAGHlG STAT lor: • PEI\TIlER
R1VER AT YUBA CITY

51'1.1'1: IIlGllWAY 20 BRIDGE

26.0

28. Z

29.611 Y

)0.911
'"

41 1O
'"

\9
'" 58'

l5

'15 '"
'1

'04

"
3, .86

'"
)1. 611 ,
n.1L

J2. )11

]),OR

)3.311

n. 'II
J5.0L

"
III

"

JO

"

"..
"

Il

"

"
"

"
75

"
"
"

"
16

11

102

"
"

"..
"
Jl

12

"

19

"
•

1O

'"
'OJ

'"...
'"
10'

SO

NO tlIV&RSIOt-lS

•

"

'"
).078

'"
L.022

'"
45

'"

.45

10

29,5ll

'66

'"
112

'"
128

.,

12.

"

...

"

10

"
"

"
'"

'"..

'"

'I
10

11

"

11

"

..

'"
187

".
147

"
lB

"

"

Il

"
166

56'

102...
147

5,1H

so

IB

"
"

2\'

'"
JB

160

161

"

"

"

1I

"
11

10

20'

'"

ISO

',91'

JB

•
"

"

..

"
,so

"
"
"

16'

..,

12

8.07'

"

.,
12

"

12

IS'

21

"
2\

'"

'"
2146.0

47. 'L

48.01.

48. lL

d.911

49.0r.

4'L6

4).'r.

4J.1L

(0.4Ll !'

J7 .011

J7. ~L

38.1R !/

a.OjL

38.5)1.

42.11.

43. )1.

)9.41.

41.15R

41.5R

lIoncut Craek Oivlifnllon

IlONCUT CREt:K

GRIDLEY DIUDGI:

SKANCKAI BEND TO GRIDLEY

1,717 10,200 11,5)) 8,098 8,0)9 ),00' 1,7]0 1,00 "S,H'

CAGING STA1'IOtI - rUTllER !UV£M
HEAR GRIDLEY 49.711

49.1 f,

50.41,

50.71.

l'

"
,

141

2\
I" 11'

I'

14'

"
110

l'
"

"82.

"
11 ~a,u~ud each yoar by the Oop3r~QnL.

!t Di.Lbnea In p~r.nthe.v. 1. [CON DOuLh Qt Honcut Cc.ok.
Metrlc Conversion: Acrl)-(tlct Ll~s 12)),5 .qual. cubic IIIOtro••

"11118 tifllu 1.&093 uquah kilOll'leLre••
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'tABLI: 9 ICOnt 'OJ

HON'THLY DIVtIl310~S - 1911

r£ATItEll lllVER, • Taul
LOcat1on <lnd lenk Monthly Dlvonlon. In ACra-Peet D~vur.lonll....." '"KoUlh M.r. Apr. ~y ,Jun. ,July AU9. Silpl. "'" . Acr.-Fl!!lIt

S.?IL ., ... ." '" '" " " '"
52.SL II .. " " " " '"
52.71. " " " " .. ".
Sl.HL "
51. JZt. " " " .. " 'I

GI110LEY TO THtNUlLlTO AtTEIUll\Y 11lV£1l DUTLET

ltIIlll:h Totllh lOS '" '" '" U, '" 101 " 1.200

THr:RI'lo\LITO I\'Tr:llIlAY llIVr.R otrrLtT !iI.211

W.n.rn CllnGI 19/}~18D' 11 n.6H 29.397 42.S911 n,lol n.84J 2.971 '7.UO 194.l46

ltil:lw1l11 CnMI 19/}-180' y 4.78' 9,951 LJ,629 16,528 IZ,Jt3 SO> 57.791

1'(:,,; "'Hlld.l 19/1-19r.· y ." SOS ... ... '" • 1.716

II .,123 2So.292Sutt.r IUllo Conlll lln-Sa- - 26.'H 20.520 )1.522 so.no \6,6" n.ll9 L6,8&4

THtlll1ALITO OlV!:ll.$ION OM 65.6

OIlOVILLE DAM 70.4

THCRIM'ITO "'Tt:IlDAX RlyER pUiLU TO OR9'JIkL'i DN!
....o;h 'l'olllh 26.111 59.117 11,37' 107,.11 119,'" 9',SU 10. JIll 11,4U sn,ou

TOTAL DIVERS lOllS

Orov lit. Oam to !'\outh )2.'19 n.HS ,. ,Hl 116,053 140.6" 105,1011 26,On 14.707 617,')2S

·Ollr.uionll ""0 frOll'l Ther!lllllito "tterblly, Fl9ureS repreSlnt Nortll Town.hlp., £.II.t Rdngc•• ..nd Sl;!ctionll. LelUtr. rcrprllllonl
th. 1/4-1/••oction. Which lire ielured fronl " through R. ."eluding I ..nd O. .ltllll"r to tha nu"blrlnq of socti()n' "'I~hln II

townlhip
1/ Hellllutid I,ch ye.r by the oepllrt_nt.
iietric Convaruon: Acr.·tll.t tiN' U1J,S lI"u<ll. cubic ",euu.

Mlle. timn, 1.60n D<lu"h kilolll..~rell.

TAILE 10

MONTHLY DIVERSIONS un

IVB" UllERY

,.,111
and ilIInk..,..

Moutll Apr. SOpt.

Total
Oherdonl

'"Oct. ACln~re"t

SIl'IPSOI'l LAlli: IIRIDet

GAGING STATION - YUaA IlIV£R
l'ttAl!. XAI!.'fSVILI.£

MctI'l'H TO GAGING STATION
Hili RAiiY6Vi CLF.

0.0

O.'L

0.'

LSI!.

1. 7...

l. OL

1.0Sfl

•. u.

&.41.

•. 75L

5.1SL

n.

n

"
"..

...

'"

12

",..
",.
"

60S

11

"
lJ

'",.
"
12

...

"
...

61

,....
6l

"

..
"

'"
"

1..

"
"..

".

Ul

"
lSl

lJ

21

"

il

..
"

.21

"

'"

III

'"

."
'"

1.212

'"
'"
'"

l,7J7

11 OivlluiOnl below the 9'9Inl,~a~~on hAV.: been tlCOrchld co dl!tlltllline the nIt tributary Inflow to tllo Feather hirer
tro-l thil ,outce. 1'h"l d vet.lons Ira inc1l.ldod in 'table 14 "' notld wtth th. dlY'rilon. trom Shllnl)hal ~end to Gddley.

'4ct.trlc converslonl "cre-reet HIlMI. un.s ..qual. cubic _trll'.
HUI. lillll. 1.6093 equals tUometre••
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TABLE 11

UNIT CONSUMPTIVE USE OF WATER - 1977

DELTA SERVICE AREA

Classification ACre-Feet Per Acre

Mar. Apr. May June July Aug. Sept. Oct. Total

AGRICULTURAL

Irriqated (Sinqle Cropl

Grain 0.36 0.48 0.26 0.15 0.09 0.08 0.13 0.13 1. 67
Rice 0.16 0.23 0.47 0.73 0.82 0.67 0.46 0.28 3.82
Safflower 0.16 0.21 0.40 0.72 0.64 0.37 0.21 0.16 2.87
sugar Beets 0.16 0.18 0.31 0.63 0.67 0.53 0.37 0.20 3.05
Field Corn 0.16 0.18 0.19 0.48 0.58 0.42 0.22 0.16 2.39
Milo (Grain SorghumJ 0.16 0.18 0.17 0.49 0.61 0.36 0.21 0.16 2.34
Sudan 0.36 0.48 0.40 0.58 0.64 0.41 0.39 0.20 3.46
Dry Beans 0.16 0.18 0.14 0.48 0.52 0.22 0.21 0.16 2.07
Miscellaneous Pield 0.16 0.18 0.20 0.51 0.62 0.42 0.16 0.16 2.41
Alfalfa 0.27 0.41 0.37 0.54 0.62 0.54 0.41 0.28 3.44
Pa6ture 0.30 0.45 0.40 0.58 0.64 0.53 0.39 0.28 3.57
Asparagus 0.16 0.18 0.08 0.29 0.64 0.53 0.39 0.20 2.47
Potatoes 0.16 0.18 0.14 0.36 0.62 0.46 0.23 0.16 2.31
Tomatoes 0.16 0.18 0.22 0.33 0.68 0.50 0.19 0.16 2.42
Miscellaneous Truck 0.16 0.27 0.38 0.56 0.62 0.4] 0.31 0.16 2.89
Frui t and Nuts 0.22 0.32 0.33 0.51 0.62 0.51 0.36 0.22 3.09
Vineyards 0.16 0.18 0.23 0.44 0.54 0.44 0.28 0.20 2.47
Fallow 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.64

Irrigated (Double Crop) y
Sugar Beets 0.36 C.48 0.26 0.15 0.36 0.43 0.48 0.28 2.80
Field Corn 0.36 0.48 0.26 0.15 0.36 0.52 0.51 0.12 2.86
Milo (Grain Sorghum) 0.36 0.47 0.26 0.15 0.22 0.51 0.43 0.16 2.57
Sudan 0.36 0.48 0.26 0.30 0.64 0.41 0.39 0.16 3.00
Dry Beans 0.36 0.48 0.26 0.26 0.62 0.29 0.12 0.16 2.55
Tomatoes 0.36 0.48 0.26 0.19 0.55 0.50 0.43 0.16 2.93
Potatoes NO DOUBLE CROP POTATOES
Lettuce 0.36 0.48 0.26 0.34 0.62 0.44 0.41 0.20 3.11
Miscellaneous Truck 0.36 0.48 0.26 0.19 0.55 0.50 0.43 0.16 2.93
Miscellaneous Field 0.36 0.48 0.26 0.34 0.62 0.44 0.41 0.28 3.19

Non-Irriqated

Fruit and Nuts 0.31 0.32 0.17 0.19 0.22 0.19 0.17 0.13 1. 70
Vineyard 0.31 0.32 0.17 0.19 0.22 0.19 0.17 0.13 1. 70
Grain 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.64
Fallow 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.64

NONl\GRICULTURAL

Native Vegetation 0.31 0.32 0.17 0.19 0.22 0.19 0.17 0.13 1. 70
Riparian Vegetation 0.38 0.62 0.55 0.81 0.98 0.81 0.58 0.36 5.09
Water Surface 0.38 0.62 0.55 0.81 0.98 0.81 0.58 0.36 5.09
Urban 0.08 0.16 0.20 0.20 0.21 0.20 0.16 0.13 1.34

.!/Oouble cropped with grain.
t>letrlc Conversion: Acre-Feet per acre times 0.3048 equals cubic metres per square metre.
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TABLE 12

CONSUMPTIVE USE OF WATER ~ 1977

DELTA SERVICE AREA!!

Thousand. of Acrc-reet

---!Lill--l.:1---!:.l--2..:1----L!~__!.:1._!:..!---l.:..2.

S12,770 115.2 151.7 136.2 219.7 264.5 203.1 133.2 94.2

Clauification

AGRICULTURAL

Irrigated (Single Cropl

GrainY
'ice
Safflower
Suqllr Bl!!ct.
field Corn
Hila (Grllin SorghumI
Sudan
Dt'y Beans
Khc. Yield
Alfalh
Pasturl!!
Asp<ll:aquB
Potato••
'J'emotoe.
Hlec. Truck.
Yruit , Nut.
vineyards
Fallow 1/
Total Il:riqated (Slnqle Crop)

IrrigAted {Double Crop)!1

SugAr Beet'
Field Corn
Hilo (Grain Sorgh~)

Sudan
Dry Beana
TomAtoes
PotAtoes
Lettuce
Hhc. Truck
Hiae. Field

TotAl IrriqAted (Double Cropl

Total IrrigAted

HonirritlAted

Fruit , Nutll
Vineyard
GrAin
Fallow

Total NonirriqAted

TOTAL AGRICULTURAL

NONAGRICULTURAL

Native vegetation~/!1
Riparian vegetation
Water Surface
Urban 1/

TOTAL NONAGRICULTURAL

GRAND TOTAL

Atoa In
Acres

93,020
480

29.210
30,760

123.300
5.230
3.300
9,310
.,650

54,480
.0,920
19.770
2.600

49,280
5,710

23,780
3,2.0

---L.llQ

503.510

o
4,860

900

'"1,320
2.0

o
7.0

"~

2,560

515.330

66,910
9,190

5" ,220
32.530

162,850

678.180

Hal:.

J3.3
o

•••..,
19.5
0.'
1.1
1..
0.'

U.S
12.3

J .1
o.•
7.'
0.'
'.3
0.'
~

111.7

o
1.'
O. J
0.'
0.'
0.1

o
O. J

o
--!:.!

0.1
o

0.1
__0

0.2

115.4

13.9
3 .•

20.]
'.7

n.3

157.7

Apr.

"4.2
0.2
'.1
5.'

22.6
1.0
1.,
1.7
0.'

22.2
18.4
J.'0.'
'.0
1.,
7..
0.'

---9.d
141 .•

o
2.3
O••
0.'
0.'
0.1

o
O••

o
..J..:.l

o
o
o

-!!.
o

151. 7

•••'.7
n.4
•••

200.8

May

24.1
0.2

11. 7,..
2],7
0.'
1..
1.3
o. ,

20.0
16.4
1.,
O••

10.7
2.2
7.,
O••

---.!.:..!
134 .0

o
1.2
0.2
0.2
O••

o
o

0.2
o__0

0.1
o

0.1
__0

0.2

136 .•

10.5
• • 1

29.B
5.0

50.4

186.8

June

14 .0
O••

21.2
19.4
58.5

2. ,
1.'•••2.3

29.5
n.6

•••0.'
U.S

3.2
141.1
1.'__0

217.8

o
0.7
0.1
0.3
o.•

o
o

0.3
o
~

o
o

0.1__0

0.1

219.8

2. ,
7..

43.9
5.1

59.3

219.1

JUly

7 ••
0.'

18.8
21. 3
70.9

3.2
2.1

•••2.'
34.1
26.2
12.7
1..

J3.6
3••

14.1
1.'__0

260."

o
1.'
0.2
0.'
0.'
0.1

o
0.'

o
-.U

o
o
o

_ 0

o

26".5

2.3
'.1

53.3
'.5

10.2

334.7

Aug.

7.'
O••

10.7
16.4
52.4
1..
1..
2.2
1.,

29.5
2l.8
10.6
1.2

24 .6
2.'

12.1
1..

__0

198.8

o
2.'
O••
0.'
O••
0.1

o
0.3

o
2.:..!.

o
o
o

_0_

o

203.1

2.2
7 ••

iIl.9
•••

58.1

261.2

Sept.

12."
0.2
'.1

1l.3
26.7
1.1
1.J
2.0
0.'

22.2
16.1

7 ••
0.',..
1..

•••0.'
-W.
129.4

o
L'
0.'
O••
0.1
0.1

o
O. J

o
~

o
o
o

.J..
o

133.2

5. J
5.3

31.6
•• 1

iI6.3

119.5

Oct.

12 . •
0.2.. ,
'.2

U.S
O••
0.'
1.'0.'

15. "
lL.6
J.9
O••
7.'
0.'
5.2
0.7

__0

92.3

o
1.1
0.1
0.2
0.2

o
o

0.2
o

---!:..!

o
o
o

----I..

o

94. 2

1.0
1.J

19.4
2.'

28.5

122.1

Total

156.0
2.0

83.8
94.5

293.8
12.3
11. 3
19.2
11. 3

187. "
t46.4

"9.1
, .0

119.4
16. "
1]. "•••__1._'

L 291.8

o
13.9
2.1
2.'
J ••
O••

o
2.'o
~

----l!.&
1.ll7.8

0.2
o

0.3
----..2.

0.5

t,318.3

45.6
46.7

275.6
J~. 3

"04.2

1.722.5

11 Delta Service At@a All shown on Plate 2.
11 Excludes 9.260 acres of il:rig4ted grain on double cropped land lsee Footnote 4).
II Lands normally irrigated, left fallow.
TI An additional 9.260 acres ef grain were gro~n all a firSt crop.
II Includes 62,353 acres of native v8getation. 1.057 acres idle land. and 3.414 acrell of semiAgricultural.
~I Adjusted to conlor~ with 1916 acreages.
!I Includes 31,162 acres urban, 134 acres recreational. and 634 acres lawn areA•.

"etric Converoionl Thousands of acre-feet time. 1.2335 equals cubic hectometres.
Acres times 0.40469 equals hectares.
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TABLE 13

COMPUTED DELTA OUTFLOW!/
JANUARY 1965-NOVEMBER 1977

(In cfs)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1965 132,300 55,700 27,800 56,600 32,300 16,200 5,900 8,400 12,900 15,100 27,300 30,800

1966 43,500 35,500 24,000 18,900 9,900 2,500 3,200 4,800 6,900 6,600 21,800 60,100

'_967 62,500 81,100 55,700 75,200 73,900 61,200 24,000 9,700 16,500 16,700 16,500 20,200

1968 25,800 50,300 39,700 9,700 6,700 3,600 3,700 5,200 6,000 5,500 10,500 25,700

1969 121,100 155,800 91,800 69,200 64,300 46,600 13,100 12,400 20,200 19,500 20,000 46,500

1970 188,400 108,800 55,000 11,000 10,800 6,200 5,300 7,900 14 ,600 13,500 27,700 83,700

1971 63,800 ;14,100 31,500 36,800 26,600 21,200 11,800 13,100 19,800 14 ,000 13,900 24,000

1972 21,300 21,900 18,200 7,600 5,400 3,100 6,400 6,600 10,800 11,800 25,900 27,100

1973 101,800 102,700 75,500 21,700 11,900 7,300 4,800 6,100 11,300 14,100 60,000 76,500

1974 137,400 58,500 75,200 107,500 25,600 17,100 9,500 12,900 21,100 19,100 23,400 28,100

1975 17,300 57,300 66,800 34,500 28,800 22,700 11,200 9,500 13,400 16,900 17,900 20,000

1976 9,400 7,500 7,800 8,700 3,900 3,800 4,200 4,400 3,300 3,600 3,700 4,300

1977 4,900 4,900 2,500 2,600 3,400 2,100 2,300 2,900 3,100 2,300 4,200

Metric Conversion: Cubic feet per second times 0.028317 equals cubic metres per second.

y Computed by the Delta Branch from measured Delta inflow reduced by the exporta~ion5, the average
evapotranspiration and changes in soil moisture in the Delta service Area, Wh1Ch were developed
by Delta Studies in the early 1960s. Outflows are adjusted for precipitation rec~rded at Stockton
Fire Station No.4. Outflows for March through October of 1977, were computed uS1ng 1977 data of
evapotranspiration and soil moisture and as shown on Table 17.



TABLE 14

SALINITY OBSERVATIONS - 1977

Western Delta

Milligrams per Litre - Ch10ridellNo.

1

Station

Sacramento River, Chipps Island

Mar.

6,654
3,724

Apr.

7,294
3,986

May

7,797
3,881

June

8,807
4,669

July

8,713
4,549

Aug.

7,971
4,392

Sept.

7,944
4,661

Oct.

8,216
4,614

2 Sacramento River, Pittsburg
4,602
2,865

4,690
2,789

4,785
2,776

4,998
3,205

6,863Y
3,916

6,863Y 6,863 Y 6,863 Y
3,095 3,804 3,543

3

4

5

6

7

8

9

Sacramento River, Collinsville

San Joaquin River at Antioch

San Joaquin River at Blind Point

Sacramento River at Emmaton

San Joaquin River at Jersey Pt.

Sacramento River below Rio Vista

San Joaquin River at San Andreas

3,903
2,135

3,010
1,339

1, 738
533

1,820
528

1,170
465

166
26

212
26

4,634
1,815

3,042
1,257

1,930
634

2,396
774

1,303
448

221
37

219
26

4,651
1,460

3,333
1,170

2,284
581

2,320
356

1,305
375

197
26

183
17

5,144
1,820

4,042
1,555

2,649
635

3,346
445

1,861
576

252
59

315
43

5,331
2,450

3,916
1,519

2,639
629

3,213
728

2,157
695

673
66

344
25

4,881
2,585

3,682
1,417

2,651
664

2,970
797

2,221
660

819
127

261
45

5,144
2,480

3,892
2,013

2,581
748

3,024
944

2,278
753

1,544
168

303
35

4,940
2,660

3,791
1,721

2,704
811

3,310
1,467

1,880
679

1,044
290

301
45

'"w

!I

y

All chloride values are derived from correlation to electrical conductivity measurements.
Quantities are high reading for the month and corresponding low reading for the same day.

Electrical conductivity exceeded maximum capacity of instrument (20,000 microsiemens).
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T.\BLE IS

SU~~Y OF MONTHLY STRE~~LOW. DIVERSIONS, AND ACCRETIO~S - 1917

SACRAl-1ENTO RIVER

Rlver r'lile
Above Sacramento March ,'PC.l) :-tay

Acre-F'ace
June JUly AuguSt. Sept. October ToeaI

Shasca Lake
C~~puted Inflow
change in Storage

Keswick Reservoir
Ioported from Trinity oiv.
Release

245,440 200.060 22],320 195,410 180.100 197.000 235.960 231,090 1.708.380
-24,900 -2~6,600 -B7,OOO -189,400 -257.200 -102,500 +52,600 +25.~00 -B29,600

71,030 44.880 152,930 176,300 227.400 224.700 95,810 16.300 1.009,350
3)3,350 474,280 451,910 555.130 656.050 512.960 273,530 215.930 3,473.140

Sacramento River dL KCSW1Ck 2S0.5R
Clear C=eek ncar Igo
Cow Creek near Millville
Battle Creek near Coleman F.H.
Cottonwood Creck near Cottonwood
Unmeasured Accretions
Diversions

Sacrar.ento River near Red Dluff 209.7
Red Dank Creek near Red Bluff
Fish Water Release, coyote Creck
Anlclopc Creek near Red Bluff!1
Mill Creek near Los Molinos!/
Elder Creek ncar Paskenta!/
Thomas Creek ncarpaJkenta£1
Deer Creek ncac Vlna_1
Unmeasured Accretions
Diversions

Sacramento River near V.lfJa Bridge
Unmeasured Accrotions
Di vers ions

Sacrament.o River at Hamiltof\ Clty
Stoney Creek near Orlandll
Mud Creek near ChlCO
Big Chico Cre~k at Chico
Unmeasured Accretions
Diversions

Sacramento River at Ord rerry
Unmeasured Accretions
Diversions

166.5R

149.5L

130. BR

))3,800
3,150
7,250

16,3(>0
8,910

25,459
2,089

392,900
.;44

7.962
1.110
2.160

o
o

2.860
4,560
8,796

403,200
-1,248
on ,852

354.100
o

85
1,359
9.829

673

364,100
-11,701

3,999

480,200
3,010
3,150

13,750
8,100

16,661
23,177

502,300
25

7,740
800

2.2]0
o
o

2.070
), 701

16,466

502.400
-11, 421
109.079

381,900
o

29
768

-2,687
1,610

378,400
-9,463
17,931

456,900
3,550
8,360

16.360
10,150
25,115
8,2]5

512.200
511

12.815
1,130
3,130

o
o

2.410
5,05

11,431

520,200
1,454

80,654

Hl,OOO
o

148
839

-8,790
2,797

430.400
.,25]
9,85]

568.400
2,940
1,080

13,300
.; • • 30
7,153

28,90)

568,400
o

8.990
220

3,490
o
o

660
-3.943
41,417

536,400
7,858

Ill, ]58

432,900
o
o

124
-9,544

3,080

420,400
-],383
17,217

665.300
3.020

39
12,330
),051

13 ,622
30,862

666,500
o

1,490
o
o
o
o
o

-4,28]
32,607

631,100
9.944

117,24~

52],800
o

26
o

-12,767
].159

507.300
11,857
15,257

522,900
3,070

46
11,750
2.880

11.7Jl
27,177

525.200
o

1,958
10
o
o
o
o

2,551
12,319

517,~00

-18,86]
100,037

398,500
o

47
o

4,135
3,382

]99. )00
3,169

12,969

271,600
2,260
2,620

12.320
5,380

39,558
17.0 )8

316.100
28
o

270
690

o
o

360
-21,452

6,296

290. ]00
-1,786
29,714

258,800
o

47
163

3,651
561

262,100
2.307
],907

211,000
2. )90
2,620

12.590
5,112

20,846
13,218

242.000
o

2,933
654
630

o
o

580
-10,812

7,325

228.600
-1,987
22,013

20.;,600
o
o

199
18,115

14

222,900
-11,476

1,12';

3,510,100
23.390
25,765

108,760
~8. 733

160.1S1
150,699

3,726,200
1.008

.;].888
4.194

12,330
o
o

8,9-10
-2~. 30]
142,651

3,629,600
-16.049
611.951

2.995,600
o

382
3.452
1,942

15,876

2,985,500
-26,437

82,263

!I Observed ~ero flow at mouth July 20, 1977. Other months adjusted accordingly for computing accrations. Flow at gage listed
in Table 6.

£1 100 percent of flow interceptad by Tehama-Colusa Canal. Plow at gage listed in Table 6.
II 100 perc~nt of flow interccptad by Clann-Co1usa Canal. r10w at gage listad in Table 6.

Metric Conversion: Acre-feet times 1233.5 equals cubic metres.
Hiles times 1.6093 equalS kilometres.--



TABLE IS (Cont'd)

SUMMARY OF MON'l'HLY S'l'REAMFLOW, DIVERSIONS, AND ACCRE'l'IONS - 1977

SACRAMENTO RIVER

River Mile
Above Sacramento March April May

Acre-Feet
June July August Sept. October Total

Sacramento River At Butte City
Unmeasured Accretions
Diversions

Sacramento River at Colusa
Butte Slough Outfall
R.D. 70 Drain
Unmeasured Accretions
Diversions

Sacramento River below Wilkins
Slough
R.D. 108 Drain
R. D. 787 Drain
Sycamore Slough IR.D. 787)
Colusa Basin Drain
Unmeasured Accretions
Diversions

115.8L

89.4R
84.0L
68.8L

62.9R
53.8R
31.0R

34.1R

)43,000
25,597

8,797

)59,800
o

6"
-16.562

27,015

316,800
1,857

501
o

7,200
34,279
11,937

351,000
12,814
20,114

)4),100
o

595
-13,317
67,378

263,000
1,916

225
o

58.
19,040
23,570

424,800
4,013

25,413

403,. 400
708
801

-2,592
49,617

352,700
5,774
1,068

2.8
29,750

2,261
19,701

399,800
-3,968
24,332

)71.500
o

"8
672

76,150

296,400
6,163
1,022

.96
83

14,764
28,428

503,900
-9,99]
24,907

469,000
o

97
-5,710
72 ,187

391.200
1.906

645
o

149
17,888
21.988

389,500
5,868

16,368

379,000
o

190
-1,861
56,123

321,200
5,138
1,499

•18,540
26,660
17 ,241

260,500
1.167
4,467

257,200
o

470
6,728

22,498

241,900
8,450

671
219

27,990
14,074
6,304

204,300
2,731
6,231

200,800
o

202
5,994
2,296

204,100
541
195

o
778

12,162
1,976

2,876,800
38,229

131,229

2,783,800
708

3,370
-26,65.01
)13,)24

2, )81,900
32,345
5,826

967
85,079

141,128
131,145

19.6L
Lake)

6.85L

Sacramento River at Knights
Landing
Sacramento Slough
Feather River at Nicolaus
Natomas Cross Canal at Head
R.D. 1000 Drain No.4
R.D. 1001 Drain
Unmeasured Accretions
Diversions'!/

Sacramento River at Verona
R.D. 1000 Drain No. 6 (Prichard
R.D. 1000 Drain No. )
R.D. 1000 Drain (2nd Bannon Slough)
Natomas East Main Drain
American River at Sacramento
Unmeasured Accretions
Diversions

34 .OL
21. 2L

1.1L

348,700
21.200
12,3)0

o
o

90
-21,968

6,452

413,900
o

1,676
o

2,142
17 ,880

-20,164
11,234

261,200
13,820

124,900
o
o

272
-20,294

11,698

368,200
o

430
o

603
13,830
-4,864
2].499

)72 ,100
34,030
64,640

o
o

300
2,661

16,731

457,000
o

2,209
o

2,251
30,380
-6,764
17,976

290,500
12,900
71,750

o
o
o

-19,766
15,884

339,500
o
o
o

228
62,910
31,420
25,558

389,800
11,290

110,700
o
o

103
-30,292

18,701

462,900
o
o
o

213
50,460
19,263
25,636

356,400
16,940
94,630

o
o
o

-29,061
13,909

425,000
o
o
o

270
48,.90
19,263
20,42]

287,000
26,870
76,270

o
o

296
-10,864

4,672

314,900

"03,032
o

937
32,070

1,950
6.929

216,400
10,490
68,880

o
o

'9
-5,201

U8

290,500
o
o

UO
35.

16,120
-17,706

6,08)

2,522,100
H7,540
684,100

o
o

1,110
-134,785

88,165

],131.900
940

7,347
UO

7,003
272,140

22,398
131,3)8

Sacramento River at Sacramento 0.6L 404,200 ]54,700 467,100 408,500 507,200 472,600 406,900 283,300 3,304,500

TOTAL MEASURED ACCRETIONS
TOTAL UNMEASURED ACCRETIONS

TOTAL ACCRETIONS
TOTAL DIVERSIONS!/

117,223
22,081

199,304
128,904

199,452
-9,824

199,628
315,128

231,562
21,046

258,608
248,408

191,164
21,263

212,427
372,327

195,519 206,062
9,529 23,586

205,048 229,648
363,148 279,948

202,353
35,333

237,686
102.386

126,092
6,606

132,698
60,398

1,529,421
135,620

1,665,047
1,870,647

Ul
Ul

if Includes diversions from Feather River below Nicolaus.

Metric Conversion; Acre-feet times 1233.5 equalS cubic metres.
Miles times 1.6093 equals kilometres.
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TABLE 16

SU:-1.\\ARY or :'IONTHLY STREN·IFUY.." DIV~RSIONS. AND ACCRF:TLONS - 1977

FEATHER RIVER

Acre-Feet

74. US 60,553
-7,917 -157,668

72.229 46,701 42,763 98,419
-53,416 -150,451 -206,081 -105,052

67.992 1.187,632

Oroville Reservoir
COr.'lputed Inflow
Change in Storage

Oroville Reservoir Relea8c~/
Change in Storage of Thcrmalito

Complex Reservoirs
Kelley Ridge Power Plant lnflow
unrneasured2~ccretions

Diversions-
Release Throuqh Therma11to

Diversion Darn
Thermalito Aftecbay ReI. to River

Feather Ri~,r Below Thermalito
Afterbay-
Unmeasured Accretions
Diversions

Feather River near Gridley
Cox Spillway 5
~orth Honcut creeksycar Bangor-I
South Honcut Creek-
Jack Slough near Marysville
Yuba River ncar Marysville
u~meas~red4bccretions
D1vers10ns~

Feather River Below Shanqha! Bend
Bear River ncar Wheatlanu_1
Unmeasured Accretions
Diversions

Foather River ac ~icolaus

TOTAL ~EASURED ~CCRETIONS

TOTAL U~:MEASURED ACCRETIO~S

TOTAL ACCRETIONS 61
TOTAL DIVERSIONS -

River ~lilQ

70.4

65.6

58.2

49.7

27.3L

2).0

8.0

Mar.

80,072

-6,024
o

6'
26,871

H,990
]';,~99

59.289
-1,974

165

57.150
o
o
o

119
11. 530

.28
2,226

67,500
o

7,621
2,791

72,330

11.672
6,6]9

24, Jll
32,053

Apr.

213,780

11,927
60

5,231
59,837

23,869
123,538

147,407
-12.829

"8

134, ZOt)
o
o
o

534
10,290
-3,119
iO,805

131.100
o

737
6,937

12';.900

-943
-9.980

-10,923
77.957

Hay

122.103

-9,322
o

-1. 780
71.375

24,523
33,747

58,270
-8,127

3'3

49,750
o
o
o

5,012
10,221)

9,049
12,031

62,000
o

9,073
6,,03

64 ,640

2·L554
B,215

32,769
90,2]2

June

191,04)

2,157
647

-154
107,411

24,242
57,126

91,968
-13,501

3>1

68,110
601

o
o

1,539
9,210
5,115
8,825

15.750
o

4,470
8,470

71,750

9,840
-4.016

5.764
125,057

July

242,113

4,366
187

4,769
119,198

2';,387
98,619

123,505
-11,672

433

111. 400
1.164

o
o

2,275
5,430
4,704
8.773

116,200
o

4,536
10.036

110,700

':.690
2,)]1

7.027
138,440

'\U9·

197,801

8,037
102

1,311
94,592

24,995
71,590

96.585
-5,734

351

90,500
1,369

o
o

5,651
4,410

-3,197
3.483

95,250
o

5,126
5,146

94,630

3,495
-2,494

1.001
104,172

Sept.

100,HB
23,340

12,828

-18,805
341

-1.857
20.342

23,784
45,991

69,775
-2,868

107

66,800
'13o

o
5,508
5,110

-3.114
1,857

7:!,260
o

1,315
3,305

76,270

)1),177
-1,124

29.053
25,611

O<e.

61.231
-9,836

-3,187
331

-3,294
12,H9

46.753
8,944

55.697
-3,255

22

52,HO
o
o
o

2,911
15.950
-3,205

1.186

66,890
o

3,168
1,178

68,880

22,379
-6,586

15,793
H,80S

Tot.al

556,659
661,087

-10,951
1.668
4,290

512, 0015

218,O,l)
41;;,453

692"H6
-59,966

2,200

630,330
).547

o
o

23,548
72.150
6,561

49,186

686.950
o

42,046
H,896

684,100

111, 864
-7,069

104.79S
608,327

II Net release - does no~ include amounts pumped back.
Y/ All m~jor diversions from Thcrmalito Aftorb4y.
YI Releases from Thermalito Afterbay and Thennalito Dlversion Dam.
41 Includes diversions along Yuba River between its mouth and gaging station, Yuba R1Ver near ~arysville.
~/ These streams ~re listed as 2ero for the comput~tion of unmeasured accretions since most of their flow did not

reach the Feather River. Values at these stations are listed in Table 6.
6/ Diversions below Nicolaus included in Table 15,
Metric Conversion: Acre-feet times 1233.5 equals cubic metres.

Miles times 1.6093 equals kilometres.



TABLE 17

SUMMARY OF MONTHLY WATER SUPPLY AND WATER USE - 1977

DELTA SERVICE AREA

Thousands of Acre-Feet
Item

Water Supply

Delta Tributary Streams

Precipitation on Delta Service
Area

Urban Requirement Imported or
From Wells

Total

Mar.

440.1

70.3

---i:.l

515.1

Apr.

369.2

21. 3

4.5

395.0

May June

494.4 417.7

83.8 4.2

~ ---2..:..!
583.2 427.0

July

515.7

0.4

5.5

521. 6

Aug.

482.5

o

4.6

487.1

Sept.

419.6

32.4

-..-.!.:..!

456.1

Oct.

299.2

7.9

----h!!

309.9

368.9 326.7

Water Use

Consumptive Use

Exportation

Total

Change in Soil Moisture

Uplands

Lowlands

Total

Computed Surface Outflow

Mean Cubic Feet Per Second

157.7

230.0--
387.7

-1. 5

-23.6!1

-25.1

152.5

2,500

200.8

81.8--
282.6

-14.5

-26.0--
-40.5

152.9

2,600

186.8

182.1

13.0

-10.7--
2.3

212.0

3,400

279.1

47.6

6.4

-29.0

-22.6

122.9

2,100

334.7

51.5

386.2

-3.4

-5.4--
-8.8

144.2

2,300

261. 2

92.5

353.7

-11.5

=1l.:..!
-44.9

178.3

2,900

179.5

120.8

300.3

-12.9

-16.1

-29.0

184.8

3,100

122.7

52.1

174.8

-12.5

--.2.:2.
-7.0

142.1

2,300

V1..,

1/ Includes 11,000 Acre-Feet of leach water returned to channels and based on 7,300 ponded acres
- remaining on February 26, 1977.

Metric Conversion: Thousands of Acre-Feet times 1.2335 equals cubic hectometres.
Cubic feet per second times 0.08317 equals cubic metres per second .
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TABLE 18

MONTHLY DIVERSIONS!!
SACRAMENTO RIVER ABOVE SACRAMENTO

1972-1977

Runoff in , of Normal Thousands of Acre-Feet
Year (Sacramento R1ver Mar. Apr. May June July Aug. Sept. OCt. Total

at Sacramento)

1972 79 Monthly Diversions y 321 439 434 432 366 184 45 2,221
\ of Season Total 14.5 19.8 19.5 19.4 16.5 8.3 2.0

1973 118 Monthly Diversions y 176 471 420 419 369 171 73 2,099
\ of Season Total 8.4 22.4 20.0 20.0 17. 6 8.1 3.5

1974 189 Monthly Diversions y 140 481 463 442 403 168 106 2,203
\ of Season Total 6.4 21. 8 21. 0 20.1 18.3 7.6 4.8

1975 111 Monthly Diversions y 208 465 489 456 407 160 98 2,283
\ of Season Total 9.1 20.4 21. 4 20.0 17.8 7.0 4.3

1976 48 Monthly Diversions 180J! 342 480 456 449 358 162 77 2,504
\ of Season Total 7.2 13.7 19.2 18.2 17 .9 14.2 6.5 3.1

1977 30 Monthly Diversions 128 314 244 371 360 279 102 60 1,858
, of Season Total 6.9 16.9 13.1 20.0 19.4 15.0 5.5 3.2

For 1972 through 1975, diversions WArp. haqPrl nn USSR ~asurem~nts of major diverters and e~timatp.s of ~malldiverters.

~arch diversions not available.

Based on comparisons of historical diversions during March, this figure was adjusted down from that published
in 1976 Sacramento Valley Water Use Survey.

Metric Conversion: 1,000 acre-feet times 1.2335 equals cubic hectometres.



TABLE 19

UNMEASURED ACCRETIONS SACRAMENTO RIVER

FROM KESWICK TO SACRAMENTO - 1947-1977

Percent of 1 Thousands of Acre-Feet
Year Average Runoff-I April-Oct. JUly-Sept.

April May June July Aug. Sept. Oct. Totals Tota1s2!

1947 61 375 3! 121 3! 123 64 72 463 22 1,240 599
1948 92 637- 832- 339 135 64 125 79 2,211 324
1949 ~! 70 251 209 98 85 60 27 41 771 172
1950~! 85 247 155 122 112 77 67 12 792 256
1951 4! 134 190 188 116 1 52 122 -1 668 175
1952!1 167 198 304 278 73 42 46 41 982 161
1953Y 118 -34 209 115 52 57 51 48 498 160
1954Y 102 390 197 73 40 17 78 64 859 135
1955Y 64 90 123 68 39 63 48 39 470 150
1956Y 175 130 100 86 48 66 75 84 589 189
1957 87 132 101 51 25 31 24 62 426 80
1958 174 1,009 l ! 271 160 73 10 30 35 1,588 113
1959Y 71 129 79 33 1 40 101 26 409 142
1960Y 76 '75 91 -12 -20 -12 5 16 143 -27

1961Y 70 102 56 6 -26 -3 21 -15 141 -8
1962 88 18 36 14 -12 -18 11 59 108 -19
1963Y 135 331Y 114 67 12 -5 -15 68 572 -8
1964Y 64 33 27 12 -11 9 -15 -12 43 -17
1965Y 150 218 46 72 -21 -15 -27 -9 264 -63

1966 5! 76 25 27 -30 -48 -36 19 6 -37 -65
1967 !I 141 356 73 201 7 -33 12 46 662 -14
1968~! 80 69 12 -4 13 96 30 76 292 139
1969Y 157 69 -38 16 -5 -45 40 38 75 -10
1970 140

1971 5! 133
1972 -! 79 51 65 28 33 13 4 1 195 50
1973! 118 129 90 63 9 36 46 46 419 91
1974 189 1,018l ! 154 105 59 11 43 9 1,399 113
1975 III 306 24 47 -24 -25 43 60 431 -6

1976 48 66 5 -9 -27 1 18 22 76 -8
1977 30 -10 27 21 10 24 35 7 114 69

1/ Sacramento River at Sacramento.
2/ July through September represents the summer months.
3/ Floodflows in Sutt~r and/or Yolo Bypasses.
4/ Used in computation Of above normal line on Plate 12
i/ used in computation of below normal line on Plate 12.

U1 Metric Conversion: Thousands of acre-feet times 1.2335 equals cubic hectometres.
ID



TABLE 20

COMPARISON OF PERCENTAGE OF NONPROJECT WATER AVAILABILITY
AND ASSUMED RIPARIAN WATER USE

Percent of Normal Demand
Water Availability June July Aug. Sept.

Forecast of Supply for Full
Riparian Needs (SWRCB) y 60 45 50 85 Y

Forecast of Supply for Full
Riparian Needs (SWRCB) ~/ 60 40 55 85

Actual Supply to Meet Full
Riparian Needs (DWR) !I 97 60 69 100

Supply for ,Crops After Riparian
Channel Losses & Delta Outflow
Have Been Satisfied ~I 95 29 30 100

Water Use By Crops

Sacramento River System Above
Sacramento §/

Delta Agriculture 11

70

83

67

105

77

104

75

109

60

!/ Based on the forecasted natural runoff by "California Cooperative
Snow Survey", Bulletin 120-77, Report No.2, March 1, 1977.
Monthly riparian demand was from 1976 data in the "Sacramento
Valley Water Use Survey Report", June 1977.

21 Not originally forecast, but computed for this report.
~/ Based on the forecasted natural runoff by "California Cooperative

Snow Survey", Bulletin 120-77, Report No.4, May 1, 1977.
Monthly normal riparian demand was from 1976 data in the
"Sacramento Valley Water Use Survey Report", June 1977.

il Actual water supply determined by eliminating project effects
from the recorded measurements of flow. Assumed full riparian
demand from Table 22.

~I Assumes evaporation from water surfaces and uses by riparian
vegetation cannot take a shortage of water supply and Delta
salinity should not be allowed to intrude into the Delta beyond
the limits allowed during 1977 (see Table 22).

~I These percentages were determined by dividing the Assumed
Riparian Water Use Total for the Sacramento, Feather, Yuba,
and American Rivers in Table 21 by the Sacramento River System
Crops in Table 22.

21 Determined by dividing the computed assumed riparian water use
for Delta Agriculture, Total in Table 21 by the comparable
figures shown in Table 22.



TABLE 21

ESTIMATED NONPROJECT RUNOFF AND ASSUMED RIPARIAN USE IN 'l1IE SACRAMENTO VALLEY AND THE DELTA
(Quantities in l,OOO'a Acre-Feet)

Nonproject Water Supply

Sacramento River Above Bend Bridge

Feather River at Oroville

American River at Fair Oaks

Yuba River Near Smartville

Unmeasured Accretiocs 4 Rivers

Total Natural Flow Sac to. Valley
1/San Joaquin River at Vernall~

Eastside Streams

Total Nonproject Runoff Available
to Sacramento Valley and Delta

Mar.

306

98

43

35

-=l
481

32

---l

516

Apr.

252

96

76

65

-51

438

13

_1

452

May June

303 237

117 65

99 54

85 38

-ll _9

615 403

25 7

_2 _2

642 412

July

228

45

o
9

~

280

6

2

288

Aug.

223

46

o
4

_3

276

8

_2

286

Sept.

274

49

1

9

....::i
327

11

---!.

339

24 53

212 123

330 375

36 52

11 11

2E 2E

o 2E

7 16

38 116

(45) (132)

Assumed Riparian Water Use

Sacramento River!/

Feather River

Yuba River

American River
3/Delta Agriculture, Uplands-

Delta Agriculture, Lowlands

Delta Agriculture, Total

Delta Water Surfaces, Riparian &
Native Vegetation 4/

5/ -
Delto Outflow-

Total Assumed Riparian Use

Excess Nonproject Runoff Available
For Other U6es

Assumed Riparian Use of Project
Water

Appropriative Use in Delta Uplands

Remaining Excess Nouproject Runoff
Available for Export & Other
Appropriatora

Total Uae of Project Water by
Riparians and Delta
Appropriators

18

5
IE

o
4

24

(28)

14

152

218

298

14

284

44

6
IE

o
6

67

(73)

37

153

314

138

24

114

312

30

282

37

62

25

50

14

2E

2E

17

172

(189)

65

144

466

178

67

245

41

10
IE

2E

11

103

(114)

53

178

399

113
45

158

18

5
IE

o
5

54

(59)

34

185

302

37

21

16

E - Eatimated
11 Actual measured flow by U. S. Geological Survey.
2/ City of Sacramento to Red Bluff.
3/ Assumed riparian USe is 20 percent of total upland uae.
4/ Urban use was supplied from deep wells and not included in Assumed Riparian Water Uae.
1/ From Table 17.
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TABLE 22
ESTIf~TEU NONPROJECT RUNOFF AND ASSUMED FULL RIPARIAN DEMAND

IN THE SACRAMENTO VALLEY AND THE DELTA
(Quantities in 1,000's Acre-Feet)

Mar. Apr. May June July Aug. Sept.

Nonproject Water Supply Available to
Sacramento Valley and Delta 1/

Assumed Full Riparian Demand

Sacramento River System crop~1

516

32

452

78

642

64

412

92

288

92

286

69

339

32

Delta Agriculture,

Delta Agriculture,

3/41Uplands- -

Lowland"ll

1

o

4

40

9

56

17

140

16

164

11

103

4

51

Delta Agriculture, Totalll (1) (44) (65) (157) (180) (114) (55)

Delta Water Surfaces, Riparian &
Native Vegetation 11 14

Delta Outflo~1 152

Total Assumed Full Riparian
Demand 199

Percentage of Full Riparian Demand
That can be Met From Available
Supply 100

Excess Nonproject Runoff Available
After Satisfying Delta Outflow &
Delta Water Surfaces, Nat. Veg. etc. 350

Demand for Crops (Sacramento River
and Delta) 33

Percent of Assumed Full Riparian
Demand of Crops in the Sacramento
River System &Delta That can be
Met with the Net Nonproject Supply
Available 100

37

153

312

100

262

122

100

24 53

212 ill

365 425

100 97

406 236

129 249

100 95

65

144

481

60

79

272

29

53' 34

414 306

69 100

55 120

183 87

30 100

II See Table 21 for contributions from individual sources.
II Data from SWRCB and adjusted for 1977 demand curve.
31 Data from the SVWUS Report for 1976 and adjusted for soil moisture change.
!I Assumed riparian use is 20 percent of total upland use.
11 Urban use was supplied from deep wells and not included in Assumed Full

Riparian Demand.
~I From Table 17.
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PLATE 4

RESERVOIR STORAGE 14.541,933
100".

I - ALL RESERVOIRS IN A STREAM SYSTEM ARE COMBINED AND
SHOWN AS ONE RESERVOIR_

2 - POWER REGULATION RESERVOIRS, AFTERBAY REGULATION
RESERVOIRS, SMALL RESERVOIRS LESS THAN 5.000 Af.,
AND RESERVOJRS OUTSIDE THE BASIN WHICH EXPORT SOME
WATER INTO THE BASIN, ARE NOT INCLUDEO IN TOTALS.

3-ALL VALUES ARE IN ACRE·FEET.

4 - VALUES ARE FOR FIRST DAY OF DECEMBER.

5- METRIC CONVERSION: ACRE-FEET TIMES 1233.5 EQUALS CUBIC METRES

6 -INCLUDES UNUSABLE WATER IN DEAD STORAGE

64-/.

.u.... O'f c..oo..oro-.....

'""~ IItDOUflCU AGw;HCT

DE""ltT""IENT 0# W"'EA RESOUACIES

SACRAMENTO VALLEY WATER USE SURVEY
SACRAMENlO BASIN RESERVOIR STORAGE

DECEMBER 1975, 1976, AND 1977

DEC. 1976

DEC. 1975........... ~J!7~800 _

TOTAL BASIN STORAGE

-<
~

o
a

1,135,599

CAPACITY
720,000
~

D~C 1976"""----~i610,556
DEC 197~\367.734

CAPACITY 1.81~.541

,

~
'!,

CAPACITY 1,432,022
........ n

DEC 1975'
OEC 1976

DEC 1977

DEC 1975

~

~

<>~"...

~" 3,663,557
~~I

",

1,763,800 CAPACITY
861,100 260,900

DEC 1975~2'399
DEC 1976 22,656

DEC 1977 9,470

~
%.

~~ \
.r041t"n~

'or;} '3,530.800
I,;

t.~
;~

________ j1
- ~i12.4ZI,354

~"}.:
-~::-_~~f~II,610,608

-". ~~,

OEC 1977

CAPACITY 5.347.070

------j~~

OEC 1977 ...... ~..J¥~~~~J
-~

DEC 1976

DEC 1976

C:APACITY 4,793,000

DEC 1975

!!2.!..ll :

DEC: 1'375
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PLATE 9

SACRAMENTO VALLEY WATER USE SURVEY

DELTA SALINITY ENCROACHMENT FOR YEARS 1924, 1931,1975,1976,8. 1977

1000 MILLIGRAMS PER LITRE: CHLORIDES

• SACRAMENTOJ l/
--...-

•"-•
SEPT 1931"-"-,"",,--

~

SEPT 1924-~~-+-~.r.......

JUNE 1976

:4UG /975

•
ANTIOCH

MILES
048
I'--_.....LI__...J'

KILOMETRES
o 6 12
I , !
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•

LOdle
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MONTHLY DIVERSIONS FROM SACRAMENTO RIVER
ABOVE SACRAMENTO (1972-1977)
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PLATE II

SEASONAL UNMEASURED ACCRETIONS TO SACRAMENTO RIVER

ABOVE SACRAMENTO
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APPENDIX

ESTIMATE OF EVAPOTRANSPIRATION (ET)
FOR THE DELTA - 1976-1977

Climatic conditions affecting evapotranspiration in the
Delta area were reviewed for the period, October 1976 to October
1977. Evaporation was substantially higher during the months of
March and April and lower in May in comparison to a normal year's
evaporation, as illustrated by Figure A-l. Although the pattern
of evaporation of the Class A pans for the months of March and
April in the Delta area were unusual, in checking evaporation for
many stations in the Central Valley from Red Bluff to Bakersfield,
the same pattern consistently prevailed. Similar evaporation pat
terns were observed for other stations along the coast and in
Southern California as well. This phenomenon is illustrated by
Figure A-2, showing the similarity in the pattern of evaporation
among the Davis Hydromet, Gerber lSW, Shafter Cotton Station, and
DWR Wasco 8SW Class A pans. Their similarity substantiates that
the pattern of evaporation reflects the actual climatic condi
tions in the Delta.

Even though the 1976-1977 pattern of the monthly pan
evaporation varied from that of the normal years, the annual
rate was only slightly higher. This and other climatic factors
that influence water consumption were analyzed to determine the
evapotranspiration rates of various crops and other land-use
categories.

The measurements of the evapotranspiration rates for
grass (PET) by a lysimeter method at UC-Davis, the basis for
establishing the 1975-76 evapotranspiration of various crops (ET) ,
were terminated in September 1976. Furthermore, measurements at
the Davis Weather Station (2WSW) for the current year lacked 2
months of pan evaporation and the validity of several months'
were also in question. Therefore, it was not possible to evalu
ate the current year's water use of the Delta precisely on the
same basis that the 1975-76 water use was determined. The method
finally adopted, after investigating various alternatives, involved
the calculation of coefficients (Kp) for three Class A pans by
taking into account the ground cover, mean relative humidity, and
24-hour wind movement. The procedures used are prescribed in the
FAO Irrigation and Drainage Paper 24, "Crop Water Requirements",
Food and Agriculture Organization (FAO) of the United Nations, by
J. Doorenbos, W. O. Pruitt, et al.

The three above mentioned Class A pans have been main
tained for several years. These pans, located at Lodi, Brannan
Island, and Antioch Pumping Plant, are each exposed to varying
environmental conditions that influence the evaporation rates.
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FIGURE A-I

DRY LAND ENVIRONMENT

1976 - 1977 EVAPORATION
CLASS A PAN
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FIGURE A-2

1976 1977 EVAPORATION
CLASS A PAN
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These variations largely account for the differences in the evapo
ration rates among them. The monthly evaporation rates from these
pans as well as at Davis Hydromet and Davis Weather Station 2WSW
are presented in Table A-l. It shows the comparison of the 1975
76, 1976-77, and the 10-year average evaporation rates.

As of May 1, 1977, the pan at Lodi was relocated. The
new location of the pan is adjacent to a large irrigated park from
which the wind generally ~revails. For this reason, Lodi has the
lowest evaporation rate of the three pans, during the 1976-77 year.

The level of relative humidity for the three Class A
pans in the Delta was based on measurements made at Stockton
Airport. The temperature records show little differences among
the pan locations, so it was assumed that the relative humidity
would likewise be similar.

Wind movements were measured at Lodi and Brannan Island.
The Class A pan at Antioch Pumping Plant is located within an
almond orchard and it was assumed that wind movement at this sta
tion would be much less than that of Brannan Island. The records
of wind movement at the Dow Chemical Company at Pittsburg during
1956-65, indicate the prevailing wind is usually from the west
and west-northwest directions. This is illustrated by Table A-2,
which shows the prevailing wind direction as well as the mean
speed at Stockton, Travis AFB, and Sacramento.

Table A-3 shows the factors and values used in deriving
the pan coefficients (Kp) and the resulting PET's for each of the
three pan locations and for the Delta as a whole. The PET's are
the result of taking the product of Ep and Kp values. The noted
distance of fetch is the extent of dry land surrounding the pan
which is measured toward the prevailing wind from the pan to a
green crop, water surface, irrigated land area, or naturally wet
area.

Table A-4 shows the comparison of the 1976-77 PET's
to those reported in the 1975-76 "Sacramento Valley Water Use
Survey" report. The latter PET values were based on more than
10 years of data. The table also shows the percentage differences
between the two, which provided the basis for computing the 1976-77
crop unit ET values shown in Table A-5. The ET values shown are
the result of adjusting the corresponding long-term ET by the indi
cated percentage changes.

The growing season for the same annual crops may vary
according to the planting and harvesting dates. Therefore, the
monthly evapotranspiration for those crops is an integration of
the different planting and harvesting dates. This is illustrated
in Table A-6. It shows the normal ET of the same crops planted
and harvested at various dates along with the composite 1976-77
monthly values. The latter includes the ET rates for the nonirri
gation season as well. These are the same values shown for the
corresponding crops in Table A-5.
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TABLE A-1

Evaporation - Class A Pans
From October 1975 thru October 1977

(In Inches)

Oct.
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep. Total , 1977

Delta Area

Antioch Pumping Plant (Dry Land Environment2.

lo-Year Avg. 4.86 1. 76 1.42 1.26 1.88 4.15 6.35 9.22 10.54 11.48 10.00 7.85 70.77
1975-76 4.32 2.53 1.45 1.53 1.85 4.93 6.45 10.65 11. 78 12.27 8.46 7.23 73.45
1976-77 4.70 2.18 1.56 1.06 2.16 5.33 8.34 7.12 10.89 12.76 10.35 7.18 73.63 5.12

Brannan Island (Dry Land Environment)

7-Year Avg. 4.84 1.78 1.07 1.17 1.59 4.22 6.65 10.49 11.90 13.70 12.36 8.94 78.71
1975-76 4.41 2.12 0.97 1.45 1.90 4.78 6.72 11.90 13.07 14.42 9.52 7.90 79.16
1976-77 5.01 2.09 1.33 0.80 1.98 4.99 8.92 8.46 12.78 14.62 12.27 9.14 82.39 5.52

:>- Lodi (Dry Land Environment)
I

I.n 10-Year Avg. 4.43 1.87 1.31 1.37 2.01 4.31 5.92 9.22 10.43 11.23 9.71 7.41 69.22
1975-76 3.91 2.07 1.11 1.11 2.12 4.85 7.00 10.76 12.16 11.68 8.02 7.24 72.03
1976-77 4.90 1.68 1.19 0.75 2.10 5.16 8.40 6.70 9.83 10.72 8.63 6.30 66.36 4.59

Average of Above Three Stations (Dry Land Environment)

10-Year Avg. 4.71 1.80 1.27 1.27 1.83 4.23 6.31 9.64 10.33 12.14 10;69 8.07 72.29
1975-76 4.21 2.26 1.18 1.36 1.96 4.85 6.72 11.10 12.34 12.79 8.67 7.46 74.90
1976-77 4.87 1.98 1.36 0.87 2.08 5.16 8.55 7.43 11.17 12.70 10.42 7.54 74.13 5.08

Davis Hydromet (Irrigated Pasture Environment)

lo-Year Avg. 5.27 2.15 1.38 1.56 2.13 4.45 6.83 8.93 9.94 10.27 9.31 7.75 69.97
1975-76 4.91 3.47 1.62 2.53 2.99 5.87 7.27 11.64 13.58 11.46 8.15 6.85 80.34
1976-77 6.34 2.75 2.21 1.18 2.29 5.25 8.38 6.69 10.93 12.09 10.62 7.99 76.72

Davis 2 WSW (Dry Land Environment)

ID-Year Avg. 6.48 2.46 1.43 1.68 2.23 4.70 7.77 10.99 12.52 13.24 11.67 9.43 84.60
1975-76 5.31 3.91 1.86 2.81 2.73 6.03 7.49 12.94 15.05 13.22 9.63 8.02 89.00

1976-77 6.64 NA NA NA 2.50 5.95 9.69 7.49 12.63 13.07 11.37 8.69

Hetric conversion: inches times 25.4 equals millimetres.



TARLE A-2
Wind Movement

Prevailing Direction Mean Speed
M.P.H.

2/ Y
1/: 2/: 2/ : Travis y 2/ : Travis

Pittsburg: Sacramento: Stockton: AFB Sacramento: Stockton: AFB
Month 1956-65 1941-63 : 1941-63 : 1943-72

Jan. SE SE SE N 7.8 6.7 7

Feb. W SSE SE SW 7.9 7.0 8

Mar. W SW W SW 9.0 7.6 9

Apr. W SW W SW 9.1 8.2 11

May W SW W SW 9.4 9.1 13

June W SW W SW 10.0 9.1 15

July WNW SSW WNW SW 9.2 8.2 17

Aug. WNW SW WNW SW 8.7 7.6 15

Sep. WNW SW W SW 7.8 7.0 13

Oct. WNW SW W SW 6.8 6.3 9

Nov. W NNW W SW 6.4 5.7 6

Dec. ESE SSE SE N 7.1 6.2 6

Annual WNW SW W SW 8.3 7.4 9

11 DWR Memorandum Report: Wind of California by James Goodridge
~/ Climates of California, National Climatic Center, Ashville, N.C.

Metric conversion: M.P.H. times 1.61 equals kilometres per hour.
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TABLE A-3
Estimation of Potential Evapotranspiration (PET)

Based on Class A Pan Evaporations 1/
1975-76 and 1976-77

(in inches)

Antioch Brannan Island
Fetch 5am Fetch 10nn

2/ 3/ : 1/ : 2/: 3/: 11 : :
Month : Ep- : RH- : Wind : Kp : PET Month Ep- : RH- : Wind : Kp : PET

19.:5-76

Oct. 75 4.32 M+ L .70 3.02 Oct. 75 4.41 M+ L+ .66 2.91
Nov. 2.53 M+ L .71 1.80 Nov. 2.12 M+ L .67 1.42
Dec. 1.45 H L .76 1.10 Oec. .97 H L .75 .73
Jan. 76 1.53 M+ L .71 1.09 Jan. 76 1.45 M+ L .67 .97
Feb. 1.85 H- L .73 1.35 Feb. 1.90 H- L .71 1.35
Mar. 4.93 M+ L .69 3.40 Mar. 4.78 M+ L+ .66 3.15
Apr. 6.45 M+ L .69 4.45 Apr. 6.72 M+ L+ .66 4.44
May 10.65 M L .67 7.14 May 11 .90 M t~ .60 7.14
June 11.78 M- L .63 7.42 June 13.07 M- M .56 7.32
July 12.27 M- L .64 7.85 July 14.42 M- M .57 8.22
Aug. 8.46 M- L .65 5.50 Aug. 9.52 M- M .58 5.52
Sep. 7.23 M L .67 4.84 Sep. 7.90 M M .60 4.74

19]6-17

Oct. 76 4.7 M L .67 3.15 Oct. 76 5.0 M L .65 3.25Nov. 2.2 H- L .73 1.61 Nov. 2.1 H- L .71 1.49Dec. 1.6 M+ L .70 1. 12 Dec. 1.3 M+ L .68 .88Jan. 17 1.1 H L .77 .85 Jan . 17 0.8 H L .75 .60Feb. 2.2 H- L .73 1.61 Feb. 2.0 H- L .71 1.42Mar. 5.3 M+ L .70 3.71 Mar. 5.0 M+ L .68 3.40Apr. 8.3 M- L .64 5.31 Apr. 8.9 M- L .62 5.52May 7.1 M L .67 4.76 May 8.5 M- M .58 4.93June 10.9 M- L .63 6.87 June 12.8 M- M .56 7.17July 12.8 M- L .62 7.94 July 14.6 M- M .55 8.03Aug. 10.4 M- L .63 6.55 Aug. 12.3 M- M .56 6.89Sep. 7.2 M L .67 4.82 Sep. 9.1 M L .60 5.46

Oct. 17 5.1 M L .67 3.42 Oct. 77 5.5 M L .65 3.58

11 Based on evaporation pan method - Table 19 FAO Irrigation and Drainage Paper #24,
Guidelines for Predicting Water Requirements

£I Ep - Class A Pan Evaporations
l/ RH - Relative Humidity - Stockton Airport Weather Station. RH conditions are noted

as either Low (L), Medium (M), or High (H).
11 Wind conditions are noted as either Low (L), Medium (M), or High (H).
Metric conversion: inches times 25.4 equals millimetres.
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TABLE A-3
(Continued)

lodi Average PETFetch SOm
2/ y: y : : Brannan: : Avg.

Month : Ep- : RH : Wind : Kp : PET Month : Antioch: Island : lodi : Total

1975-76

Oct. 75 3.91 M+ l .70 2.74 Oct. 75 3.02 2.91 2.74 2.89
Nov. 2.07 M+ l .71 1.47 Nov. 1.80 1.42 1.47 1. 56
Dec. 1.11 H l .76 .84 Dec. 1.10 .73 .84 o.!l9 .
Jan. 76 1.11 M+ l .71 .79 Jan. 76 1.09 .97 .79 0.95
Feb. 2.12 H- l .73 1.55 Feb. 1.35 1.35 1.55 1.42
Mar. 4.85 M+ l .69 3.35 Mar. 3.40 3.15 3.35 3.30
Apr. 7.00 M+ l .69 4.83 Apr. 4.45 4.44 4.83 4.57
May 10.76 M l .67 7.21 May 7.14 7.14 7.21 7. 16
June 12.16 M- l .63 7.66 June 7.42 7.32 7.66 7.47
July 11.68 M- l .64 7.48 July 7.85 8.22 7.48 7.85
AU9· 8.02 M- l .65 5.21 AU9. 5.50 5.52 5.21 5.41
Sep. 7.24 M l .67 4.85 Sep. 4.84 4.74 4.85 4.81

1976-77

Oct. 76 4.9 M l6.2mph .67 3.28 Oct. 76 3.15 3.25 3.28 3.23
Nov. 1.7 H- l5.2 .73 1.24 Nov . 1. 61 1.49 1.24 1.45
Dec. 1.2 M+ l5.3 .70 .84 Dec . 1.12 .88 .84 .95
Jan. 77 0.8 H l6.3 .77 .62 Jan . 77 .85 .60 .62 .68
Feb. 2.1 H- L6.6 .73 1.53 Feb . 1. 61 1.42 1.53 1.52
Mar. 5.2 M+ L9.9 .70 3.64 Mar . 3.71 3.40 3.64 3.58
Apr. 8.4 M- LlO.2 .64 5.38 Apr . 5.31 5.52 5.38 5.40
May 'if 6.7 M LlO.3 .70 4.69 May 4.76 4.93 4.69 4.79
June 5/ 9.8 M- L9.6 .67 6.57 June 6.87 7.17 6.57 6.87
July 'jJ 10.7 M- L10.1 .66 7.06 July 7.94 8.03 7.06 7.68
Aug. 5/ 8.6 M- L9.5 .67 5.76 Aug . 6.55 6.89 5.76 6.40
Sep. 'jJ 6.3 M L8.2 .70 4.41 Sep. 4.82 5.46 4.41 4.67

Oct. 4.6 M L .70 3.22 Oct. 3.42 3.58 3.22 3.41

11 Ibid.
Y Ibid.
3/ Ibid.
4/ Ibid.
]I Lodi station relocated May 1, 1977, and fetch changed from 50m to 10m.
Metric conversion: inches times 25.4 equals millimetres.

M.P.H. times 1.61 equals kilometres per hour.
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TABLE A-4
Comparison of 1976-77 PET with the Long Term PET

with the Difference Expressed in Percent

1977
Months : Oct. : Nov. : Dec. : Jan. : Feb. : Mar. : Apr. : May : June: July: Aug. : Sep. : Oct.

1976-77 PET 3.2 1.5 1.0 0.7 1.5 3.6 5.4 4.8 6.9 7.7 6.4 4.7 3.4
(inches)

Long Term PET 2.8 1.1 0.9 0.7 1.5 2.7 4.1 5.5 6.4 7.6 6.6 4.6 2.8
(inches)

Percent Change* +14 +36 +11 0 0 +33 +32 -13 +8 +1 -3 +2 2.1*

* These percentages generally apply to all crops during the irrigation season.
The crop Et values for October were further modified to reflect low rainfall
conditions experienced that month.

Metric conversion: inches times 25.4 equals millimetres.



TABLE A-5
1976-77 Estimated Crop Et Values

Delta Service Are~

tin inohes}

: :: ::::::::: Tota 1 : : Tota 1
Land Use Category : Oct. : Hov. : Dec. : Jan. : Feb. : Har. : Apr. : May : June: July: Aug. : Sep. : Oct.76·Sep.77 : Oct.77 :Nov.77-0ct.7'

Sacramento-San Joaquin Delta

Irrig.u.d Posture 3.2 1.5 1.0 0.1 1.5 3.6 5.4 4.8 6.9 1.1 6.4 4.1 41.4 3.4 41.6
Alfalf. 3.2 1.5 1.0 0.1 1.5 3.2 4.9 4.4 6.5 1.5 6.5 4.9 45.8 3.4 46.0
Oeoiduous Oroh.rd (Fruits&Nuts) 2.6 1.5 1.0 0.1 1.5 2.1 3.8 4.0 6.1 1.4 6.1 4.3 41.1 2.6 41.1
T...toes 2.4 1.5 1.0 0.1 1.5 1.9 2.2 2.6 4.0 8.2 6.0 2.3 34.3 1.9 33.8
Sug.r Beets 2.4 1.5 1.0 0.1 1.5 1.9 2.2 3.1 1.6 8.3 6.4 4.4 41.6 2.4 41.6
Groin Sor9hum (Hilo) 2.4 1.5 1.0 0.1 1.5 1.9 2.2 2.0 5.9 1.3 4.3 2.5 33.2 1.9 32.1
Field Corn 2.4 1.5 1.0 0.1 1.5 1.9 2.2 2.3 5.1 6.9 5.1 2.6 33.8 1.9 33.3
Ory Be.ns 2.4 1.5 1.0 0.1 1.5 1.9 2.2 1.1 5.1 6.2 2.1 2.5 30.0 1.9 29.5
S.ffl.... r 2.4 1.5 1.0 0.1 1.5 1.9 2.5 4.8 8.1 1.1 4.4 2.5 39.6 1.9 39.1
Aspar.9us 2.4 1.5 1.0 0.1 1.5 1.9 2.2 1.0 3.5 1.1 6.4 4.1 34.5 2.4 34.5
Pot. toes 2.4 1.5 1.0 0.1 1.5 1.9 2.2 1.1 4.3 1.4 5.5 2.8 32.9 1.9 32.4
Irri91ted Groin 2.4 1.5 1.0 0.1 2.0 4.3 5.1 3.1 1.8 1.0 1.0 1.6 26.1 1.6 24.1» Viney.rd 2.4 1.5 1.0 0.1 1.5 1.9 2.2 2.B 5.3 6.5 5.3 3.4 34.5 2.4 34.5

I Rioe 3.2 1.5 1.0 0.1 1.5 1.9 2.8 5.6 8.8 9.8 8.1 5.5 50.4 3.4 50.6
~ Sud.n 2.4 1.5 1.0 0.1 2.0 4.3 '.1 4.B 6.9 1.1 4.9 4.1 46.. 2.4 46.6
o Hiso. Truck 2.4 1.5 1.0 0.1 1.5 1.9 3.2 4.6 6.1 7.4 5.2 3.1 39.B 1.9 39.3

Hiso. Field 2.4 1.5 1.0 0.1 1.5 1.9 2.2 2.4 6.1 1.4 5.0 1.9 34.0 1.9 33.5
Double Cropped Nfth Grain

SU9.r Beets 2.4 1.5 1.0 0.1 2.0 4.3 5.1 3.1 1.8 4.2 5.2 5.8 31.1 3.4 3B.l
Field Corn 2.4 1.5 1.0 0.1 2.0 4.3 5.1 3.1 1.8 4.3 6.3 6.1 39.2 2.1 39.5
Gr.in Sor9hum (Hila) 2.4 1.5 1.0 0.1 2.0 4.3 5.1 3.1 1.8 2.7 6.1 5.2 36.5 1.9 36.0
Sudan 2.4 1.5 1.0 0.1 2.0 4.3 5.1 3.1 3.6 1.7 4.9 4.1 41.6 1.9 41.1
Dry Be.ns 2.41.51.00.12.04.35.73.13.17.63.51.5 36.4 1.9 35.9
To", toes 2.4 J.5 1.00.12.04.35.73.12.36.66.05.2 40.8 1.9 40.3
Lettuce 2.4 1.5 1.0 0.1 2.0 4.3 5.1 3.1 4.1 1.4 5.3 4.9 42.4 2.4 42.4
Hlso. Truok 2.4 1.5 1.0 0.1 2.0 4.3 5.7 3.1 2.3 6.6 6.0 5.2 40.8 2.4 40.8
Hiso. FIeld 2.4 1.5 1.0 0.1 2.0 4.3 5.7 3.1 4.1 1.4 5.3 4.9 42.4 3.4 43.4

F.llow Londs 11 2.4 1.5 1.0 0.7 1.4 1.0 1.0 1.0 1.0 1.0 1.0 1.0 14.0 1.0 12.6
Nltive Veget.tion £I 2.4 1.5 1.0 0.1 1.4 3.1 3.8 2.1 2.3 2.6 2.3 2.0 25.8 1.6 25.0
Riparian Veg. &Water Surface 4.6 2.4 1.4 0.8 1.9 4.5 7.4 6.6 9.7 11.8 9.7 7.0 67.8 4.3 67.5
Urb.n 1.6 O.B 0.6 0.1 1.0 1.0 1.9 2.4 2.4 2.5 2.4 1.9 19.2 1.6 19.2

11 Applies also to nonfrrtgated gratn.
~ Applies also to nonfrrfglted orchards and vineyards

Hetrtc conversion: Inches times 25.4 equals mtl1tletres.



Annual Crops
Evapotranspiration (Consumptive Use) Values

(i n inches)

Crop ancf (;rowi ng Peri od : Estimated Monthly Evapotranspiration
: Nov. : Dec. : Jan. : Feb. : Mar. : Apr. : May : June: July: Aug. : Sep. : Oct. : Total

Corn 1
Normal Cropll

4/1-8/31 0.9 3.3 7.4 8.7 5.0 25.3
5/1-9/30 1.2 3.7 8.9 7.7 3.6 25.1
7/1-11/15 0.3 2.0 6.7 5.6 3.0 17.6

1976-77Y 1.5 1.0 0.7 1.5 1.9 2.2 2.3 5.7 6.9 5.1 2.6 ~ .9 33.3

Milo 1
Normal Cropll

5/1-9/30 1.0 3.3 8.6 6.8 3.3 23.0
5/15-10/15 0.5 1.9 8.0 7.3 4.2 1.0 22.9

;l>
7/1-10/15 2.7 7.6 5.0 1.8 17.1

I
1976-77Y 1.5 1.0 0.7 1.5 1.9 2.2 2.0 5.9 7.3 4.3 2.5 1.9 32.7t-'

t-'

Potatoes 1
Normal Crop-!

3/1-6/30 1.7 4.3 6.7 4.2 16.9
4/15-8/15 1.2 4.4 7.6 7.5 1.7 22.4
6/1-9/30 3.8 7.9 7.9 4.3 23.9

1976-77Y 1.5 1.0 0.7 1.5 1.9 2.2 1.7 4.3 7.4 5.5 2.8 1.9 32.4

Tomatoes
Normal Cropll

3/15-8/31 0.4 1.1 2.2 6.0 8.8 6.3 24.8
4/15-9/15 0.6 1.6 4.0 8.6 7.2 2.2 24.2
5/15-9/30 0.8 2.5 7.1 7.8 4.5 22.7

1976-77Y 1.5 1.0 0.7 1.5 1.9 2.2 2.6 4.0 8.2 6.0 2.3 1.9 33.8

1/ Evapotranspiration during irrigation period.
II Evapotranspiration for the entire season.

Metric conversion: inches times 25.4 equals millimetres.



TABLE A-6
(Continued)

Cro-p- and Growing Period:
- - ---- - - - -- - -

Estimatea
u

l'1()nthly Evapotranspiration
: Nov. : Dec. : Jan. : Feb. : Mar. : Apr. : May : June: July: Aug. : Sept.: Oct. :-Total

Beans (Pinto)l/
Normal Crop-"

4/15-7/31 0.3 4.3 7.2 5.7 17.5
5/1-8/15 1.6 7.0 8.0 1.8 18.4
5/15-8/31 0.4 4.8 8.6 5.1 18.9

1976-77Y 1.5 1.0 0.7 1.5 1.9 2.2 1.7 5.7 6.2 2.7 2.5 1.9 29.5

Sugar Beets 1/
Normal Crop--'

1/15-8/31 0.1 0.4 1.1 3.7 6.4 7.4 8.8 7.2 35.1

:l>
2/15-9/15 0.2 0.9 2.5 6.1 7.4 8.8 7.6 2.7 36.2

I 3/15-9/30 0.2 1.2 4.3 7.2 8.8 7.6 5.2 34.5
...... 5/1-1/31 1.6 0.8 0.9 1.3 4.2 8.4 7.7 5.5 3.6 33.1
IV

5/15-2/28 1.6 0.8 0.9 1.7 0.7 2.9 8.0 7.7 5.5 3.6 33.4
6/1-3/15 1.6 0.8 0.9 1.7 1.3 1.7 7.1 7.7 5.5 3.6 31.0

1976-77Y 1.5 1.0 0.7 1.5 l.g 2.2 3.7 7.6 8.3 6.4 4.4 1.9 41.1

1/ Ibid
Y Ibid



The 1976-77 estimated crop ET rates determined as
described in the foregoing and the results are shown in Table A-S
provided the basis for determining the total water consumption
occurring in the Delta in that same year. Its findings are
reported in the main text of this report.

As mentioned earlier, other methods of determining ET
rates were investigated. The other methods were not used because
either the basic data essential in completing the analysis were
incomplete, or the resulting analysis appeared unreasonable. The
PET determined as prescribed by Food and Agriculture Organization
of the United Nation and used as a basis determining the ET rates
of various crops grown in the Delta was found to be the simplest
approach which also gave credence to the evaporation pattern.
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CONVERSION FACTORS

English 10 Metric System of Measurement

Ouantlty

Length

Volume

English U'1l1

Inches (In}

leet Ihl

miles (ml)

square inches (In 2)

square feel (h 2)

acres

square miles (mi21

gallons Igall

million gallons (10 6 gall

cubic feet (fl3)

cubic yards (yd 3)

acre·feel (ac·hl

Multiply by

25.4

.0254

.3048

1.6093

6.4516)( 10- 4

.092903

4046.9

.40469

.40469

.0040469

2.590

3.7854

.0037854

3785.4

.028317

.76455

1233.5

.0012335

1.233 )( 10- 6

To gel met'lc eqUlva lellt

millimelres (mml

metres Iml

metres 1m)

kilometres Ikml

square metres 1m2)

square metres (m 21

square metres Im21

hectares Ihal

square heclometres (hm2)

square kilometres Ikm 21

square kilometres (km 21

lilres III

cubIc metres (m3)

cub ic metres (mll

cubic meues (m3)

cubic metres 1m 3)

cubic metres tm 3)

cubic hectometres Ihm 3}

cubic kilometres (km J )

Volume/T Ime

(Flow)

Mass

Power

Pressure

cubic; feel per second (h 3/s) 28.317

.028317

gallons per minute 19a1/mln) .06309

6.309 )( 10-5

million gallons per day (mgd) .043813

poundS IIbl .45359

tons lshoJt. 2.000 Ibl .90718

907.18

horsepower (hp) 0.7460

pounds per square Inch (psll 6894.8

litreS per second (I/s)

cubic metres per second (ml/s)

I lues per second (1/5)

cubic metres per second lml/sl

cubic metres per second (ml/SI

kilogfams (kg)

lonne (tl

kilograms (kg)

kilowatts IkWI

pascal (Pa)

Temperature Degrees Fahrenheit (FI IF-32: t C
1.8

Degrees CelSIUS ('CI
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