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SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931 1

CHAPTER I

INTRODUCTION

The purpose of this report is to outline the conservation
measures and stream flow administration made necessary by the record
dry season of 1931 and to make of record the measurements made and
data collected through the office of the Sacramento-San Joaquin Water

Supervisor during this season.

Origin and History of Work

This work was inaugurated in 1924 through the efforts of
the first Sacramento-San Joaguin River Problems Confsrence and its

Permanent Committee working with the former Division of Water

Rights., A complete description of the origin, history and conduct

of this work will be found in the 1924 and 1926 Biennial Reports of
the former Division of Water Rights, in Bulletin Number 4 of the same

Diviesion, and in Bulletin Number 23 of the Division of Water Resources.
The latter bulletin brings together all data and measurements obtained
by the Water Supervisor in the five year period, 1924 to 1928, in-
clusive. The reports for subsequent individual years are mimeographed
as the present report, with the plan to again bring all data together

in & printed bulletin at the end of the second five year period,

Objectives and Scope

Briefly, the Water Superviscor work may be described as a
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measure of relief in the difficulties attendant upon water supply con=-
ditions and the use of water throughout the Sacramento-San Joaguin
territory. The situation, as outlined in detail in previous reports,
involves the major problem of satisfying the water requirements for
irrigation in both the Up-river areas and the Delté Region, for the
contrél‘of salinity in the Delta and Upper Bay area and for navigation
above Sacramento when frequently each one of these requirements has
exceeded the available Summer flow in the rivers, The solution lies

in conservation; by storage as soon as this can be accomplished but

alsc by the careful use and equitable distribution of the existing

water supply to those entitled to receive it. Such distribution may

be based upon an adjudication of water rights or upon & schedule deter-
mined by mutual consent of all interests, To form the basis for either,
it is required that there be available, the fundamental facts relating

to the past and present diversions and uses of water, the water supply,
return flow and all pertinent hydrographic data., In the absence of an
adjudication in the Sacramento-San Joagquin areé, and looking to the
needed counservation to bé effected by the equitable distribution of

water under decree or mutual agreeﬁent, the Water Supervisor work
embraces, then, the investigations and measurements necessary to complete
the record of basic data required. In the more extreme seasons of
water shortage such as 1924, 1926 and 1931, the conduct of this work
has provided also the organization of the Division of Water Resources
which, working throﬁgh the Permanent Advisory Committee of the various
interests concerned, has been able to effect the temporary administra-
tion of the stream flow under mutual agreement and to enforce.the '

measures of waste prevention that have been instrumental in success-
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fully tiding over the critical situation of these seasons without seriocus
conflict or loss,

The engineering investigations, measurements and collection
of records, etc.,‘have comprised: measurements and records of the diver—'
sions of water from the Sacramento, Feather, Yuba, American, Merced,
Tuolumne, Stanislaus, and San Jeaquin rivers within the valley floor
and above the Delta; stream flow measurements throughout the territory,
largely in cooperation with the Water Reséurces Byanch of the U, Sa
Geological Survey; measurements and records of waters returned to the
Sacramento and San Joaquin Rivers; studies of the consumptive use of
water in the Sacramento-San Joaguin Delta in cooperation wifh the Divi-
sion of Irrigation of the Bureau of Agricultural Engineering, U. S.
Department of Agriculture; an annual census of irrigated acreages and
erops under all diversions recorded and throughout the Delta; and obser-
vations and investigation of the mdvance and retreat of salinity in the
Delta channels and Upper Bays. As & special activity in 1931, .an in-
tensive field and office investigation was carried on to determine the
extent of and to evaluate the losses due to the water shortage and re-

sulting salinity in the Delta in that secason.

Qrgenization

The regular organization has‘included the Water Supervisor,
Assistant Water Supervisor, two Assistant Hydraulic Fngineers and
Bagineering Aidss Under the immediate direction of Martin H. Blote;ﬂ
Assistant Water Supervisor, Engineers Fred Anderson, James Brockway,
and Fred Paget have been responsible for the me jor portion of the

field work. Brockway resigned on August lst to take other employment
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and Paget, who succeeded him, has been responsible for the work in

the Sacramento River territory from the mouth of the Feather River to
Reddinge. Anderson has been responsible for the work on the Sacramento
River below the mouth of the Feather River and on the Foather, Yuba,
and American Rivers, for & portion of the census of irrigated crops

in the Delia and for the work in the Delta uplands, The San Joagquin
return water measurements have been conducted jointly by Anderson and
Paget,.

In the special investigation of losscs in the Sacramento-
San Jeaquin Delta due to salinity, A. H. Hubbard was field engineer
from July to the middle of October and the subsequent field and office
work was completed by A. M. Wells,

In the special Feather River Water Master Service reguired
in 1931, 4Anderson started the field work on July 23d and turned it
over to We A. Laflin on August lst. Laflin continued as Feather River

- Water Master until September 12th.

In continuation of the cooperative Delta investigation,
Major 0. V. P, Stout has hbeen in charge of this work under the direction
of We We McLaughlin, Chief of the Irrigation Division, Bureau of Agric-

ultural Engineering, U. S. Departmont of Agricultxrre.
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CHAPTER 1T

ADMINISTRATION AND SPECIAL CONSERVATION FEATURES OF 1931
A comparison of stream flow and water supply conditions

from 1924 to 1931, the period in which the work of the Water Super-

visor has been conducted, is shown in Table 1,

TaBLE 1

COMPARATIVE STREAM FLOW 1924 TO 19031

Run-off Minimun Flow in Second-fact

; i to San ; Sacramento River at : San. ;
P veur Ipreglice f : R |
: ;‘cent of ; Red Bluff; Colusa ;SacramentO; Near ;
: :  Normal* : : : : Vernalis:
; 1924 '; 28 ; 2810 ; 1470 ; 705 ; 391 ;
; 19285 ; 83 ; 3240 ; 1870 2 2760 ; 860 ;
; 19286 ; o7 ; 2980 ; 1030 ; 1330 : 563 ;
: lag7 : 114 ; 3560 ; 1980 ; 3420 ; 1290 ;
; 1928 ; 80 ; 3400 ; 1960 ; 2510 ; 840 :
; 1329 ; 42 ; 3060 ; 1550 ; 2300 : 565 :
; 1830 ; 63 : 2980 i 1680 i 2350 ; 6435 ;
: 1931 ; 29 ; 2480 : 820 ; Zero ; 200 i

s aa
s s

. .
M I3

*Normal taken as 40-vear mean (1889-1929) of natursl run-off at
foothill stations of major tributaries,
It will be noted that the minimum flow conditions in 1931
were even more serious than in 1924 although the total seasonal run-off
off the major streams in 1931 was practically the same as that in 1924,

This was largely due to the greateor rice acreage in 193l. In 1924 there
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were 32,800 acros of rice under irrigation from the Sacramento River
above Colusa and 88,500 acres from the river and its tributaries
above Sacramentc. In 1931 the corresponding acrcages were 43,500

above Colusa and 126,500 above Sacramento.

Early Action

By the middle of March, 1931, it was clecarly cvident that
,another season as critical as that of 1924, if not more so, Wﬁs to
be anticipateds EFarly plens were made, therefore, for a program, simi-
lar to that of 1924, under which conservation and waste prevention
measures might be enforccd and a control exercised over diversions and
use of water to the greatest cxtent possibvle.

On March 26th the Permanent Committee of the Sacramento-San
Joaguin River Problems Conference met ot Sacramento with representatives
of the Division of Water Resources znd the U, S. War Department to con-
sider what steps might be taken. It was agreed that the Water Supcrvisor
should proceced much the same as in 1924 and that the first most effective
step- would probably lie in an endeavor to bring about a curtailment of
all plantings such as rice which would demand such large quantities of

waters

Requesf by Permanent Committes for Curtailment of Plantings

Pursuant to this plan the following letter was sent out to
all water users in the Sacramento-San Joaguin territory:
Mareh 26, 1931
To Water Users in the Sacramento-San Joaguin Territory:
Ybur'undersigned Committee in cooperation with

the State Department of Public Works, Colonel Walter E.
Garrison, Director, has met today to consider the water
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situation confronting us in the coming season and to
take the action indicated to be nocessary,.

A forecast of the 1931 water supply and the situ-
ation to be expected was presented to the Committec by
the State Engineer., Barring storma of unusual magnitude
and duration in the next few weeks, the Summer stream flow
is forecast to approach closely that of 1924, With such
low flow the water supply will be insuffieient to care for
the anticipated acreage, to prevent selinity encroachment
into the Delta approaching in extent that of 1924, and to
prevent serious impairment of navigation above Sacramento.
It was shown also that present storage in reservoirs is
very low,

After carcful consideration of data gathered by
the State Engineer's office, this Committee is impelled
to warn the water usors of these conditions only lcss
severe than thosec of 1924. The necessity will exist for
the greatest posgible conservation of water. In 1924 this
was offeeted by water users on the advice of this Committes
acting with the State Division of Water Resources, and the
splendid cocperation on the part of all interests resulted
in a minimum of loss, and an acceptance by the U. S. War
Department of local efforts in the interest of navigation,
to the extent that no drastic action was taken by the
Federal’ Govermment, TWaced by a recurrcnce of low water cone
ditions; similar cooperation and effort should, in the
opinion of the Committee, be put into effect immediately.,
Edward Hyatt, State Engineer, advises that his office,
through Horlowe M. Stafford, Water Supervisor, stands ready
to work with the Committee and water users to prevent waste
and. save water in every possible way, and further, is pre-
prared, if necessary, to place in effect a schedule of
diversions or other such means which may be agreed upon
for water administration.

In considering how best to meet the situation the
needs of the Delta must be taken into account along with
those of the valleys, as must thc authority of the United
States in the interest of nevigation.

The most cffective conservation measure possible at
this time is limitation of acreages to be irrigated. Plans
for crop plantings are being made at this time and in some
cases planting has been started. You are urged to consider
the situation most carefully, particularly in the case of
extensive plantings which will demand large amounts of water
in July andéd August,.

Through the efforts of the water users themselves,
represcented by this Committee, previous dry secsons have
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been successTully passed with a minimm of friction and
a maximum benefit to all interests, and your full cooper-
ation is most earnestly urged to again accomplish this in
the season at hand,
Very truly yours,
Permenent Committee of the Sacramento-
San Joaquin River Problems Conference.
Through arrangements made by Mre E. L. Adams, President of
the Rice Growers Association of California, and Permanent Committee
member, this letter was alto enclosed with a stateément of the water site
uation sent out by the Rice Association to its cntire mailing list.
48 the result of further action at the March 26th meeting,
other letters warning of the impending water shortage were sent out by
the Division of Water Resources and by the District Engineer of the U,

Se War Department as follows:

Letter to Junior Permitteos of the Division of Water Resources

April 1, 1931

To Permittees under Junior Priorities
on Sacramento and San Joaquin Rivers
and Tributaries on Valley Floor:

All permits for use of water from streams in the
valley area of the Sacramento~San Joaquin River system
issued since May 9, 1919, contain the following clause:

"As there is a possibility that there
will not be sufficient water in .
river during the latter part of the irrigation
seasen to satisfy all requirements, this per=-
mit is issued subject to the express condition
that the use hereunder may be regulated by the
Division of Water Resourcos during such periods
of water scarcity to the end that such use will
not interfere with rights under prior applica-
tions.™ :

Your attention is called to the fact that your per-
mit was issued subsequent to the above date,
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Warning

Gstimates of discharge of the Sacramento-San Joaw
quin River system for July and August of the coming surmer
indicate that there will be a considerable deficiency
even with heavy late scason rains, In the case of a
water right which depends on & permit issued subsequent
to the above date, cognizance should be taken of the risk
to be incurred in planting crops requiring large amounts
of water during those two months, ‘

If it becomes necessary, in order to comply with the
water law, to regulate useo, the latest priority would be
the firet to suffer and so on in order,

This letter is being sent as a result of a meeting
of the Permanent Committee of the Sacramento~San Joaquin
River Probvlems Conference which recently sent warnings of
the impending shortage to all water users.

Very truly yours,
(Signed) Harold Conkling
Deputy in charge of Water Rights.

from Distriet Engincer, U, S, War Department

March 31, 1931
To Water Users in the Smcramonto Valley:

In view of the abnormally low stage expcected in the
Sacramento River during the coming Summer months, it is
desired to bring to your attention the interests of the
War Department with regard to navigation, As you doubt-
less know, the Department is charged by law with the
maintenance of the navigability of the Sacramento River
(among others), and is empowerced to enforce restrictions
on any use of the water that would interfere with the
requirements of navigation,

The War Department would be very reluctant to take
action with a view to stopping diversions for irrigation,
thereby adding to the difficulties that the natural water
shortage will impose upon agriculturists. However, un-
less prompt action be taken by those who divert water
from the river, to reduce such diversions to the minimum
actually necessary, and to stop the water wastage that is
known now to exist, it is possible that the War Department
may have to take action to reduce diversions for irrigation,
in order that the intercsts of navigation may be protected,

10
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It is understood that the Department of Public
Works of the State of California is cooperating with
the Permenent Committee of the Sacromento-San Joaquin
River Problems Conference, to effect the greatest
possible conscrvation of water, Similar action during
the low water season of 1984 produced very satisfactory
results; and it is earnestly hoped that those who divert
water for irrigntion will give wholehearted support to
the efforts of the above mentioncd agencies, in order
that the limited quantity of water may be used.in the
bost interests of all concerned, Such cooperation may
obviate the necessity of drastic oction by the War De-
partment,

Yours very truly,
(Signed) J. K. D. Matheson

Major, Corps of Engineers
District Engineer.

Second Meeting of Permanent Committec

At the second meeting of the Permanent Committee with State
and War Department representativés, held at Sacramento on april léth,
a canvass of the results from these letters indicated that a sincere
effort was boing made by the water users to comply with the recommends
ations made and that many projects were effecting substantiai cuts in
their ricc acreegs, Pursuant to action at this meeting the following

letter was sent to water users by the Permanent Committees-

Credit Allowance for Acreage Reductions

April 15, 1931
To Sacramento-San Joaquin Water Users:

On April 13th this Cormittee held its second
meeting of the present season to canvass the results of
recommendrtions sent to the woter users after its first
meeting, to receive from the State Engineer the latest
information and forecast of 1931 watcer supply conditions,
and to consider further steps to meet the situation.

The enclosed data taken from the "™Monthly Bulle-
tin of Snow Survey and Precipitation Data and Seasonal

11
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Forecast™ of the State Division of Water Resources,
prescnts the serious situation to be expected throughout
the State and indicates a shortage even greater than was
anticipated at the date of the Committee's first meeting,. -

As a result of the Committece's first letter, a
number of replies have been received indicating that
action is being taken pursuant to the Committce's rocom-
mendation for & reduction in irrigated acreages and it is
felt that action of this character should be given the
highest commendation, Further, the Cormittee feecls that
those water users endcavoring to help the situation at
this time through a bondfide reduction in aereage should
be given every consideration, when, at the time of extreme
shortage later in the se2son, reduction of diversions by the
State Division of Water Resources through the Water Super-
visor, may become necessary. With this in mind the Cormit-
tee adopted the following resolution -

"Resolved that it is the sentiment of this
Committee that where, as a measure of cooperation
in meeting the water situation, a water user at
this time voluntarily reduces his irrigated acreage
and furnishes proof of such reduction to the Com-
mittee, such water user be given full credit for
his action, when, latcr in the season, it is found
necessary to effect a reduction in diversions."

Very truly yours,
Permanent Committee of the Sacramento-
San Joaquin River Problems Confercnce.

In spite of every step taken, the aveilable stream flow con-
tinued to decrease at an alarming rate and on May 28th the Committee
and State and Federal representatives met again at Sacromento to toke
positive action for relief. From the Water Supervisor's report of
stream flow, diversions and retwrn flow conditions, it was apparent
that a further and more drastic campaign of waste prevention offered
the most effective course to be pursued. The Water Supervisor was

instructed to perfect a cooperative arrangement with the larger pro-

Jjects whereby each through a specially designated conscrvation officer
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would be held responsible to the Water Supervisor and a representative
of the U. Se Bngineer office, for all waste prevention and conservation

measures, The Committoc sent the following letter to all of the major

pro jects above Sacramento:

Organization for Conservition and Waste Prevention

June 1, 1931
Gentlemen:

At the May 28th meeting of this Committee with
officials of the State Division of Water Resources and
Ues S. War Dep.rtment, Corps of Enginecrs, the present
water situation was critically reviewed., The facts
shown are 28 follows:

River Discharge:

3300 Sec.fts
2060 Sec.Pts
~ 1870 Sec.Ft.
- 1000 Scc.Fts
- 7680 Sec.ft.

Sacramento River at Red Bluff -« -
Sacramento River at Butte City -
Sacramento River at Colusa -~ - -
Sacromento River at Enights Landin
Feather River at Nicolaus = « = =
Sacrmento River at Verona = - - 1600 ScceFte.
American River at Sacramento = -~ 950 Sec.Fte
Sacramento Rivor at Sacramento - - = 2300 Sec.Fte
San Joaquin River near Vernalis - - - 400 Sec.fte
Combined flow of Sacramento and San

Joaguin Rivers to Deltg - =« =» = - = 2700 Scc.Tta

which is below the flow in 1924 at the corres-~

ponding time,

1 Ga ¢}
1

t
i

There is a present draft by major projects only on
the river from Red Bluff to Sicramento of 3900 sccond-
feet, This is being diverted for approximately 75,000
acres of rice and 68,000 acres of gencral crops or a
total of 143,000 acres, The rice acreage being irrigated
from the river and tributaries above Sacrmmento is approx-
imately 26 per cent grester than the 1924 acreage and
above Colusa it is 34 per cent greater,

Water levels are now such on the section of river
between Colusa and Knights Landing that a drop of very
little more will cause the intakes of two or more of the
largest pumping plants to be out of water. & comparison
of present draft, acreage irrigsated, and waste and return

waters for four major Up-River districts shows the follow-
ing:
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¢ River: : :

: Draft: Acreage Under : Waste and :

¢ - of : Major Diversions : Eeturn Water :

District ¢ Major: : b
sPumping : : : : . :

:Plants: Rice : Genl.:Total :Sggggd: M?qlnngfnt

‘ :Sece I H : : . casureme

:Recl, Dist.2047 @ : : : : :
including Glenn-: : : : : ! olusa
Colusa, Jacinto,: : : : : Y nprough”

- Provident, Prince- : 5 : : ! at Colusa- &
$on-Codora-Glonn: 1900 : 42700: 24500: 67000: 850 . Williams :
Compton~Delevan, i : : : : : Highway :

:and Maxwell Irri-: T : : : HE :
gation Districts: : : : : : ' :

‘Recls Diste 70 | 113 | —=-- © 6800 ss00} g ¢ DiStriet 70

: : : D T : District 108 :

Recly Dist. 108 @ 785 s 11000: [ 3500: 14500: 100 :Drain at Rough:

: : : : i ;gnd“Beady Bend:
Rocl. DIst+1500 ¢ g7 ° 7400° 12000° 10400° O ‘Dist,1500 Drain]
Sutter Basin - : : - P IR H

This indicates that there is waste of water which
can and must be prevented. The large discharge of return
water and waste in the Colusa Trough which joins the river
at Knights Landing is "py-passing™ a section of river
between that point and a considerable distance above Col-
usa; a section where, as above noted, the precarious water
levels require the utmost posgsible fTlowse

Taking all facts together, it is indicated that not
only low levels but am actual shortage of water for Up-
River acreage without consideration of the Delta require=
ments and the: salinity problem) is impending.

The situation demands a decided action for conserva-
tion and prevention of waste and this can only be accomplished

through the active cooperation of all water users. 1t is

felt that the larger Districts must assume the responsibil-

ity for waste prevention within their Districts and that
in their field organization the necessary provision for
inspectors, water masters, etc., for this purpose, should
be mades It is therefore reguested that you immediately
designate a Conservation Officer who shall patrol your
district to stop wastage and shall be your representative
to cooperate with the State Water Supervisor and Federal
officials. -

The rule to be followed by the Water Supervisor of

14
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the State Division of Water Resources, is to cut river
diversions by the amount of wastage under them.

Will you please notify the Water Superviser
when you have designated your Conservation Officer
and within a short time arrangements will be made for
the representative of the War Department and the Water
Supervisor to meet him for an inspection of your project
and to assist in any way possible in your conservation
campaign,

Very truly yours,

PERMANENT COMMITTEE OF THE SACRAMENTO-
SAN JOAQUIN RIVER PROBLEMS CONFERENCE

HERBERT E. WHITE
Chairman

A similar letter appropriate to the situation of the smaller
projects and individual diverters of water was sent to all of these.
This letter did not request the appointment of a Conssrvation Officer
but placed the responsibility and requirement for waste prevention upon
the smaller projects and arranged for the contact with the Water Super-
visor in the ccnservation campaign.

In order to bring the necessity for waste prevention to all
of tho individual water users under the larger projects and Districts,
a copy of the Permanent Committee's letter to the project was sent to

cach uscr accompanied by the following letter from the Water Supervisor:

Diversion Cuts in Accordance with Waste

June 3, 1931

To all Water Uscrs Under Large Project and Distriet
Irrigation Systems of the Sacramento River:

Your attention is called to the enclosecd
letter recently sent to your project by the Permancnt
Committee of the Sacramento-San Joaguin River Problems
Conference. You will notec that the water situation is
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extromely grave and it is imperative that the utmost
conservation of water be practiced if present crop
plantings arc to be matured and damage and conflict
averted.

To effect this conservation the regulation has
been established that where waste shall be found to
occur under any project the diversion of such project
ghall be reduced by the amount of such waste.

On the larger projects where effective conserva-
tion can rcsult only from thco combined offort of the
individual water users, provision is made for a Conscr-
vation Officer on cach project to cooperate and work
with thc Water Supervisor in the inspection and pre-
vention of wastc.

Pursuant to the enclosed letter, the project
from which you reecive your supply of water, has
Gosignated its Conscrvation Officor and will place in-
spectors in the field to insure a careful use of water,

The exertion of every effort upon your part to
SAVE WATER and the reporting of waste by others to your
Conservation Officer or to this office, in order that it
may be stopped, will insure that the supply of your pro-
jcet and hence that of your individual diversion will
not be reduced for waste of walera
Very truly yours,
HARTOWE M. STAFFORD
Water Supervisor
Following up these letters and the appointment of the various
conservation officers, contact was made with the lattor by a represoent-
ative of the U. Se. Engineer Officc and the Water Supervisor and on
each of thec major projects on the Sacramento River above Sacramento
a detailed inspection was made of the use of water, the amount of
drainage, seecpage or wastc and thc methods of controls. Thesc inspece-
tions wore continued by the Water Supcrvisor cnd his staff through-

out the critical period of the season and close contact was maintained

at all times betwecen the Conservation Officers and the Water Super-
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visor's office, It was found that the men appointed to act for the
various projects were, in practically every instance, more than Wwile
ling to cooperate to cut down waste and spill in order that the river
diversions might be correspondingly rcduccd. The backing of the State
and Federal aéencies tc assist them in the enforcoment of rules and
regulations for waste prcvention already laid down was particularly
welcomed and it was at the request of a number of the Conservation
Offiecers that hsadgate warning signs were printed and furnished to
them, Over the signaturc of the Water Supervisor, these signs were
captioned "SAVE WATFR" and read, "The amount of water taken out of
tho Sacramento River by this project will bo reduced for waste of
water by individuals. If you want a supply of water through this

gate all season, regulote the flow so that there will be no waste."

Waste Eliminated -

It was but a short time after these activities had been
under way that there was o vory marked drop in the flow of the draiﬁs
and return water chonnels and 2 furthor inspection showed that on
every large projeet all controllable waste, particularly the spill
from the tailgates in the rice fields, had been practieclly eliminated.
This was reflected in diversion reductions which, in the aggregate,
resulted in a considerably increased flow in the river.

With controllablc waste and spill taken care of there still
remained the considerable drainage flow duec to scepage. To control
this loss and prevent excessive secpage from the rice fields, 2 number
of the larger projects put into effeet a plan of blocking the drains

and holding the water table as high as possible without causing injury.
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This undoubtedly permitted & considerable reduction in the amount of
water required to be diverted from the river, On other projects
numerous booster pumping plants were installed on the drains to re-

use the seepage Clow,

Accomplishment

At the close of the season, faced with the facts that the
Delta had experienced a salinity encroachment higher than that of
1924, that for a short time therc was no net downstream flow in the
Sacramento River at Sacramento and that navigation above Sacramento
was not possible for practically the entire season, it might ssem that
little was accomplished by the strenuous efforts put forth., When
viewed, however, from the standpoint of what the situation might
Have been without these efforts, with no recognitiom by the water
users of the need for conservition and no concertcd action for Wﬁste
prevention, the results are more encouraging. In the evidence by the
water users of their desire to cooperate and to put forth every possible
cffort to conserve wator the War Department waos constrained to walve
severe éction in the protcction of navigation with which it is charged
and was‘supported in assuming a course which took cognizance of the
needs of irrigation, Without doubt the measures taken to maintain the
river levels and flow above Sacramento were instrumental in preserving
a considerable acreage of crops under irrigation from the rivgr in this-
territory. With'respect to the Delta arca, however, the relief possible
within the limits of the control exercised was small and the experience
of the 1931 season peints very forcefully to the conclusion that if,

in another such season, any greater flow is to reach thc Delta, the
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meagures of control must go beyond those of waste prevention and embrace
the sctual administrotion of diversions in accordance with the most
equitable and workaeble schedule that can be derived from the many

years of records and data now available, With mutual agreement a
requirement for operation under such a schedulc and the elimination of
late appropriators probably an inevitable result in such a season as
that of 1931, the difficulties in the way of its realization are of no
small magnitwle. However, outside of increased water supplies through
storage, the solution appears to lie in this direction and the POSSi=-

bility of a situation which would force the issue is not to be . ignored.

THE FEATHER RIVER SITUATJON

Early in July, 1931, the flow of the Feather River below
Yuba City diminished very seriously and the larger irrigation pumping
plants located on the lower stretches of the river began to experience
a shortage of waters On July 10th the flow entirely ceased at the
Nicolaus Bridge gaging station and at the plants of Feather River Water
Company, Garden Highway Mutual Water Company and Po;loek, a short dis-
tance above Nicolaus, ond the plants of Sutter Basin Company near the
mouth of the river, diversions were rcduced to the intermittent pump-
ing of pools supplied only by scepage. It was apparent that something
would have to be done immcdiately to incrense the river flow if a

considerable arez of orchards and field crops were to be saveds

Sacramento and Crovills Meetings
An investigation of conditions was made by the Water Super-
visor's office and after many preliminary conferences between the

various water users and the Division of Water Resources, two meetings
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conducted by the Statc Enginocer, onc at Sacramento on July R1st and
the other at Oroville on July 22d, resulted in relief action. Thesc
meetings were attended by reproscntatives of the larger watcr usors
on the Feather River below Marysville, by represcntatives of the
Sutter Butte Canel Company, Richvales Irrigation District, Western
Canal Company, Pacific Gas and Electric Company and at the Oroville
meeting, by & representative of the State Railroad Commiesion. It
was apparent from the facts presented that if sufficient witer in
addition to the natural flow (claimed by Sutter Butte Canal Company
and Richvale Irrigation District) were to pass the Sutter Butte
Canal Company's diversion dam a short distance below Oroville, it
woﬁld require not only voluntary cuts on the part of the two lorge
ecanal companies but additional storage releases by the Pacific Gos
and Electric Company, owner of the Almanor and Bﬁcks Reservoirs on
the North Fork of the Feather Ri&er. It was shown that the rcleases
from Almanor were already of an amount to keep the Caribou power
plant running continuously at full capacity. However, as o result
of the Orovillc meeting, the power company agreed to extend further
aid and an additional release of stored water was made from Bucks
Reserveir. This, with the temporary cuts of Western and Sutter Butie-
Richvale canals, resulted in a flow which carried the water to a
point below Nicolaus Bridge and supplied all pumping plants except
those of Sutter Basin Company a short distance above the mouth of

the rivers

Provisgion for Waeter Master

At both the Sacramento and Oroville mectings the nesed wns
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stressed for a State Water Master to insure the proper distribution of
the available Tlow in the river and to effect such savings as ﬁight
be possible through a schedule of rotation or other regulation of
this nature, In fact, the additional releasc of storage by the Power
Company was made contingent upon the placing of control of diversions
in the hands of & State Water Master. An agreemont providing for a
Water Master for the 1931 season was drawn up and presented to the
water users at the Sacramsnto meefing and the signaturcs were prac-
tically completed at the Oroville meeting. Thc water master began
work under the direction of the Sacramento-San Jeaquin Water Supeor-
visor on July 23d, Immediate arrangements werc mede with Pacific Gas
and Electric Company and Sutter Butte Canal Company for daily telc-
phone reports to insure the rapid transmission of natural flow de-
terminatione. and the immediatce check and regulation accordingly.

The water master called upon all water users and arranged for and
placed in effeet a schedule of rotation of diversions wherever pos-

gible,

Additional Storage Releascs

The records showkthat subseguent to the Oroville mecoting
and the initiation of the work of the Water Master, a maximum flow
of 189 second-feet passcd Sutter Butte diversion dam on July 24th,
The increased flow was of too short duration, however, to carry the
water through to the lowest pumving wlants. The flow at Nicolaus
picked up from zero to 36 second-fcet on July 27th but very quickly
drepped off again and the lowest point of established flow was only

a short di stance below Nicolaus, It appeared that everything poss-

21
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ible was being done by the Water Master in the way of conservation

of the existing flow and hence that if the Sutter Basin Company pumps
were to be recached, an additional storage release would be required,
preferably an initially large one to force thc water downstream quickly.
The Sutter Basin Company presented the situation to the Pacific Gas
and Elecctric Company =nd requested an additional storage relesse.
Upon assuronce from the Division of Water Resources that the Woter
Master would maintain a ¢areful check and close regulation of any
releases to insure that the additional water would be permitted to
reach the lower pumping plonts, the Pacific Gas and Electric Company
agreed to a large additional release of water from Lake Almanor and
this was started on July 3th. It was necessary to by-pass the
Caribou Power Plant with this water as the previous releasc was al-

ready operating this plant to capacity,.

Results Obtained

Accofding to the records the storage release started on
July 3ch resulted in an increcased flow in the river at Oroville from
July 31lst to August 4th amounting to 1800 acre-feet or a mean addition-
al flow of 180 second-feet for five days. This release passed the
Sutter Butte diversion dam, reached Nicoleus on August 84, and in-
creased to a maximum flow of 192 second-feet at the latier poiant on
August 3de It reached the lowest pumping plants on the rifer but
through control by temporary sand dams, very little of the flow was
permitted to waste into the Sacramento River., Subsequently an average
weekly flow of not less than 495 seccond-fect was maintained at

Nicolaus and for the weck ending September 11th the average flow had
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increased to 316 second-feet due to the reduction of upper diversion

requirements as the scason advanced.

Water Right Determination a Probable Oubcorc

With the closing of the Water Master work on Septoamber 13th,
the water users expressed an entire satisfaction with the rosults
accomplished and it appeared that the timely cooperation of all in-
terests concoernsd had been most sudcessful in preventing serious
damage from water shortage to a considerable area of viluable irri-
gated lands. 48 an outcome of the 1931 situation, it also appeared
that some action might be expected leading to an ultimnte adjudica-
tion or determination of the water rights below Oroville. & committec
of the water users is now giving consideration to the best proccdure
to bring about such a determination and it appears that this may
take the form of a Court Reference to the Division of Water Resourcos

as Referee,
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CHAPTER III

MBEASUREMENTS OF STREAM FLOW

During the irrigsation scason of 1931, stream flow measure-
ments and records were obtained through cooperation with the Water
Resources Branch of the U. S. Geologicel Survey for stations on the
Sacramento River at Kennett, Red Bluff, Butte City, Colusa, Wilkins
Sloﬁgh, Knights Landing, and Verona; on the Feuther River at Nicolaus;
on the American River at H Street Bridge, Sacramento; on the Mokel-
umne River at Woodbridge and Thoruton, and on the San Joaquin River
near Newman and Vernalis., The station on the Sacramento River at
Wilkins Slough which is between Colusa and Knights Landing, was newly
established in 1931 to provide & closer definition of the return water
in this stretch of the river. The station on the Mokelumne River at
Thornton was discontinued at the cnd of May as conditions here were
not ocntirely satisfactory for geging and the flow as recorded at
the Woodbridee station is little different from that at Thornton.

Supplementing the above cooperative stations, the Water
Supervisor has maintained stations on Upper Butte Creck, on Lower
Butte Creek and Slough, and, in connection with the San Joaguin
return water measurements (See Chapter V), stations as follows:
Stanislaus River at Orange Blossom Bridge and at Elliot Ranch,
Tuolumne River at Roberts Ferry Bridge and at Tuolumne City, Merced
Rivér at Yosemite Valley Railroad Crossing and at Hills Ferry Road
Bridge (near mouth), Dry Cr.ek at 01d Waterford Bridge and at Basso
Ranch (near Modesté), ond San Jeaguin River at San Luis Island and

at Grayson (Laird Slough). Many additional stations maintained on
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By-Pass and Drainage chamncels for the mecasuremecnt of return water
arc listed in Chapter V.

The stations at Kennett, Red Bluff, Verona, Woodbridge, Ver-
nalis and Newman, are maintained throughout the year but the records

are given in this report for the irrigation season only,.

Sacramento River at Sacramento

The record of the flow of the Sacramento River ~t Sacramerito
as given in this and previous reports, does not represent zactual mens-
uronents at a station below the City of Sacramcnto Intake, Because
of tidal action, a gaging station at this point is not Teasible. The
daily dischérge record as given has beon computed by using the Verona
record and making dus allowanece for the measured inflow and draft be-
tween that station and Sacramento. In this computation it is not
practicable and no aettempt has been made to allow for the time re-
guired for the flow to travel from Verona to Sacreamento and to make
the various deductions and additiouns enroute at the exact time that
the given Verona flow would have passed the rospective points of
inflow or draft. During the Summer period the velocitics between
Verona &and Sacremento are low and a given flow may require a day's
time or more to travel this distance, Under these conditions, the
computed flow 2t Sacramento may differ somewhat from what would have
been found if the actual flow could have been measured., Contridbuting
to this difference also there are the accrctions or losses which
cannot be measured. In the upper scections of the river the invisible
acecretions or losses between two pointé are susccptible of computation

as the remaining quantity required to satisfy the equation when the




SLORAMENTO-3AN JOAQUIN WATER SUPERVISOR'S REPORT 1831

flow at the upper ond lower points and all definite intermediate
inflows and drafts are known. With no actual measurcment of the flow
at Sacramento, the invisible accrctions or losses botween Verons and
Sacramonto cannot be thus defined and hence they are unaccounted for
in the computed flow at Sacramento. From the data presented sube
sequently in Chapter V, it would appear that some roturn flow might
be expected in the Verona~Sacramento scction but, . as indicated in the
tabulation of return water (Table 50), no figure for it has been
given (except for the measured drains) because it could not be

derived without a rccord of thé actual flow at Sacramentoe.

Tidal Cycle Stream Flow Measurcments

In July and August a number of tidal cycle mesasurements
of the flow of the Sacramento River at Sacramento were made, During
& complete eycle of tidal phases, normally a period of cbout twenty-
five hours, current meter mecasurements of the flow ﬁmre mxde at
intervals of approximately one hour. The mensurements were then
plotted against tide 2nd time and the net discharge for the tidal cye
wag determined graphically, Table 2 gives the dota for these tidal
cycle measurements and Plate 2 shows the variation of dischargec with
tide and illustrates the method of coemputation for the two tidal
ceycles of July 224 and 234,

The periods of the tidal cycle for which the measurements
arg given in Table 2 do not coincide with the corresponding daily
periods for which the discharge at Sacramento is conputcd from the
Verona record {Sec Table 11), and for other reasons proviously ex-

plained, some difference betwcen the net discharge as derived by

26
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tidal cycle measurcment ana as computed would be expected and was
found, The differcnce may probably be tuken as an‘appoximation.of the
scepage return water in the Verono-Sacramento sectioﬁ provided that
the derivation of the computed flow without allowanco for the Verona-
Socramento time interval has not given results at too great variance
from what the actual flow less secpage return would have been., It
will be noted that as computed, therc was a negative daily discharge
ot Sncramento for a considerable period in the latter hnlf of July,
indicating a net tidal flow upstrcam to supply an upstrcam irrigation
draft., The minimm flow shown by the tidal cyele mensurcments was a
positive or downstrocom flow of 41 second-feet for the cycle of July
20.933, A reliable cstimate for the secpage return in the Verona-3acra-
mento section could doubtless be derived from & comparison of the
measured and computed figures for a total monthly flow, but this would
require that the tidal cycle measurements, which are costly, be

continued throughout an cntire month.

Upstream Flow at Sacramento

On Plate 2 it will bo noted that at the time of the extreme
low flow at Sacramento there was, at high tide, a maiimum upstream dis-
charge of 4000 second-feaect, and for several hours twice a day during
this period, there was o very marked upstream flow. Floats were placed
in the river to show the extent of the upstream travel and Plate 3 shows
the considerable distance traveled by a float placed in the river at

the Riverside sewer sump of the City of Sacramento on July 1éth.

Distribution of Flow to Delta Channels

As reported in Bulletin 27 - "yariation and Control of Salin-
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ity in Sacramento-3an Joaguin Delta and Upper San Francisco Bay" - a
nunber of tidal cycle rehsurements were made in 1929 and 1950 in con=
nection with tho investigation for that bulletin, to establish as
closely as possible the distribution of Sacramento River flow to

the various Delta chainels at various stages of the river at Sacramento,
The data of Bulletin 27 show that for the tidal and channel conditions
and the division of inflow between the Sacremento and San Joaguin

River systems which existed throughout the period of the measurements,
a‘very definite rolationvwas established between the flow at Sacra-
mento and its distribution to the Delta channels. It was noted,
however, that a change in the established relation might be anticipated
should the rel:tive inflow of the Sacramento and San Joaquin River
systems be considerably different or should there occur a marked change
in tidsl and channcl conditions as the result of subsequent reclamation
or dredging operations, )

In the work of the 1931 season, through & cooperation with
the U, S. Engineer Office, Second District, an opportunity was afforded
to make several measuremcnts as a partial check of tﬁe relation estab-
lished by the 192930 measurements., Simultaneous tidal cyele measure-
ments of flow were made on Georgiana Slough and on the mein river
channel below the head of Georgiana Slough, and it wes endeavored to
make the measurements a2t stages of the flow at Sacramento not covered
by the 1929-30 measurements in order to more completely define as well
as to check the curve derived from the latter measurcments. The results
arc shown in Table 3.

When these measurcments are plotted on the curve of Bulletin

27 showing the relation between the flow of the Sacramento River at
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Sacramento and the percentage of this flow passing through Georgisna
Slough, it would appear that some change in conditions may have
occurred under which, for a given flow at Sacraomento, the propor-
tional flow through Georgiana Slough is now smaller; or in ofher

words, that a proportiom of the flow passing Walnut Grove, greater
than that shown in 1929, is now continuing down the main river channel,
Since the 1929-30 measurements were made, considerable dredging work
has been done by the U. S.War Department in the Sacramento River
channel from Rio Vista up to the triple junction of Steamboat Slough,
Cache Slough and the main river channel, and also up into the main
river channel toward Isleton end it is not improvable that the
changed tidal and channel conditions resulting from this work may have
been responsible for the change in the relation which the 1931 measure-
ments would indicate. However, the number of the lattor measurements
was probably not sufficient to warrant a definite.or final conclusion
that a change has occurred in the division of flow at the haed of

Georgiana Slough,
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TABLE 2
TIDAL CYCLE MEASUREMENTS OF THE SACRAMENTO RIVER AT SACRAMENTO,
JULY AND AUGUST, 1931

;? y T e - T Net H
: : Period of Measurements . od :Amer-3City :Flow ;
H : : Duratlongﬁizz sican ;3 of :Below:
P grelel : T, of ipis. IRiVver;Sacto:City :
. UveLe, From : To . Cycle ‘ohamee) iD= tDivers of
Number, : : : Seg :flow :sions:Sacto, -
: : 7 : : P 1 taoog ¢ S56C.i Sec.:Intalet
3 : Time : Date : Time : Date :Hour:Mins; i feet: feet: Secs:
: : : : : : : : ; : : Teet;
: 1l : 9:20P: 7-9 : 9:55 P: 7-10 : 84 : 35 3 450 : 177 : 56 i 571
: 2 1 9:55 P: 7-10 :10:50 P: 7-11 : 24 : 55 : 202 : 126 : 55 ;273 E
: 3 :7:05P: 7-11 : ©:40 P; 7-12 : 26 : 35 : 145 : 136 : 48 : 233
: 4 - 9:20P: 7-9 : 9:40 P; 7-12 : 72 : 20 : 218 : 148 : 53 : 313 :
: 5 :10:20 A: 7-15 : 9:35 A: 7~16 : 23 : 15 : 227 ; 124 i 48 ; 303 :
: 6 :12:40 P: 7-20 : 1:07 P: 7-21 : 24 : 27 : 335 ; 74 3 50 : 359 :
7 :128:50 At 7-281 : 2:20 A: 7~22 : R5 ; 30 : 158 ; 62 3 50 : 170 :
; : : : : : : : : ; : :
H 8 : 2:280 A 7-22 : 3:835 A; 7-23 : 25 : B : 413 8lL: 52 ¢ %0 :
: 9 . :12:40 P: 7-20 ; 5:40 Py 7-83 1 77 } -- $ 215 : 75 : Bl : 239 ;
: : : : H : : : H : : H
P 710 3 8:30 A:r 8-12 ; 9325 A 8«13 ¢ 24 1 55 : 510 ; === § === : 510 :
: : : : : : : : ; : ; 3

NOTE: Measurements 1 to ¢ inclusive, were made
proximately 1000 feet above the mouth of the American River, Number

10 was made at a section located 600 feet below the I Street Bridge,

toad

at a section located ap-
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TABLE 3

DISTRIBUTION OF SACRAMENTO RIVER FIOW TO DELTA CHANNELS AS SHOWN
BY TIDAL CYCLE MEASUREMENTS OF GEORGIANA SLOUGH AND SACRAMENTO
RIVER BELOW THE HEAD OF GEORGIANA SLOUGH, 1931

———
——

: Duration:Net Discharge: :

Period of Measurements : of : Second-feet ;Corrgsf

:  Cyele :Sacto, :ponding

Cycle : : : : ’ :River : Flow :
From : To : : ‘Georg-:Below : 2t

: Number : iana :Head of:SacTra-:
lough:Georgi- mento:
¥ . ana :Second:

;Hour;Min.:s

Time ; Date ; Time i Date i i : :Slough: feet :

. . : K. :

L i 8:55 AiMay 20:10:00 A:May B1. 25 i 05 : . 1330 . 4200 -
o : 8:55 AidMay 20: 9150 AiMay B1: 24 : 55 : 1220 : : 4200 :
3 i 8:45 AiMay 25: 9:35 A:May 24: 24 : 50 : } 1090 : 3400 :
4 ;845 AiMay 25 0:35 Atlay 24t 24 1 50 : 090 : . 3400 :
5 : 8:30 PiMay 23: 9:10 PiMay 24: 24 : 40 : ;885 : 3100 :
6t 8:30 PiMay 25: 9:10 PiMay 24: 24 1 40 + 885 : ;5100
7 111:55 A:June 5:10:05 A:June 6: 22 : 10 : . 527 : 2500
; . . P22+ 10 ' 2500

8 :11:55 A:June 5:10:05 A:June 6: 22 : 10

»
«

1180 ¢

* Toward San Joaquin River.
** Toward Rio Vista.
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TABLE 4
DISCHARGE OF SACRAMENTO RIVER AT KENNETT
Day e ‘ _Daily Discharge in Second-feet i
. ar. Apr., May CJune Jul, Auge -Sels - Uote
1 3990 4590 3710 2880 2720 2570 2520 2520
2 3850 4590 3710 2880 2720 2570 2520 2520
3 3850 4590 3710 2880 2670 2570 2520 252
4 3850 4280 3580 2820 2670 25720 £520 2620
5 3850 4280 3450 2770 2670 2520 2570 2570
8 3710 4280 3330 2720 2670 2570 2520 2520
7 3710 4280 3330 - 2720 2670 2570 2520 262
8 2580 4130 3210 2770 2620 2570 2570 2670
9 3850 4130 3210 2770 2620 2970 2570 2870
10 3710 4130 3210 2770 2620 25820 2620 2720
11 8800 4130 3100 2770 2620 2920 2570 2720
12 13300 3990 3100 2770 2620 2470 2570 2670
13 9880 4280 3100 2770 2570 2520 2570 2670
14 7760 3990 3100 2720 2570 2520 2570 2870
15 6370 3990 3210 2990 2970 2570 2620 2670
16 5800 3990 3330 3850 2570 2520 2620 2670
17 5800 3990 3210 3330 2570 2520 2820 2870
18 9810 3990 3100 3100 2570 2520 2620 2670
19 2000 3990 2990 2990 2620 2520 2620 £620
20 7960 3850 2990 2980 2620 2520 2620 2670
21 7160 38580 2990 2990 2620 2520 2570 2670
22 6760 3710 2990 2990 2570 2470 2570 3580
25 6370 3850 2990 £880 2570 2470 2620 2990
24 5990 3580 2990 &880 2570 2520 2620 3330
29 5620 3450 2090 2820 2570 2520 2820 3530-
26 b260 3450 2990 2770 2570 2520 2570 3450
27 5090 3450 2990 2770 2570 2520 2470 3210
28 4920 3580 2990 2770 2570 2520 2520 2990
29 4750 3580 2940 2820 2620 2520 2620 2880
30 4590 3710 2940 2770 2570 2520 2570 23820
31 4590 2880 2620 2520 2880
Mean 5920 3990 3170 2890 2610 2530 2570 =830
Ao Tt .
for 364000 237000 195000 172000 160000 156000 153000 174000
Month :

NOTE: This is a permanent station of the Water Resources Branch of the
U. 3. Geological Survey established at Xennett in 1¢25.
tion is maintained throughout the year, but the record is ziven
here for the period of the irrigatien season only.

This sta-~

i
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TABLE 5

DISCHARGE OF SACRAMENTO RIVER NEAR RED BLUFF

3 a

Daily Discharge in Second-feet

Day  War.,  Apr. May  Jun.  Jdle  Auge  Beps __ OCt.
1 5430 5430 4200 3150 2980 2640 - 2840 2720
2 5210 5650 4200 3150 2000 2640 2640 2720
% 5100 5430 4200 3150 2810 2640 2640 2640
4 5000 5320 4100 3060 2810 2640 2640 2720
5 5000 5210 4010 2980 2810 2560 2640 2810
5 4900 5100 3920 2980 2900 2560 2720 2720
7 4790 5000 3830 2980 2810 2560 2720 2720
8 4590 5000 3660 2980 2810 2560 2640 2810
9 4690 4900 3660 2080 2720 2560 2720 2900
10 5000 4690 3580 2980 2720 2560 2720 28980
11 6120 4690 3580 2980 2720 2560 2720 2980
12 15300 4790 3490 2080 2720 2560 2640 2980
13 13700 5100 3490 2000 2720 2480 2640 2980
14 10200 5100 3490 2980 2640 2560 2640 2980
15 8300 4790 3580 3400 2640 2560 2640 2980
16 7160 4690 3660 4790 2720 2560 2640 2980
17 6890 4690 3660 4790 2720 2560 2640 2980
18 9360 . 4600 3580 3920 2720 2560 2640 2980
19 13700 4590 3320 3660 2720 2560 2640 2980
20 10900 4390 3320 3580 2720 2560 2640 2980
51 0540 4390 | 3320 3400 2640 2640 2640 2980
22 8910 4300 3320 3400 2640 2640 5640 3400
23 8300 4390 3240 3240 2640 2560 2640 4900
24 7710 4590 3240 3150 2640 2560 2720 4590
25 7160 4200 3490 3060 2640 2640 2720 4100
56 6890 4100 5580 2980 2640 2640 2810 4490
27 6630 4100 3400 2080 2640 2580 2720 3920
28 6370 4100 3320 2080 2640 2640 2720 3740
20 6120 4100 3320 2980 2640 2840 2720 3660
30 5880 4200 3240 2000 2640 2640 2810 3580
31 5650 3150 2640 2640 53490
Mean 7440 4720 3590 3250 2720 2590 2680 3240
.A.C.Fté .
for 457000 281000 221000 193000 167000 159000 159000 199000

Month

NOTE: This is a permanent station of the Water Resources Branch of
the U. S. Geological Survey located near the site of the pro-
posed Iron Canyon Dam: Mile 198,6 above Sacramento, This sta-
tion is maintained throughout the year, but the record is given
here for the period of thé irrigation season only.
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TABLE 6

DISCIIARGE OF SACRAMENTO RIVER AT BUTTE CITY

- s Daily Discharge in Second-feet

vay s May Jun, Jul, Avg. Sep, Octe
1 2690 1810 1560 1100 1400 2430
2 2760 1750 1510 1130 1400 2430
3 2760 1690 1480 1130 1440 2360
4 2690 1640 1450 1140 1500 2360
5 2560 1640 1420 1150 1550 2360
6 2500 1580 1390 1120 1560 23860
7 2430 1580 1370 1130 1640 2360
8 2430 1580 1330 1140 1750 2360
9 2300 1580 1300 1160 181¢C 2430

10 2240 15580 1260 1160 1870 2500

11 2170 1550 1230 1150 2050 2560
12 2050 1580 1190 1140 2110 2560
15 1990 1580 1180 1080 2110 2620
14 1990 1570 1120 1080 2110 26890
15 1930 1690 1100 . 1100 2110 2690

18 1230 1930 1080 1160 2240 2760
17 1990 2690 1090 1180 2300 2760 .
18 2050 3250 1100 1200 2300 2820
19 1990 2760 1090 1230 2300 2820
20 1870 2430 1110 12820 2300 2880

21 1810 2360 1120 1220 2360 2820
28 1780 2300 1130 1250 2300 2820
23 1750 2110 1110 1260 2300 2850
24 1690 2030 1080 1250 2300 4040
25 1870 1930 1070 1230 2360 4200

26 1930 1870 1080 1230 2360 3200
a7 2110 1750 1060 1290 2360 4200
28 2050 1690 1080 1240 2360 3900
29 1990 1580 1080 1260 2300 5670
30 1930 1260 1070 1330 2300 3800

31 1870 1110 1370 39520
Mean 2130 1890 1200 1190 2040 2930
Ac.Pt.

for 131000 112000 73800 73200 121000 180000
Month

NOTE: Gagings taken near Butte City Bridge, Mile 115.8
above Sacramento. Station maintained by Water
Resources Branch of the U, S. Geological Survey
under cooperative agreement.
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TABLE 7

DISCHARGE OF SACRAMENTO RIVER AT COLUSA

: Daily Discharge in Second-feet
Day  yay Tun., Jul, Aug, SeDe Oct,
1 2620 1660 1320 952 1280 2490
2 2540 1600 1290 9250 1230 2490
3 2620 1500 1260 952 1260 2410
4 2540 1470 1230 952 1290 2410
5 2460 1470 1830 1010 1400 2410
6 2300 1440 1200 1000 1430 2410
7 2220 1410 1140 972 1430 2410
8 2300 1380 1090 1000 1540 2410
9 2220 1330 1040 1000 1680 2410
10 2060 1350 252 1000 1740 2490
11 1990 1350 925 1000 1930 2570
12 1880 1380 925 972 2050 2660
13 1850 1410 925 945 2090 2660
14 17830 1380 870 918 2090 2660
15 1740 1470 870 918 2130 2750
16 1740 1800 845 972 2130 2750
17 1850 2050 870 1000 2290 2750
18 1920 3130 845 1030 2330 2840 |
19 1920 R770 870 1060 2330 2930
20 1780 2380 898 1080 2410 2930
21 1800 2200 898 1110 2410 2930
22 1660 2120 870 1080 2410 2840
23 1530 2120 870 1110 2410 2840
24 1500 1310 845 1110 - 2830 3820
25 1560 1740 820 1060 2410 4700
26 1770 1630 845 1060 - 2410 4400
27 1910 1530 870 1080 2410 4400
28 1910 1470 845 = 1080 2410 4400
29 1910 1410 ° 845 1110 2330 4000
30 1840 1320 845 1170 2410 3800
31 1770 898 1200 : 3600
Mean 1980 1700 969 1030 2000 3020
Ac.Ft,.

for 122000 101000 59600 63300 119000 186000
Month

NOTE: Gagings taken near-:Colusa Bridge, Mile 89.4 above
Sacramento. Station maintained by Water Resources
Branch of the U, S. Geological Survey under coop-
erative agreement.
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SACRAMENIO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931

. TABIE 8

DISCHARGE OF SACRAMENTO R. BELOW WILKINS SLOUGH

Day ° DeiTy Discharge in Secono-feet
tApr, May Jun. Jul, Aug, SeDe Oct.
1 1610 898 476 56 778 2430
2 1520 733 452 148 812 2520
3 1540 632 446 172 760 2430
4 1600 597 366 180 812 2380
5 1460 564 321 188 882 2380
6 1380 542 381 227 1000 2380
7 1380 537 285 227 970 2430
8 1600 525 226 195 . 1080 2380
9 1410 499 226 224 1210 2380
10 1230 490 176 £04 1320 = 2430
11 1050 411 66 254 1400 2480
12 918 3595 65 251 1560 2520
13 845 405 iz2s6 254 1760 2560
14 843 427 86 233 1840 2610
15 768 496 86 224 - 1890 2660
16 2650 742 801 148 287 1980 2660
17 2340 833 830 140 326 2070 2700
18 2100 1000 1270 107 350 2160 2750
19 1960 1210 2140 77 347 2200 2800
20 1820 1110 1940 126 362 2250 2900
21 1720 895 1540 110 416 2300 ~ 2900
22 1730 667 1480 86 470 2340 2800
23 1900 539 1380 66 452 2340 2800
24 1800 479 1370 23 485 2340 2950
25 1700 602 1140 66 464 2340 3780
26 1840 675 943 = 104 470 2380 4050
27 1860 804 781 135 485 2380 3940
28 1680 989 679 189 515 2430 4050
29 1580 957 627 26 560 2430 3880
30 1550 992 817 40 638 2380 3660
31 914 42 708 3560
Mean *1880 1050 854 171 335 1750 2880
Ac.Ft,
for  *58000 64800 50800 10500 20600 104000 177000
Month '

NOTE: Station newly established August 1, 1931 at Mile 62.9,

*

a short distance below Wilkins Slough Pumping Plant of
Reclamation Distriet 108. Maintained by Water Resources
Branch of U, S. Guological Survey under cooperative agree-
ment.,
Discharge prior to August 1st is computed from gage height
record at Tisdale plant of Sutter Mutual Weter Company
(Mile 63.795 L) and rating curve based upon measurements
at new station and Tisdale Plant gage heights.

15 days.
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SACRAMENTO-SAN JOAQUIN WATHER SUPERVICOR'S REPORT 1931

TABLE 9

DISCHARGE OF SACRAMENTO RIVER AT KNIGHTS TANDING

Daily Discharge in Second-feet

Day May Jun. - Jul, Aug, SeDe. Oct,
1l 2200 1750 778 302 1180 2590
2 2200 1610 708 320 1280 2650
3 2150 1430 672 350 1280 2650
4 2260 1300 620 430 1280 2650
5 2370 1200 568 430 1280 2530
6 2150 1140 ob0 460 1400 2470
7 2000 1100 505 505 1450 2410
8 2150 1060 445 520 1500 2410
9 2200 295 403 250 1550 2470
10 2050 955 378 585 1750 2530
11 1750 875 345 585 1910 2530
12 1480 855 308 602 2080 2530
13 1300 855 300 602 2300 2590
14 1340 875 318 638 2350 2590
15 1250 975 320 602 2410 2650
16 1300 1120 302 585 2470 2710
17 1340 1250 . 300 590 2590 2770
18 1700 1560 292 642 2650 2830
19 1950 2200 272 678 2710 2770
20 2000 2480 265 678 2710 2770
21 1680 2200 270 695 2710 2770
22 1300 2050 270 705 2710 2770
23 1040 1900 260 835 2650 2770
24 915 1800 258 835 2650 3070
25 995 1560 298 875 2650 3850
26 1120 1380 330 875 2650 4100
27 1560 1200 385 895 2650 3980
28 2100 1060 330 935 2650 4100
29 2260 1020 308 280 2650 3980
30 2000 895b 310 1050 2530 3730
31 1900 295 1120 3610
Mean 1740 1380 389 661 2150 2020
Ac.Ft. _ -
for 107000 80900 23900 40600 128000 180000
Month
NOTE: Gagings are taken at the Railroad Bridge at Knights

Landing at Mile 34,0 above Sacramento and therefore
include the water entering the river from the Back
Borrow Pit of Reclamation Districts 787 and 108,
Station maintained by Water Resources Branch of the
U. 8. Geological Survey under cooperative agreement.

39




SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931 40

TABLE 10

DISCHARGE OF SACRAMENTO RIVER AT VERONA

: Daily Discharge in Second-feet

Day

Mar, Apr, May Jun, Jul. Aug, Sep. Oct,
1 11800 9680 4370 2550 1060 345 1550 3600
2 11500 9320 4230 2280 - 950 407 1670 3720
3 10200 9320 4370 2020 © 905 473 1720 3840
4 10600 9140 4510 1830 846 603 1630 3720
5 10200 8620 . 4510 1650 811, 579 1670 3600
6 9860 8110 4090 1560 755 579 1850 3480
7 9680 7600 3680 1520 707 615 1940 3300
8 9500 7280 3950 1480 616 603 1880 3350
9 9140 7120 3950 1400 b3g 628 2080 3540
10 8790 6800. 3550 1320 507 674 2280 3650
11 9140 6480 3100 1180 448 648 2570 3570
12 10400 6000 2610 1240 394 701 2950 3420
13 14300 6000 2440 1230 377 757 3220 3380
14 17600 5680 2440 1220 399 799 3360 3360
1> 18600 5530 2380 1360 399 771 3500 3480
1g 17200 5230 2440 1560 a7 743 3500 3720
17 15500 4790 2500 1780 360 736 3710 3840
18 14500 4510 2910 2280 328 834 3780 3720
19 17000 4370 34.20 3290 311 883 3920 3600
20 21300 4230 3290 3420 206 878 3920 3600
21 22400 4000 2610 2910 317 876 38560 3480
22 21100 3950 2070 2670 322 965 3850 3600
23 198300 3950 1740 2550 304 1120 3710 3720
24 18000 4230 1600 2440 304 1120 3780 4640
25 18500 4510 1700 2070 345 1190 3710 6260
26 14900 4230 1830 1780 385 1130 - 3780 6260
27 13700 4230 27 30 1580 418 1150 3780 8110
28 12800 4230 3680 1360 462 1270 3780 6260
29 _ 12000 4370 3680 1400 429 1350 3640 5960
30 11100 4370 3030 1240 375 1350 3430 2510
31 10200 2790 345 1430 5210
Mean 13900 - 5930 3100 1870 497 846 3000 4150
Ac,Tt.

for 855000 352000 191000 111000 30600 52000 179000 255000
Month

NOTE: This station is located at Mile 19.6 above Sacramento below the
Junetion of the Feather with Sacramento River. It is just above
the mouth of "Cross Canal", main drain of Reclamation District
1001, and is-only a short distance abvove the upstream limit of
the tide effect, Station maintained by Water Resources Branch
of the U, S. Geological Survey under cooperative agreement.,




SACRAMENTO-~SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931

TABLE 11

DISCHARGE OF SACRAMENTO RIVER AT SACRAMENTO

Daily Discharge in Second-feet

[
s
e

:Mar. Apr, May Jun., Jul, Aug, Sep, Oct.
1 12800 11400 . 7010 2900 841 -3 1310 3670
2 12500 11500 6800 2490 698 106 1430 3790
& 11800 11600 6980 2180 702 162 1530 3920
Z 116000 11200 7010 1930 692 286 1410 3850
5 11400 10500 6990 1700 610 230 1440 3690
6 11100 10100 6520 1590 503 206 1670 3570
7 10700 10100 6130 1560 409 237 1800 3360
8 10500  10L00 ' 6220 1560 348 219 1840 3420
9 10000 9570 5470 1420 221 268 2010 3590
10 9630 9070 5010 1310 209 319 2300 3760
11 10200 8870 4450 1170 78 £50 2610 3660
12 13600 8270 3950 1180 61 345 2940 3520
13 16600 7970 3770 1130 51 373 3220 3460
14 19400 7530 3690 1080 58 369 3360 3450
15 20200 7090 3960 1220 25 402 3510 3580
16 18700 6710 3710 1490 8. 369 3520 3760
17 17100 6590 3820 3750 -25° 343 3750 3860
18 18100 6650 4100 4070 -79 455 3810 3760
19 24900 6740 4520 4490 ~63 492 3970 3630
20 25800 6630 4010 4130 -9l - 480 3990 3710
21 . 26000 6400 3040 3350 -131 492 2910 3560
22 24800 6500 2530 2950  -112 600 3940 3660
23 22500 6460 2230 2710 -121 754 3780 3790
24 20900 6370 2080 2500  -111 735 3840 5010
25 19200 6250 2160 2090 -69 799 3800 6970
26 17100 5000 3460 1740 15 782 3890 6820
27 15600 7170 4500 1450 50 737 3910 6800
28 14400 . 7520 4670 1220 115 929 . 3890 6790
29 13500 7740 4380 1250 26 1010 3710 6360
30 12500 7490 3550 1100 46 1020 3490 5820
31 11500 3310 -7 1130 5520
 Mean 16000 8200 4520 2080 160 480 2990 4330
Ac.Ft.

for 981000 488000 278000 124000 9830 29500 178000 266000
Month

NOTE: This represents the flow past Sacramento (below the City of
Sacramento intake) to the Delta. The discharges of this table
have been computed by adding to the measured Verona discharges
the measured inflow of return water and American River and sub-
tracting therefrom the measured diversions between Verona and
Sacramento. A gaging station is not maintained at Sacramento
because of tidal action.




SACRAMENTO-SAN JOAQUIN WATER SUPERVISCR'S REPORT 1931

DISCHARGE OF FEATHER RIVER AT NICOLAUS

TABLE 13

Da : Daily Discharge in Second-feet
Yo, May Jun. Jul, Aug, 5eDa Octe
1 2040 569 91 0 174 796
2 2000 498 7a 81 199 844
3 2040 441 49 192 195 932
4 1950 378 52 120 199 1010
5 1720 317 62 B4 204 868
6 1520 288 36 49 208 653
7 1360 275 32 50 252 590
8 1360 239 DaD 57 318 724
9 1270 223 ] 54 329 948
10 1180 223 Led 33 406 1000
11 10¢0 223 0 32 490 7R
12 1000 197 0 43 590 632
13 910 182 D 47 611 604
14 820 170 0 4.6 732 876
15 885 193 0 B4 716 764
16 950 223 0 76 724 988
17 885 250 0 78 780 1020
18 852 561 0 57 812 932
19 820 547 0 46 844 796
20 748 460 0 47 8441 639
21 564 404 0 66 730 611
22 514 369 0 94 611 844
23 470 300 0.5 125 646 1020
24 481 246 0 130 700 2700
25 508 2217 0.7 154 740 2800
26 569 208 0 138 780 1940
27 . 1580 le4 36 130 820 2080
28 1720 197 1% 127 700 1900
29 1260 201 0.7 103 590 1620
30 950 136 3.6 113 097 1400
31 736 2.6 135 1280
Mean 1120 297 15.2 82.4 BBl 1110
Ac Ft.
for 68900 17700 835 BO70 32800 68200
Month
Monthly
Diversions
Below 24568 3008 1002 2568 520 1
Nicolaus
Discharge
59,28t 56400 14700 O 2500 32300 68200

Acre-Toet

NOTH: Station moved in 1931 to Mile 9.3 @bove mouth of

river and 0.1 mile below Nicolaus

Bridge.

Maint ained

by Water Resourvces Branch of U, S. Geological Survey
under cooperabive agresment.

43




SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931

TABLE 11

DISCHARGE OF SACRAMENTO RIVER AT SACRAMENTO

Daily Discharge in Second-feet

ol
i
-~

:Mar. Apr, May Jun, Jul. Aug, Sep, Oct.

1 12800 11400 7010 2900 841 -3 1310 3670
2 12500 11500 6800 2490 698 106 1430 3790
3 11800 11600 6920 2180 702 162 1530 3920
Z 11600 11200 7010 . 1930 892 286 1410 3830
B 11400 10500 6990 1700 610 230 - 1440 3690
6 11100 10100 6520 1590 503 206 1670 3570
7 10700 1Q100 6130 1560 409 237 1800 © 3360
8 10500 10100 6220 1560 348 219 1840 3420
] 10000 9570 0470 1420 221 268 2010 3590
10 9630 9070 5010 1310 209 319 2300 3760
11 10200 8870 44530 1170 78 250" 2610 3660
12 13600 8270 3¢50 1180 61 345 2940 3520
13 16600 7 9'70 3770 1130 51 373 3220 3460
14 19400 7530 3690 1080 58 369 3360 3450
15 20200 7090 3960 1220 25 402 3510 3380
16 18700 6710 3710 1490 8 369 3520 3760
17 17100 6520 3820 3750 -25i 343 3750 3860
18 18100 6650 4100 4070 -79 405 3810 2760
19 24900 6740 4520 4490 -63 492 3970 3630
20 25800 6630 4010 4130 =91 480 3990 3710
21 . 26000 6400 3040 3350 ~131 492 3910 3560
22 24800 6500 2530 2950 =112 600 394.0 3660
23 22500 6460 2230 2710 -121 754 3780 3790
24 20900 6370 2080 2500 ~111 . 735 3840 5010
29 19200 68230 2150 2090 -69 799 3800 6970
26 17100 9200 3460 1740 15 782 3890 6820
27 15600 7170 4500 1450 50 737 3910 6800
28 14400 7520 4670 1220 115 929 3890 6790
29 13500 7740 4380 1250 26 1010 3710 6360
30 12500 7490 3550 1100 - 46 1020 3490 5820
31 11500 2310 -7 1130 5520
] Mean 16000 8200 4520 2080 - 180 480 2990 4330
Ac.Ft.

for 981000 488000 278000 124000 8830 29500 178000 266000
Month

NOTE: This represents the flow past Sacramento (below the City of
Sacramento intake) to the Delta. The discharges of this table
have been computed by adding to the measured Verona discharges
the measured inflow of return water and American River and sub-
tracting therefrom the measured diversions between Verona and
Sacramento. A gaging station is not maintained at Sacramento
because of tidal action.




SACRAMENTO~3AN JOAQUIN WATER SUPERVISOR'S REPORT 1981

TABLE 12

DISCEARGE OF BUTTE CREEK NEAR EAST SIDE HIGHWAY

Daily Discharge in Second-feet

by ApT, May. Jun, Jul, Aug, Sepe Oct,
1 10 29
2 9 21
3 7 20
4 6 20
5 4 20
B 3 : 20
7 1 ! 20
3 1 = =20
9 2 o 20
10 2 1 19
11 2 1 ! y fy 18
12 2 ) | . 17
13 2 o= o = o 15
14 2 o o o - 13
15 31 2 A A e 1 12
16 51 2 o rx, o . 10
17 31 2 8
18 30 3 6
19 28 3 o o o 4 4
20 27 3 Ex = - 12 3
AN 29 3 ' ; i 16 1
22 24 3 1 1 { Do 1
23 282 3 . o0 1
24 21 3 52 1
25 19 3 22 >
26 i8 3 TSR 3
27 16 3 23 4
28 15 3 23 5]
29 13 3 23 8
30 12 3 23 10
31 3 12
Mean 2246 Ba3 7.8 11.5
Ac.I't. .
for  **720 200 ABD 708
Month

NOTE: This record is estimated from current meter measurements
and occasional staff gage readings. Station is located
at brideze one mile west of the Hast Side Hizhway.

* Beginning of record for ssason.
** 18 days,
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SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931

TABLE 13

DISCHARGE OF FEATHER RIVER AT NICOLAUS

: Daily Discharge in Second-rfeet
Day : May Jun. Jul, Aug, 5eDa Octe
1 2040 569 91 0 174 796
2 2000 498 72 81 199 844
3 2040 441 49 192 185 932
4 1950 378 52 120 199 1010
5 1720 317 62 84 204 868
6 1520 288 36 49 208 653
7 1360 275 32 50 252 590
8 1360 239 9,5 57 318 724
9 1270 223 9 54 329 948
10 1180 223 laod 33 4086 1000
11 10%0 283 0 32 490 772
12 1000 197 0 43 590 632
13 910 182 0 47 611 604
14 820 170 C 46 732 576
15 885 193 0 54 716 764
16 9b0 223 0 76 724 288
17 885 250 0 78 780 1020
18 802 561 0 57 812 932
19 820 547 0 46 844 796
20 748 460 0 47 844 6359
21 564 404 0 66 730 611
22 514 369 0 94 611 844
23 470 300 0.5 125 646 1020
24 481 246 0 130 700 2700
25 508 221 0.7 154 740 2800
26 569 208 0 132 780 1940
27 . 1580 164 36 130 820 2080
28 1720 197 1% 127 700 1900
29 1260 201 0.7 103 590 1620
30 950 136 B340 113 507 1400
3L 736 2.6 135 1280
Mean 1120 297 - 15.2 82.4 BBl 1110
Ac . Tt,
for 68900 17700 935 5070 32800 68200
Month
Monthly
Diversions
Below 2458 3008 1002 2568 520 1
Nicolaus
Discharge
ﬁ?v§%°t°-66400 14700 0 25600 32300 /8200
Acre-feet .

NOTZ: Statlon moved in 1931 to Mile 9.3 above mouth of
river and 0,1 mile below Nicolaus Bridge. Maintained
by Water Resources Branch of U, S. Geological Survey
under cocperative agreement.




SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S RFPORT 1931

TABIE 14

DISCHARGE OF AMERICAN RIVER AT SACRAMENTO

—————— r————— gt smart gy

RN } Daily Discharge in Second-feet

DAy oy T Tun. Jul.  hug.  Sep.  Octa.
1 3120 780 204 63 52 123
2 3070 870 186 85 an 117
3 3020 620 241 78 44 126
4 2980 546 230 84 40 127
5 2940 468 198 62 46 130
6 2900 468 182 62 50 136
7 2860 493 142 59 49 120
8 2610 519 189 57 64 128
9 1970 434 164 50 74 113

10 1840 418 177 50 82 141

11 1830 402 126 59 102 143

12 1840 350 138 74 90 125

13 1790 343 157 32 99 143

14 1740 287 137 34 85 149

15 2080 274 122 48 72 154

16 1770 269 127 48 73 98

17 1650 2320 133 34 76 72

18 1510 2130 110 56 81 78

19 1430 1580 90 41 88 74

20 1140 1060 87 37 103 106

21 921 . 811 = &2 50 109 115

22 921 670 81 50 122 92

23 943 546 84 50 110 06

24 866 476 71 80 117 409

25 877 395 80 70 109 747

26 2060 350 85 85 137 602

27 2220 308 90 80 160 722

28 1440 280 56 61 © 130 555

29 1130 246 28 56 120 425

30 943 226 80 54 108 337

31 943 52 54 337

Mean 1850 625 185 56,9 87.6 221
AC.Fto

for 114000 37200 7690 3500 5210 13600
Month

Monthly

Diversions

@elQW 61 28 44 45 28 18
Gaging

Station

Discharge
to 3acto.
River 114000 37200 7850 34:60 5180 13600
Acre-feet

NOTE: Gagings at "H" Stieet Bridge, 6.0 miles above
mouth, Station maintained by Water Resources
Branch of the U, 3. Goological Survey under
cooperative agreement,
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SACRAMENTO-~SAN JOAQUIN WATER SUPFRVISOR'S RFEPORT 1931

TABLE 15

DISCHARGE CF MOKELUMNE RIVER AT WOODBRIDGE

: Daily Discharge in Second-feet
Day ey, Apr. May  Jun.  Juls  Aug.  Seps  OcCt.
1 124 7 9.5 10 6.5 471 188 4,1
2 120 7 9 10 B.5 245 545 2.5
3 106 7 9 10 6,5 303 3¢9 245
4 104 7 10 10 6,5 322 Ba7 2.6
5 106 7 9,5. 10 6.5 B3% 443 246
6 108 7 10 10 6,5 315 Le3 2.6
7 106 7 10 10 7 436 445 245
8 110 i 10 11 7 511 445 245
9 107 6 710 11 7 348 4B 2.4
10 105 5 11 1L 7 251 ) 2.5
11 83 5 10 11 6 315 4e6 246
12 32 545 10 11 4¢3 356 443 2.8
13 11 5.5 10 11 4,1 191 4ol 2.8
14 9.5 6 11 11 ek 96 3¢9 2.8
15 12 645 14 12 Be4 132 3e9 3.0
16 13 7 15 12 3.4 149 346 2,8
17 14 645 15 12 3.6 270 346 340
18 16 645 16 12 3.9 315 3e6 2.8
19 57 6 16 12 4,6 338 346 2.8
20 26 BeD 16 13 7 330 Bed 2.8
22 34 6eD 14 15 5¢5 330 346 245
25 30 645 12 15 5 338 3.6 244
24 av Be5 8 15 80 333 36 2.4
25 26 645 9 14 275 322 346 2ok
26 20 745 10 15 307 230 347 2.6
27 R} 13 10 10 318 315 ) 6
28 6,5 9.5 10 7 307 215 3e2 10
29 6 10 10 6.5 296 308 340 10
30 6 10 10 B.5 296 315 2.6 10
3, 6 10 285 322 9.5
Mean 50,9 7.02 11,3 11,3 73,9 309 10.0 3.7
Ac,Ft.
for 3130 418 695 672 4540 19000 595 228
Month

NOTE: Gaging station located just below Woodbridge Irrigation District's
Dam at Woodbridge. tation maintained by Water Resources Branch
of the U, S. Geological Survey throughout the year, but the record
is given here for the period of the irrigation season only.



SACRAMNTO-SAN JOAQUIN WATTR SUPERVISOR'S REPORT 1931

TABLE 16

DISCHARGE OF MOKELUMNE RIVER AT THORNTON

:Daily Discharge in Second-Ft.

Day :Mar, Apr. May

1 114 14 18

2 117 14 1%

3 108 14 14

4 106 14 16

5 108 13 16

6 110 13 15

7 109 12 18

8 108 13 18

9 110 14 16

10 106 12 16

11 110 85 17

12 66 ‘ 045 14

13 B34 10 15

14 25 10 16

15 22 12 18

18 22 13 17

17 21 13 17

13 23 12 18

19 39 12 18

20 41 9 18

21 32 11 15

22 41. 12 17

23 36 11 17

24 33 12 15

25 52 12 14

26 28 1= 14

27 25 18 15

28 18 13 15

29 16 18 15

30 16 14 15

31 14 15

Mean 57.7 12,7 15,8

Ace.Fte

for 3550 756 972
Month

Station discontinued May 31, 1931.

NOTE: This station is located near Thorn-
ton at the lowest point on the river
which is above tidal effect. Station
maintained by Water Resources Branch
of the U. S. Geological Survey.
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TABLE 17

DISCHARGE OF SAN JOAQUIN RIVIR NEAR NEWMAN

: Daily Discharge in Second-feet

47

e et s or oot ettt mmorimr -2 st .ttt srtim e

Day

Mar, Apre May - Jun, Jul,. Aug. Sep, Oct,
1 465 165 107 146 77 30 54 65
2 448 173 112 152 70 46 48 67
3 430 175 105 136 74 48 48 68
4 398 169 107 121 . 65 48 50 64
5 207 160 101 112 58 43 48 65
6} 337 160 100 109 65 48 54 64
7 320 148 96 119 59 46 59 64
8 304 132 103 130 58 48 60 64
9 298 121 118 127 48 48 ) 58 62
10 304 112 110 118 30 483 80 82
11 324 103 103 118 36 47 85 69
12 327 105 101 114 47 47 64 74
13 04 . 118 105 114 56 47 60 74
14 286 125 107 112 o8 48 87 74
15 280 121 23 118 53 48 82 76
16 271 109 103 119 B7 46 60 76
17 260 112 116 118 a7 53 bole 77
18 251 1086 106 116 62 50 S4 77
19 243 100 100 118 64 39 37 76
20 237 100 96 116 74 26 43 77
21 227 103 101 107 72 28 44 77
22 . 227 89 96 112 67 29 48 76
23 217 91 100 132 62 36 37 79
24 202 26 118 118 B4 4] 40 79
25 200 94 156 101 58 £0 43 79
26 195 110 © 180 101 15 33 41 8l
27 192 119 156 9l 02 28 A8 79
28 186 127 160 89 58 32 54 82
29 182 11¢ 160 84 59 44 06 81
30 177 109 139 88 48 44 59 77
3l 167 136 32 53 74
Mean 278 122 C115 115 59,1 4242 52.0 727
Ac.TY,

for 17100 7260 7070 6840 3630 2590 3090 4470

Month

NOTE: This station is at Mile 47,0 above Durham Ferry Bridge and is
below the inflow of the Merced River. It is a permanent sta-
tion of the Water Resources Branch of the U. S, Geological
Survey. This station is maintained throughout the year, but
the record is given here for the irrigation season only.
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TABLE 18

DISCHARGE OF SAN JOAQUIN RIVER NEAR GRAYSON*

Daily Discharge in Second-feet

: Apr. May Jun. Jul. AUg . Seps Oct,

1 126 161 89 33 27 32
2 122 161 o7 34 24 32
3 124 152 i 36 24 38
4 130 9l 860 37 24 32
5 120 97 82 38 25 32
& 118 132 56 38 28 32
7 103 101 51 38 29 b6
8 37 29 39 36 30 126
9 99 87 36 33 28 126
10 124 93 37 3l 30 124
1l 138 93 35 30 30 122
12 1534 89 35 30 30 120
13 134 81 B2 29 30 122
4 178 91 33 28 30 128
15 168 103 30 28 30 132
16 182 99 3L 28 30 136
17 192 93 31 28 30 138
18 120 91 28 27 20 136
19 187 89 28 27 30 138
20 184 101 30 20 30 138
21 181 105 32 24 30 138
22 B4k 178 107 34 24 30 140
23 56 154 107 39 24 30 140
24 62 134 113 36 24 30 140
25 68 159 111 33 24 30 140
26 62 218 87 32 24 30 140
A 71 236 83 3L 24 31 142
28 a7 232 73 32 2% 31 142
29 109 232 64 32 25 32 144
30 105 213 69 32 26 3a 144
31 169 35 27 146
Mean  **¥7¢ 159 101 41,3 - 29.3 29.2 113
AC o ft.
for***¥1360 9800 6000 2540 1800 1740 6920
Month '
NOTE: Discharge obtained from current meter measurements and

*
ok
Kk ok

recording gage record.

Station is at Laird Slough Bridge.
Beginring of record for seasol.
9 days.
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TABLE 19

DISCHARGE OF SAN JOAQUIN RIVER NEAR VERNALIS

Daily Discharge in Second-feet

Py :Mar, Apre - May Jun, Jul, Auge - Seps Octe
1 1510 534 376 448 298 214 275 3556
2 1510 5l4 376 441 307 220 268 337
3 1450 498 376 424 301 238 270 337
4 1300 498 385 388 282 242 290 343
5] 1160 498 373 385 278 235 301 361
6 1080 4886 381 406 280 242 304 367
7 1030 4686 349 4086 270 252 298 370
8 1030 - 438 340 592 255 238 268 427
9 1030 413 343 402 235 225 288 462

10 980 396 370 379 210 &2 285 483
11 955 396 382 370 228 230 270 490
12 930 402 282 370 240 214 290 480
13 892 388 410 373 2358 210 325 469
14 840 376 444 392 218 200 34.3 466
15 790 373 486 420 208 202 337 472
18 765" 370 472 448 200 230 343 . 466
17 750 364 458 427 216 216 343 462
18 740 340 433 399 210 218 340 472
19 740 316 490 288 222 213 352 476
20 735 319 466 406 220 202 355 478
2l 720 319 472 434 206 212 349 480
28 710 310 a4d 434 214 214 337 506
23 682 04 438 406 210 248 343 o4d4
24 696 298 441 79 202 2975 357 552
25 647 307 522 379 206 £33 337 575
26 538 319 D62 392 214 222. 331 588
a7 629 346 588 340 216 222 346 593
28 6023 3h8 584 337 202 212 355 593
29 598 367 oeB 33% 208 218 346 602
30 611 370 530 307 210 235 35D 802
31 806 486 208 275 602
Mean 88l 389 444 392 233 228 320 478
Ac Tt

for 54200 23100 27300 23300 14300 14000 19000 29400
Month

NOTE: Gaging station located at Durham Ferry Bridge below the junction
of Stanislaus and San Joaquin Rivers, Station maintained by
Water Resources Branch of the U, S. Geological Survey under co-
operative agreement.
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DISCHARGE OF MERCED RIVER AT YOSEMITE VALLEY RAIIROAD CROSSING

TABLE 20

Day : Daily Discharge in Second-feet -

tAprs May Jun, Jul, Aug, SED Qct.

1 7.0 10 10 648 3.0 N

2 7,0 10 10 10 2.0 7

3 14,2 10 11 11 2.0 6

i 17.8 8.1 11 11 2.0 o7

5 13,0 8,1 11 11 1.8 o6

6 4otk 10 10 11 1.4 o7

7 8,7 1 11 6.8 1.0 .8

8 8.1 15 17 648 «8 8

9 8e1 15 12 7.1 8 8

10 8,1 15 12 74 8 N:

11 10 15 12 747 .8 .8

12 11 15 11 8.0 .8 .8

13 11 15 11 843 8 .8

14 11 15 11 8.6 .8 .8

15 15 15 13 8,9 .8 .8

16 14 14 17 9.2 .8 .8

17 14 14 17 9.5 .8 .8

18 13 o 14 14 9,8 .8 8

19 15 14 13 10 8 .8

20 15 14 13 10 .8 .8

21 15 14 12 11 .8 8

22 18 14 11 11 .8 .8

23 18 13 11 11 .8 .8

24 15 11 840 11 .8 .8

25  *10 18 11 6.8 11 .8 .8

26 9,8 20 11 642 8,9 .8 1.2

27 9,8 15 11 648 648 .8 o7

28 Bed 15 11 7.6 5ed .8 .5

29 740 15 11 6.8 4,0 - +8 7

30 7.4 14 - 11 7.6 4.0 .8 o5

31 11 11 4,0 5

Mean  **8,7 12,8 12,5 11,0 846 1.1 0.7
Ac.Ft,

for  **104 786 744 678 530 63 46

Month

NUYEy Discharge obtained Treom current

dai 1y zage readings.

* Beginning of record for season,.

Kk

5 dayss

meter measureménts and

50



TABLE 21

DISCHARGE OF MERCED RIVER NEAR MOUTH*

— e
ponra

— ———

Daily Discharge in Second-feet

Day

iApr. May Jufle Jul, . Aug, Sepe Octs

1 61 140 61 37 4.3 76
2 72 151 56 43 38 74
3 61 121 57 39 43 67
4 70 jele) 59 39 40 69
5 56 Q4 56 2] 41 -4
6 59 Q4 52 4], 43 72
7 56 109 52 43 47 74
8 81 118 52 47 50 78
9 84 106 35 47 4% .72
10 82 96 31 54 56 79
11 61 1086 43 59 B2 86
12 59 89 50 38 50 4 8
13 72 91 59 48 82 9l
14 72 99 b4 39 58 o1
15 61 109 45 39 50 91
16 74 109 68 47 58 21
17 74 96 57 43 43 94
18 74 102 52 39 21 "9l
19 79 109 54 3L 17 96
20 70 96 59 24 38 96
21 68 oLl 57 23 38 99
22 54 112 52 17 38 99
23 74 134 50 31 32 99
24 96 849 47 a7 34, 96
25 6g*¥* 161 86 47 28 38 102
26 26 147 89 52 27 29 99
27 84 147 78 50 25 52 102
28 g0 158 65 52 25 58 104
29 "2 161 A5 50 31 58 104
30 56 124 83 35 35 6z 99
31 124 27 a7 94

Mean *kkgn g 86.2 160 , 50,7 37.1 44,7 88,5

Ac Pt
for ***g25 5300 59560 3120 2280 2660 5440
Month

NOTE: Discharge obtained from current meter measurements and
daily gage readings. : .
* Station is 1.1 mile above mouth at bridge on Hills Ferry
Roed.

** Beginning of record for season.
**k%k g days.
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TABLE 22
DISCHARGE OF DRY CREEK NEAR OLD WATERFORD BRIDGE

-
| .
m R - 1D O <H
*; & o ® a o] ®
[ O H RO GO 0 ® - OO
HA A A S A A A
)
d] A —~o @ 1 i
Pl Sdoardardddrooasoald
i {1 s s Q| 1
L ]
= B
m- e B0
| g A Hnio o~ O o ofd ) <H Qo
m 1*1*mm1*1_1_l

ounuﬁ_ﬁ WO O - D DD~ D - 0 - 0 10

L] e o L] - L] - L ] L3 - L] L L] L ] L]
5 6 O~ B~ D-fD- - D~ D DB D~ D~ D D0~ D - D~ B

ek

456

241
126

3e9
241

e ®& 5 i s @ o @ . e ¢ . =

Ze9
180

8.0
475

11.6
715

**6,90
*ikg
measurements and gage readings made at several day inter-

vals,
* Beginning of record for season.

e 5 day s,

17
18
19
20
21
22
fer
Month

NOTE: Discharge record obtained from occasional current meter

Mean
AC.Ft.
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TABLE 23

DISCHARGE OF DRY CREEK NEAR MODESTO

. mea— Vate gt S —

o Daily Discharge in Second-feet

Day  .ipr, _May_ Jun, Jul, Aug, Sep, Oct.,
1 28 33 25 24 22 21
P 29 33 25 23 21 21
3 30 33 24 23 21 21
4 30 31 25 23 21 21
5 29 31 25 23 21 21
6 23 30 23 23 21 21
7 23 30 23 24 20 21
8 24 31 22 24 20 21
9 30 31 23 24 20 21

10 31 30 24 23 20 21

11 30 27 24 24 20 21

12 33 27 25 24 19 21

13 34 28 25 24 19 22

14 33 20 25 25 19 22

15 30 28 25 25 19 22

16 32 28 25 21 19 23

17 34 28 25 21 19 23

18 33 27 24; 21 19 23

19 26 30 24 21 19 23

20 29 33 23 21 21 23

21 23 28 23 21 - 21 23

22 23 2% 22 22 21 23

23 23 23 23 21 21 23

24 23* 24 24 22 22 21 33

25 23 25 23 22 21 21 33

26 23 33 22 23 20 21 33

27 23 34 23 24 20 21 23

28 29 35 23 24 21 21 27

29 29 38 22 24 21 21 28

30 29 36 23 23 21 21 25

31 34 23 21 23

Mean *¥*05,.6 29,6 27.9 2347 22,0 20,3 23,7

Ae Tt
for *KzE4 1820 16860 1460 1350 1210 1460
Month

NOTE: Record obtained from current meter measurements and daily
gage readings. Measurements made at a point about two
miles above mouth, No spill from Modesto Irrigation
District to Dry Creek below gaging station.

] r Beginning of record for season.
¥ m days,



TABLE 24

DISCHARGE OF TUOLUMNE RIVER AT ROBERTS FERRY BRIDGE

I e e e e e

Day APr e May Jun. Jul, Aug, Sep. Octe
1 28 38 29 26 30 25
2 28 38 30 20 29 88
3 28 38 20 a7 28 124
4 28 38 32 27 28 110
5 28 28 34 27 29 130
6 26 38 %4 29 28 175
7 22 28 34 29 28 189
8 21 78 38 29 28 175
9 21, 28 30 27 28 189
10 21 37 38 29 29 189
11 20 37 30 29 26 189
12 20 KV 32 20 29 155
13 21 40 33 29 29 175
14 22 40 22 30 29 189
15 21 38 24 30 29 155
16 20 40 34 30 29 175
17 20 40 34 29 29 149
18 18 38 22 38 29 139
19 18 35 30 37 .29 175
20 18 35 30 44 29 189
21 18 37 32 44 29 189
22 38 35 34, 40 29 189
23 28 27 B4 39 29 185
24 41 37 32 35 26 180
25 34¥ 48 41 35 29 25 175
26 30 46 38 35 25 24 155
27 30 45 34 29 oY 24 189
28 29 43 31 29 27 24 189
29 26 41 31 26 28 2% 175
30 28 40 31 26 29 23 155

31 38 25 29 185

Mean ¥*ko9 1 £8.6 3740 3le4 30,7 2746 162

ACaFt.
for **%348 1760 2200 1930 1890 1840 2960
Month

NOTE: Discharge obtained from current meter measurements and
recording gage record. '

* BReginning of record f»r season.
¥k 6 days.
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TABIE 25

- DISCHARGE OF TUOLUMNE RIVER AT TUOLUMNE CITY*

Daily Discharge in Second-feet

Day :Apr, May Jun. Jul. Aug, Sep. Oct,
1 267 269 265 249 261 263
2 267 267 257 251 251 261,
3 269 267 257 253 251 257
4 273 269 257 253 253 o3
5 271 269 285 251 263 277
6 273 267 259 255 255 279
7 273 267 259 255 253 300
8 275 267 261 25% 249 317
9 273 265 250 253 253 329

10 271 263 259 255 255 328,
11 269 263 257 253 255 329
12 267 263 259 251 255 327
13 275 267% 259 251 255 328
14 277 263 255 255 255 322
15 275 267 255 253 263 327
16 273 273 255 255 267 327
17 275 273 257 253 267 B17
18 277 273 255 249 266 315
19 269 271 257 243 266 %12
20 263 271 257 247 266 310
21 263 277 257 255 266 322
22 265 277 257 259 265 334
23 a71¥* 263 271 255 26% 265 337
24 273 265 267 249 261 265 339
25 275 283 265 249 257 265 342
26 277 280 261 249 255 264 358
27 277 279 259 249 253 264 339
28 273 279 259 247 255 264 344
29 273 277 263 249 257 264 352
30 269 275 25" 247 261 263 341
31 273 247 263 329
Mean  ***g73 272 267 255 254 260 317
Ac.TFt.

for *¥%¥4340 16700 15900 15700 15600 15500 19500
Month

Monthly

Diveérsions

Below 181 206 208 194 150 30
Gaging

Station

Discharge
%o San

Joagquin R.
Acre-feot

16500 15700 15500 15400 15400 19500

NOTE: Discharge obtained from current meter measurements and re-
cording gage record,
* gtation is 3.35 miles above mouth.
** Beginning of record for season.
*¥RK 8 days,
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TABIE 26

DISCEARGE OF STANISLAUS RIVER AT ORaNGE BLOSSOM BRIDGE

Daily Discharge in Second-fest

Day  .7pr, May Jun. Jul, Aug. Sep. Oct.
1l 32 32 32 32 25 25
2 32 32 32 32 25 25
3 32 32 382 25 25 25
4 32 32 32 25 25 25
5 3% 32 38 25 25 25
6 32 32 32 25 25 25
7 32 38 32 25 25 RS
8 32 32 32 25 25 25
2 32 32 32 25 25 25

10 33 38 32 25 25 25

11 32 32 32 . 25 25 25

12 32 32 32 25 25 25

13 32 32 32 25 25 25

14 32 32 B2 25 25 25

15 32 32 32 25 25 - 25

16 32 32 32 25 25 25

17 32 32 32 25 25 25

18 32 32 32 25 25 25

19 32 32 32 25 25 25

20 , 32 32 32 25 . 25 25

21 32 32 32 25 25 25

22 32 32 32 25 25 25

23 32 32 32 25 25 25

24 B2* 32 32 32 25 25 25

25 38 32 32 38 25 25 25

26 32 - B2 286 32 25 25 25

a7 32 - 32 32 32 25 25 25

28 32 32 32 32 25 25 25

29 32 32 32 32 25 25 25

30 32 32 32 32 25 25 25

31 32 32 25 25

Mean *kzo 0 32,0 Ble8  B32.0  85.4  25.0 - 25,0

AcJFt.
for **444 1970 1890 1970 1560 1490 1540 .
Month

NOTE: Discharge obtained from current meter measurements and re-
cording gage record. ' o o .

* Beginning of record for season.
** 7 days.
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DISCHARGE OF STANISLAUS RIVER AT ELLIOT RANCH*

TABLE 27

D'?iily Discharge in Second-feet

Day 5.A.p1' .

May Jun, Jul. Aug, Sep. Oct,

1 192 154 127 114 115 127

2 183 - 148 133 117 121 127

3 185 135 134 125 120 126

4 175 127 136 128 126 117

5 173 141, 140 124 126 117

& 165 143 136 132 128 117

7 164 143 124 137 129 111

8 165 131 118 129 120 115

9 175 138 113 136 121 122

10 190 137 96 132 113 120

11 156 157 117 108 112 133

12 181 133 134 115 113 123

13 176 131 130 116 122 129

14 188 134 122 87 118 136

15 202 146 111 9% 116 137

16 203 154 121 96 119 139

17 188 156 132 99 120 136

18 205 153 125 106 120 139

19 192 154 127 93 115 138

20 - 178 159 96 81 117 137

21 175 157 90 o5 117 138

22 168 157 116 98 115 139

23 126%* 167 153 114 118 126 145

24 127 170 133 117 123 119 147

25 122 173 136 126 98 129 146

26 151 176 133 139 90 129 145

2 175 179 131 136 o7 133 143

28 185 182 130 129 96 135 140

29 186 185 133 126 100 117 136

30 186 176 128 122 112 125 135

31 165 120 120 134

Mean ***157 179 142 123 110 121 132

Ac Ft. :

for ¥¥*¥2490 11000 8420 7550 6770 7210 8140

Month ‘

NOTZ: Discharge obtained from current meter measurements and
recording gage record. '

*‘, Station is 5.2 miles above mouth.

**¥ . Beginning of record for seasol.

CREX g odavs,

o7
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CHAPTER IV

MEASUREMENTS OF DIVERSIONS

Measurements and records of diversions in 1931 have included
those from the Sacramento River and its tributaries within the valley
floor, those to the Delta Uplands from Cache Slough, 0ld San Joaguin
River, Tom Paine Slough, and San Joaquin River, and those on the
Stanisleus, Tuolumne, Merced, and San Joaquin Rivers and Dry Creek as
obtained in connection with the return water measurements (See Chapter
V)., This report records a total of 544 diversions, segregated to the
.varioué sources as follows: Sacramento River 259, Colusa Trough 14,
Back Borrow Pit (carrying drainage water from Colusa Basin along the
back levees of Reclamation Distriects 108 and 787) 8, Lower Butte Creek
and Butte Slough 20, By-pass and Drainage Channels 26, Feather River
41, Yuba River 9, AmericanRiver 30, diversions to Delta Uplands from
Cache Slough 1, from 0ld San Joaquin River 12, from Tom Paine Slough 8,
and from San Joaquin River (below Vernalis gaging station) 33, San
Joaquin River (éﬁove Vernalis Gage) 19, Stanislaus River 11, Tuolummne
River 11, Dry Creek 7, and Merced River 305.

All of these diversions except five are accompilished by
pumping. The five exceptions are gravity diversions, two on the Yuba
River, two on the Feather River and éne on the Sacramento River, and
the records for theses are obtained by means of canal ratings. In the
case of the pumping diversions there are a few instances where the
records are obtained by means of canal ratings but in the main the

records are obtained from the relation established between eleciric



SACRAMENTO -SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931 59

power consumption and pump discharge. This is possible due to the
fact that practically all of the pumping plants are electrically operated.
A1l pump operators keep daily operation records on blanks furnished by
the Water Supervisor. These records are collected monthly by the field
engineers at the same time that the readings of the electric meters are
recorded. The relation between power input and water pumped is deter-
mined from current meter measurements of the discharge. At the larger
pumping plants, several measurements are made during each seasomn, At
the smaller plants a sufficient number of measurements are made initial-
1y to deterﬁine the rating and thereafter at intervals sufficient to
show any changes which may occur in the rating. With the daily opera-
tion records available it has been possible to compile from the monthly
diversions as computed from the power record, a daily diversion record
for each plant. In this report and the tables of this chapter, the
records of monthly diversions only are given., The daily diversion
records have been compiled as a supplemental report, however, and this
is on file and available for reference in the office of the Division
cf Water Resourcese

A sumnary of the 1931 diversions throughout the Sacramento-
San Joayuin territory is shown in Table 28, 4 segregation is made to
show the relative diversions from the various.river sources. For each
segregation the table shows also the acreage irrigated and the computed
scasonal gross duty of water. The total 19731 diversions above Sacra-
mento from the Sacramento River and its tributaries on the Valley floor
amounted to 1,956,900 acre-feet, This water was diverted for 126,500
acres of rice and 202,800 acres of general crops or for a total of

329,300 acres, giving a seasonal gross unit diversion of 5.9 acre-feet

-
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per acre. The diversions under the higher lifts to the Delts Uplaﬁds
and the pumping diversions of the San Joaquin River and'its tributar-
ies amounted to 293,000 acre-feet. These were for 102,500 acres in-
c¢luding only 500 acres of rice, giving a seasonal gross unit diversion
of 2.9 acre-feet per acre. It should be noted that the total figures
for the San Joaguin River and tributaries do not include the major
gravity diversions by the canals of Miller and Lux nor those of Oak-
dale, South San Joaguin, Modesto, Turlock, Waterford and Merced Irri-
gation Districts, as these diversions are not within the scope of the
measurements. Table 28 shows the data also for the Sacramento-San Joa-
gquin Delta but it is to be noted that the Delta figures represent the
consumptive use of water (sec derivation, Chapter VI). They are, there-
fore, not comparable to the figures for the up-river aroas which are

for gross diversions and take no account of return water,
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TABLE 28

DIVERSIONS, ACREAGE IRRIGATED AND GROSS SEASONAL DUTY OF WATER IN
THE SACRAMENTO-SAN JOAQUIN AREA, 1931

W

: H : : Gross &
: :Seasondl: Acreage Irrigated :Seasonal:
H Source : D}ver—: tDuty of:
: : sions : : : : Water :.
: . Acre- : Riece : General: Total : Ac.Feet:
: : feet : : sper Acre:
:Sacramento River, Redding to : : : : : :
* Sacramento 21335300 : 73894 : 141505 : 219399 : 6.2
:FPeather River below Oroville : 464100 : 41359 : 40454 : 81813 : D7 ¢
:Yuba River on Valley Floor : 63300 : 2950 : 4823 S s 8.1 :
:American River below Fairoaks : 5600 : : 2694 : 2694 : 2.1 :
:By-Pass and Drainage Channels : 88600 : 8327 : 13317*%: 21644 : 4,1 :
: (Including Lower Butte Creek : : : : : :
: and Slough) : : : : : :
‘Total above Sacramento "1956000 © 126530 @ 202793 @ 329823 1 5.9 :
:Delta Uplands from Cache Slough, : : : : : :
: 014 River, Tom Paine Slough : : : : 5 :
: and San Joaguin River + 149800 : 680265 ¢ 60265 2.5 &
:San Joaquin River from Merced  : : ) : : :
: River to Vernalis Gaging : : : : : :
: Stationm : 106000 3 500 : 34894 : 35394 ¢ 3.0
:Merced River below Snelling ¢ 19500 : : 3623 3623 S.4 ¢
:Tumlumne River below Roberts : : : H : H :
¢ Ferry Bridge, and Dry Creek : 3800 : : 965 : 965 3.9 :
:Stanislaus River below Orange : : : : : :
:+ Blossom Bridge : 13900 : : 2261 : 2261 : 6.1 :
:Total Delta Uplands and Pumping : : : : : H
+ Diversions of San Joaquin River 293000 : 500 : 102008 : 102508 : 2.9
1 and Tributaries ** : : : : : :
. . THKE . . KRR s FRE . FFF g
.Sacramento~San Joaguin Delta ***:;1167400 : : 446310 : 446310 : 2.6

as 2w

. . . .
. » -

LT}
2w

* Includes 4805 Gun Club Acreage.
** Note that major gravity diversions by canals of Oakdale, South San Joaquin,
Modesto, Turlock, Waterford, and Merced Irrigation Districts and Miller

and Lux are not included within the scope of these measurements.

Ak The figures for the Delta represent the consumptive use of water (See
Chapter VI) and are not comparable to the Gross Diversion figures of the
Up-River areas which take no account of return water. The Delta acreage
given is the total consumptive area including water surfaces, aguatic
growths, weeds, etc. The total irrigated crop area was 343,355 acres.
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TABLE 23

SACRAMENTO~SAN JOAQUIN WATER SUPERVISOR!S

SUMMARY OF SACRAMENTO RIVER DIVERSIONS ( ACHE-FEET)

L)

.

LX)

as 0§ sa av 4 sn PP D 2w G2 4§ 4B S pm me wE 4b b8

: Totals :

Oct.

on

May

Apr.

Mar.

River Section

(34

..

.

(2]

LL]

. ap ap es

-,

£X)

15023 : 143543

(X2

21566

21926

216l2

21121

21599

: 19278

1388

edding to Red Bluff

R

553003

L]

18015

v gn

43005

ed Bluff to Butte City

R

LY ]

93184

‘e &

1438

3790 :

12324

a0

19499 :

: 17800 :

19836
59976

14700 :

3797 ¢

- od

Butte City to Colusa

% e

LX)

ol : 313237

“d sa

ve ba

Colusa to Wilkins Slough

as 24

70966

i aa

2206

s ay

3854

LA AR 13

8228

LI T

14516 ; 11173

LYY

15142 ; 14701

1146

Wilkins Sl.to Knights Ldgz.

e ee

21506

e 4

531
2718

e s

3020

e e

Lo1k

- sd

3064

“% .4

3978

LT

4371

*r e

607
2792

Knights Landing to Verona

‘8 we

139167

4 ae

79u6

LL YN

25920

LI

28380

2L1u7

EL T

26938

20326

LTS

4

Verona to Sacramento

.0

e

LT}

‘1335266 *

iRy 2

s ou
..,

. 227158

222932 ' 257156

»a 48

- 30199

*e em

i

Totals

ap o8

62
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SACRAMENTO RIVER DIVERSIONS
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{SEE MILE 4
ADDIT1ONAL ACREAGE FORMERLY 1RRIGATED FROWM THE

8.3 RIGHT.
IRRIGATED FROM TH!S DIVERSION.

MILE

1931,

IN
IRRIGATED FROM THE SOUSA PLANT AT MILE 9.35 RIGHT.

9,20 RIGHT WERE

MATES WAS SUPPLIED TO REESE AND GREER LANDS TO THE SOUTH.
1931.

k!

1930 AND REPLACED BY THIS UNIT

IS NuWw SUPPLIED BY WELLS.
IN

FEMOVED

RIVER
SEE PLANT AT MILE 7.9 RIGHT,
UNIT

THIS 1S THE TOTAL ACREAGE IRRIGATED 3Y THIS PLANT AND PLANT AT
St

130 ACRES ADD!TIONAL ON OLD MERKELEY PLACE, WMILE

AN UNDETERMINED PURTION OF THIS
REPLACED FORMER 5" UNIT ON MAY 23,

THiS ACREAGE
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IRRIGATED FOR FITZPATRICK AND DEMPSTER AND Jo L. HENDERSON (SEE MILE 24045 L).

FUMP,
E

INCLUDES 2 ACRES ON ADJOINING FROPERTY OF V.
20 ACRES ADDITIONAL VES

MI{LEAGE ALONG RIVER ABOVE SOUTHERN PACIFIC BRIDGE, SACRAMENTOQ.
3 ACRES ADDITIONAL IKRIGATED FOR We Eo JOHNSON

THIS ACREAGE SERVED EY PLANT AT MILE 196a4 LEFT.

REPLAGING FORMER 4"
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THIS UNIT INSTALLED IN 1931 TO REPLAGE 20" UNIT WHICH HAS BEEN ABANDONED.
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TABLE 44

DRY CREEZK DIVERSIONS

TR RY)

o

LJ Lt
Q-

of <X
:uw
B
<o

lem 46 bo $ade
20 =~
Dl
I PR 1) YT
<) MOl
= O |
(0 L o =)
F>E0m
— 000
Ot I
s 5o ss ween
.

—

1]

o

se s0ce

.

o

(W}

72}
e seas

L]

)

pon

=4

ko ssar

L4

o

po]

]

IRTEL]

»

3

-

R

>
<
=

oo no 2o

MONTHLY DIVERSIONS IN ACRE-FELT

AFR.

les sase

MAR

lee 00 00 2sss

NUKBER
AND
SHZE
OF
PUMP

TR Y 1

BANK

[a]
=
<

*MILE

s nave save

WATER USER

A sawe pebp

#F 49 es oD 0P wr as boep ae Bl S e Be AR PR 4

n -

. <oo oy =

- — .
= ¥

00 fp PR SE 4R GP ¢ PE S 4D AR AS SS UL Salrr P s )
3

o —

L] : | o

\V] L1\ [o] o Lt

e 0\ @ in (]

—~— — aJ [

e L!J

AN TRINTREY IR NI TTNT NI YT RIS LR L] m
[&]
<t
e - S
ut
14
[#r a0 22 20 po Sa 00 snsa e e wr e R e B [N]
=
— - 1n ™~ [\
Py - o
w
>

ls® $0 04 G UG BPH PE AU FT SR By PP RF B R B b
[
<
Zwre= Z 1IN - X
m b= Lot

o o

-4
s 00 60 00— b2 0 OV et 34 Prag sr oo pd oy —

m W [ér]

. g o [+2] =z

- xmhm o M N < O

(1] | 22]
AL LY ] ssansaes es veve Joion se o«
[as] Lt

0 s >

-m-— . -— <O - [a)) —

— NIt 3] ™M [a)

[a] o II:I.JJ
re 20 ae L Jre save sanvoras roos (Joaise as a
e
o Q
FOMOMN O O 0 W
Q A
M4 2 9] o
LJ » [o]
n2 08 a0 [Non sesevevcnn we arbe ) rere ns [&)
— z
Tmm oW (o)
-l Wt o v
(34 B <
(31 * =
SETRTRGRTI T TR RN YR T N arler oo 14
° e u Q
\Y] = > M
< 0 ww | o -
W L] [ S
-1 -0
s 5 - w Z
ETR TR R TWTRTRLN T RY ¥ 1) [ oenise as =z —
[} =
2 =
h ¥5bh b Blg 5 3
v
P YT9P 9 98 S 3
— ] . ——— ...gh_ + Qo
@x
s gu Wb possso st er s se e i [ jeruner T
L g [
1o - I
m-—J&m—J—J—J ~S0oxmz = =
~NNO0 1N (A Y] Z >

SJOCONOM Ml e d o
O ¢S5 o a8 & sim s oL O -

N NMOIN O~ O = Z
[PTR 4 B Qo o
- < £ L z -

#e w00 {1loe wg or ve Lifes o O Line o s oD w

= = ot l — - IES

» = [ap"4 w >

Lul L Y > e

w Z QL owa

o - wo

W O W 4O L= O
(4] ) - rZ<
[a T O L X .
- o ol (£ WoLn

a O oro Q WZo
o = <™ oz [+l -
O Q =<
w Z r sQ LI oL -
o o =0 —Q anoo0
- - —~Z LT Q= Z o+

o + L0 L oow
= o< x> < o -
] - - L L 2O I~
Ng AdWr-w»-2Zw [
o 2 Wdkmra. Jx Wed D

FOUD 4 DO WE GLO
NNZO0 O=<+=TDIZ <L 0L v -
W= LS _ e wu>d
o8 W Z = DG [ L Z WD
OO o> « o< ald #O<C -t - Ll

S ULLITUOHZNONG E =oa

L4

= ¢ * o ® - e o LI N

80D a]D = L

W6 0 24 2P 0e wb 20 PO BB ag S e PP RPN 46 84

92



SACRAMFNTO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 19351

TABLE 45

TUCLUMNE RIVER DIVERS!ONS
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CHAPTER V

MEASUREMENTS OF RETURN WATER

Sacramente: Return Waters

In the Sacramento Valley the flow of all well defined chan-
nels carrying irrigation waters returned to the Sacramento River is
measured and recorded., Table 48 lists these channels in downstream
order and gives the total flow as computed from the measurements,

Between Colusa and Red Bluff there a@re no large. well de-
fined return channels. Records or estimates of all natural inflow
from streams in this stretch of the river were, however, obtained.
Avove Red Bluff, from a point below Cottonwood to Redding there is
a return from the irrigation of the Anderson-Cottonwood Irrigation
District. An estimate of this return water is given in the footnote

at the end of Table 30, Chapter IV.

Return Flow from other than Sacramento River Sources

In the water returned to the Sacramento River as included
in Table 48 it should be noted that practically all of that entering
the river through Butte Slough is dorived from Feather River diversions
through the Western and Sutter Butte canals. Of the discharge entering
through Sacramento Slough, that portion flowing down the Kast Borrow
Pit of Sutter By-Pass is, also, practically all from Feather River

irrigation,

Relation of Sacramento Return Vater to Irrigation Draft

Tables 49 and 50 rccord the Sacramento River return water,

May to September, inclusive, 1931, and indicate the relation between
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the return and the diversions from which it is derived. Because of
the slight Spring precipitation,diversions began much earlier in

1931 and corrcspondingly thé return flow began earlier in the season.
The month of May could therefore be included in the period of the
return wator measurements wheoreas in provious years the first month
has been geithecr June or July. Since, in tables 49 and 50, it is the
purposc to show the return watcr from Sacramento River diversions
only, the inflow from Buttc Slough, Fast Borrow Pit of Sutter

By-Pass, Back Borrow Pit of Reclamation Distriet 1000 and from the
Feather and Amorican Rivers has been cxcluded. In Table 49 is shown
the: relation to the diversions of that return water only which was
measurcd at the well defined channels. With the records available

for the discharge of the Sacramento River at Red Bluff, Butte City,
Colusa, Wilkins Slough, Knights Landing, and Verona and all diveisions
betwecen thesc points rccorded, as ﬁell as the Feather River and other
well defined inflows, it is possible to compute what should represent
the total water returned to the river betwoen cach of thesc points, in-~
cluding not only the flow in the definitc channels which were measﬁred,
but all secpage, groundwater roturn, etc., which could not be directly
mecasureds The figurcs for the return weab er computed in this manner
and tho relation of this return to the draft are shown in Tablec 50,

It should bec noted, however, that the return shown for the Verona-
Bacramento section is only that contributcd by the measurcd drains
sincc, as explained in Chaptcr III, the total return in this scetion
ineluding all acerctions is not susccptible of computation in the

manner outlined becausc of the fact that no rccord of flow actually
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measured at Sacramento is availablo., The dorivation of a possible
approximation of the total roturn in the Verona-Sacramento section wag
shown in Chapter III as the difference betwecn the net discharge at
Sacremchto as obtaincd from tidal cyelc measurcments and as computeds;
the computcd discharge having bocn deorived by adding to and subtracting
from the Verona flow, the mcasurcd inflow and draft betwecn Verona and
Sacramento, As indicatcd, however, a reliable definition of the total
return water in the Verona-Sacramento sccticn would probably require
continuous tidal cyclc mcasuremcnts at Sacrameato for at ;east a month,
A comparison of Tables 49 and 50 shows that scecpage, ground-
water return, ctc., which could not be dircetly measurcd, amounted to
11 per cent of the irrigation draft in the period Mey to Scpterbor,
inelusive, while the direct return measured in definite channels
totalcd 23 per cent of the draft, The total recturn amounted to 34 per
cent of the draft, Platc 4 is a diagram plotted from the data of
Tablc 50 showing the accumulated irrigatioh draft and return water in
downstream order, Red Bluff to Sacramento, for the five months' pcriod,

May to September, 1931,

Draft-Return Wontcr Relation for Particular Sacramcnto Valley Arecas

In the Sacramento Valley there are certain units or districts
that are set apart physically by leveecs or otherwise, so that the
return water in cach distriect may be readily segrogated, In each
case the records of all diversions to and discharges from the unit are
available. Such units arc, the arca abvove the Colusa-Williams Highway
Crossing of Colusa Trough, Reclamation District 108, and Reclsmation

Distriet 1500, The relation between the 1931 draft and return water
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for the Colusa Trough area is shown in Table 51 and for Reclamation
Districts 108 and 1500, in Tables 52 and 53, respectively.
Tables 56 to 67, inclusive, present in detail the discharge

measurements for the Szeramento Valley return water channels.

San Joaquin Return Watcrs

In the San Joaquin Valloy rcturn water measurcments of 1931,
the gaging stations were located at the same points as in 1929 and 1930
and the samc methods were followed, That is, a continuous record of
the discharge from May to Septempber, inclusive, was secured at an
upper and lower stetion on each stream: San Joaquin, Stanislaus,
Tuolume, and Merced Rivers, and Dry Creck. On tho San Joaquin Fiver,
continuous records of discharge were also obtainzd for intermcdiate
stations, onc near Grayson (Laird Slough) and the other just below
the junction with Merced River. The latter is the station maintcined
by the U. S. Geological Survey and referred to as "3an Joaquin River
noar Newman", {Seec Tcble 17). Measurements and records of all pump-
ing diversions betweoen the upper and lower stations on each stream
were also obtained, thereby completing the necessary data for the
computation of the return water. The rocords for the gaging stations
are given in Chapter III, Tables 17 to 27, inclusive, and the diversion
records for the San Joaguin streams are given in Chapter 1V, Tables
42 to 46, inclusive.

Table 54 gives the resulfs of the Sen Joaquin return water
measurcments and Table 55 shows a comparison of the 1931 return water
and irrigation draft in the San Joaquin Vallcy. Plate 5 depicts the

accumulated irrigation draft ~nd return water in downstream order,
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San Luis Island to Vernalis, for the five months' period May to

September, 1931.

Comparative Sacramcnto and San Joaguin Return Water, 1924 to 1931

The comparative figures, 1924 to 1931, for the Sacramento
and San Joaquin secasonal rceturn water in per cent of the irrigation
draft are shown in Table 47, The total sensonal stream flow, in per
cent of normal, of the Sucramento River at Red Bluff cnd the San Joagquin
River near Vernalis, and the rice acrcage irrigztcd from the Sacramcnto
River have also been given in this table in order to show what relation,
if any, thore may have been betweon the variation from year to year
in these data -nd the voriation in the return water percentages. With
respect to the Saermmento River data, the variation in the rice acrenge
seems to boar no definite relation to the varintion in the return flow
percentages but the decrcasc in the return flow porcentage in the years
when the stream flow was greatly below normal, is very marked, This
is undoubtedly a reflection of the conscrvotion nnd waste prevention
mensures offected in the sensons of low water supply. In those seasons,
the spill from the rice fields and all controllable wastes were prac-
tically climinated in order that the river diversions might be
reduced nccordingly. The latter, then, appro~ched more nenrly the
actual consumptive reguirements of the crops so that the return flow
percentage was considerably sm:ller. In the scasons of less critical
water supply and correspondingly less urgent demand for conservation,
the groater facility in irrigation operations obtained by larger
diversions and correspondingly greator wastes and spill, may offer an

explanation of the larger return water percentages in thesc seasons.
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In the years of more normal stream flow there probably cecurs also, q
greater accretion from groundwater storage, etc., and in this cvent
the additional return from this source should not, strictly speaking,
be included in the percentage figures since this would not be a
return derived from the irrigation draft.
In the case of the San Joaguin returh water data there

appcars to be no such definite relation between the seisonal flow
of the San Joaquin River and its tributaries in per cent of normal and
the return water percentages. It would appear that the average percont-
age of diversions ocecurring as return water in the San Joagquin River is
considerably smnller than that for thce Sacramento River, This differ-

ence may probably be attributed to the fuct that, whoreas, due to
basin topography, practically all drainoge froﬁ Sacramento River
diversions is quickly returncd to the river, in the San Joagquin Vaolley,
much of the drzinage from the major foothill diversions may pass to

the underground water and from there, in the lower arcas of many of
the ifrigﬂtion districts, be recovered by drainage pumps for re-use in
the'irriéation canals. Considerable of the San Jozguin return, therc-
fore, may never reach the river to bo accounted for in the return water
measuremcnts. The marked decrease in the return water percentages in
the last few years may have been occasioned by a greoter development
of such rcdiversion and use of the roturn waters and algo by the
gradual attainmont of a higher duty of water and consequent rcduction

in the gross diversions.
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TABLE 47

SACRAMENTO AND SAN JOAQUIN RETURN WATER PERCENTAGES, 1924-1931

”
s 4% pa

e

e

" .

X

33

g8 66 €s e S5 es BB as wr S5 B4 S5 3% 60 se ®% my 0 0 e e oo

f Sacramento River f San Joaquin River

:Seasonal: : . :Seascnal:

: Run-off: Rice : Return Water sRun-off ; Return Water
Year : at Red : Acreage: H : at s .

¢ Bluff : Irri- : Period :Per cent:;Vernalis; Period ;Per cent

:Per Cent: gated : Months : of :Per cent: Months : of

:of Normal from : Inc. : Draft : Normal : Inmc. : Draft

: ® : River : : s ¥k :
1924 36 : 59700 :Jun.-Sep: 33 24 :Jul.-Sep: 35
1925 : 86 : 58000 :Jul.-Oct: 59 : 86 tAug.~Sep! 38
1926 61 ¢ 87500 :Jun.-Sep: 49 : 55 tJule=-Sep: 28
lez27 . 117 + 79800 :Jul.-Sep: 59 : 100 :Aug.-Sep: 32
1928 : 82 : 63500 :June.-Sep: 49 : 67 :Jul,~-3ep: 28
1929 @ 4% ¢ 43900 :Jun,-Sep: 42 : 44 sJul.~Sep: 19
1930 : 65 ¢t 56200 :Jun,~Sep: 55 : 50 s Jun,-Sep! 20
1931 36 : 73900 :May -Sep: 34 ¢ 23 :May -Sep: 19

e se 0% 89 30

we $s ¥0 o

0. - an S8 g V& e

*k

40-year Mean (1889-1929).
40-year Mean (1889-1929) of natural run-off at foothill stations of
San Joaquin, Merced, Tuolumne and Stanislaus Rivers.
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s o8 ¢ oe =% ss &

e o8 @

WATER DISCHARGED TO THE SACRAMENTO RIVIR ABOVE
SACRAMENTO AS MEASURED AT DEFINITE RETURN CHANNELS

*From Tecords for Butte Slough, District 70 Drain,
District 108 Drain, Colusa Basin Drainage at
Knights Landing, Saeramento Slough, District

1000 Drain (24 Bannon Slough) and Back Bor-
row Pit of Distriet 1000.

TABLE 48

Month acre~feet :Average Second-feet:
May : 61300 3 997
June 50900 : 855
July 27900 : 4154
August 46700 759
September : 58500 H 983
Qeotober 18200 : 296
Totals £63500 722

*See Tables

7

to 61, Inclusive, 62 and 66,

103
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SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931 111

TABLE 56

DISCHARGE OF COLUSA TROUGH AT COLUSA-WILLIAMS HIGHWAY

e

i

Daily Discharge in Second-feet

bay : Apr, May Jun. Jul, Aug, Sepe Octe
i 490 "~ 568 214 297 414 176
2 386 497 214 279 336 158
3 376 474 207 302 458 154
4 384 4086 194 307 462 140

5 430 470 187 291 460 140
8 420 450 178 295 446 131
7 625 420 194 281 442 1286
8 799 400 203 231 460 122
i 685 380 210 £83 482 112
10 496 364 226 297 486 109
11 380 380 237 293 496 1o7
12 , 344 372 244 344 500 103
13 1885%* 360 372 262 388 520 102
14 194 430 364 259 316 552 103
15 207 520 383 257 299 549 103
16 221 572 472 257 302 572 93
17 214 810 516 257 314 577 84
18 203 720 496 262 324 572 79
19 230 768 456 253 328 510 48
20 239 577 426 255 348 436 39
21 232 360 414 270 346 334 23
22 297 271 T 376 248 352 284 33
23 562 261 330 248 330 257 79
24 619 293 295 239 370 225 56
25 579 547 261 239 398 230 48
26 520 824 216 255 386 230 77
27 496 934 226 253 354 216 75
28 462 920 216 273 400 199 56
29 302 821 217 268 394 198 57
30 460 707 217 279 408 190 42
31 : 645 289 420 33
Mean **346 546 383 239 333 403 ol

Ac.Fte

for ¥¥12300 33600 22800 14700 20300 24000 5570
Month

NOTE: This is return water flowing in the main drain of Reclama-
tion District 2047; it is drainage chiefly from lands irri-
gated by Glenn-Colusa, Provident, Princeton-Codora-Glenn,
Compton-Delevan, and Maxwell Irrigation Districts.

* Beginning of record for season,
** 18 days,




SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S REPORT 1931

TABLE 57

DISCHARGE OF BUTTE SLOUGH

Day Bailv Tischarce in oecond-ieet.

Apr. May Jun, Jul, Aug, SeDe Oct,
1 70 146 79 3 &7 64
2 88 146 75 8 73 59
3 131 139 26 10 40 62
4 125 146 32 3 46 57
5 125 139 35 3 56 52
6 139 139 51 3 50 47
i 139 153 49 3 55 47
8 145 152 43 3 97 45
9 145 95 30 3 112 45
10 153 39 12 3 96 45
11 129 100 9 3 116 53
12 100* 124 106 13 5 128 49
13 93 124 112 3 33 145 78
14 93 81 130 3 29 120 83
15 93 86 146 3 13 119 08
16 93 86 126 3 3 118 83
17 93 83 160 14 3 117 78
18 93 120 155 22 3 117 74
19 100 120 145 3 3 118 67
20 120 147 3 46 119 80
21 120 183 3 68 121 64
22 8 94 175 3 6 123 53
23 53 82 168 3 8 125 53
24 110 94 159 3 3 127 54
25 104 o4 145 3 7. 128 55
26 110 08 127 3 9 118 66
27 53 153 106 3 15 89 16
28 53 161 118 3 63 70
29 131 161 116 4 60 69
30 117 161 95 3 3 64 7
31 163 3 66 18
Mean 79%¥ 120 135 17,5 15.8 98,5 5244
%é;;hfﬁo 2970%% 7370 8050 1080 974 5860 3220
fiat WLOV:! in -
Butte Cr., 900%* 200 0 0 0 466 708

See Tbl,12
et Heturn

fater —. 20M0%% 7170 8050 - 1080 974 5390 2510

Acre~feetl

NOTE: To determine the amount of this discharge that is strictly
return water the discharge for the station measuring natural flow
in Butte Creek one mile west of the East Side Highway (See Table
12) is subtracted as shown above, There are no diversions below
gaging station.

’ This return water is practically all frem lands {rrigated
by Feather River diversions, and is measured at a dam near the
mouth, Butte Slough joins the Sacramento River at Mile 84 Left.

* Beginning of record for season.
** 19 days.
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TABLE 58

DISCHARGE OF RECLAMATION DISTRICT 70 DRAIN

iz

H

Daily Discharge in Second~feet

Day  "War. Apr.  May Jun,  Jul,  Aug.  Seps  OCte
1 * 0 22 32 24 24 17 9
2 0 21 31 23 25 14 9
3 0 21 32 22 26 17 8
4 0 21 29 23 28 18 6
5 0 21 25 23 26 17 7
B 0 21 19 23 26 17 3
7 0 21 19 23 25 17 7
8 18 21 20 25 24 17 6
9 24 22 22 23 23 17 7
10 23 22 28 19 24 19 6
11 ] 23 23 25 17 23 18 7
12 ! 23 23 24 19 26 19 6
13 ' 24 23 15 19 23 18 7
14 = 35 24 16 19 22 17 i
15 o 30 24 17 19 22 15 7
16 e 24 24 19 19 22 16 8
17 B 16 24 24 23 24 15 8
18 18 23 26 24 21 15 3
19 o 17 23 22 24 20 14 "9
20 = 19 22 2% 28 20 13 9
21 l 22 21 12 23 18 14 10
22 t 21 20 15 24 17 13 8
23 1 19 20 15 24 17 12 8
24 20 21 21 24 14 13 7
25 20 24 22 25 14 14 6
26 21 30 21 25 15 13 6
27 21 33 21 25 14 12 6
28 20 30 19 25 15 12 6
29 22 31 19 25 16 10 6
30 22 32 22 25 18 10 6
31 31 25 18 8
Mean 21,7**% 23,9 2148 2249 21.0 15.1 7.1
Ac L,
for 906** 1470 1300 1410 1290 899 4386
Month

NOTE: All gravity flow,
This is the drainage returned to the Sacramento River at Mile
68,8 left from Distriet 70,

* Beginning of record for season,
** 23 days.
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TABLE 59

DISCHARGE OF RECIAMATION DISTRICT 108 DRAIN AT ROUGH & READY BEND

: Daily Discharge in Second~feet
Day  .7pr, May Jun. Juls Avg. SeDe Octs
1 * 88 31 40 300 37
2 88 31 41 186 7
3 83 32 40 176 1
4 2 55 12 40
5 73 50 12 39 123
& 70 45 12 92 120
7 69 39 16 90 76
8 [ 72 39 16 88 29
9 86 39 17 86 36
10 1 114 40 17 85 48
11 114 39 17 107 62
12 B 39 8 102 87
13 o 39 101 32
14 = 39 97 83
15 ] 39 94 163
16 39 57 151
17 o 58 o7 148
18 = 82 122 142
19 ' 82 118 123
20 81 118 110
21 ; 80 92 97
22 ' 80 90 87
23 79 93 73
24 49 44 95 69
25 : 57 55 44 146 85
26 54 55 44 234 61
27 54 56 43 252 52
28 81 55 42 266 47
29 100 30 42 263 42
30 06 30 42 249 42
31 93 42 241
Mean 39 56 18 119 93 1.4
Ac,.Ft,.
for 2390 3320 1120 7290 5550 89
Month ‘

NOTE: This is all gravity flow and represents drainage from Recla-
mation District 108 discharged to the Sacramento River at Rough &
Ready Bend, Mile 44,0 Right.

¥ Beginning of record for season.
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TABLE &0

DISCHARGE OF COLUSA BASIN DRAINAGE AT KNIGHTS LANDING

——

I

Day

e

: Daily Discharge in Second-feet

tApr. May Jun. Jul. | Aug, Sepe. Cets
1 457 697 200 274 450 274
2 457 660 204 274 469 274
3 421 587 219 274 461 256
4 403 550 175 200 517 226
5 410 513 141 311 539 182
8 410 494 108 300 513 163
7 476 513 119 289 520 145
8 805 469 491 286 528 163
9 715 457 138 297 513 175
10 660 450 145 311 5173 182
11 513 410 163 323 550 173
12 403 385 171 341 568 165
13 348 381 178 367 554 157
14 182% 348 337 163 389 535 149
15 182 392 385 197 363 554 141
16 145 494 4%9 204 352 580 133
17 163 587 513 204 341 594 125
18 182 678 550 204 248 583 114
19 182 771 531 182 367 595 103
20 219 771 531 171 348 553 92
21 200 624 524 167 352 511 81
22 an4 439 491 182 B34 489 70
23 330 293 457 175 330 428 59
24 550 237 403 167 337 388 48
25 805 108 345 175 363 348 51
26 568 513 203 200 402 308 54
27 513 789 230 212 385 330 57
28 494 861 200 234 507 316 59
29 457 879 204 237 410 230 62
30 348 843 186 230 425 282 50
31 771 241 443 37
Mean 320%* 538 440 194 343 481 130
Ac.Ft,.
far  11100%* 33100 26200 11900 21100 28600 7970
Month

NOTE:

Kk

This represents the drainage from Colusa Basin passing

down the Back Borrow Pit of Reclamation Districts 108 and
787 and entering the Sacramento River at Mile 34,15 Right.

This is just above the Knights Landing gaging station.
includes also any water coming from the Knights Landing
Ridge Cut.

Beginning of record for season.
17 days.

It
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DISCHARGE OF SACRAMENTO SLOUGHP*

TABLE 61

Daily Discharge in Secondmfeeﬁ

Day

:Apr. May Jun. nTulo Augo Sep. Oc‘to
1 73 57 34 237 240 311 264
2 73 369 136 244 252 285 253
3 78 375 91 233 254 324 145
4 75 447 95 226 318 249 112
5 75 537 86 281 273 317 92
6 95 625 129 212 264 271 118
7 109 480 109 222 264 277 111
8 111 510 109 218 28% 333 111
9 43 D96 132 203 261 302 113
10 9 535 133 246 278 308 115
11 10 394 52 262 262 452 112
12 9 339 220 260 261 314 110
13 9 116 208 258 264 353 109
14 10 128 133 256 285 283 80
15 10 130 171 257 299 313 104
16 9 275 258 257 291 284 98
17 6 267 323 257 295 297 . B9
18 6 288 430 257 365 206 82
19 6 636 346 254 332 290 79
20 6 666 374 251 315 272 79
21 6 130 358 248 314 244 80
22 6 137 355 245 373 242 80
23 6 138 408 244 400 246 76
24 10 140 403 249 341 249 73
29 14 142 315 241 330 214 72
26 19 136 266 240 324 221 55
27 319 43 309 228 230 211 o0
28 3095 40 268 227 331 194 67
29 286 128 305 239 332 193 63
30 50 199 276 239 336 210 61
31 34 239 304 61
Mean 6le3 291 228 241 299 279 100
Ac.Fte.
for 3650 17900 13600 14800 18400 16600 6170
Month
Monthly
Diversions
Below 177 1036 1553 2388 2413 729 0
Head of
Slough
Discharge
to Sacto.
River 3470 16900 12000 12400 16000 15900 8170

Acre-feet

* Water discharged through Sacramento Slough to the Sacramento
River at Mile 21,2 Left. This is return water from irrigation

and represents the sum of measurements at three points as follows:
Reclamation District 1500 Drain, See Table 62; Sutter By-Pass East
63; and Sutter By-Pass West Borrow Pit, See

Borrow Pit, See Table
Table 64,
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TABLE €2

DISCHARGE OF RECLAMATION DISTRICT 1500 DRAIN*

: Daily Discharge in Second-feet
Day : Mar., Apr. May Jun, Jul, Aug, Seps Oct.
1 *k 65 195 222 280 123
2 65 102 202 231 255 119
3 70 18 56 196 231 280 110
4 66 102 80 195 296 204 80
5 66 205 51 196 251 272 58
6 86 305 94 189 243 225 80
7 100 169 74 196 2563 230 73
8 100 208 74 189 267 255 70
9 35 305 97 171 244 221 70
10 254 98 210 259 225 69
11 127 10 222 241 264 69
12 84 171 222 238 242 69
13 152 222 238 280 70
14 70 222 256 234 44
15 102 222 270 264 69
16 4. 180 222 262 234 65
17 236 222 266 250 59
18 41 30 333 222 326 250 54
19 386 250 222 304 246 51,
20 47 425 252 222 288 230 51
21 89 238 222 287 204 51
22 78 222 222 347 204 o1
23 278 222 374 204 ol
24 47 292 228 316 203 51
25 208 222 306 165 52
26 70 180 222 300 170 36
a7 41 242 210 207 162 33
28 25 , 208 210 306 148 51
29 62 9L 252 222 305 136 48
30 47 165 234 222 306 128 47
31 47 222 272 48
Mean 17.6 21,8 95.6 160 213 275 222 8346
Ac.,Ft.
for 1080 1300 5880 9550 13100 18900 13200 3910
Month ’

* This discharge through Reclamation District 1500 drainage plant com-
bines with the discharge given in Tables B3 and 64 to form the entire
flow of Sacramento Slough, See Table 61,

** Beginning of record for seasnn.
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TABIE 63

DISCHARGE OF SUTTER BY-PASS - EAST BORROW PIT
(WILLOW SLOUGH AT CHANDLER)*

Daily Discharge in Second-feet

Day Apr, May Jun, Jul, Aug. Sepe Oct,

1 F* 4 3 4 4 106

2 3 319 3 4 4 100

3 3 310 4 4 19 4

4 4 300 4 4 19 4

5 4 290 4 4 1.9 4

6 4 298 4 4 4 19 3

7 4 267 4 4 4 19 3

8 3 256 4 4 4 4% 4

9 3 243 4 4 4 47 4

10 4 231 4 4 4 46 4

11 4 215 4 4 4 147 3

12 3 202 4 3 4 27 3

13 3 65 4 3 4 28 3

14 4 80 4 3 4 3 3

15 4 85 4 4 4 3 4

16 3 233 4 4 4 3 4

17 285 4 4 4 3 3

. 18 217 4 4 4 4 3

19 210 4 4 4 4 3

20 202 32 4 4 4 3

21 2 32 4 4 4 4

282 96 46 4 4 4 4

- 23 ob 46 4 4 4 3

24 95 31 4 4 4 3

25 a5 31 3 4 4 3

26 93 17 3 4 4 4

27 294 3 4 4 4 4 4

28 an3 3 4 & 4 4 4

29 247 3 4 4 4 18 3

30 4 3 4 4 46 3

31 3 4 4 3

Mean 29.1 152 10.7 38 4,0 18.8 9.9

Ac.Ft.

for 1730 9370 637 196 246 1120 607
Month

* This flow is practically all return water from lands irrigated
by Feather River diversions. This flow combines with the dis-
charge given in Tables 62 and 94 to form the entire flow in
Sacramento Slough. See Table 61,

** Beginning of record for saason.
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TABLE 64

DISCHARGE OF SUTTER BY-PASS - WEST BORROW PIT
(Opposite Gelshauser Slough)*

: Daily Discharge in Second-feet

bay  .irr, May Jun. Jul, Aug, Sep. Oct,
1 Bk 53 31 42 14 27 35
2 5 50 31 42 17 26 34
3 5 47 31 37 19 25 31
4 5 45 31 31 18 26 28
5 5 42 31 25 18 26 30
6 5 42 31 19 17 27 33
7 5 44 31 22 17 28 35
8 5 46 31 25 16 3 37
9 5 48 31 28 13 34 39
10 5 50 3L 32 15 kY 43
11 6 52 38 36 17 41 40
12 6 53 45 35 19 45 38
13 6 51 52 33 22 45 36
14 & 48 59 31 25 46 33
15 6 45 65 31 25 46 31
16 6 42 74 31 25 47 29
17 » 8 42 83 21, 25 44 27
18 6 41 93 31 25 42 25
19 6 40 92 28 24 40 25
20 6 39 90 25 23 38 25
21 6 39 88 22 23 36 25
28 6 41 87 19 22 34 25
23 6 43 84 18 22 38 22
24 10 45 80 17 21 42 19
25 14 47 76 16 20 45 17
26 .19 43 69 15 20 47 15
i 25 40 63 14 19 45 13
28 32 37 56 13 21 42 12
29 29 34 49 13 23 39 12
30 46 21 42 13 26 36 11
31 31 13 28 10
Mean 10.4 43,6 5605 25,4 20,6 B7.5 2648
Ac, Ft.
for 621 2680 3360 1560 1270 2230 1650
Month

¥ Thig flow is measured at a point 15,7 miles above the main
drainage plant of Reclamation District 1500, It includes
all return water from Reclamation District 1660, This flow
combines with the discharge given in Tables 62 and 63 to
form the entire flow in Sacramento Slough. See Table 6l.

*¥ Beginning of record for season,
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TABLE 65

DISCHARGE OF RECLAMATION DISTRICT 1000 DRAIN (23 BANNON SIOUGH)

raevvtramererem

-
-

ro—

i

Daily Discharge in Second-feet

————

P er. Apre  Way o Jum. - Jal. hug.  Sen T Oor
1 *
2
3
4 47
5
6
7
g i 4 1 ! 1
9 ' 1 | t I
10 63 36
11 64 = = == =3 63
12 (@] o (@] o O 58 20
13 - - = = = 58
14 = B & = Bt 5%
15 <4 -4 4 4 -4 58
16 <] 5] 3] 3] m 58
17 jea] 2] = [E2] JE9] 6%
18 1y y [a¥] Yy 4 53
19 o (@) (@] Q (@] 58
20 42 42
21 o o o o o 58
22 = = = = = 31
23 | t i 1 | 26
24
25 1 f | t 1 42
26 37
27 32
£8 31
29
30 80
31 .
Mean 446 0 0 0 0 28,7 5,0
AcFt,
for 286 0 . 0 0 0 1710 307
Month

NOTE: This is the drainage pumped back to the Sacramento River at Mile
2«1 Lert from Distriet 1000.

* Beginning of record for season.
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TABLE 66

DISCHARGE OF BACK BORROW PIT RECLAMATION DISTRICT 1000

——cad s

Day

: Daily Diébharge in Gecond-feet
Apr. May Jun. Jul, Aug. Sep, Oc¢t,

O @M~ Bl A

&

%
FLOW-
FLOW-
FLOW-|-
FLOW-
FLOW-

| o e e 20 D 1O 0fT0 M 9 Do R

~¥0
~NO©
-N0
-NO0
-N 0
1 -0 Frow-|-

o]
av]
LRV AR I [ IEGS IS BRGNS I Do o

Mean **3.2 0.9 0 0 0 0 0 0

Ac.Ft.

for **115 53 0 0 0 0 0 0
Month

NOTE: This is water flowing down the borrow pit outside the east
levee of Reclasmation District 1000 and entering the Sacramento
River at Mile 1.3 L. It is measured at the 0ld Garden Highway
crossing (Natomas Trestle}., This drainage is probably not derived
from Sacramento River sources.

* Beginning of record for season.
** 18 days.
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TABLE 67

DISCHARGE OF YOLO BY-PASS-EAST BORROW PIT (TULE CANAL)*

: Daily Discharge in Secon&-feet
:May Juna. Jul, Aug. Sep. Octe

ok

LIoBNO v oY 1) IV S ARV I

}_l

o
FLOW=
FLOW
FLOW
FLOW
FLOW
FLOVW

I_J

3

NO
NO
NO
KO
O
NO

Mean 0 0 0 0 0 1Q

Ac oFt-
for 0 0 0 0 o 0
Month

* Moasured at north levee of Sacramento By-Pass, This sta-
tion records any undiverted drainage from Reclamation
District 1600.

** Beginning of record for season.
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CHAPTER VI

USE OF WATER IMN THE SACRAMENTO-SAN JOAQUIN DELTA

As outlined in detail in preceding reports, this investi-
gation having as its objective, a complete annual determination of the
consumptive use of water in the entire Sacramento-San Joaguin Delta,
has comprised the experimental work to determine the unit consumptive
use of water by the various irrigated crops and vegetation in the
Delta and the general field work to obtain annually a complete census
of the irrigated crops and wéter consuming areas, With the unit con-
sumptive use of water determined by the experimental work and the
complete census available, the former may be applied to the data of
the latter to derive the consumptive use of water in the Delta as a

whole ¢or nn individual tracts or islands,

Cooperative Irrigation Investigations

Through the Federal-State cooperation fqr Irrigation Invest-
igations the experimental work has been conducted by the Division of
Irrigation, Bureau of Agricultural Engineering, U, S. Department of
Agriculture, and has included probébly as its most successful feature
and that furnishing most definite and conclusive results, the consumptive
use determinations for various Delta crops end vegetation grown in
tanks. With the close of the 1930 season, the major portion of this
investigation was practically completed. That is, the tank work had
covered the ranze of the principal crops grown in the Delta as well as
gquatic growths and weeds. At that time, therefore, an analysis and
summary of the results were submitted by the Bureau of Agricultural

Engineering and used as the basis for the computations of the con-
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sumptive use of water in the Sacramento-San Joaquin Delta as presented
in the State Engineer's Bulletin No. 27, "Variation and Control of
Salinity in Sacramento-San Joaguin Delta and Upper San Francisco Bay",
The period of the investigation with respect to certain of
the unit consumptive use determinations appeared to have bsen somewhat
short as the basis for final cohclusions and it was considered desir-
able %o continue the experimental work on & swaller scale in 1931,
The items included in this continuation of the work have comprised the
maintenance of tule and cat-tail tanks at Clarksburg and King Island,
tule tanks at Simmons Island, evaporation stations at Clarksburg and
Simmons Island, asparagus tanks on the Richmond-Chase Tract, and a
general study of thé chéracter, ocecurrence and exbent of water consuming
weed growths in the Delfa. The investigation prior to 1931 of the use
of water by tules and cat-tails revealed a surprisingly high rate of
consumption and indicated the advisabiiity of corroberation through
a further period of observation. The maintenance of the asparagus
tanks in 1931 was pursuant to the program adopted at the time of their
installation in 1927, that is, .that the experiment should continue
throughout the ecgnomic life of the plants. The work done and the
results of these investigations in 1931 are présented in detail in
the report by Major O. V. P. Stout which follows in this chapter. The
work planned to be continued in 1932 includes maintsnance of the tule
and cat-tail tanks at Kiﬁg Island, the tule tanks at Simmong Island,
weed tanks at King Island, the asparagus tanks, and complete evapora-
tion stations at King, and Simmons Islands and at two or more addition-

al Delta locations te be selected.
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.

Annual Census of Irrigated Crop Acreages and Water Consuming,Axeas

The annual census of the irrigated crop.-acreages and water
consuming areas of the Delta was conduc¢ted through the Water Super-
visor's officé ag an activity in conjunction with the special invest-
igation of the Delta losses in 1931 due to the high encroachment of
salinity. (See Chapter VIII}. In comnection with the latter invest-
igation, detailed information was obtained for practically every sub-
division Or ownership on each island or tract in the Delta., This af-
forded an opportunity for a very complete census of the irrigated crop
acroages and the various areas of aquatic growths, weeds, idle and
bare lands, water surfaces, otce, The detail of the 1931 census is

shown in Table 68,

1931 Consumptive Use of Water in the Sacramento-San Joaguin Delta

The total consumptive use of water in the Sacramento-San
Joaguin Delta in 1931 has been derived in the same manner that the
1929 consumptive use was derived in Bulletin No. 27. Table 69 shows
the unit consumptive use for the various irrigated crops, aguatic
"~ growths, barc land, idle land in weeds, and open water surfaceés. These
are the units which were developed from the experimental data and used
in the computations of Bulletin No, 27, It is possible that the unit
consumptive use figures of Table 69 with respect to aquatic growths;
weeds, and evaporation may be modified in accordance with further
information derived from the experimental work now in progress, but
pending final conclusions from the latter investigations, the data of
Table B89 have been used as the basis Tor the computation of the total

consumptive use of water.
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Iﬁ the course of the Delta investigations it has been found
that in general allvlands below & certain clevation, whether idle or
cropped, receive and consume water derived by seepage from the adjacent
channels., It was necessary, therefore, that all such lands be accounted
for in the computations for the total consumptive use of water. It
was determined that Elevation 5, U.3.G.S. datum, would best represent
the elevation below which it would be necessary to take the secepage
into account and above which unirrigated and idle lands could be con-
sidered as non-water consuming. This required that the census should
include & segregation, as above or below Elevation 5, of all unirrigatecd
crops and pasture, idle lands in weeds, and bare lands, and these
segregations are indicated in Table 68.

The figures of Table 70 showing the total seascnal and
annual consumption of water in 1931 by the various Delta crops and
water. consuming areés were derived by application of the unit figures
of Table 69 to the total acreacge segregations of Table 68, As shown
by Table 70, the seasonal consumptive use of water in 1931 by the
Deltats irrigated crop arca of 339,300 acres amounted to 756,010 acre-
feect or 2,23 acre-fect per acre, The seasonal use on the total consump-
tive area of 446,310 acres (including aquatic growths, bare lands, idle
lands in weeds, open water surfaces, etc.), amounted to 1,16Y,390 acro-
fect or 2.61 acre-feet per acre.

In Tables?7l and 72 the total consumptive use of water in
1931 has been scgregated to show the use in each river delta, Table 71
showing that in the Sacrumento Delta, and Table 72 that in the San Joa-

quin Delta.
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Toble 73 shows a general classificntion of the 1931 irrigated '

crop lands with respect to péﬁt and sodimentary soils.
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TABLE 68
DETAIL OF IRRIGATED AND NON-IRRIGATED CROPS AND ACREAGES IN THE DELTA, 1931

Acreage of irrigated crops and water consuming areas*
Acreage of non-irrigated crops and
non-water consuming areast
Irrigated crop acreage
Island or tract ’ Idle lands lgxr%wﬁg Total Total
Truck in weeds Baﬁzhl)a‘:’lds . anc!. watex: Pasture acreage}
Grai and i ’I"otal below elev. 5.0%% interior CONSUMINE | 1pin and idle andj
Alfalfa Asparagus Beans Beets Celery Corn Fruit anéaﬁzy Onions Pasture Potatoes Seed miscel- 1rr;§§ted elev. 5.0 w?ter acreage™t hay above | bare lands Leveest
laneous acr ea?ge suriaces elev. 5.0 above
vegetables elev. 5.0%%
1 (2) 3) ) (6)) (6) ) (8) 9 (10) an (12) (13) (14) 15) (16) an 18) (19) (20) 1) 22) (23)
Andrus Island—Reclamation Districts Nos. 317, 407, 556 ... ____ 372 1,563 576 949 515 713 1,040 308 6 130 | . 49 446 6,667 349 230 123 7,362 | e 461 7,823
Bacon Island—Reclamation Distriet No. 2028\ | 810 oo 853 e 1,149 188 40 1,603 130 6 4,279 960 117 164 5,520 |- 105 5,625
Baird Ranch—Portion of Reclamation District No. 800 .| | | e 264 ... 230 ... 400 ..o . 1,290 |__________ 2,184 700 75 9 2,968 | 32 3,000
Bethel Tract—Reclamation District No. 1619 . ______ 35 400 | 150 370 | 405 |- e 2 1,362 1,380 439 139 8,320 | 84 3,404
Bigger and Inman Ranch. o 870 | 870 | 18 82 970 |- oo 30 1,000
Bishop Tract—Reclamation Distriet No. 2042 ________ ..\ ________ 284 | . 675 | 45 | 533 104 134 302 || 2,077 108 32 72 2,280 | 61 2,350
Bishop Highlands. - .o 138 307 5 23 473 160 360 7 1,000
Black Point Spoil Area . — . o e e e e 575 | 575
Boggs Tract—Reclamation District No. 404 . _____.__ 925 | 80 | 100 | 420 oo 200 | 80 1,805 68 520 68 2,461 {..________ 122 71 12,654
Bouldin Island—Reclamation District No. 756 ... | _________ 572 152 O P 600 1,895 | 467 270 |emcmeeeas 1,270 . 5,125 600 61 84 5,870 |- 136 6,006
Brack Tract—Reclamation District No. 2083 ... . 133 1,580 | __ 1,365 .. 12 60 |- e e 3,100 | 383 3,483 | .. 1,096 79 4,658
Bradford Island—Reclamation District No. 2059. . ___________ 10 490 o 139 . 28 | 485 | 1,152 691 38 121 2,002 |oooo e 57 2,059
Brannan Island—Reclamation District No. 2067 .. _________ 637 2,470 1 760 150 1,276 314 151 oo 43 15 3 I 75 5,822 380 59 223 6,484 | _________ 462 317 27,263
Byron Tract—Portion of Reclamation District No. 800____..__.__. 240 || 800 | 1,170 oo 200 520 || 2,930 250 26 26 3,282 | 88 3,320
California Irrigated Farms—Portions of Rec. Dists. 2058 and 2062_. 4,580 30 3,600 | . 150 5 200 |-m oo 25 | 8,590 1,063 230 300 10,183 |ocooo o 107 310,290
Canal Ranch . - o o 272 1,732 180 | 450 | 10 | 2,644 376 83 178 3,281 |ocom o 70 43,351
Clifton Court Tract—Reclamation District No. 802 ... __._____ i85 B340 | e 2,312 o 560 | . 53,397 180 20 46 53,643 | e 69 3,362
Collinsville Manor . - - o e e e e e e e e et e 433 |l 4433
Coney Island. - . 940 | o 940 24 11 45 1,020 |-cooo oo 40 11,060
Content—(Private Reclamations near) . - - 8 37 25 | 44 2 S 82 |l 30 10 209 23 |l 232 95 77 30 6434
Deadhorse Island . - o oo R B T T T TS IR NS 195 |oco e 6 b210) I PR I, 20 221
Donlan Island—Reclamation District No. 274 oo\ _________ 150 10 e /0 PSRN (RSP PR 10 | 10 187 . 40 Jooo . L5237 A IR 720 230
Drexler TTaCh- - - - oo oo oo m e m e F U RS R —— 1,200 |- 900 |- 468 | 2,968 |._________ 50 110 8,128 |ocomo e 74 3,202
Edinger-Johnson Reclamation District—Includes Rec. Dist. 745._ . 68 40 20 118 oo 20 171 120 |oeo o 60 | 75 692 28 el 720 |ooeo 101 65 8886
Ehrhardt CHub_ - - oo e B00 |- o e e 10 e 10 520 |oooo e 60 580 |acomomanon 34 17 631
O eYes e Y U 600 |- oo 176 |l 776 | 4 5 785 |- e 32 1817
Empire Tract—Reclamation District No. 2029 .| 884 60 1,486 | ... [/ PSRRI R ———a 918 || 3,355 74 40 130 8,599 |- e 79 3,678
Fabian Tract—Reclamation District No. 773 oo 262 |- 1,929 |- BB e 5,642 700 95 136 6,573 346 141 136 7,196
Fay Tsland . o B BT T L B el TSRS NSRRI 147 I 2 3 96 || 13 109
Fern Tsland o e o o e e e e e e e e e e e 100 - 23 123
Fink and Winler Ranch—Portion of Rec. Dist. No. 2062_..__. e 400 | 5L R B o 208 | 653 |-oooi_ 12 36 (1) N P P 59 760
Fox Ranch (George R. Fox) oo 146 | B0 e 176 | ... 2 | 178 || 5 183
Franks Trac(t,__f ------------------------------------------------------ 185 foeom oo 860 . 752 | 376 25 540 397 100 | 3,235 85 |oeme 48 8,318 |ocvoo oo 107 3,425
Grand Island—Reclamation Distriet No. 3. ... 555 3,497 3,334 1,388 1,340 1,034 2,359 1,246 (.. __ 93 15 77 590 15,528 75 357 280 16,240 |- o e 774 17,014
Hastings Tract—Reclamation District No. 2060 .. - ____ 45 1910 |- 1,852 oo SO | 4,374 | ___ 80 322 4,776 1,785 268 610 7,439
Headreach Island. o e s e e e e e e e e e e e e e e e e 110 26 1136
Henning Trac%Portion of Reclamation District No.2030_.___.___ 150 |ccoom 22510 1 PRSI INUPRRSUPRRRPN (SOUSUPIRIOUPEY IROUUOUPIIPOS) (SRS II 300 ---------- 11200 ———————————————————— 1:900 453 21 222 21596 ———————————————————— 104 23700
Hog Island. o oo 24 1101
Holland Tract (Little Holland-Seaborn) - oo 40 2,860
Holland Tract—Reclamation District No. 2025 35 4,275
Honker Lake Tract. - oo S 105 7?} l,gig
rseshoe Island oo A e e b 140 e o) 140 |l
Eimhkiss Tract—Includes Reclamation District No. 799 ________ 505 820 |.eo 20 oo 130 5 360 | 145 | 80 2,065 1,493 | ______ 63 3,621 | el 79 3,700
Tda TS1and - - o o oo 3 18 I T T Fu—— L T el T e SRRSO PSR B U NN (S 25 9 16 |ocem 50 Je e 50
Jersey Island—Reclamation District No. 830 ool ______ L oy 1,200 10 445 oL 200 | 23 | 2,740 634 5 62 3,441 || 117 3,558
Jones Tract (Upper)—Reclamation District No. 2039 . _______|.________ | __ R ) 3,867 |-, 1,480 | e 361 | ______ 5,708 430 24 84 6,246 | .ol __ 112 96,358
Jones Tract (Lower)—Reclamation District No. 2038 - - .| | . 1,447 | 2,246 | e 1,616 | .. 5,309 265 65 87 5,726 | oo 20 109 °5,855
Kimball Island - - - o oo o oo oo o o o e T o o s oo s e e 65 |-cecmmmcoferiee o e R R 65
King Island—Reclamation District No. 2044 | ____ 1,102 186 218 o 1,483 | e 70 | 3,059 | _______ 40 86 3,185 | 75 3,260
Liberty Reclamation District. ..o oocnocm 8 1,720 454 2,037 129 877 | 138 591 e 10 110 6,074 38 13 175 6,300 | |eeeo . 450 6,750
Mandeville Island—Reclamation District No. 2027 .|| _____ 252 e 1,887 | 1,147 28 |-emmeeaa 1,167 229 | 4,210 723 54 180 5,167 | __ 166 135 15,468
March Garden and Brookside Tracts. - oo oooomoome T e g 89 15 80 | 188 | 70 497 50 7 4 558 |- 12 10570
McCormaek Tract. o oo oo oo 400 e T e e e ) s sy SN S M1701 | 6 18 1,725 | oo 65 1,576
MeDonald Island—DPortion of Reclamation District No. 2030 | ______ | ____ 80 1,524 | el 489 || 290 | 2,383 501 328 111 8328 | oo | 105 13,428
Medford Island—Reclamation District No. 2041 . ) 338 .. 855 | e 317 || 1,010 70 9 67 1,156 |- oo 47 1,203
Merritt Island—Reclamation District No. 150 o ______ 1,104 174 140 752 | 166 283 85 | e 1,561 | 124,265 42 50 35 124 392 239 180 200 4,986
Mildred Island—Reclamation Distriet No. 2021 ool e 45 | 834 | 879 272 14 30 1,195 | oo 52 1,247
Moreing Ranch (Lewis Moreing)—Portions of Reclamation Districts
Nos. 2058 and 2062 _ - oo A TV AT uRUPRPE NOUSSUIRpRpupRp) JRPRPUpRSUpUSpUpR ) O R U ) RV FOO N IO 295 oo 42 337 740 341 52 1,470
Orwood Highlands . - oo oo e T I e ) P 270 | 160 | 430 41 617 47 1,185 |oom oo 1,135
Orwood Tract—Reclamation District No. 2024 .l _______ 115 23 e 368 | 627 ... 15 205 15 |l 1,368 834 50 80 2,332 | 65 2,397
Palm Tract—Reclamation District No. 2036 | . B0 e 845 | 320 |oo. 1,141 | 26 | 2,362 32 45 65 2,604 || 60 2,564
Pierson District—Reclamation District No. 851 - oo 365 661 2,212 80 | 312 1,462 2316 |.o. ... 83 | 106 90 7,627 157 240 115 8,139 291 130 410 8,970
Pocket, The (Roberts Island) - .- oo oo 25 e (-3 EEE—— 339 | A0 | 479 ... 27 14 520 [ocm oo 33 553
Porter Estate?. oo e e e e 142,200 12200 |- oo oo o 149,200
Prospect Island—Reclamation District No. 1667 ooooommn oo 860 1,133 459 o 260 o e el B2712 | .. 30 93 82835 || 193 2,505
Quimby TSIATA . - o oo oo e e 550 | ... o F T TS ) U S 550 179 14 25 768 || 54 822
Randall Island—Reclamation District No. 785 . .. 12 L 373 S B n T B 3 2 420 | 8 | 6423 | el 14 417
Rhode Island .o oo e e o et L ] et R T T P TRl IS U T8 L 2 5 85 | 5 90
Rio Blaneo TTach- - - o oo oo oo L Bl e 22 |eeeme s g 180 | 439 128 25 20 153 P R 63 675
Rindge Tract—Reclamation District No. 2037 oo 3,655 | e 2293 | 5,948 462 100 130 6,640 | |o.________ 200 96,840
Roberts Island (Lower Division)—Reclamation District No. 684..__ 1,115 520 192 407 | 3,176 2 2,106 |- 1,001 748 . 179,267 345 348 160 | 1710,120 |o.________ 138 142 110,195
Roberts Island (Middle Division)—Reclamation District No. 524___ 2,995 45 1,493 |- 3 1,436 8 4,080 _______..__ 315 | 225 7 12 | 810,619 | ___ 209 215 | 811,043 || 114 11,000
Roberts Island (Upper Division)—Reclamation District No. 544 |27 1,083 | 325 21 473 12 166 | 23 e 2,630 250 | 80 2,960 4,385 | ______. 130 7,475
Rough and Ready Island—Reclamation District No. 403 .. L e P R DL T PR 210 75 402 | 25 | 175 | 191,012 314 | . ___ 24 191,350 | ... 315 82 11,647
Ryer Island—Reclamation District No. 501 oo 204 8,786 552 644 331 203 387 190 14 oo 30 19 1 211,360 |..________ 230 320 1 211,910 |ooooooo oo 320 12,210
Sargeant-Barnhart Tract - - - - - oo 105 B T At et EERTEET T 445 | 20 18 oo 348 | 30 1,076 |______._ 11 66 1,158 | 25 11,178
Sherman Island—Reclamation District No. 341 ... 352 7,652 | 120 145 | 506 | 20 e 12 5 8,812 524 484 117 9,937 || 368 10,305
SHIma TIACY - - - o oo oo m o e 361 | 759 | e 430 |l 1,559 172 22 22 1,775 oo e 95 1,870
Smith Tract (B, R, and N. A. Smith) - __.____________| 80 |omm e 250 | 530 | oo 160 10 3 I 1,035 567 10 12 1,624 350 |-oooooo. 51 2,025
TS e E e e S et B B S el ek TSl EOSTRSYRUPRYS RS Uiy iy OO IOt SRR RO SO 80 23 103
A 112 11 32 24 | 50 101 490 |- (7 I 40 Y I N o024 | T 02 | 211 026
Staten Teland - o oo o e 1.854 147 867 158 1,983 305 1,857 | . _. 107 1,166 | .. 8,544 [_________. 189 181 8,914 | 346 9,260
Stockton Acres—Reclamation District No. 8281 . L. _______ B LT B —— e ) N wmemmm e e 10 15 430 | 445 | 190 40 1675
Sutter Island—Reclamation District No. 349 _____________ 106 136 185 | 25 1,044 165 | . 2 - 567 19 2,252 96 90 84 2,522 || 192 2,714
Terminous Tract—Reclamation District No. 548 .. _____.__ 56 3,455 178 547 1,611 664 3 485 157 1,613 787 56 6 229 618 334 205 300 | 2210457 | 149 2310,508
Tule Tsland . o o .o e e e e o e s e e e e e e e 46 18 64
Twitchell Island—Reclamation District No. 1601 .. _______ 10 960 315 || 595 25 1,500 |- e e 4 243:‘109 67 20 65 243v561 ———————————————————— 200 3,631
Tyler Island—Reclamation Districts Nos. 136, 364, 532, 563 and 807. 697 6,948 | e 60 150 289 115 | e 40 8,299 ______.___. 126 260 8,685 | | 262 8,947
Uhion Island—Reclamation Distriets Nos. Tand 2.._..__.___._._. 319 3,623 2,135 (L2 3 5,279 210 9,776 | .. 5 30 85 |l 22,196 122 179 240 | 22,737 440 | 284 23,000
Veale Tract—Reclamation District No. 2065 ...\ _________ 100 | 3 (SR 300 | 600 | 1,003 295 12 12 1,322 | oo e 41 1,363
Venice Island—Reclamation District No. 2023 _______________| _________ 40 40 |oeooio . 1,000 100 | 1,000 275 oo 30 | . 25 2,510 707 50 120 3,387 | 202 247 13,836
Victoria Island—Reclamation Distriet No. 2040 ... __j .. ___ 250 450 TAT e 3,500 | ... 1,300 | 300 ... 400 6,947 75 58 127 7,207 | 103 7,310
Webb Tract—Reclamation District No. 2026 ___.____| .. 400 | e 1,422 |\ ... 1,290 | 496 180 oo 3,788 1,346 80 208 5422 |l 100 5,522
West TSland - o oo o oo 120 fo e B4 | b7 S R I 4 158 | 22 180
Widdow Ysland _ oo e e e e e e 80 | 80 | 2 3 2] P 10 65
Woodward Tsland_ - - oo 1,475 | P2 2 B 125 22 | 1,645 456 35 43 2,179 || 66 2,245
Wright TEACH- - - -~~~ L 550 60 | L6 47 SRR U gy SO NRN URn) MU 1,287 | ... 3 9 1,299 || 59 1,358
Reclamation District No. 50—8poil Aref. .- e e 142,590 M2500 | .. .__ 510 100 43,200
Reclamation District No. 307—Lisbon. ... .. ... 271 19 204 2,010 |- 12 4 987 | . 13 3 594 301 4,418 200 75 104 4,797 936 171 182 6,086
Reclamation District No. 348 1,263 1,454 1,160 696 .. 139 238 2,802 | ... [ 175 362 8,361 |____.______ 130 80 8,571 511 270 126 9,478
Reclamation District No. 369—Locke_ - 180 | e 180 336 9 14 539 | e 15 554
Reclamation District No. 535 116 2 85 o 1 38 20 | 20 4 628 884 . ... 200 190 1,274 1,399 1,468 54 4,195
Reclamation Distriet No. 536—Egbert . ... _________ 1,150 2,815 L 6 1,212 | .. S0 | 5,303 2,255 | .. 34 7,592 500 699 142 8,933
Reclamation District No. 554—Walnut Grove. ... ..\ _____ 57 48 100 |- 18 . 30 10 | 257 o 520 118 33 6 677 | 22 699
Reclamation District No. 678—Pocket - _____ 185 227 325 |ocmeaeoan 10 8 23 70 10 57 | 169 863 1,947 | 60 70 2,077 405 439 178 3,099
Reclamation District No. 744 - . 135 67 101 e 137 b2 R O R, 876 91 1,409 | 94 45 1,548 || 70 1,618
Reclamation District No. 746—Bonnie Brae. ... o | e 104 e e 104 | 5 4 118 |oo 11 11 135
Reclamation District No. 765—Glide ... . .. 696 |- 12 023 U U U PRy B 90 |l 130 10 1,060 | ___ 25 45 1,130 20 50 122 1,322
Reclamation Distriet No. 818 . ... 275 | 100 200 |- 174 945 | .. _____ 30 | 2 P, 1,727 4o e 85 1,812 515 154 70 2,551
Reclamation District No. 824—TFreeport_ ... ... ______ 8 gy 30 e e 218 26365 | 6 8371 | 95 35 463
Reclamation District No. 900—West Sacramento_ .. __.________ 3,321 10 59 827 | 57 408 (.. 20 140 | __ 175 1,665 276,182 oo 336 276,518 1,538 3,041 210 11,200
Reclamation Distriet No. 999 _ 765 9,278 2,998 6,863 |- 79 599 25 1,631 10 210 1,574 56 2824088 |__________ 105 757 2824 950 583 605 1,600 26,136
Reclamation District No. 1002_ - . 20 170 P25 T R 325 170 550U RS SRRy POy U E 1,478 2,997 849 250 5,574 470 657 160 6,861
Reclamation District No. 1614—S8mith_ . e 60 540 | __._ 1,055 |oooo 40 1,695 | __ 12 20 1,727 oo e 45 11,772
TOtAYS . - o e e e 26,882 70,580 | 926,992 | 930,915 6,303 | *%55,798 10,775 65,086 293,769 12,748 18,042 8,967 296,498 | 30343,355 28,527 8,481 14,802 | 395,165 15,708 14,531 | 3113,565 434,909
#A1l acreages below elevation 5.0 U.S.G.S. datum are considered as irrigated or consuming water. 14 Area has been flooded and is subject to tidal low due to broken levees.
##Includes roads, camp areas, interior levees, etc. 1 Includes 523 acres asparagus interplanted to beans.
1 The total levee area includes water consuming acreages estimated at 4,400 willows and 4,583 weeds which should be included in column 19. No survey was made to segre- 16 Includes 20 acres beans double cropped.
gate these items to the individual islands and tracts. 17 Includes 205 acres soudan grass double cropped after grain.
{ These figures represent gross area, i. e., entire area inside surrounding water channels. 18 Includes 157 acres beans double cropped after grain.
1 Revised to conform with area changes resulting from construction of Stockton Ship Canal. 19 Includes 100 acres corn double cropped after grain.
2 Revised to conform with recent map. 20 Includes 20 acres asparagus interplanted to beans.
8 This is not the total lands of the California Irrigated Farms Company. Approximately 3,400 acres south of Tom Paine Slough is classed in the “Delta Uplands.” See 21 Revised to conform with recent map. Includes area purchased from March Garden Tract.
Delta Uplands Diversions from Tom Paine Slough. 22 Includes 78 acres double eropped onions, 3 acres double cropped corn, and 10 acres interplanted beans.
4 Revised to conform with latest survey. 23 Revised to conform with 1931 map
5 Includes 350 acres corn double cropped after grain. 24 Includes 130 acres interplanted corn.
¢ This area previously reported as part of Reclamation Districts 746 and 813. % Includes 210 acres interplanted beans and 251 acres double cropped area.
7 Includes 10 acres double crop beans and 7 acres of pears on levee. 26 Includes 38 acres truck garden double cropped.
8 Revised to conform with Reclamation Board assessment map. 27 Includes 107 acres tomatoes double cropped after spinach.
9 Revised to conform with data furnished by owners. 28 Includes 1602 acres of interplanted and double cropped beans, beets and truck.
10 After sale of a portion to State Farm. 20 Includes second crop and interplantings.
11 Includes 214 acres asparagus interplanted to beans. 30 Includes 4,053 acres of second crop and interplantings.
12 Includes 25 acres corn double cropped after barley. . 81 Includes 7 acres irrigated pears on levee.

13 Previously listed as Reclamation District 799.

CALIFORNIA STATE PRINTING OFFICE
HARRY HAMMOND, STATE PRINTER
93879 8-32 550 SACRAMENTO, 1932
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GENERAL SOIL CLASSIFICATION OF THE IRRIGATED CROP LANDS
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TABLE 73

IN TAE DELTA, 1931

: Peat Soil : Sedimentary :
Crop ¢+  Acreage :Soil. Acreage: Total
: Irrigated :  Irrigated H
Alfalfa : 6494 : 20388 : 26882
Asparagus : 30753 : 39827 H 70580
Beans . 5538 : 21454 : 26992
Beets : 12707 : 18208 : 30915
Celery : 4824 : 1479 : 6303
Corn H 40367 : 15431 : 55798
Fruit : 700 : 10075 : 10775
Grain and Hay ¢ 32062 : 33024 : 65086
Onions : 2034 = : 1735 : 3769
Pasture : 7194 : 5554 : 12748
Potatoes : 16779 : 1263 H 18042
Seed : 1101 : 7866 H 8967
Truck and } : :
Miscellaneous ) 1013 : 5485 . : 6498
Vegetables ) : .
1 : :
Totals : 161566 : 181789 : 343355

ee av e so se ¢s qu e

ss o8 4 o

ss 99 9% oo

s 90 a0 s

as o+ qu os

ve 20 se wv

LY




_SACRAVENTO-SAN JOAQUIN WATSR SUPERVISOR'S RFPORT 1951

COOPERATIVE IRRIGATION INVESTIGATIONS
IN THE SACRAMENTO-SAN JOAQUIN DELTA IN 1931

BY
0. V. P. Stout, Irrigation Engineer
Divisien of Irrigation, Bureau of Agricultural Engineering
U. S. Department of Agriculture
The Cooperative Irrigation Ihvestigations in the Sacramento-
San Joaquin Delta in 1931 were limited to a continuation of the experi-
ments on the use of water by asparagus, tules and cat-tails grown in
tanks, the maintenance of two evaporation stations, and a general

study of the character, occurrence and extent of weed growths in the

Deltae

TANK EXPERIMENTS

Tules and Cat-tails

Experiments with tules and cat-tails growing in tanks were
carried on in 1931, being in eéch case a continuation of the work of
one or more years precedinge

The results obtained at Clarksburg are given in Tables 74
and 75, It will be noted that the remarkably high rate of use of
water found at Clarksburg in previous years (1929 and 1930) continued
through the growing season of 1931, Tanks Numbers 6 and 7, being the
heaviest users of water, were put under test for leakage in August of
1931, The test was made by cutting down the plants and covering the
tanks with & wooden bulkhead to prevent them from growing again, thus
preventing loss of water by transpiration. The tank was also made so
nearly airtight that there was no circulation of air and presumably no

evaporation in the ordinary sensse, althoﬁgh there was undoubtedly a
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TABLE 74

USE OF WATER BY CAT-TAILS GROWN IN TANKS, NEAR CLARKSBURG,
' RECLAMATION DISTRICT 999, 1931

USE OF WATER — ACRE—-FEET PER ACRE

TANK :
NO H H H H . . . v H . . 4
’ JAN, e FEB.: MARo: APR.: MAY e JUN,e e JULe H AUGs : SEP. s ocCT. : NOV,. e DEC. e YEAR
H H H : : H H H H : H H
0.22§ 0.225 0.58§ 10085 2.285 2.285 2.965 2,513 |.665 0.915 0.435 0.233 15436

0n215 Dai 0,407 1412} 1,041 2,111 2,51} 1,92} 1,36 0.83i 0,51} 0.22f 13.42
: : : : : : : : : : : :

0020f 0.21% 0,52; 1,308 2,511 2,78 3,34} 2.78i 1,90% 1,045 0.541 0,291 17,41

0.23; 0.25: 0,50f 14157 1,981 1.83% 2,043 1,827 1,28} 0,76} 0.375 0.13§ 12.34

0.223 0.243 0,608 1.443 2.803 2.77% 3e51° —TUNDER TEST FOR LEéKAGE*?

U b W

edoo
odoe
esloe

e cdes e
qdeos

MeaNs 2.87%

6000 0000 00 00 08 £0 €0 00 9P 0090 S5 S0 00 OV 48
00 00 05 00 20 0090 2R UP GO OB 00 0P 00 -85 *9 @0 G

2000 20000 00 0m 209D 0000 aa 60 salee 0o 0o ol

0,22} 0.22} 0,541 1,22} 2,30} 2,35 #2,261%1 4551 0,041 *04 461 *04 221 *1 4463

e

*MEAN OF FOUR TANKS

TABLE 75

USE OF WATER BY TULES‘GROWN IN TANKS, NEAR CLARKSBURG,
RECLAMATION DISTRICT 999, 193!

H T 1
ETANK 3 USE OF WATER — ACRE—FEET PER ACRE ) E
P NO» 1 UAN.: FEBM! MAR. APRe; MAY { JUNe: JULs; AUGe; SEPs; OCTe; NOVe, DECs; YEAR
R H H . H H . H H N . H H H :
{7 i 0.21} 0,23} 0,54} 1,323 3.02 2,88} 4,35;  —UNDER TEST FOR LEAKAGE— ]
{8 1 0,205 0,24} 0,48} 1,181 2,45} 2,307 3,028 2,50} 1,783 1,01} 0u51% 0,20% 16,05
{9 1 0,20} 0,26} 0,48} 1412} 2,141 2,207 2,767 1,981 1,37} 0,82} 0,41} 0,20f 13.94
. L . L L] . \d L] . . . o . e .
P10} 0,19} 0,247 0,513 1608} 20073 2426} 20883 o713 14233 0,663 0s43% 0s23% 13449 3
DIl } 0u213 0o£0} 0,407 0,00 1,841 1,651 1,631 1,328 416§ 0,72} 0,39% 0,193 10,60
§ 12 1] 0,20} 0,20F 0,25} 0.,84F 1.75] 1,261 2,751 2,363 1a72} 1,09% 0.61% 0,273 1330 §
IMEANS: 0,203 0,23% 0444} 1,07} 2021% 2011} 2,901%1,993* 1,45} *0.861 0,473 %0, 22i#13,48 }
. ° * * . \d * ° A K A * . . *

*MEAN OF FIVE TANKS
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TABLE 76

RECORD OF ELEVATIONS OF WATER SURFACE IN CLARKSBURG TANKS NUMBERS
6 AND 7 UNDER TEST FOR LEAKAGE

136

: Y DTSTANGE FROM :  DROP IN ELEVATION OF 4

: . ! INDEX POINT TO! __ WATER SURFACE — FEEY :

! DATE ! WATER SURFACE ! H :

: 1031 ¢ FEET : | NCREMENT : TOTAL : REMARKS

: {"TTANK § TANK 1 TANK 3 TANK_1 TANK + TANK @

E Y NO, 6 % NOs 7 3 NOy 6% NO4 7% NO, 6 NOe 73

fAUG. 25: 1.418 § 0.B45 i 000 ! 4000 : ,000 § +000 i WOODEN BULKHEADS "ITH SWALL PER-
H H : : : : : t FORATIONS STUFFED WITH COTTON,
TAUG, 202 14458 t 0,886 ¢ 040 ! o041 § 4040 3 .041 ¢ FITTED TIGHTLY IN TOPS OF SOIL
: : : : L : H ! CYLINDERS ON AUGUST 19TH.
LSEPe 41 1,504 § 0,030 046 } 2044 1 o086 } 4085 !

PSEPs 113 12550 § 1.0 § 4055 § 4081 § o141 1 4166 §

fSEP, 103 14583 1 14050 § 4024 § 4039 © 4165 § 4205

PGEP. 231 14608 % 12101 § 4025 1 «051 § 5190 § +256 i READING OF TANK NO.6 NOT PREGISE
H H H : : : R ! ON SEPTEMBER 23D.

ISEP, 261 14613 § 1a114 § 4005 § 4013 3 4105 1 4269

F00T, 33 1.637 § 1,145 1 4024 § 4031 § 4219 1 4300 }

2007, 71 14652 § 14166 o015 } 4021 § 4284 § 0321 1

oot 10301081 1H1-199 1 Looo | w010 | 243 } 4340

foc, 131 12019 1 1,008 § L019 § ,018 | 4262 § ,358

f00Ts 17§ 1,032 § 1,036 § 4013 § <OIB § #275 § 4376 i

100T. 261 1,077 } 14078 § 4045 § o042 § 2320 | 4418

fNOVe 33 14120 f 1,107 { 4043 } o020 { 4363 1 0447

fNOV 13} 1,178 § 1,150 § 4058 § 4052 { o42) } 4400

iNoV, 233 14170 § 1,167 $-4008 : 4008 i +413 } 4507 & |
NOVe 25 1,160 § 14168 1-o001 i o001 & 4412 i 4508 I OILOLOTH PUT OVER ENTIRE TOPS
H HE H : . ot : ! OF TANKS.

10EC, 31 14153 § 14173 i-.016 1 4005 § o306 1 o513

fDEC, 12§ 14174 § 14193 } 2021 § 4020 § +417 { 2523

2066 00 P6E 90 S SN GI 2UAE PP AN SN EL EP SO IS 0 €0 UB 0O e @S 20 SN 40 UV S0 A% G830 80 40 €0 S0 SP IS S P SO W
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"preathing” in and out through minute openings to the interior of the
tank, resulting in the lowering of water surface shown in Table 764
The tanks were taken up in the Spring of 1932, and examined for leaks
while the water was still in them. No leak was found in Tank Number 7,
but there was a pin-hole lesk in the wall of Tank Number & at the bot-
tom. This leak had manifestly been made by the sharp corner of the
iron strap on the bottam of £he inside cylinder striking against the
wall of the outer cylinder, either when the tanks were placed or when
they were handled in taking up, with the possibility that it may have
resulted from movement due to some unknown cause at some time between
the setting and the taking up of the ténks. The results of the tests
on Tanks Numbers & and 7 when they were in place are recorded in
Table 76. Since the losses of water from the two tanks run so nearly
in parallel, with the greater increment of loss for identical periods
of time being usually found in Tank Number 7 (which did not leak), and
the pin-hole leak found in Tank Number 6 showing bright metal in the
opening, it is concluded that the leak was not there while the tank
was in service. A precisely similar lesk, so far as could be judged
by the eye, was found in Tank Number 4, another heavy user of water,
when it was teken up. A fact which indicates that neither Tank Number
4 nor Number 8 leaked while in service is that the loss from neither
of them in the Winter months was materially different from other tanks.
The results obtained in 1931 from two tanks of tules and two

of cat-tails set in July, 1930 at Camp 3, King Island, are given in

Table 77. It is to be noted that the King Island tanks are set in the

midst of large tule and cat-tail patches so that the tank plants are

under the natural conditions of exposure to wind and sun representative



TABLE 77

USE OF WATER BY CAT-TAILS AND TULES GROWN IN TANKS AT CAMP 3, KING [SLAND
1931
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of massed tule areas, whereas the Clarksburg tanks are in an open
field entirely exposed except for some small nearby roadside trees
which may break slightly the force of a northeast wind.

Tules set in four tanks at Simmons Island in July, 19630, have

" not proved to be heavy users of water. This is probably due to the
salt in the water taken from the Bay for use in the tanks at that
point, In the season of 1931, in Tank Number 4, for instance, the
evaporation and transpiration amounted to about 16.5 cubic feet of.
water. The original salt content of this body of water remained behind
in about 9.5 cubic Teet of water standing in the tank. The process
thus brought about nearly a triple concentration of the salt. The
water was changed in the S)ring of 1932, but the damage had been done
and 1t was necessary to roplace the tules with fresh ones from the
surrounding pateh in order to secure a growthe The results obtained

in 1931 are given in Tablc 78.

Asyaragus

The experiment with asparagus in tanoks was started in 1927.
It is located on the Richmond-Chase Ranch three miles east of Terminous.
A full description of the set-up appears on pages 116 et seq. of the
1930 Water Supervisor Report.

Continuation of observations in 1831 still leaves us with
no precise corrclation botween consumptifo use cof water and any of the
other determined elements of the experiment., The approach to correla-
tion of use of water and yield of mature tops in 1930 did not bold in
1931,

Tables 79, 80, and 81, except for the inclusion of the results
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YIELDS OF SPEARS

TABLE 80
FROM ASPARAGUS TANKS tN 192G, 1930

R1CHMOND—CHASE TRACT

AND 10931

141

: o : NUMBER H TOTAL WEIGHT : AVERAGE WEIGHT

: tDEPTHS  SEX : -OF : OF SPEARS : OF SPEARS.
itank ¢ g0 s S-STAMINATE o SPEARS : IN GRAMS : IN GRAMS

: : iP-PISTILLATE: . « : . : ; T :

: MRLER: . y 1929 ¢ 1930 § 193+ ¢ 1929 | 1930 ; 1931 ¢ 1929 ; 1930 ; 1931
P2y P § 17 § 16 i 14 830,13 678,01 707.31.48,8  42.3 § 50.5
2o o2 S} 34 1 34 % 4l 12141.211477,412346,0F 63.0.% 43,5 § 57.2
P33 o2 P 1 22 1 35 i 20 11366.611225,4110175} 621 § 3540 { 50.9
P4 o2 P___.f 25 % 35 1 22 11148.631164.17 863,33 45.9:} 3343 } 30,2
P05 3 3 3 P} 41t 27 3 18 1175140} 830,01 727.1% 42.7 § 30,7 § 40.4
16 1 3 @ 8 I27 1 34 § 24 11062.5:1214.51 96046 30,4 i 35,7 § 40,0
P70t 3 P T 22 1 25 1 23 } 020,01 761.2% BOel} 44:8 } 3044 § 34.8
P8t 30t S Y 28 3 52 1 48 & 558,331066.43131646% 2060 i 20,5 1 Z7ad
P i o4 i P} 43 1 63 i 32 12024,132439,511745,7% 47.1 } 38,7 § 54,6
210 .1 4 8 S § 20 1 32 § 25 16024} 020.411206.61 40,1 § 20,0 } 51.9
Py o4 Pt 15 3 22 1 14 } 832.7§1143.611123.2} 55.5 § 52,0 } 80,2
112 i o4 g S % 21§ 26§ 13 { 747,2} 970,2} 655.3} 35.6 { 37.3 i 50.4

*NOMINAL APPROXIMATE DEPTHS

ACTUAL DEPTHS VARIED FROM THESE

BUT NOT WIDELY.

FBOD SOIC CELC G0 IS LOUS FE VS SETT SSUT $000 SE00 G006 SN AN 29 04 20 0s S0 suS
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for 1931, are the same as Tables 65, 66, and 67, respectively, in the

1930 report,

At the close of the growing scason in 1931 note was made of

the number of mature tops produced in cach tank. Table 82

gives for

cach tank the number of spears produced and the number of mature tops

which grew after cutting ceased.

TABLE B2

COMPARISON OF NUMBERS OF SPEARS CUT AND TOPS GROWN IN
ASPARAGUS TANKS, RICHMOND-CHASE TRACT, 1931

e

T Number : % 5t 5f 4% 5% g% 7 gt 9i10 1112}

: _of Tank T : : : : : : : : : : :

: Number : : : : : : : : : : : :

of Spears : 14 : 41 : 20 : 22 : 18 : 24 + 8% : 4B : 32 : 25 : 14 ¢ 13 :

: Number : : : : : : : s : : : ¢ :

: of Tops : 7 310 : 9: 4 : 7 : 123 21 315 : 14 : 8: 5 : 11 :
From Table Y9 it is seen that there has been no continuous

incresase in yield of speors with maturity of the plants in

any one of the

groups. The situation is somewhat different in regard to tops, in that

there has been increase of yield in each group in each successive year

except 1930,

A noteworthy fact which appears is that group II {Table 79),

except as to weight of tops in 1928, shows less yield of tops and less

yield of spears than dces either group I or group III.

EVAPORATION RNCORDS

Evaporation pans were maintained in 1931 near the tule tanks

at Clarksburg and Simmons Island.

pans were as follows:

The dimensions and settings of the
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Clarksburg: Circular pin 2,86 feet in dicmeter and 2445 feet deep. Water
surfacc maintained atkfrom ones to six inches below the rim of the pan,
Pan set in the ground so that the rim is ﬁbout six inches above ground
surface. Pan record corrscted for rainfall according to record obtained
at hecdquarters of the Holland Land Company, about one mile distant,

Simmons Island: Circular pan 42 inches in diamcter and 18 inches decpe

Water surface maintziined at from 3.5 to 7.5 inches below the rim of the
pan. Pan set on grillage loveled up with earth on top of low levee.
Pan record corrected for rainfall according to record of gzages set a
few feet from the pon,.

At both locations the observations were made at intervals
averaging about one weck. The rainfall correction is the only one
wwich has been applied to the pan readings, Table 83 sets forth the

gvaporation, in feet, at both locations.,

RAINFALL RECORDS .

Table 84 presents the available records of raiﬁfall at Delta
stations in 1931, Allowance has been made for the rainfall as shown by
these records, in the computations of the use of water by the tank plants
and in the reported evaporation data. At the King-Bishop Bridge, Rich-
mond-Chage Tract and Holland Land Company Headquarters stations the
rainfall is recorded for the day on which it fcll. The record for
Richmond=Chase Tract is only available for the latter months of 1931,

At Camp 3 King Island ~nd Simmons Island stations there were no resident
observers and the gages woere visited cbout once a weeck. Hence no daily

record is available, No rccord was obtained at King Island, January to

March, inclusive, and in May, nor at Simmons Island, January to May,

inclusive.
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TABLE 83

1931

EVAPORATION FROM FREE WATER SURFACE IN LAND PANS,
CLARKSBURG AND SIMMONS [SLAND,
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CHAPTER VII

SALINTITY

Purpose

- As outlined in previous reports, the purpose of the sali-
nity investigation has been to record the occurrence and extent of
the encroachment of salinity from Sen Francisco Bay and to establish
the relation between movement of salinity, streem flow to the Delta
and tidal action. With the recent completion of the special gsalinity
investigation begun in 1929 as a part of the State Water Resources
Investigation, this relation has been established for the conditions
which obtained during the period of the investigation, and the results
of this study and analysis are presented in Bulletin No. 27, "Vari-
ation and Control of Salinity in Sacramento-San Joaguin Delta and
Upper San Froncisco Bay".: Although the relation soﬁght has thus
been established there are certain considerations pointing to the de=
sirability and importance of a continuation of the salinity, tidal and’
stream flow recordse The utilization of the established relation lies
chiefly in the present determination of the amount of stored water
needed for salinity control and, when that storage shall have been
provided, in the determination of its proper release to effect the
desired contrel, Obviously when control by means 'of storage releases
becomes operative, records showing the variation of the salinity will
be essential, But most essential also appears to be the requirement
that in the meartime there shall have been maintained an unbroken
record of the salinity, tidal and stream flow variations, Such a

record will be required not only in the corroboration of the relation
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as at present esf&blished, but as the basis for a check of possible
‘ modifications of the relation due to changes in channel and tidal con-
ditions which may or will have taken place,

In view of these considerations then, and an additional one
of especial significapce in 1931, -~ the necessity of keeping the Delta
water users advised as to salinity conditions - the salinity investi-
gation has continued in 193l to the extent of maintaining complete
recérds at all salinity and tide gage stations, and it is contemplated

that this program will be continued in the future,

1931 Scope

The scope of the investigation each season has been such as
to insure that samples of water to be tested for salinity would be taken
at regular intervéls at a sufficient number of stations throughout the
Delta and Upper Bay region that the advance and retreat of the salinity
from early Summer to late Fall would te completely recorded, In 1931
the Summer stream flow to the Delta was the lowest of record and corres-
pondingly this yéar witnessed the highest salinity encroachment of
record, This is indicated on Plate 6 which shows the limit of encroach-
ment into the Delta of salinity of 100 parts of chlorine per 100,000
parts of water in the years 1920 to 1931, inclusive. Sixty-five
stations were established and maintained in o;der to completely record
the 1931 salinity, and samples were received from an average of sixty
stations throughout the period from July to November. Nineteen stations
are maintained permanently throughout the year as are also seven stations
at which drainage water is sampled. The work in 1931 included also the

regular maintenance of tide gages, the edition of salinity bulletins,
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and many special investigntions of the salinity in- lecal areas.

Station Maintenance and Records

As in the post, the salinity sampling at all regular stations
was done by local observers. Bach observer was provided with & schedule
showing the exact time for taking the samples so that, throughout the
Delta at four-day intervels, all samples would be taken at approximately
one and one~half hours after tne same high tide.  The observers were
furnished with stamped containers for the sample bottles so that the
latter could be mailed as filled to the laboratory at Sacramento. All
testing %as done at thc chemical laboratory of the Division of Highways.
The record of the tests of all samples taken at the regular stations
in 1931 is given in Table 90, and Table 89 gives the location and degerip-~
tion of each station.

In connection with the investigation of losses in‘the Delta
due to salinity in 1931 (see Chapter VIII) it wos necessary to know
the salinity on a given date at locations other than the rogular samp-
ling stations. To supply this information, a series of Delta maps were
prepared showing, for the first of each month May to December inclusive,
lines of equal salinity at intervals of 50 parts of chlorine per 100,000
parts of witer, These lines were derived from the plotted tests of the
semples taken at the first of the month at the regular stations. These
meps, when combined as shown on Plate 7, furnish & graphic picturization
of the encroachment and retreat of the salinity in the period May to
December, 1931,

The maximum salinity a&s reccorded at the stations operated in

1931 is shown in Table 85, For comparative purposes, this table shows
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also the maximum salinity recorded at these stations in previous years
beginning with 1924, - A comparisen of the Surmer stream flow to the
Delta in 1931 and the corresponding salinity at certain of thc lower

Delta stations is shown on Plate S

Salinity Bulletins

With the unusually enrly encroachment of salinity in the
1931 season, water users throughout the Delta were anxious to obtain
the results of the tests in order that their irrigation operations might
be governed to prevent the use of water of injurious salinity content,
In the period from May lst to November 15th therefore, bulletins report-
ing the salinity at the various stations were mailed to a large list of
Delta water users at weekly or ten~-day intervals. This service as well
as that in testing many samples taken at points other than the regular
stations, was in great demand and was probably instrumental to a
considerable éxtent in reducing or preventing damage from the use of

water of too high salinity.

‘ Upper Limits of Sacramento Rivor Salinity

By the middle of July salinity was advancing up the Sacramento
River at a very rapid rate and it was desired to obtain a closer defi-
nition of its upstream limits and distribution than would have been
given by the tests of the samples taken at four-day intervals at the
regular stations between Paintersville Bridge and Sacramento, In the
period from July 19th to August 15th, therefore, nine samﬁling "traverses"
of the river were made by launch., On each traverse sampling was begun
at Pointersville Bridge at one and one-half hours after high tide and,

following this phase of the tide upstream as far as Sacramento, samples
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were teken at short distance intervals along the entire traverse.

The tests for each traverse furnished a "profile" which showed the
progressive upstream decrease in salinity and defined the upstream
limit of the encroachment. These traverses are shown on Plate 8. It
will be noted that the greatest advance of salinity in the lowest
three mile section is indicated by the traverse of August 1lth but
that the grcatest advance in the vieinity of Hood Ferry is shown by
the traverse of July 28th. " The upétream limit of the encroachment

is indicated by the traverses to have besn about two miles above Hood
Ferry. Above this point there was some variation between zero and
about ten parts of chlorine but this was apparently the normal salinity
content of the river flow passing Sacramento {(practically all return

water) and was not 2 result of the encroachment from San Francisco Baye

Mokelumne Delta Investigation

Through a cooperation between Mokelumne RKiver Delta water
users, Woodbridge Irrigation District, Fast Bay Municipal Utility
District, and the Pacific Gas and Electric Company, arrangements were
made for the release of stored water in July and August, 1931, in order
to retard the encroachment of salinity into the Mokelumne Delta., It was
requested by Mokelumne Delta water users that the salinity sampling
be planned so as to follow up and check the results of these releases.
In addition to furnishing this requested service, it appeared that
under the operation of the plan for salimity control by storage releases,
the more extended sampling should furnish interesting and valuable
dataton the relation between stream flow and salinity in this parti-

cular area of the Delta. Arrangements were accordingly made for & more
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detailed investigation of the salinity in the Mokelumne Delta than
would otherwise have been conducted.

The reloase of stored water was started on July 234 and on
the same date daily sampling was begun at the various Mokelumne Delta
salinity stoetions. The releases were continued in varying smounts until
August 224 and the daily sampling was maintained until September 15th.
Before and after the period of the releases, the sampling was maintained
at the regular four-day intervalss The results of the sampling at the
Mokelumne Delta stations during the period fram July lst to October 1st
are shown in Table 86,

Comparisons of Mokelumné River discharge and the salinity at
Mokelumne Delte stations during the months of July, August, and Sept-
ember, are shown on Plates 10, 11, and 12. It was thought that the
retardation or reﬁulsion of salinity in the South Fork {East side of
Staten Island) might be more efficiently accomplished by an increfse
in the flow entering this fork through Beaver and Sycamore Sloughse.
Accordingly, a =mall portion of the released storage was diverted
via Woodbridge Irrigation District canals to these sleughs and thence
to the South Fork. No record was obtained to show the division of
the main river discharge to the North and South Forks., The discharge
of the North Fork only'would have been effective in the control of
salinity at stations along this fork, but lacking the segregation of
flow to the north and south forks, the river discharge as measured
below the Woodbridge dam was plotted on Plate 10 for comparison with
the salinity at the North Fork statinns. The salinity stations at
Staten Island Camps 20 and 25 are located on the South Fork between

Beaver and Sycamore Sloughs. To show, then, the influence of the
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stream flow on the salinity &t these stations the Mokelumne River dis=-
charge below Woodbridge Deam plus the inflow to the South Fork from
Beaver Slough was plotted on Plate 11, For the South Fork stations
below Sycamore Slough, Plate 12 compares the salinity to the combined
discharge of the Mokelumne River below Woodbridge Dam and Beaver and
Sycamore Sloughs. ‘

No detailed analysis has been completed to establish the
relation between stream flow, salinity and tidal action, that might
be derived from these records. Inspection of Plates 10, 11, and 12
would indicate that the increased stream flow was apparently of little
benefit helow Cemp 7 on the North Fork and below Camp 29 on the South
Fork. At upper stations, however, the marked increase in the salinity
coincident with the stopping of the storage releases indicates that
during Aﬁgust the salinity was quite effectively checked and that con-
siderablé benefit must undoubtedly have been derived from the release
of the stored water.

At the lower stations, with the mean salinity for 2 tigal
cycle at approximately 100 parts of chlorine per 100,000 parts of
water, some irrigation could be carried on during low tide periods
when the szlinity was below 100 parts. As an aild to the water users
in determining from the regular high tide salinity tests whot the
corresponding low tide snlinities would be, two sets of observations
covering a tidal cycle werc made at Staten Island stations, one at
Camp 7 August 15-16, and the other at Comp 29 August 20-21st. The
variation of salinity with the tide as found by these observations is

shown in Pable 87, Further specizl observations were made at Staten

Island Camps 7 and 29 to show the variation of salinity with depth
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and the results of these tests are shown in Table 88.

Tide Gages

In the analysis of the relation between salinity, stream
flow and tidal action as presented in Bulletin No. 27, the comprehensive
information covering the tidal variations throughout the Delta as obtained
from the records of the tide gages was important and essential. If, then,
a further such analysis under subsequent salinity, stream flow end tidal
conditions is to be made, the tlde gage records will be indispensible,
In con junction, therefore, with the continued salinity sampling in 1931,
the operation of the recording tide gages at upper bay and delta stations
has been maintained.. Of the stations which supplied datd uged in the
investigation for Bulletin Noa‘E?; four are being maintained by the U. 3.
Army Ehgineersf ohe msach by Ul SiCbast and Geodetic Survey, Us Si Navy,
East Contra Costa Irrigétion District and Staten Island Land Company
and the remaiﬁihg stations, eight in number, are being maintained by the
Water Supervisor. The latter are located at Sacramento, Woalnut Grove,
San Joaquin end of Georgiana Slough, Sacr:mente and San Joaquin ends of
Three Mile Slough, Antioch, Collinsville, and Mossdale Bridge {San Joao-

quin River).
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SALINITY EXPRESSED IN PARTS OF CHLORINE PER 100,000 PARTS OF WATER
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© COMPARISON OF 161
RELEASED DISCHARGE AND SALINITY
MOKELUMNE DELTA 1931
DISCHARGE BELOW WOODBRIDGE

SALINITY AT NEW HOPE BRIDGE AND STATEN ISLAND NORTH FORK
STATIONS, EAGLE TREE ,CAMPS 11 AND 7 AND SOUTH WEST POINT
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SACRAMENT O-SAN JOAQUIN WATER SUPERVISOR'S'REPORT‘1951”/

TABLE 86

DARLY SO LINITY OBSERVATIONS, MOKELUMNE RIVER DELTA, 1931
Samples taken by local observers approximately

. one and one-half hours after high high tide.
Salinity expressed in parts of chlorine per 100,000 parts of water.
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SACR.MENTO-SAN JOAQUIN VATER SUPERVISOR'S REPORT 1931 165
TARLE 88 - CONTINUED
DAILY SALINITY OBSERVATIONS, MOKELUMNEZ RIVER DELTA, 1931
Samples taken by local observers approximately
one and one-half hours after high high tide.
Salinity expressed in parts of chlorine per 100,000 parts of water.
: T Station - :
:'_”‘0 P e : o : : : ' : e : :c) 3
: R IR~ ::rnrg:mg-d:r-grg:grdﬁ g@:mgg:gm :mgg:gm%mgg-
.. Date: 89 B8 cpofioeSias 3 SR ol 8025 %0 1o gtopdipe qr
55 CHA E3a B 3uBlin e i S3ES A4 EHS PR E S
:0..:4 :5_; :OU)H:OU)H:UU}H: -4 : (DH:U(I]H: :OU‘JH: m:UU) H:
Aug.: : : : : : :
1 : 245 : 270 : 135 : 83 : 100 : 37 : 75 : 1l4a 3 47 ¢ 3 : 26 :
2 3 280 : 250 : + 140 ¢ 72 : T M s 72 : 10: 44 : 3 ¢ 23 :
3 : 245 : 230 : : 130 72 2 130 :+ 28 .: 74 : 7 . 46 : 3 ¢ ¢
4 ¢ 240 : 260 : 145 : 150 : 78 : 130 : 29 82 : 9 : H2: 2 1 22 :
5 : 240 : 260 : 148 : 160 : 92 : 175 . : : : : :
6 : 270 : : : : : 155 ¢ 31 : 88 : 7: H56: 3 ¢ 22 :
7 : 300 : 260 : 154 3 140 : 104 : 175%: 34 : 90 : 8+ B8 : 2 3 22:
8 : 350 : 275 : 160 : 150 : 100 : 160*: 34 : 90 : 8 : 62 : 1 : 26:
9 : B70 : 330 : 185 : 180 : 115 : s 44 @ 92 g : 61 : 2 ¢ 21
10 : 390 : 315 ; 90 : 195 : 35 : 175%: 16 : 93 3 s 56 : L1 17 .2
11 : 385 . 245 : 201 : 190 : 135 : 195%: 58 : 92 7« 84 : 2 21 @
12 : 380 : 345 : 235 : 205 : 131 : 235%: 63 : 96 ; 6 65 : 3 : 21:
13 + 370 : 235 : 225 : 170 : 190 : 64 : 96 : 7+ 67 : 2 ¢ 23 :
14 : 300%: 390 : 265 : 240 : 185 : s 68 ¢ 115 @ 6 : B8 : 2 : 23 :
15 : 345 + 230 : 220 : 165 : 200 : 61 : 102 : 7. 72 : 3 : 24
15 : : : : 2041 B : : : : : :
16 @ : 310 : 205 : 220 : 130 : s 46 : 104 3. 723 2 : 22 :
17 « 320 : 215 ; 285 : 155 : 190 : 56 : 102 : 23 743 1 3 28
18 3 340%: 340 : 220 : 210 : 165 : 200 ¢+ 58 : 122 : 2 : 73 : 1 : 263
19 : 355 : 350 : 230 : 215 : 165 : 170*%:; 62 : 128 : 3 : 82 : 2 : 28 :
20 : 345 : : : : : : 584: : : : :
21 ¢ s 365 : 240 : 230 : 160 : 135F: 70 : 127 : 2 ; 82 ¢ 1 : 28 :
22 . 425 : 380 : 215 : 220 : 160 : 155%: 66 : 128 : 3: 84 : 1 : 26 :
23 : 430 : 405 : 240 : 215 : 180 : 155 : 71 : 121 : 4 : 8 : 1 : 213
24 3 430 : 330 : 250 : 220 : 200 : 13 : 73 : 120 : 4 ¢+ 8l ¢ 1 ¢ 28 :
25 : 430 : 375 : 260 : 240 :- 180 : 145 : 81 : 119 3 6 : B6 : 1L : 24 :
26 : 415 ; %90 : 255 : 245 : 185 : 135%: 82 : 119 : 4 : 85 : 1 : 26 :
27 1 445 : 350 : 255 : 225 : 180 .: : 85 : 121 : 4 : 87 ¢ 1 : 12 :
28 ¢ + 320 : 260 : 210 : 190 = : 85 1 124 4 : 8 : 1 = 12 :
29 : 330 : 260 : 250 : 175 : s 74 : 122 = 3: 8 : 1 : 10 :
30 s 350 : 270 : 200 : 200 : 130 : 6&2%: 48 : 118 : 2. 72+ 1 ¢ 17 :
30 : 1704: 1004: 1204: 804: s 24: o4g: 2of: 32¢: 14 : 14
31 : 350 @ 330 : 200 : 200 : 140 : 64 : 58 : 124 ; 3. 78+ 1 : 18 :
*

Low High Tidee

¢4 low Low Tide.
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TABLE 86 - CONTINUTD

DAILY SALINITY OBSERVATIONS, MOKELUMNE RIVER DELTA, 1931
Samples teken by local observers approximately
one and one-half hours after high high tide.
Salinity expressed in parts of chlorine per 100,000 parts of water.

: : - Station :
4>

: I TR B O A L O 0}& g o
‘Dae t 5o P EH Ta s §as F LS RS Bl Fal DS tas 5 Bgtpe &
© 0 iR NS fiwEtwitanaSitwEiw gl FlanapElw
. :gﬁ LB OO RO UM M OO0 O 0 A, O 01 . .0 U .
' 3 : : H : : : : : : : :

: Sep.: : : : : : : : : : : : :
: 1 :5&):1%):1&):]30: T 58 : 128 3 2 : 82 : 1: 17 ¢
¢ 2+ 310%: %80 : 210 : 200 : 1860 : 36 : B2 : 152 3 4 ¢ 96 ¢ 1: 31 :
s 3 : 330 : 200 : 200 : 190 : : 94 : 168 : 10 : 96 : 1: 41 3
: 4 + 350 : 210 : 200 : 170 : : 90 ¢ 1B2 ¢ 10 : 92 @ 1 : 44
:t 5 T 285 : 160 : : : : i : : :
: 6 & Z20%: ;200 : 190 : T 96 : 146 : 41 : 94 : 1 : 49 :
s 7 3 : 335 : 850 : 205 : 200 : « 126 £ 180 : 26 : 128 @ 23 : 38 :
: B + 310 ¢ 260 : 210 : 220 : ¢ 138 : 184 ¢+ 37 : 134 : 5 68 :
: 9 : 350 1 850 : 240 : 220 : : 128 ¢ 178 ¢ 26 1 144 ¢ 7+ 75
: 10 @ 250%: 340 : 230 : 230 : 230 : 118 : 182 ¢ 26 1 146 6 1 79 @
: 11 s 340 : 190 : 190 : 180 : : 118 : 186 : 22 : 146 : 7 :+ 85 :
: 12 : 270 : 180 : 180 : 170 : £ 116 : 184 : 19 : 140 : 6 : 83
1 13 ¢ : 214 @ 160 : 162 : 166 : 1 106 £ 172 : 14 : 146 ¢ 11 : 76 &
14 : 212 : 256 : 166 : 156 : 172 8 : 134 : 166 + 4B : 164 ¢ 23 ¢ 117 :
: 15 = : 250 : 138 : 136 : 160 : : 130 : 164 : 36 : 180 @ 14 : 118 :
2 186 : : : : : : : : : : H :
: 17 : : : : : : : : : : : :
: 18 @ 180%: 134*: : 116%: : : ¢ 1a8*: 1 136%: 1 91*:
: 19 : : : s 130%: s 78t : 15%; : : :
20 ¢ : : : : : : : : : : :

: 21 ! : ot : : : b : : : :
: 22 1 205%: 142*: s 98%; : : : 132*: + 130%: 20%: 98*:
1 23 : : : 11e%*: : 100*+ : 80*: : : :
24 : : : : : : : H : H :

+ 25 : : : : : : : : :
1 26 : 178 : : : : : 3 : : : : : K
1 27 : 105%: :  BO¥: : : : 116%*: s 133%:  21%: 124%:
: 28 @ : : : : 104%: : 107*: T 20%: : : :
A : : : . : . . : . .

.
'_l
'_.l
i~

30 110%: 70%* T B0 : B* T 94%: . 182%%: 21

99¥ 1 s 91*

.(').
o
ot
°
H
™
9|

*

* Tow High Tide.
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TIDAL VARIJATION OF SURFACE ZONE SALINITY

TABLE 87

AT STATEN ISLANDS, CAMPS 7 AND 29, MOKELUMNE RIVER DELTA, 1931
Samples taken at one-foot depth.
Salinity expressed in parts-of-chlorine per 100,000 parts of water.

le7

¢ - Camp 7, Staten Island 4% oo -Coamp-29, Staten Island .. 3
: (Complete Tidal Cycle) - (Partial Tidal Cyecle) :
: : ¢ Tide Sali- HH ’ : : Tide : Sali< H
: Date Time : Gage : nity : Date : Time : Gage : nity :
: : Feet : : : : Feet s
iAugust 15th: 5 A,M.: 4,19 ¢ 160 ::August 20th: 9 P.M.: 3.92 : 109 :
: t 6 AM,: 4,12 ; 180 :: $9:30 PM: 4.,17 : 113
: s 7 AM.: 3,42 @ 1B0 ¢ :10 P.M.: 4.42 3 126 :
: P8 AM.: 2,88 ; 130 :10:30PM: 4.54 : 130 :
: t 0 AM.: 2,39 ¢ 108 i 211l P.M.: 4.54 ¢ 133
: 110 ALMe: 1,79 86 :: 112 M P 4,17 ¢ 123 @
: 11 AWM. 1.21 : 70  ::August 2lst: 1 AM.: 3.50 ¢ 119
: 12 M i 0.6D : 5 :: : 2 AM,: 2,83 @ 107
: ¢ 1 PuMe: 0,17 : 32 s t 3 AM.: 2425 ¢ a7
: : 2 P.M.: 0,08 : 20 1 t 4 AM.: 171 86
: 3 PuMe: 0,92 : 20 @ t 5 AM,: 1,08 : 80 :
t 4 PMe: 1o62 32 1 t 6 AMe: 0467 @ 72
: 5 P.M.: 2,33 ¢ 52 3 : 7 AM.: 0,00 : 83
: 2 6 P.M.: 2,92 : 76 : 8 AM.: 0.00 : 58
: : 7 P.M.: 3,21 ¢ 108 :: : 9 AM.: 0,71 59 =
: : 8 P.M.: 3.17 126 :: 10 A.M.: .42 : 73 3
: 9 P.M.: 2,58 : 98 :11 AM.: 2,08 : 83 1
:10 P,M.: 1.96 90 :: :11:30AM: 2,29 89
: 11 P.M.: 1,42 : 72 i (12 M 2 2,050 Q2
: :12 P.M.: 1,00 : 56 :: :12:30PM: 2,69 97
tAugust 16th: 1 AM.: 0,75 : 42 1 P.M: 2,83 : 100 :
: : 2 ALM.: 1l.21 : 34 i : : : :
: : 3 AM.: 1.94 ¢ 48
: : 4 AM.: 2.62 : 78
: ¢t 5 AM.: 3,19 ¢ 100
: : 6 AM,.: 3,67 3 130
: $ 7 AMe: 3,79 ¢ 154
: : 8 AM.: 3,21 @ 144 :
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TABLE 88

VARTATTON OF SALINITY WITH DEPTH AT STATEN ISLAND,
CAMPS 7 AND 29, MOKELUMNE RIVER DELTA, 1931
August 30, 1931

P e e e e v T &I ey g

sTotal : : Tid : Salinity in Parts of Chlorine Per 3

:Depth 1 iy . 108 ; 100,000 parts of Water for De ths
P Time ° gage ’ D P

: in : Fe%t s in Feet Below Surface of H

: Feet : : T 1 : 5 : 10 : 15 : =20 ; (1) :

. Camp 7, Staten Island :

e oo

25 :6:00 A: 6,0

:V:lSAF%

150 : 150 : 150 : 152 : 154 : 156

140 : 146

e ws

640 152 + 156 : 160 : 162

" s 85 e
4 s #% as an
as
.

;8:15 A; D¢k 112 ; 140 142 : 150 ; 150 : 158 @
23 112:20 P: 2.85 46 : S4: 62 : 74 88 :
tlizsE® 2.70 5 26 D ose i 44 56 s 74
§2;25 P: 3,30 20 : 26 40 56 : ¢ 70 s
. ) Cam; 29, étaten.lslané ) , ;
20 © 39:45 A: : 112 ¢ 118 ¢ 110 : 112 : 2 114

(1) Two feet from bottom.
(2) High High Tide.
(3) Low Low Tide.

168
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SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR 'S REPORT 1931

TABLE 90

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931

Samples taken by local observers approximately one and one-half hours

after high high ti

de.

Sallnlty expressed in parts of chlorine per 100,000 parts of water.

e At P Y et
et TP il et bR S S e e e et o sttt S

et e ——

174

JANUARY .

Station . :

: 2 1 [s! 10 14 18 22 26 30

: - : San Francisco, San Pablo & Suisun Bays :
t Point Orient :abl540: 1640: 1580: 1540: 1420: 1400: 1380: 1410:
: Point Pavis : 1250: 1150: 1080: 940: 1100: 1020:a 810: 1020:
¢ Bulls Head Point ¢ 1150: 910: 790: 900: 680: 660: 700: 850
: Bay Point : 920: 650:3 320: 540: :ab 435; 3251 :
: 0 and A Ferry : le2: 185:a 95 118: 118: Q7: 87: 61:
¢ Innisfail Ferry 440:b 390: 3451 270: 180:b» 300: 2753 155:
: , North San Pablo Bay :

: Sonoma Creek Bridge : 1040:a 920:ab 760:eb 850:a 770:b 640: 500: 8301
: Grandview : 1230: 1250: 1200: 1170: 1180: 1080: 1050: 960:
: Vallejo : 980: 930:a 820: : 800: 750 800:
1 Lakeville : 1380:; 1330: 1190: 11680: ta 1130: 8701 060 :
: Cuttings Wharf : 9Q0: 720 580 6801 730:a 720: 260: 390:
: Napa H 150: :a 15: 74 : 23 : :
: Petaluma . 1080: 910: 520: 590: 690:a 640: 80: R30:
: : Saeramento River Delta :
: Collinsville : 215: 126: 303 33: 34:a 293 a8: 9:
: Emmaton : HE : : 1: 21 3 2 21
: Sacramento ;ab l:a 1l: 2: a2 H:a 2 1l: 21
) San Joaquin River Delta :

: Antioech 135: 68:a 21l:ad 13: 20: 14: 9: 6
: Jersey 198: 6 B: 7 8: 6 -7 6
1 Webb Pump 61 B: H 6: 63 7 63 S
: Central Landing : GH 5:a 4: 2:a 4:a 2 2: :
: Holland Pump . 7 G: 10: 11: 10: 10: 11: 8:
: Mandeville Pump : 78 7 8: 8 9:a 9: 10: 10:
¢ Rindge Pump tH 11: 13: 13: 12:a  14: 11: 12
: East Contra Costa I.D. 1a 10: 12: 12:a 13:a 13:a 15: :
: Middle River P.O. : 7:a 5: 9: Q:a 8:a 10: 12: 11:
¢ Mansion House sab 9: :d 8:ab 8: :a 9: 10: :
: Stockton : 34 78 66 75 . 101: Y 55:
¢ Mossdale Bridge’ : 7:a 7 9: B:a 7:8 7 6 6
Drainage Water Stations :

: Jersey Drain : 24: 261 30: 31le 48: 333 32 34
: Grand Is,Dr.(Stesmboat) :c 4ic B:c 5:c 4:c 8:c 5:c 6: :
: Camp 35 Drain (Staten IS: 7 15: 19: 19: 13 18: 23: 30
: McDonald Drain : : : : : : : :b 15:
! Bacon Island Drain :b 11: : 11: g: 10: 9: 17:b 10
! Mandeville Drain : l4: 13: 14: 15: 14: 15: 15: 14:
: Camp 11 Drain (Staten Is): : : 21: 27: 46 54 38: 28:

ab, ¢, 4, See footnotes last page of this table,
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TABLE 90 {CONTINUED)

SALINITY OBSERVATICNS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Samples taken by local observers approximately one and one-half hours
after high high tide.

Salinity expressed in parts of chlorine per 100,000 parts of water,

B — e I e A e
e e s e e

: Station H FﬁBRUARY :
: : 2 &+ 10 : 14 : 18 : 22 : 26 :
: : San Francisco, San Pablo & Suisun Bays :
: Point Orient ¢ 1550: 1470: 1540: : 1330: 1320: 1360:
: Point Davis ¢ 1080: 1020: 940:ab 990:ab 760: 810: 780:
: Bulls Head Point : 700: 680: 780: 840: B00:a 280: 500:
: Bay Point : 465: : : : : : 300
: 0 and A Ferry : 92 66 58: 81: 31: 9: 10:
: Innisfail Ferry s 170: 190:d 175: 190: 2203  190:d 140:
: : Nerth San Pablo Bay :
: Senoma Creek Bridge . "850:a 770:a 660:ab 760:a 680:a 680: 820:
: Grandview : 950:a 930:a 940: 910: 930: 900: 280:
: Vallejo : 790: 690: | 730: : 700: 6201 680:
: Lakeville : : 960: 900:a 1020:ad 900: : 910:
: Cuttings Wharf .o 615: 460: 490: 510:a 635: 380:¢ 400:
: Napa : : : 93: 632 : 50:
: Petaluma H 4601 520 580: ta  600: 5203 500
: : Sacramento River Delta :
: Collinsville : : 20: 22: 25: 73 33 7:
: Fmmaton sa 2: 2: : : : : 3%
: Sacramento :ab 2: 2: l:ab 1:a 1: 1: N
: : San Joaguin River Delta :
: Antioch : 12 12: 11: 19: 9: 6 6:
: Jersey : GH 4: 5: 7: 7 3 5:
: Webh Pump : : 5H 6 7: 62 62 8:
: Central Landing : 4: 4: 2 2 : 2i 4z
: Duteh Slough : : : : : 11: 10: 123
: H»lland Pump : 10: 10: 10: - 10: - 10: 12: 12:
: Mandeville Pump : 10: 10: 10: 10:a 11 10: 10:
: Rindge Pump : 10: 11: i2: 12: 14: : i2:
: East Contra Costa I.D. : 12: 12: 13: A 13: : 21
: Middle River F.O. : 1l:a 15: 9 sa 9: 8: 9:
: Mansion House : H 9: : :a H : :
¢ Stockton H 561 : 6l: . 75: : 64: 661
: Mossdale Bridge , : 6 7:ab 7:ab 7:a 8: 7 71
: : Draindge Vater Stabions :
: Jersey Drain : 341 47: B4: - 35: 38 532 37:
: Grand Is. Drain (Steamboat Slu.)e 7:e 7:% 5:e G:e Bie 5:f 62
: Camp 35 Drain (Staten Is.) : 41: 28 29: 28: 23 23: 30:
: MeDonald Drain Ho) 16: 17:e 17:c 17:b 15:b 14: 17:
: Bacon Island Drain : 10: 12 10: 10: 10: 12: :
: Mandeville Drain : 14: 15: 11: 13: 12: 13: 14:
: Camp 11 Drain (Staten Is.) : 31: 57 531 45: 38: 47 33:

a, b, ¢, 4, e, f, See footnotes last page of this table,
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SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931

TABLE 90 .(CONTINUED)

Samples taken by local observers approximately one and one-half hours

after high high tide.

Salinity expressed in parts of chlorine per 100,000 parts of water.

176

Station

MARCH

5 T 6 : 10 . 14 . 18 : 28 :

58 1

30

ee ®F 4a W% S pa S0 ge ®4 A0 s e we

e

s e ee

Point Orient
‘Point Davis
Bulls Head Point
Bay Point

0 and A Ferry
Innisfail Ferry

Sonoma Creek Bridge
Grandvisw

Vallizjo

Lakeyille )
Cuttlings Wharf
Napea

Petaluma

Collinsville
Fmomea ton
Sacramento

Antioch

Jersey

Webb Pump
Central Landing
Dutch Slough

¢ Holland Pump

sw 6s an

ee 2% Te $% o3 av 68 e ¥e F' or e

Mandeville Pump
Rindge Pump

East Contra Costa I.D.

Middle River P.O.
Mansion House
Stockten
Mossdale Bridege

Jersey Drain

Camp 35 Drain (Staten Is.) 20 17 20:

McDonald Drain
Bacon Island Drain
Mandeville Drain

se 8¢ e es w0 e selre or o |

San Franciscoj San Pablo & Suisun Bays

1400: 1460: 1420: 1340: 1440: 1230: 1240
960: 060: 860: a20: 610: : 580:b
710: 640: 6603 450 490: 370 200:

18 260:a 235: 2651 240: : 0 7D
12: 72 35 48: 24: 5: 3iab
: 15:a 85: 103 112: ta 306: 106:
: North San Pablo Bay
: 7601 : H : : : !
: 950:a 980:a 980: 990: 1020: 10680:; 1050:
: 6601 : : : : : :
: ] : : :  9i0:f 940:  880:
¢  600:a 480: 590: 540: 460:a 4i0ia 260:
: g7ia 901 : 3: : 1a 8¢
: 570:a 660: 7001 5203 500:a B20: 800
: Sacramento River Delta
: 6:a 43 11: 8: G 1: 2:
: 1: l:a 1: 2: 1: 1: :
: : : : l:ab 1: 1: 1l:
: San Joaquin River Delta
: 4z 6 11: 9: 7: 3 o
: 7 : N S5 61 : 41
H 7 6 7 62 5; 4: 6
: 4 4t 4ic 32 1: 1: 3
: ta 9: 9: *H 9: : 8:
: 10: : 11: 10: 10: 9: 11l:
:b 10: 11: 1i: 10:d4 10: 10: 8
: 12: - 12 12: 14 15: 173 17:
: 1l4: 16: 12: 9: °H 9: 9:
: 12: 9: 11: 11: 14 10: 12
: : : 9: 8: : 7: sa
: K B4 : B4 71: 83: 86: :
:ab 9: 10: 12: 15:ap 153 13: :ab
: Drainasge Water Stations
: 34 483 41 443 Bds 42 34
Grand Island Dr.{Steamboat) e 7:b die 5:e 61e 5:8 5:e Lie
21: 13: 18: 20:
: lé:e 15:c¢c 17:b 17: 15:e 17:b 17:
: 11: 11: 10: 10: 9: 9: 10:
s 15: 13: 14 14z 15: 1l4: 14:
25: 14 24 17:

Camp 11 Drain (Staten Is.)  34: 37 15:

e ®e ss as

1210:
920:

163:

.
.

79:

1020:
570

300

(220
A
(&)

)

o

€9 80 E3 4% B e &9 ws s 45 S B W ve 4V .gp-

OOk v

o

[ TR

ol e
0w @O ~T O

IAVIN o

a, b, ¢, d, e, ¥, See fooinotes last page of this table.
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TABLE 90 {CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPIZR BiYS, 1931
Samples taken by loc 21 observers approximately one and one-half hours
after high high tide.
S2linity expressed in parts of chlorine per 100,000 parts of water.

N . e e —3

177

: Station : APRIL :
: : 2 ¢« 6 "+ 10 14 18 28 26 30 ¢
: : San Francisco, San Pablo & Suisun Bays :
s Point Orient ta 1520: 1580: 1420:b 1480:b 1560: 1600: 1550:b 1620:
: Point Davis b 1020: a70: 920:b 940:b 1120: 1340: 1250:a 1270:
¢ Bulls Head Point :b  DH0: 580 500:b 630:b 730: 1000: 830:b 970:
: Bay Point : 159:a 218: 315:a 370:a 455:a 5BO: sta 600
¢ 0 and 4 TFerry :b 39 742 45:b 162:b 275: 250:ab 210:a 270:
: Innisfail Ferry ta 59: 70: 74: 8 98: 200: 240:a 270:

North San Pablo Bay :
: Grandview : ta.1050: 1110:b 1100:b 1120:a 1180: 1190:a 1160:
: Vallejo b 590: 640: 680:b 760:b B840: 850: 820:b 9703
: Lakeville :a  870: : 990:a 9503a 990:4 1020: : :
: Cuttings Whart b 320: 390: 4403 410:b 400: 440 580:b 770:
: Napa a 16 : 15:a 203 : : : :
: Petaluma ta 630: 6602 720:2 760:a 760:d B20: 750:a B30:
: Sacramento River Delta :
: Collinsville : ag 37 20:a 16:a  40: 92 107:a  81:
¢ Mayberry : : : : : : : -1 34
: Emmaton : : 33 13:b l:a 12: 4 : :
¢ Sacramento :b 1 1: 1:b 1l:b 1: 1: 1l:b 1:
: : San Joaquin River Delta :
¢ Antioch- 2 & 9: 9:a 10:a 173 70: 78:a 60:
¢ Curtis Landing : : : : : : : : 38:
: Jersey : Y 3 B5ia 4:8 4 18: 17:ab  20:
¢ Webb Pump :d 3 2 4:d BH 31 14: 4 5:
: Central Londing a 43 3:d 3:a 3:a 1: 22 a2 s
: Duteh Slough 2 7 8: 2:b 8:b 7: : 7:b 9:
: Holland Pump b 9 7 9:b 7:b 7 7 10:b g:
¢ Mondeville Pump :b 9:d4 9: H¢ 12:b 7 62 7:b 6:
: Rindge Pump 2 22: 19: 20:b 21l:b 16~ 15: 16:a  17:
: East Contra Costa I.D. : : 12:a 13:b 10: 13: 11: :
¢ Middle River P.O. : 12: 12: 13:b 12:b 11: 12: 1l:a . 11:
¢ Mansion House :b 11: 11: 11:b 10:b 10: : :b 14:
: Stockton ' 80: 80: :b 102:b 98: : 92 :
: Mossdale Bridge : 13:ad 12:ab 13:D0 12:0 10: ll:ab 10:a 10:
¢ Durham Perry Bridge : : : : : : : 7:
: : Drainage Water Stations :
: Jersey Drain :b 45 41: 32 43 19: 28: 21: L2
! Grand Is.Dr.{(Stemmbost S1) ¢ 7: 61 B 52 4t &3 53 5
: Camp 35 Drain (Staten Is.,)  18: 163 12: : : : : :
¢ MeDonald Drain : 18:c 15:b 17: lé:e 15:b la: : :
¢ Bacon Island Drain : 9: 8: 1ll:h 11: 10: 12: 10: :
: Mandeville Drain :b 14: 15: : :b 13: 15: 5:p 14:
: 21: 361 363 33: 32 473 43: 34

Camp 11 Drain (Staten Is.)

2, b, ¢, d, e, £, Sec footnotes last puge of this tzble.
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TsBLE 90 (CONTINUED

178

SALINITY OBSERV.TIONS, SACR/MENTO-SAN JOAQUIN DELT:A AND UPPER ‘BAYS, 1951

Samples token by locnl observers approximately one and one-half hours
after high high tide.
Salinity expressed in parts of chlorine per 100,000 parts of water

—

st

i

e e ooty ot -amrs ettt e reirararr
e T e S e b b M AL e ot byt et bt

: Station 2 ‘ MAY .
: T 2 6 : 10 14 18 22 ¢ 26 1 30

: San Francisco, San Pablo & Suisun Bays :
: Point Orient :2 1540: 1610: 1600:a 1520:b 1700: 1640: 1670:b 1690:
: Point Davis :b 1320: 1320: 1280:a 1250:a 1280: 1330: 1410:b 1490:
: Bulls Head Point :b 1030: 1050: 900:b 870:b 870: 1200: 1110:b 1210:
¢ Bay Point ta 530:a 600:a 840:a 630: 540:a 760:a 700:a 810:
: 0 and A Ferry ta 350: Z60:b 355:b 405:b 420:a 430:b 560:b 600z
: Innisfail Ferry sa 290: 350:a 345:a 350:a 390:a 440:a 450:a 505:
: : North San Pablo Bay H
: Sonoma Creek Bridge : : : ta 1240: 1340:b 1380:
: Grandview sa 1260:a 1200: :a 1270 a 1365:a 1450: 1460:b 1420:
: Vallejo b 930: 950: 940: : :a 1020; 1020: :
¢ Lakeville :a 1070:4 1090:a 1100: : :ad1180:a 1200:a 1230:
: Cuttings Whar?t ta 770:a 9530:a 9780:a 750:a 920: 920 890:a 900:
: Petaluma sa 830:a B890:ad 860:a 960:a 970: 1040:a 970:a 1070:
: : Sacramento River Delta :
: Collinsville : : 229: 166:a 150:bd 290: 280:a 255:a 285:
! Mayberry a 4l:r. 134:b 95: :b  78: 200:a 132:a 165:
¢ Emmaton :b 4 9:b d:a 63 : : : :
¢ Three Mile Slough Bridge: 8 7:a 3:a 6:b 5 H 14:b 26:a 30
¢ Rio Vista Bridge : ta 4:b 1:b 4'b 33 3:b 3ta 5H
; Junetion Point : : : : : HE: ! H:a o
: Isleton Bridege : : : : : : :b 3:b 5:
¢ Sacramento : : sa 1:b 1:b 21 2:a 1l:b 23
: : Mokelumne River Delta :
: Southwest Point H ] o:a ll:a  2:a 4: H 4: H :
: Camp 33, Staten Island :b 21 :a 4z sab 31 2: : :
¢ Camp 7, Staten Island : : 4: :a 4 : 13 7 :
: Tyler Island Ferry : : : : - ) 4:b 4:
: Camp 11, Stateon Island @b ' 4 :a 7 : a 7 :
: Camp 29, Staten Island :b 23 :a 1: :b 42 4: : :
: Eagle Tree : : 8 ! B3 : :a 7 :
: Camp 25, Staten Island :b 5: ta 4: :b o: 43 : :
¢ New Hope Bridge : : : :ab 3:b 9:b 2:a 9:b 7

Camp 20, Staten Island b 5 ¢! 62 tb 8: o: :

2, b, ¢, 4, e, I, See footnotes last page of this table.
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TABLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931

179

Samples taken by local observers approximately one and one-half hours
after high high tide
Salinity expressed in parts of chlorine per 100,000 parts of water

MAY (CONTINUED)

: Station : IR
: 1 2 3 6 : 10 g 14 : 18 : 22 26 1..30 :
: : San Joaguin River Delta :
: Antioch :a 62: 144t 88:a g03a  70: 260:a 150ta 204:
: Curtis Landing ta 34 781 64: b 100: 124:a 98:a 137:
: Jersey ta 9: 38:a 6:aa 18:2a 15: 95:a 4438 438
: Webb Pump 42 8:b 6:b 6:4 7.3 10: 11: 152
: Central Landing H: : 3: 3:8 3:a 43 5:a 5:a 6
't Dutch Slough H ¢ 7 : a 8:b 10:a 8:a 8: 3
¢+ Holland Pump b 7:b 7:a 7:b 8:» 10: 10:a 9:Db Bt
: Mandeville Pump :b 8: 8% ta 7t 7 610 7:b 8:
: Rindge Pump b 16: 19:2a  14:b 18; 17: 22:a  22:b 21
¢ East Contra Costa I.D. : 10:a  1l:a 10:b 101 9: ta 113
: Middle River P.0. ra 11: 1ll:a 9:bp 10:b 8: 7:a 8sa  11:
: Mansion House : : 1l:a 7:b 9 : 1 v 11:
: Stockton : : 106:b  94:b  96:b 853 85:b 85: :
: Mecssdale Bridge th 9: 8:n 7:b 10:b 10: 10:= 10:b 123
: Durham Ferry Bridge i 8: CH N H 9: 10: 11:
H : Drainage Water Stations $
: Jersey Drain : 31: 431 401 19t 14: 283 16: 26:
t Grand Is.Dr. (Steamboat S1) ¢ 6:c  13:c 5:b 8:c 6:c S:c 8: H
: Camp 35 Drain,{Staten Is.,) b 5t 16:c 42 7:b 7 : 61 H
¢ McDonald Drain : : 12: 15: 11: 13 H : H
* Bacon Island Drain : 9: 7 10:b 10: 103 9: 10: 9:
: Mandeville Drain b 15: 15: 14: 14  12: 11: 9:b *H
: Camp 11 Drain. (Staten Isd) 19: 25:¢c  33: 8:b 91 14: 9 $

a, b, ¢, 4, e, £, See footnotes last

page of this table,



SACRAMENTO-SAN JOAQUIN WATER SUPERVISOR'S REFORT 1931

SATINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931

TARLE 90 {CONTINUED)

Samples taken by local observers approximately one and one-half hours
after high high tide. _
Salinity expressed in parts of chlorine per 100,000 parts of water.

180

W

e o

** g+ e Gw

(3]

: JUNE
Station :
: 2 6 10 ; 14 : 18 ¢ 22 : 26 30
: San Francisco, San Pablo & Suisun Bays :
Point Orient sb 1730: 1680: 1640:b 1680:b 1710: 1720: 1740:b 1740:
Point Davis :b 1440: 12 1380:b 1530:b 1520: 1460: 1510:a 1540:
Bulls Head Point :b 1210: 1080: 1080:b 1280:b 1300: 1200:b 1360:b 1360:
Bay Point ta 830: 800:a 780:a 920:a 980:a 920:b 1160:a 1000:
0 and A Ferry sb 700: 760:b 660:b 6803k 740:a 660:b 740:a 6803
: Innisfail Ferry ;2 5603 600:a 560:a 640:bd 740:a 7003a 710:a 780:
: North San Pablo Bay : :
Sonomma Creek Bridge : : 1440:b 1420: : ¢ 15602 :
Grandview ta 1440: ra 1440: :a 1540: :+ 1580: :
Vallejo : : :a 1100: :adl1220: : :d 1380:
Lakeville td 1340: 1340: S : : : : :
Cuttings Whart :d 1020 : 960: a 980: ta 980: :
Petaluma :adl1140: 1080: : : ot : : :
: Sacramento River Delta :
Collinsville ta 2895: 380:a 340:a 580: 470:a 460:2d 460:a 600:
Mayberry : 230: : L i : : :
Emmaton :b 87:a 88:b 170:b 148:b 280:a 192:b 225:b 275:
Three Mile Slough Bridge:a 31: 45:b 70:a 78:a 100:a 90:a 100:a 155:
Rio Vista Bridge H 6 5:b 10:b 34:b 46 29: :b 85:
Junction Point 1a 5 3:a 5:a 7:a 6:a B:a .9:2 14:
Liberty PFerry : : : H : tac 5 :a 62
Isleton Bridge He 4z 4:b 4:b 10:Db Tea 5:b 1Z:» 2l:
Sacramento H) 1: 4:8 4:b 7:b 2:a 1l:a 5:b 6:
: Mokelumne River Delta :
Southwest Point :h 61 3:a 5:a 8: l4:a 10:a 73 20:
Camp 33, Staten Island :D 5: 1a 43 : 5:a 7:a 62 10:
Camp 7, Staten Island : : 43 ta 6:b 5:ab  S:ab  6:b 7
Tyler Island Ferry B 4z 3:b 3:b 3:b 5:b 3:b 6:8 8:
Camp 11, Staten Island : : : tab  7:b 6:b 5:ab 8:b 9:
: Camp 29, Staten Island :D 43 za Y : S:a o H:t 8: 8:
: Tagle Tree : : 8: H: 8:b 8:ab 8:ab 9:b 8:
Camp 25, Staten Island b &: ta 5: : 6:a B:a 9: 9:
New Hope Bridge :b 63 5:b S:b 6:b 74 G:b 9:b 73
Island :b : a 7 : 6:a 7:a 8:b

: Camp 20, Staten

10:

a, b, e, d, e, f, See footnotes last page of this table,
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TABLE 90 {CONTINUED)

SALINITY OBSERVATIONS, SACRAMAENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Semples taken by local ebservers approximately one and one-half hours

after high high tide.

Salinity expressed in parts of chlorine per 100,000 parts of water.

. e

s o s

“r we 4o s

-

Station : ‘ JUNE (CONTINUED) :
I 6 + 10 : 14 : 18 : 22 : 26 1+ 30
: San Joaquin River Delta :
Antioch :a 280 280:a 270:a B340:a '420: 450:a 410:a 475:
Curtis Landing : i 155: : tb 234:a 280:a 3103 :
Jersey b 118: 80:a 42:a  00:b 248:a 160:a 155:a 260:
Webb Pump : 20 15: 26: 36:b  49:a 403 76 95:
Central Ianding : H 7:a 7:a 8:a 12:a 13z:ad 13:a 24
: Duteh Slough : : : : H tacd 28:a 4211 56:
;. Holland Dam : : 12:adb 8: ic 1430 16:a 15:p 18:
Holland Pump ) 73 8:ab 8:b 103¢ 10:b»  l4za  12:b  17:
Mandeville Pump th 9: 9:a 9:b 9:b 11l:a 12:a 15:Db 19:
King Island Pump : : : : b 12:p 1ll: b 14
Rindge Pump H ) 20: 19:a 17:1b 23:b 17 :a 20:a 19:a 19;
East Contra Costa I.D. :b 12; 10:a 10:b 13:b 12:a -12: ta 12:
Middle River P.O. » 1L: 9:a g9:a  103b 10:a 10:a  11: 13:
Mansion House :h 8; ! 8: th 12: th 11:b 12:
Stockton Country Club : : ta  28:b 26: H:3 303 H :
Stockton ) 763 b 62: Hio] 80:® 80:b 76:Db 78
Mossdale Brildge :h 11: 1l:a 13:b 9th 9sa 8:a  11: :
Durham Ferry Bridge : 93 81 10 1l: 9: 9: 10: 8:
: Drainage Water Stations : :
Jersey Drain . b 27 17: 30: 29:b 8% 1 561 63: 77
Grand Is.Dr.(Steamboat Sl.) 7: 62 7 133ab 41 8: 8: 9:
Camp 35 Dr. (Staten Is.):b 7 9; 8: 9: 6:b 8:b 10:b 9t
: MecDonald Drain : : : : : 12: i2: 13: | 14:
Bacon Island Drain : 11: 8: 10: 1i: 11 11: 13: 1l4;
Mandeville Drain th *H 10: 9:h H 11: 12: 17:b 17:
8:

%e es o ws e

: Camp 11 Dr. (Staten Is.):d

7 4: T 7 7:h 7:b 9:b 10:

a, b, ¢, d, e, £, See footnotes last page of this table.
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TABLE 90 (CONTINUED)

SALINTTY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Samples taken by local observers approximately one and one-half hours
after high high tide.

Salinity expressed in parts of chlorine per 100,000 parts of water.

"

JULY ' ;
2 6 :: 10 : 14 : 18 : 22 : 26 30

Station

e 4e ee

: 3 . San Francisco, San Pablo and Suisun Bays :
: Point Orient A : 1770: 1%780:b 1780: 1770: 1820: 1830:b 1840:
: Point Davis :b 1480: 1840: 1660:b 1670: 1680:a 1680:a 1700:b 1740:
¢ Bulls Head Point sb 1340: 1370: 1390:b 1500: 1380: 1480:b 1610:b 1570:
: 0 and A Ferry ta 780: 8701 980:b 1080: 1020: 1070:b 1230:b 1230:
¢ Innisfail Ferry : 3 840:a 780:a ~ 9l0:a 1030: .1080:a 1140:b 1230:
: : North San Pablo Bay :
: Sonoma Creek Bridge ra 1590: r 1660: : : : : :
¢ Grandview ta 1570: . : 1660: ta 1670: :a 1760: :
: Vallejo ' :a 1320: :d 1420: :b 1560: : : :
: Cuttings Whar?f 1a 10502 :  1200: : :ad1340: :
: : . Sacramente River Delta 3
¢ Collinsville :d 620:a 600:a 660:a 810: 880:a 890:a 1090:a 1110:
. Mayberry : : : 18 680: ta 770: :

! Fmmaton : : e
" Three Mile Slough Bridge:b 210: 250:a 290:a 430:a 430: 500:a 560:a 655:
¢ Rio Vista Bridege tb 98¢ 132:h 196:b 315: 370: 450:b 520:bp 580!
: Junction Point : : : : : 260: 280:a 370:a 390:
: Liberty Ferry : a 24:ae 22:a 58: ta 116: : s
: Isleton Bridge : : 68:b B83:b 146: 230: 250:b 360:b 380:
: Howard Ferry : : : H:l 98: 170:a 190:a. 245:h 3423:
¢ Sutter Slough : : : : : BB:a  83:a 135:th 220:
¢ Little Holland Ferry : 3 : : : H :ab 110:a 142:
3 Ryde H H :d 6:a 29:a  48:a 7l:a 109:a 190:
{ R. D. 2068 : : : :a 4z 5:a 10:a  35:a  74:
: Walnut Grove : : : b 21: 27:f 76: 81l:b 130:
: Paintersville Bridge : : : :b 25: 20:b 48:h 92:b 1l2:
: Hood Ferry : : : : : 63 fiSH 18: 15:
: Freeport Bridge : : : tb 7 7th 8:b 8:b 7
¢ Sacramento H :b 61 6:p 7: 5:a 51b 7:b 6
: ' : Mokelumne River Delta :
: Southwest Point : 18:a 26:a 22:a 73: 114:b 145: 230: 240:
: Camp 33, Staten Island : 9:a 9:a 13:a  33: 47:b 72: 105: 115:
¢ Camp 7, Staten Island b 7:2b 8:ab 10:c = 35:b 40:b  956: 9l: 00
¢ Tyler Island Ferry : 1a H:a. 5:a H :b 24:a 31: 92
¢ Camp 11, Staten Island :b 8:ab B:ab 10:c 23;. 2b:b 31 49 42
: Camp 29, .Staten Island : 8:a 9:a 1l:a  19: 3l:b  45: 55; 65:

+a 280:a 365:a 470:b 540: 560: 630:

a, b, ¢, 4, o, f, See footnotes last page of this table,
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TARLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931

Samples taken by local observers approximately onh

Salinity expressed in

after high high tide.

e and one-half hours

parts of chlorine per 100,000 parts of watere.

"

JULY {(CONTINUED)

Station : :
: : 2 6 : 10 ¢+ 14 18 3 22 26 * 30 ¢
: : Mokelumne River Delta (Cont inued) :
: Ragle Tree ‘ :b g:ab 8:ab 7:c 1l: 11:b 15: 221 16:
: Camp 25, Staten Island : 7:a 8:a 1ll:a 14 21ib  R20: 38: 43:
: New Hope Bridge Hl) 7 ta g8:b 11 1i:b  11: 13: 25:
+ Cemp 20, Staten Island @ 9:a 9ia l4:a 12 14:b 19: 26:e 26:
: : San Joaquin River Delta :
: Antioch 12 520t 540:a 5l0:a 710: 830: 920:a 900: :
+ Curtis Landing b 440:a 440:a  425: : 640:a 660:ab 830:a B50:
: Jersey :b 3e5:a 325:a 270:a 430:  600:a 500:b 790:h 780:
: Webb Pump : 102: 146; 188: 2451 310:b 3803 4601 480:
: Central landing ta  RB:a 35:a  40:a g0: 104:a 122:a 180: 260:
: Duteh Slough Ho) 78:a  B2:a 79:a 1l6: : : : :
: Ward Landing : : : : : : sac 140: 167:
: Holland Dem : :ab 20:a  23:b , 53 60: l:b 100:h 140:
: Bolland Pump Y 19:ab 22:a 24D 383 46 51:p 80:b 105:
: Mandeville Pump : :ab 19:a  29:»  43; 55:a  65:a 1ll;b 140:
: King Island Pump b 1lé:h 17: :d R4 b 478 sthd 74
: Rindge Pump :p 18B:a 22:a .22:b 23 2F:a 28:a  35:b 49!
: Orwood Bridge . : : :b 253 AR :b 61l:b 74
¢ Fast Contra Costa I.D. b 12:a 12:a 1l4:a 10: 19:Dp 21l:a 31:® 39:
: Middle River P.0O. tbd  13:2 15:0p 18:a 22:a 27:a 343D 571 79:
+ Mansion House b 10:a 15:a 13:b 242 26: ra 25:p 66
: Stockton Country Club ‘b 22:a 24 ‘b 25:e 26:a 29:a 2:b 44
: Cliften Court Ferry : : : th 163 18:a  19:b 27:p B4
: Stockton tb 763 82: iab 803 b 88 : :
: Garwood Bridge : : : : : : : : 39:
¢ Brandt Bridge : : : : : : : : 33
+ Williams Bridge : : : :b 15: 1551 16:1b 20:h» 30:
+ Whitehall : : : : : : : : 163
: Mossdale Bridge ) g8:a 12:a 1l:b»  10: 9:a 9: o 1l:
: Durham Ferry Bridge : 8: 73 10: 8: : 8: 8 8:
: : Drainage Water Stations :
: Jersey Drain ' 791 141 162: 130 120: 92:b 177:b 180:
. Grand Is.Dr.(Stesmboat S1.) ¢ 8@ te 1ll:ec 32:¢c 52 :c 1llé:
: Comp 35 Dr. (Staten Is.):b 8:bh 1l:bp 14:b 23 281 ¢ Bb: :
: McDonald Drain H 13 15: 20: 23: 24 30 46: 55:
: Bacon Island Drain 15: 18: 21: 29: : 47 75: 833
¢ Mandeville Drain :b 18: 19% 27:1 361 A4 63 83:p 115¢
: Cemp 11,Dr. (Staten Is.):D 8:b 8:p 12:b 19:b 24 Hd

42 :

a, b, ¢y 4, €, T, See footnotes last page of this table.
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TABLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Samples taken by local observers approximately one and one-half hours
after high high tide.
Salinity expressed in parts of chlorine per 100,000 parts of water.

: Statien AUGUST .
2 B 10 14 18 : 28 : 2B 30

: : San Francisco, San Pablo and Suisun Bays :
¢ Point Orient 1820: 1810: 1860:b 1860: 1840: 1870:b 1840: 1820:
: Point Davis ta 1760:a 1770: 1770:b 1810:a 15690:a 1780:b 1810:a 1740;
: Bulls Head Point te 1660: 1610:b 1610:b 1570: 1600: 1640:b 1690: 1560:
: Bay Point H : : : : :a 1440:a 1540:a 1450:
: 0 and A Ferry 1240: 1250:b 1320:b 1320: 1300: 1390:b 1380: 1360:
: Innisfail Ferry 1180:a2 1140:a 1260: : 1340: 1400:a 1380: :
: North San Pablo Bay :
: Grandview ¢ 1820: 1820: 1800: ;a2 1870: :
: Vallejo : 1620: ia 1660: : : : H
: Cuttings Wharf s 1680: ta 1700: s 1570: :a 1750: H
: : Sacramento River Delta :
¢ Collinsville :  1140: :a 1190:a 1120:a 1180 a 1250 a 1240: 1190:
: Mayberry : : :a 1010: : :
: Emmaton . 870: 860:a 870:b 880: 950:&. 780:& 840:a 930:
: Three Mile Slough Bridge:a 680:a 780:b 760:h 790: 790:b 670:a 840: 780:
: Rio Vista Bridge : 540: #50:bp 700:b 660: 710:b 680:b 740: 680:
¢ Junction Point : 440:a 470:a 520:a 570:a 550:a 590:a 615:a 600:
: Liberty Ferry : : H b 390: rac 490:ab 520:ah 540:
: Isleton Bridege : 420 440:b B510:b 545: :h 595:b B835: 460:
: Howard Ferry : :  380: :b 480: 500:a 485: T 460
: Sutter Slough :de 260:a 235:b 320: ta 226:b 155:  1R0:
: Little Holland Ferry 198: 230:8 235:a 220:  300:a 22b0:b 250: 120:
t Ryde 280:ab 220:ab 230:ab 220:ab 160: ta 150:a  B80:
: R. Do 2068 © 86:a 122:a 137:a 190: : a2 1756: 100;

Walnut Grove 160:b 18B0:b R00:b 220: 120:p 126:b 120:c  38:
: Paintersville Bridge 122:b 1l44:bp 139:b 110: 63¢b 59:b 28: 11:
: Hood Ferry : 13:  12:a 8:a 8: 10:a © 1ll:a - 10: 10:
: Freepori Bridge : 7ib 8:1 10:b g 10:a 11:» 10: 9:
¢ Sacramento : 8:a 8:h 8ic 8ia g:a 9:b 10: 7
: Mokelunne River Delta :
¢ Southwest Point 250:b 260:  315%  390: 340 ¢ 3801 3903 2701
: Camp 4, Staten Island te 148: 90: 265: 220: 215 255: 200!
: Camp 33, Staten Island :: 140:e 160: 195: 240: 210: 220¢ 245: 200:
: Camp 7, Staten Island 72ie 92 35: 185: 165: 160: 185:  130¢

of this table,

a, b, ¢, dy e, 'y See fooinotes last page
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TABLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO~SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Samples taken by local observers approximately one and ome-half hours
after high high tide. '

Salinity expressed in parts of chlorine per 100,000 parts of water.

AUGUST (CONTINUED)

sy se €2 20 e

A% aa §8 ®WE Se B4 se W0 4N S8 ¢ aw

Station : :

: 2 6 3 10 :+ 14 : 18 : 82 : 26 : 30

: Mokelumne River Delta (Continued) :

Tyler Island Ferry te 100: 155:a 175:ab 200: 200:4 1556:e 145:b 642
Camp 11, Staten Island 20:. 31: 16: 683 o8: s H 823 48:
Camp 29, Staten Island @ 2 88: 93: 115: 122: 128: 119; 118:
Eagle Tree H 10: 7 3 6 2 35 42 KH
Camp 25, Staten Island 44 56: 56: 68: 737 84: 85: 78
New Hope Bridge : 3 5H 1: 21 1s 1l: 1: 1:
Camp 20, Staten Island : 231 22: 17: 23! 267 263 26: 17
: San Joaquin River Delta 4

Antioch ¢+ 1000: :a 1050:a 1090: 1160:a 1030:a 1100: 1080:
Curtis Landing : :d 770:a ©20:abl020: 990:a 920:b 1060: :
Jersey : 720: ta 700: : : : : :
Webb Pump ;4 460: 505:a 520: 600 540: . 600: 870 560:
Central Landing : 2801 270: 390:a 300:a 340: 425: 415: 350:
Dutch Slough : :ab 295:ade300: rac 380: : : :
Ward Lending : 165 ;:a 28b3;a 238: 275:a 250:a 310: 290:
Holland Dam b 132: 14%3:a 185:b 220:a R220:a 240:b 315: 270:
Holland Pump :hd 116:a 74:b 180:b 180:a 200:a 240:b 250: 230:
: McDonald Pump : 155: 140:ad 170: 240: ta 201: 280: 260:
Mandeville Pump :d 158:a 190:a 220:b 265:a 230:a 280:b 320: 300:
King Island Pump : HeY 89: 102: : 150: b 175: 2001
Rindge Pump : 70:a 72:a 86:b 120: 112:a 160:b 146: 170:
Orwood Bridge : 82:b 100:b 123:b 144: 154:b 182:b 2153 200:
Fast Contra Costa I.D. 45:a Sd:a 71:b 105:a 102:a 1l6:b 129: 1341
Middle River P.C. : 92:a B86:a 130:b 180: ta R200:a 230: 220:
Mansion House H 77:a 76:b 118: 130: ta  140:v  170: 170:
Stoekton Country Club : 45: 53:a 60 : : ta 84:a 97: 102:
Clifton Court Ferry : 39:a  39: 56:b 68:a 37:a 8l:b  94: 80:
Stockton : 89:b 973 : : :b  106: ra 104:
Garwood Bridge : ta 45:)b 55:Dh 6Dhsa 58:a 66:th 82: 80:
Brandt Bridge : 38:a 30:a 39:a  43: 3a 38:a B34:: 40:
Williams Bridge : 31l:b 4310 52:b 58: 68:b 84:b 94: 100:
Whitehall : 18;af 16:b 19:b 2l:a 24:a 29:b 28 28:
Mossdale Bridge : 9:a 10:b 10:b 9:a 9:a  10:D 9:b 6:
Durham Ferry Bridge : 7: 8 8: 8: 9: 9: 7: - 6
: Drainage Water Stations :

Jersey Drain : 3258 : 125: : : : : :
Grand Is.Dr.{Steamboat Sl.)elS4:e 160:e 155:e .180:e 260:e 240:e 150:e 130:
Camp 35 Dr.(Staten Is.) : 43: : e B6: : : 85: 80:
McDonald Drain : 642 g87: 78: : : : . :
Bacon Island Drain : 92: 48: 75: 126: 180: 180; 158: 170:
: Mandeville Drain : 130: 171: 180:r 210: 2403 215:bv 220: 180:
30 : e D4: : : 58 10:

: Camp 11 Dr, {Staten Is.):

a, v, ¢, 4, e, f, See footnotes last page of this table.
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TARLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 193L
Samples taken hy local observers approximately one and one~half hours
after high high tide.

Salinity expressed

in parts of chlorine per 100,000 parts of water,

s

et

s—
—

i

rrv———

e as

: SEPTRMBER

Station : :
: 2 ¢ 6 10 :+ 14 : 18 22 26 30 =
: San Francisco, San Pablo and Suisun Bays :
: Point Orient + 1800: 1820:b 1780: 1800: 1760: 1800: th 1790:
Point Davis : : : : : :  1750: ta 1730:
Bulls Head Point : 1620: 1680:b 1580: 1620: 1640:b 1600: 1500: 1550:
Bay Point : 1520: 1500:a 1460: 1520:abl440:a 1440: 1420: 1440:
: 0 and A Ferry : 1320: 1360:b 1360: 1320: 1320:b 1260: 1150:b 1190:
: Innisfail Ferry : 1360: 1360:a 1340: 1380:a 1380:a 1390: 1390:b 1390:

: North San Pablo Bay
: Grandview + 1B20: ta 1740: : 1820: 1835 :
Vallejo H : ta 1680; sa 1700: : 1640: :
¢ Cubtings Wharf : 1600: ta 1780: +  1800: : 1740: :
: Sacramento River Delta :
Collinsville ta 1220:a 1200:a 1180: 1260:a 1120C:a 960: 1070:a 920:
Frmaton + 1000: ob5: 970: ta B60: .680:a 540:
Three Mile Slough Bridge:a 860: 820:a 840: 740:a 680:b 600: b351a 410:
Rio Vista Bridge : 740: 700:b 640 680 400:b 545: 920 :
Junction Point sa 620:a 600:a 430: 600:a 310:a 440: 435: :
Liberty Ferry b 560:ab 460:ab 400:a 5403 280:a 350: 315:a 200:
Isleton Bridge : 560: 480:b 440 460 230; : 42:b 198:
: Howard Ferry :a 480:a 210:a 37: 50 18:=a 4: : H
Sutter Slough :a 48: b 12:a 7:a 5: :ab 418 4:
Little Holland Ferry rta 90:b 88 : 27:a 1l:a 8: Arg B
Ryde ta 42: 19 12: 8:a 5:a 3:a 43a 3
R. D. 2068 : 160:a 150:a 128; : ta 280: 238:a 270:
: Walnut Grove : 28: b 10: 8: : : M :
¢ Paintersville Bridge te 10:b 10:p 7: 8:ab  4:b CH 4: :
Hood Ferry sa 91:a Q:a 7 :a dia 4; 3:a L
Freeport Bridge : : :b 7 6tb 4:b 33 33 :
Sacramento ta 8:a S:a S5:a 5:a 430 2:ab 3ra 3:
: Mokelumne River Delta :
Southwest Point : 38C:e 285: 340 256:a 134:a 1l42:ab 105:a 70:
Camp 4, Staten Island 210: 200: 230: 186: : : :
Camp 33, Staten Island : 200:¢ 180: 230 158ta 116:a 98:ab 80:a 60
Camp 7, Staten Island : 160: 1s0: 230: 172:ab 130:ab 1ll6:ac 104:ab 99:
Tyler Island Ferry : 361 : : 8: q : 3:a GH
Camp 11, Staten Island ¢ 82 961 118: 134:ab 76:ab 1l00:ac 107:ab 9l:
Camp 29, Staten Island : 158: 1463 1823 166:a 148:a 132:ab 1llé:a 94:

a, b, ¢, d, e, £, See Pootnotes last page of this table.
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SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931

TABLE 90 (CONTINUED)

Samples taksn by local observsrs approximately one and one-half hours
after high high tide.
Salinity expressed in parts of chlorine per 100,000 parts of water.

187

: Station : SEPTEMBTR (CONTINUED) :
: i 2 3 8t 10 : 14 18 : 22 : 26 : 30 :
: : Mokelumne River Delta (Continued) ot
: Bagle Tree : 44 41: 26: 48:ab 15:ab 20:ac 29:ab 33:
: Camp 25, Staten Islamd 96 943 1l46: 164:a 1362a 130:ab 133:a 123
¢ New Hope Bridge : 1l: 1: 6:  23: :a  20:ab 2l:a 21:
: Camp 20, Staten Island 31 49: 79: 117:a 9l:a 98:ab 1R4:a 114:
: : San Joaquin River Delta :
: Antioch : 1160:a 1240:a 1100: 1200: 1170:a 980: 940:a 870:
: Curtis Landing ¢ 1060: ta 910: 1040: 1060:a 9Q30: 860:a 7860:
: Jersey : 800: ca 800: Q10: : : 6903 H
: Webb Pump : 680:b 640:b 620; 660: 600: 545 4902 av0:
: Central Landing ta 310:a 320:a 250: 212:a 180:a 295: 178:a 110:
¢ Duteh Slough : : : 510:a 440:a 485: 450:p 408:
¢ Ward Landing : 320:a 330:a 330:a 3503a 320:a 320: 310:a 3252
! Holland Dam: : ta  300: :f 330:ab 315:b 310:b 315:b 3263
: Holland Pump oo :a 250: +f 270:ab 280:b 290:b 325:h 282:
: MeDonald Pump :ab 270:ab 280:ab 246:ab 305:ab 270:ab 290:b 290:b 263
! Mandeville Pump ta 32b63a 330:a 3bB0:a 350:a 340:a 345: 340:a 315:
: King Island Pump : : s : : b 261: 230: 235:
¢ Rindge Pump ta 160:a 170:b 180:a 174:a .198:a 188: 196:a 187:
: Orwood Bridge ¢ 230:¢ 230:b 230: 246:p 250:b 255: 260:b» 253:
! Fast Contra Costa I.D. :a 140:a 156:b 150;a 160:a 174:a 180:ab 174: Cl
! Middle River P.O. te 210:a 240:a 250:a 240:a 262:a 255:ab 270:a 265
: Mansion House : 190:a 190:b 220:a 210:a 200:a 220: 2280:a 235:
: Stockton Country Club ia 98:a 120: ta 122:a 110:a 118: ta 89:
: Clifton Court Ferry : 94:a 110:» 100:a 128:a 130:a 130: 130: H
: Stocktoen : : : 1a 132: : 114 :
: Garwood Bridge :ta 80:mb 80:b 92: st 46: b 70: 69:a 10:
: Brandt Rridge ta  27:a l4:a 10:a 8:a 7:a 7: Bia 83
: Williams Bridge : 118:D 80: : Q6:a 60:b 50: 42 :
: Whitehall ta  3l:a  24:b 23:a 24:a 16:b  16: ia 12:
: Mossdale Bridge :a 8:a 7:b 8:a 9:a 8:b 7:b 9:a 8:
: Durham Ferry Bridge : 7: 61 73 7 6: 62 61 6:
: Drainage Water Stations :
: Jersey Drain 70: 70: 72 : : 74: :
¢ Grand Is.Dr.{Steamboat Sl } 124: 130: 140: 130: 86: 98: 33: 61;
: Camp 35 Dr. (Staten Is,.): 303 9: 17: 16: 13: 13:c  91:  109:
: Bacon Island Drain : 110:f 110: 160: 180: 150: 118: 124: 125;
: Mandeville Drain : 190: 190: 200: 210: 190: 210: 200:  194:
: Camp 11 Dr. (Staten Is. ) 8: B8 168 8: 9: 18:¢c 23: 75:
a, by, ¢, d, e, £, See footnotes last page of this table,
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TABLE 90 (CONTINUED)
SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Samples taken by local observers approximately one and one-half hours
after high high tide,
Salinity expressed in parts of chlorine per 100,000 parts of water.

Station : OCTOBER :

: 2 6 10 14 : 18 22 1 28 1t 30

: San Francisco, San Pablo and Suisun Bays :

: Point Orient 1800: 1800: 1800:b 1795: 1780: 1770: 1765: 1760:
: Point Davis : 1780: 1790:a 1690: 1705: 1700:abléb5:a 1550:
¢+ Bulls Head Point 1615: 1600; 1550: 1510: 1485: 1475: 1390: 1455:
Bay Point :a 1380:a2 1300: 1365: 1410: 1320: 1315: 1275: 1190:

: 0 and A Ferry : 1100: 1095: 1120:b 1140:a ©995: 1080: 985: '855:
: Innisfail Ferry : 1380:a 1335: 1300:a 1290: 1230: 1210: 1240: 1010:
: North San Pablo Bay :

: Grandview : 1800 1835; : 1785: s 1750: :
: Vallejo 1620 : : : : : : :
Cuttings Whart ta 1790: : 1800: 18 1745: :adl760: :

H Sacramento River Delta :

Cellingville 950:a 880: 880:a 830:a 710: 725: . 800: £60:

: Fmmaton e 450! : b 475 385: 517: 310:a 272:
Three Mile Slough Bridge: 545:a 417: 457:a 375:a 425: 435: 225:a 227:
Rio Vista Bridge : 440:b 350: 365:b 292: : 291: 200: 142
Junction Point : 360:a 200: 265:b 145: 85: 188:; 125: 133:

: Liverty Ferry :acdl90:c 2123 151:b 156: 111: 120: 75 68:
Isleton Bridge H 2%8:b 116: 114: 177: 5: 118: 3: 4:
Howard Ferry i 9: : : 1 2: : 2: a2

: Sutter Slough ta 4ta 33 2: : : : H
Little Holland Ferry : 6:a A 1a 3:a 3 : 21 :
Ryde ta 3 : : : : : : :

: Re Do 2068 2 180:a 188: 158:a 1483a 108: 154: 192:a 134:
: Walnut Grove : Y : : : : : : :
: Paintersville Bridge 32 : : : : :
: Hood Ferry Y 43 : : : :
: Freeport Bridge : 3t : : : : : : s
Sdacramento e &:b 2:ab l:a 2:a 2:ab l:ab 1l:a 1:

: Mokelumne River Delta :

Southwest Point :ta 76:a 11l: '90:b  "76:a  76: 62:a 24:a  20:
Camp 33, Staten Island :a  6l:a  70: 66:b  43:a 38: :a  22:a 16:

: Camp 7, Staten Island :ab 87:ab 9Ll:b 78:a  7l:a 63:b D2:ab 5S4:a  42:
: Tyler Island Ferry : 3ia 3 2:b l:a 21 1: 2: 2t
¢ Camp 11, Staten Island :ab 94:ab 86:b 82:a 77:a 72:0b 69:ab 64:a 60:
: Camp 29, Staten Island :a 87:a 741 75:b 65:a 563 55ia  44:a 37

: Eagle Tree 36:ab  39:Db 50:a 53:a 57:b° H6:ab 55:a

:ab

57:

a, b, ¢, 4, e, f, See footnotes last page of this table.
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TABLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Samples taken by local observers approximately one and one~half hours

after high high tide.

Salinity expressed in parts of chlorine per 100,000 parts of water.

0CTuBIR (CONTINUED)

.
’

Station : :
: 2 6 2 10 ¢ 14 : 38 : 22 : 28 ¢ 30 ¢
: : Mokelumne River Delta (Continued) :
: Camp 25, Staten Island :a 1l6:a 100: 92:b B89:a  83: 78:a  68:a &7
¢ New Hope Bridge ta  22:a 30: 50: 37 H :b 64:a  45:
¢ Camp 20, Staten Island :a 118:a 1l4: 110:b 104:a 102: 96:a  Q9l:a  B9:
: : San Joaquin River Delta :
: Antioch : 945:a 820! 875:a 1785: 760: 725: 890 810;
: Curtis Landing : 12 6951 705:b> 635 660: 660:ab 47H:a 465:
: Jersey , : ta 600: : ta 430: 5327  43b:a 390:
: Webb Pump : 390:b 430: 405: 400 332 3273 292:a 260:
¢ Central Landing : 188: : 151:a 99:a 172: 98: 93ta  62:
: Duteh Slough ra 410:a 384:ab 387: St 2 348: 337  323:
* Ward Landing : 278:a 2R25: 270:a 216:a 246 185: 212: 132
¢ Holland Dam : ta 328: 305:pbd 3l0:a 303: 302 292: 282
: Holland Pump H ta 292: 290:bd 283:a 279: 2701 263: 256
: MeDonald Pump : e 266:ad 269:e 219:e 197:e 215:e 20l:e 187:
¢! Mandeville Punp sa 320:a 311: 304 ¢ _sa 283: 276 287:a 205:
¢ King Island Pump : 220:a 216: ’“2243a 230:b 223: 200: 199; 191:
¢ Rindge Pump 1e 172:a 187: 183:b 155:a 141: 130: 133:a 106:
¢ Orwood Bridge : 277:b 268: 272:cd 254:b 259! 244 235:4 2RB32:
: East Contra Costa I.D. :a 180:a 187: 19g:b 189: : 200: 197: :
: Middle River P.O,. ta 260:a 26B:ab 268:a 229:a 257: 253;ab 215:a 232:
¢ Mansion House ta 236:a 240 237:v 220: : 234ab 195: :
¢ Stockton Country Club ta  BY:ac 9l:ab 89:a  80: : 49: : :
: Clifton Court Ferry : 109:a 11Z2: 125:1b 66:a 103: 69: 61: 21:
: Stockten : 120:p 76: 74 b 84: 89: 73 5l:
¢ Garwood Bridge : ta 46: 438 13:a 19: 25: 17:a 13:
¢ Brandt Bridge ta 9:a 33 8:a Ba 81 8: B8:a 8:
! Williams Bridge ta 21:b  19: 24:b 1ll:c 11: 8: 8: 11:
: Whitehall ta ll:a 12 8:b 8:b 8: 8: 8:a 9:
! Mossdale Bridge ta B:a 8: 8: 8:a - 7: 8:ab 8:a 9:
: Durham Ferry Bridge 7:ic S5:c 6:c Bic 6 7 B: 9
: Drainage Water Stations :
¢ Jerscy Drain : : 78: H : N 60: 60: 83:
: Grand Is,Dr.(Stcamboat Sl.) te  62:e B63:e¢ 5Z:e 19:e 25 e 13:
! Camp 35 Dr, (Staten ¥s.): b 119:b 1l2:Db 99: 93: 80: 91l:b 59 591
: Bacon Is.Drain : 133: 191: 190: 204: 255: 247 £06: 182:
¢ Mandeville Drain : 195: : 198: 137: 183: 186: 191: 187:
: 100:b 102:b 95: 793 48 41b £8: 451

Camp 11 Dr, (Staten Is,):b

&, b, ¢, 4, e, £, See footnotes last pege of this table,
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SACRAMINTO~SAN JOAQUIN DELTA AND UPPER BAYS, 1931
bservers approximately one and one-half hours

: Station : NOVIMBER :
: : 2 5 : 10 : 14 18 : 22 ¢ 26 = 30 ¢
: , : San Francisco, San Pablo and Suisun Bays :
¢ Point Orient s 1755: . 1785: 1761: 1735: 1780 1720: 1770:
: Point Davis : . 1490: 1590: 1510: 1515: 1455: 1470; 1370:
: Bulls Head Point . 1345: 1300: 1360: 1385:a 1040: 1010: 1230: 1080:
: Bay Point : :abl095:b 1155: 1070:a 930: 850: 970: 840:
: 0 and A Ferry : 8295; 740+ 780: 815: 5953 655 640: 610:
: Innisfail Ferry : : 1030: 945: 935: 085: 1015:a 8703 720:
: : North San Pablo Bay :
: Grandview ta 1775 :  1740: :+ 1850: : 1e90: :
: Cuttings Wharf : 1640: . 1585: : 1500: ta 1470: :
: : , Sacramento River Delta :
: Collinsville ta D203 510: 590:a 525 455: 780:a 255:a 282:
: Trmaton : . 253: 289:a 253: 163: gs: 183: 100:
: Three Mile Slough Bridge: 270:ab 2023 231: 246: 113: B4ta 44 75:
: Rio Viata Bridge : 153: 128: 132: 128: 28: 32: 19: 11:
: Junction Point 18 68: : 76:0 30: 13: 7 4 4:
: Liverty Ferry : 66: 57: 39:a 29 21: 10: 10: 10:
: Isleton Bridge H 3: 183 37: 42 2: 1: 4: :
: R, D, 2088 ta 167: 145: 127: 76 82: : B80:
: Sacramento :a 2t 1:ab 2:a 1: 1:ab 2:a 2:a :
: : Mokelumne River Delta H
: Southwest Point ta 41; 42:a 241a 28: 19: 6a 13:a 5:
: Camp 33, Staten Island :a 14: l4ta 9:a 10: 11: 9:a 6:a 6:
: Cemp 7, Staten Island :ab 38:ab 3l:ab 30:ae 32:b 27:b 24:ab 23:ab  31:
: Camp 11, Staten Islend .sh 59:ab 52:ab 49:ae 52:b  45:D 28:ab  4l:ab 461
: Camp 29, Staten Islond :a  28: 21:a 19:a  20: 17: 17:a 12:a 21:
: Eagle Tree .ap 60:ab 57:ab 57:ae 593D 56:1 5%:ab 53:ab 5l:
: Camp 25, Staten Island :a  52: 55:a  44:a 421 37: 40:a 33:a 403
: New Hope Bridge e 48: 48:ab 48:a 48! 47 52: s 328
: Camp 20, Staten Island :a 85: 78:a 75:a 72: 621 62:a 53:a  97:
a, b, ¢, 4, e, T, See footnotes last page of this table.
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TABLE 90 (CONTINUED)
SALINITY OBSERV.TIONS, SACRAMENTO-SAN JOANUIN DELTA AND UPPER BaAYS, 1931
Samples taken by local observers approximately one and one-half hours
after high high tide.
Salinity expressed in parts of chlorine per 100,000 parts of water.
: station ; NOVEMBER (CONTINUED)
: : 2 & . 10 : 14 ¢ 18 : 22 : 26 : 30
: : San Joaquin River Delta :
: Antioch : 5601 485¢ 560: 5351 430 3331t 375 :
¢ Curtis Landing 1a 4301 465: 39030  430: 365:0b 2152 305:a 215:
: Jersey o 360: : : s tab 245: : :
: Webb Pump : 2211 216: 2353 185: 169: 132: 128 109:
: Central Landing in 76: 71: 45t 73: 15: 72 74:a 18:
+ Dutech Slough ta 290: 282: 280:a 247: H : 1o 185:
: Ward Landing : 201: 146: 163:a 139: 154: 1481 136: 132:
¢ Holland Dam o 267: 261: 253:a 241: : : : :
: Holland Pump 12 293: 241 229:a 217:. : : H
¢ McDonnld Pump : 190:4¢ 171l:d 175:d 149: 152: : 170: :
: Mandeville Pump ta 2378 234: 225:a 203: 201: 201: ta  168:
: King Island Pump : 173 1513ab 167: 140: 130:ab 1l43: 123: 1l4:
: Rindge Pump ta 762 108:a 107:a  84: 82: 88: 74:a  97:
¢ Orwood Bridge : 2831 210: 209:, 199: 181:¢ 171: 163: 150:
: East Contra Costa I.D. :a 172: 159: 154:a 133: : 126:a 99:a 100
: Middle River P.O. o 221l:ab 205: 212:a 198: 181:ab 172:a 168:a 153:
: Mansion House ta 170: ° 185; 184:0 188: : 114: 1 120:
: Stockton Country Club : s : : : :ab 25:a 26 :
: Clifton Court Ferry ta 12: : :a 15: 28: 18: 13:a 11:
: Stockton : : 71: 55: 58: 58: : GH :
: Garwood ‘Bridge tn 123 16: 12:a  15: 17: 1l4:a 1l:a 9:
¢ Brandt Bridge ta 9: 103 12:a Q: : : : :
: Williams Bridgc : 20 11: 14: 11: 11: *H 11: 7
1 Whitehall ta tH 9: 10: : : : : :
: Mossdale Bridge s 1l: 10:@ 10:a 9 8: B8:a 10:
: ' Drainage Water Stations :
: Jersey Drain : 68: : : : th 94: : :
: Grand Is.Dr.(Steamboat sl.) 21: 21: 22t 17: : 21: 16: 17:
: Comp 35 Dr. (Staten Is.):b  54: 8l:o B3:e  54:b  5l: 50:b 62 46
: Bacon Island Drain 175: 168: 160: 96: 111: 96: 68: 63
: Mandeville Drain : 184z 180: 180: 176: 178: 17z: : 165;
7411 62:b 64:e 59:b n3: 60:Db 51: 48

: Comp 11 Dr. (Staten Is.):b

A v

a, b, ¢, d, e, £, See footnotes last page of this table.
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TABLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS, 1931
Samples taken by local observers approximately one and one-half hours
after high high tide,
Salinity expressed in parts of chlorine per 100,000 parts of water.

e

e —

-
.

: : ECEMBER

: Station : ¥ :
: : 2 6 : 10 : 14 : 18 28 26 30 =
: H San Francisco, San Pablo and Suisun Bays :
: Point Orient :pd1750: 1660: 1820: 1680: 1660: 1650: 1680: 1350:
¢ Point Davis : 1390: 1400:a 1500: 1320: 1310: 1415: :a 385:
¢ Bulls Head Point ta 1020: 1220: 1235: o7%53a 965: 1235: 1020: "95:
: Bay Point : 880: 960: H 730:a 690: 950 : 45:
: O and A Ferry 500: 480 460: b H 63D 20:b 20
: Innisfail Ferry : 820:b 700: 750: VN 690: 6685 480: 290:
: : North San Pablo Bay

: Sconoma Creek Bridge H : : : :a 13856: : :
;: Grandview :  1740; : 1660 1640: s+ 1300:b 400:
: Vallejo :bh 1270: : 1210: : : e 432:

: Cuttings Wharf ta 1320: :d 1400: 1275: 440: :
: : Sacramento River Delta :
: Collinsville H 29014 320: 370ra 245: 222: 293: 96 21z
: Emmaton : 110: : 164: 68: 49:d 88:a 10:a 4
: Three Mile Slough Bridge:a 64 60: : : : : : :
: Rio Vista Bridge : 22: 18; 19: 5: 3 3: 1: 21
: Junction Point : S5: : : : : : :

: Liberty Ferry : : SH ; :

: Isleton Bridge H 13 1; ; : : : !

: R. D. 2068 t b4 72:a 58: : H : : :
: Sacramento 1 l:ab l:a l:a 2: 3:ab 1:a 1: 1:
: : Mokelumne River Delta :
: Southwest Point : 21: 28:e 63:ae 1l: 16: :
: Camp 33, Staten Island : 6 4: : : : : :
: Camp 7, Staten Island :b 16:b  10: : : : : : :
¢ Camp 11, Staten Island :b 304D 26: 2l:a 42:e 8: : : :
: Camp 29, Staten Island : 11: 7:e 6:ae 12: 11: 7: : :
: EBagle Tree tb 48:b 44 : : : : : :
: Camp 25, Staten Island : 383 24 : : : : : :
: New Hope Bridge 30: : 44:a  30: 323 ra 2 :
: Camp 20, Staten Island 51: 43:e 39:ae 44: 44 40; :

a, by, ¢, d, e, £, See footnotes last

page

of this table,
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TABLE 90 (CONTINUED)

SALINITY OBSERVATIONS, SACRAMENTO-SAN JOAQUIN DELTA AND UPPER BAYS3, 1931
Samples taken by local observers approximately one and one-half hours

after high

high tide.

Salinity expressed in parts of chlorine per 100,000 parts of water.

i

T

-

DECEMBER (CONTINUED)

: Camp 11 Dr. (Staten Is.):b

Station : :

: 2 _: B 10 14 18 22 26 30 ¢

: : San Joaquin River Delta :
1 Antioch : 268: 300: 390: 250: 220: 273: 113: 34;
: Curtis Landing s : 237: 239 173: 164: lel: 104: :
¢ Jersey : 150: : ra 98: : 134: 82: :
! Webb Pump :b  10=2: 94: 92:a  9l: 761 66: o7: :
: Central Landing : 20: 34ta 34 31 oeé: 26:a  11: 133
¢ Duteh Slough : 154:a 138: 122: 79 : :
: Ward Landing : 122 116: 80:a 72 71 : 52: 32
: Holland Dam t 160: 167:a 155:a 147:ab 131: l21:a  89: 921
: Holland Pump : 177: 150:a 137:a 123: 99: 961 86: 58:
: McDonald Pump ie  B4:e 146:de 140:e 117:e 104:e  97: : :
Mandeville Pump : 165: 150:a l44:a 134: 129: 116:a  97: 61:

: King Island Pump : 108: 130 : 93: 84: 73: B3:
¢ Rindge Pump : 64: D6 S6:a  48: 28: 33:a 71 3
Orwood Bridge : 130: 128: 119:b 82; 72: 72 63:a 29:

: East Contra Costa I.D. : 86: 82: 70:a 62: o4: Dl:a 43: 31:
: Middle River P.0. : 145:b 124: 110:a 100: 88: 9l: 72 Bl:
: Mansion House ‘e 94:ab 98: 99:a  98: 128:a 533 13: 18:
: Stockton Country Club : : 22:a 28:a 193 : 18:a 1e: :
: Clifton Court Terry : 9: 10: l2:a 9: 10: 9: 8: 9:
Stockton : : : : tab  4%:a 38: 40: :

: Garwood Bridge : JO: 10: : : : : : :
: Mossdale Bridge 11: 6:a 8: : 7 B:a 8: 2
: : Drainage Water Stations :
: Jersey Drain : 77 : : 06 90: 83: :
: Grand Is.Dr,{Steamboat Sl.)c 24:c  18: e 14z 10:¢  15: :
: Camp 35 Dr. (Staten Is.):b  43: 38: 46: 24: 48: : s :
: Bacon Island Drain : : 42 331 53: 60: 45: 50: 49
: Mandeville Drain 162: 160: 162 : 155: 149: 143: 128: 114:
55: b6: 50: 29: 63 : :

——— o~

Low high tide.

H o R oo P

Taken on following day
Taken two days later.

Over one hour off scheduled time.
Taken on preceding day.
Taken two days earlier.
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CHAPTHER VIII

I0SSES IN THE SACRAMMENTO VALLEY ND DELT. DUE TO 1931 WATER SHORILGE

Lt the close of the 1924 season and other p&st seasens when
a water shortage has been experienced in the Sacramento-San Jbaquin
area, there has always been considerable inguiry as to the extent of
losses which may have been sustained due to the water shortage and, in
the case of the Delta, the resulting salinity. These questions could
not be answered because no investigation had boen made in zny of these
seasons to determine the losses, and approximations were difficult.
PFarly in 1931, therefore, with all indications pointing to a serious
water shortage; plans were made for an investigation and determinztion
of the losses which it appeared would be inevitable. This investig-tion
was conducted throughout the season and the results are presented in
this chapter. The losses fall naturally undcr two clussifications:
those in the territory served by the Sacramento River abovs Suersmoento

and those in the Delta due to salinity; and they sre so reporieda

LOSSES IN THE SACRIMENTC RIVIER AREL ABOVE SACRAMENTO

Iosses direétly chargeable to the water shortage in the area
gerved by the Sacramento River above Sacramento may be classified as
follows: (1) Crop Losses - under which fall losses due to (a) abandon-
nment of preliminary work or of plans for planting because of threatered
shertage, (b} changes frgm_rice plantings to crops reguiring less
water (c) abandonment of erops because of water shortage and (d) re-
duced yields because bf insufficient water; (2) Losses represented
by expenditures required to rearrange and lower pumping installations,

(3) Losses due to the increased cost of pumping under greater 1lifts,
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Crop Losses

In the investigation of these losses, great difficulty was
encountered in obtaining definite data, It may have bsen very evideut
that a loss under one or more of the classifications outlined had been
sustained but thé water user was elther reluctant or unable to place
an estimate upon it, Also, where estimates were obtained, it was
found impracticable to segregate them to the definite classific.itions
given, Although a representative of practically every diversion on
the river was interviewed, and in the larger districts many of the
individual water users were canvassed, the total of the definite figures

obtained for erop losses was $6620,

Additional Expenditures for Lowering and Changing Pump Installations

On many sections of the river in 1931 the water receded to
record low levels and many pump owners found that such levels had ap-
parently not been anticipated when their pumps were installed. In fre~
quent instances the water fell below the suction pipes or the suction
lift was so greatly increased that the pump would not operated, This
necessisated expenditures to lengthen the suction pipes and lower the
pumps, Various other pumping plant repairs incident to the low river
levels were also required, All of the river plants were included in
the investigation of these expenditures and the total reported to

have been spent was %7425,

Increased Pumping Costae

In order to determine the inerease in 1931 pumping cests due
to the low river levels, the pumping lifts of 1931 were compared to

those of 1927. The seasonal stream flow of the Sacrumento River at
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TABLE ©I

PUMPING THE DIVERSIONS OF 1931 IN EXCESS OF THE COSTS FOR PUMP ING
THE SAME DIVERSIONS WITH 1627 RIVER STAGES.

SACRAMENTO RIVER, RED BLUFF TO SACRAMENTO

AVERAGE AMOUN
¢ £ OUNT RIVER 1931 DIVERSIONS
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)
MONTH WAS LOWER IN 193} TPUMPING THE 1931 DIVERS
THAN IN 1927 — FEET ACRE—~FEET $SIONS WITH 1927 RIVER }
! STAGES — DOLLARS .}
RED BLUFF TO BUTTE CITY '
APRIL : 8 : 83268 1 14000 H
MAY : 5 : 110128 H 5890 :
JUNE : 2 : 91596 : 3010 :
JuLy s 2 : 105271 : 192C :
AUGUST : 1 s 92878 : 1510 '
SEPTEMBER @ 1 : 43005 ' 40 i
OCTOBER & 1 : 18015 : 1110 :
¥ (3 S T H
TOTAL . : 54416} ' 27480 :
BUTTE CITY TO COLUSA :
APRIL : 18 ! 14700 : 2150 :
MAY s 10 : 19836 : 1100 :
JUNE : 7 H 178C0 : 1200 :
JULY 3 5 s 10499 : 830 :
AUGUST : 5 ! 12324 ! 620 :
SEPTEMBER 3 : 3790 H 150 :
OCTOBER 3 : 1438 : 100 !
TOTAL : : 89367 : 6150 :
. COLUSA TO KNIGHTS LANDING :
APRIL F 19 3 80985 : 20700 3
MAY : 14 : 74677 : 1 1600 t
JUNE H 9 : 68530 : 7220 :
JULY : 5 : 63270 : 6400 :
AUGUST : 3 : 53283 ' 2850 H
SEPTEMBER : 2 : 24454 : 0 :
QCTOBER__ ! 2 t 6847 H 110 !
TOTAL : 372090 : 48880 ;
KNIGHYTS LANDING TO VERONA .
APRIL B 18 : 4371 : 1060 :
MAY : 16 : 3978 : 8e0 :
JUNE ' 19 : 3964 : 740 H
JULY H 6 : 4014 H 390 :
AUGUST : 3 : 3020 : 220 :
SEPTEMBER 3 4 : 1021 : 20 :
OCTOBER % 3 ! 53| : 160 :
TOTAL : : 20899 : 3520
VERONA TO SACRAMENTO :
APRIL ¢ 17 H 20326 : 6910 :
MAY H 14 s 26938 H 5700 H
JUNE : 10 H 24147 : 2670 H
JULY : 4 : 28380 : 810 :
AUGUST ! 3 : 25920 : 580 :
SEPTEMBER ! 3 : 7246 : 220 !
OCTOBER ! 2 : 2718 4 10 :
ToTAL : : 136375 : 16900 :
TOTAL — RED BLUFF TO SACRAMENTO :
APRIL : T T 203654 : 44820 ]
MAY : : 235557 H 25150 :
JUNE : : 206037 s 14840 :
JuLY : : 220434 : 10350 :
AUGUST : : 187425 : 5790 :
SEPTEMBER } : 80256 : 500 :
OCTOBER ¢ 1 20549 3 1490 :
ToTAL . : 1162912 . 102930 :

196
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Red Bluff in 1927 cxceeded the mean for the forty-year period 1889-1929
by seventeen per cent. It was considered, therefore, that the depart-
ure of the 1931 river levels from those of 1927 would furnish a fair
basis for the computation of increased pumping costs in 1931 chargedble
to the water shortage and low river levels of that season. A comparison
of the minimum river levels of 1927 and 1931, Sacramento %o Red Bluff,

is shown on Plate 1, Chapter II,

available for each pumping plant and from these the 1931 pumping costs
were derived by application of the appropriate rate‘schedule. The

power that would have been required to pump the 1931 diversions under

the pumping heads of 1927 was then computed and the rate schedule applied
ts derive the comparative 19287 costs. The resulting figures fer the
difference between the 1927 and 1931 costs are given in Table 9l. This
shows that from Red Bluff to Sacramento the total increased cost of

pumping chargeable to the 1931 water shortage and low river levels

was $102,930.

Other Probable losses

The losses that have bcen enumerated total $117,000 but this
figure probably represents the very minimum sf the direct losses and
takes no acecsunt of other less fangible logses, Instances of the latter
were evident throughout the course of the investigation but it was not
possible te define them in terms of money. In general, however, such
losses were represented by the many and varied additional activities and
expenditures required to meet the conditiens of curtailcd water supplies

and to effectively enforce conservation and waste prevention measures,
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TOSSES IN THE SACRAMENTO-SAN JOAQUIN DELTA DUE TO ENCROACHMENT OF
SALINITY FRONM SAN FRANCISCO BAY

Outline of Investigation

Since the beginning of salinity observations in the Sacramento-
san Joaquin Dclta it has been recognized that in years of deficient
Spring and Summer stream flow to the Delta, the resulting extensive
encroachment of salinity from San Francisco Bay has caused damage in
the Delta., In 1930, 1924, and 1926, but particularly in 1924, the mag-
nitude of the encroachment was such as to leave no doubt that damage
must have been sustained. But just what the extent of the damage or
the total of crep and other losses might have been, was not determined,
In the Spring of 1931 it was plainly evident that the stream flow to
the Delta would probably be as low if not lewer than it was in 19234
and that a salinity encroachment as great if not greater than in that
year could be expected. With this expectation, therefore, the invest-
jgation to determine the losses in the Delta due to salinity or to at
least derive an approximate definition of the relation betwoen salinity
encroachment and losses, was planned as the major activity of the loss

investigations.

Procedure and Field Methods

As described in Chapter VI, an engincer is detailed each
season to obtain a complete Delta census of the irrigated and non-irri-
gated crops, and the acreages of aguatie growths, weeds, barec lands,
water surfaces, etc., and it was considered that the additional Delta
investigatiop of losses in 1931 could be most advantageously handled

as a part of the same detail, Much more time was going to be required,
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however, and accordingly beginning in July, an additional assistant was
assigned, to devote his entire time to the Delta census and investigation
of losses.

At the outset it.was recognized that crop losses would repres-
ent the greatest item of damage and perhaps the only one possible of
definite valuation. Forms, to be used in the field, covering every
item with Tespect to crops which might conceivably be needed in the
valuation of crop losses, were, therefore, preparcd and used. No fixed
forms for reporting items of loss other than those connected with crops
were used and such other items werc reported only in a gencral way or
by special report. The first field form providoa for a detailed re-
port of acrcage, irrigation methods, dates of planting and harvest,
production, unit value, total value, and record of the dates of irri~
gation, for cach crop. The irrigation record was partidularly important
for use in conjunction with maps prepared later from which thoe degrec
of salinity at a given location for any particular time could be doter-
mined. A sccond form was used in reporting the deta with respoct to
losses, If a loss were reported for any item of the first form,
detail data with rcspect to this item were entered on the second form,
such as, the date irrigation was stopped becsuse of high salinity oxr
the dates when water of greater than 100 parts chlorine was used,
the effect on growth and yield of use of water of high salinity or
of curtailment of irrigation, the loss in production and its wvalue,
acreage abandoned or not planted on account of high salinity and the |
amount of this loss, cte. The investigation required that these two
forms be filled in from data obtained by actual contact with the owners,

lessces or water users and/or by the engineer's own field observations,
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for each individual subdivision of every island or tract in the Delta,

Instructions to Field Mun

The ficld men were instrucged, insofar as possible, to obtain
all data by direct observation and not from hearsay. Information from
landowners although essential was to be considored more or less supple-
mental, especially in connection with such items 2s crop growth, domage
and yicld. Estimates from owners =zmnd growers werc to be carcfully -
checked and substantiated insofer as possible., Detail obscrvations were
to be madc of crep growth and all conditions affceting it, with parti-
cular attention to be paid to the compar~tive gzrowth, as betwcen arcas
of high and low salinity, of like crops under conditions otherwisc simi-
lar. Bspecial cmphrsis was placed upon the necessity for observation
and recognition of factors other than salinity such as insscts, poor

forming, sunburn, ote., likely to affect crop growth and yicld.

Segreg- tion of Losscs

This report of losscs in tha‘Sncrimonto*Sqn Joaquin Delta
due to salinity in the 1931 sewson falls into two major scgreg-tions,
"Crop Lossos™ and "Other Losses", Crop Tosses may be further scgregated
to what might be cnlled "Tongible" and "Intrngible™ losses. Under
t-nzible losses is classed the actual losg in production of crops in
1931 due %o (1) the curtzilment of irrigntion when the sclinity of the
irrigation water became too high, {2) the actunl application of irri-
g~tion water of too high sclinity, ond {3) the abandonment of a crop,
or plane for it, bscausc of high snlinity. The classification of

intangible logses will be considerod subseguently.
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Tangible Crop Losseos

To arrive at the tangible losses as outliined, all of the
data of the field forms were thoroughly reviewed, summarized by
islands and crops and compiled as shown in Table 92. Under the three
clagssifications of tangible crop losses, this table shoﬁs, segresatel
by crops, the total losses, in production and money. It 1s to be
noted that the estimates of loss in money represent the market Qalue
of the lost production and as such might be termed the gross loss as
distinguished from net loss represented by the net profit which the
grower might have realized had he been able to market the crops lost.
48 shown by Table 92, the market value of the Delta crops estimated to
have been lost because of salinity in 1931 totals 41,283,716, Of this
amount, %$890,908, or 70 per cent of the total, is the loss estimated
to have resulted from curtailment of irrigation, $357,640 or 29 per
cent, the loss due to actual application and use of water of Yoo hisgh
salinity and $l5,170.or one per cent, the loss due to destruection of
permament plantings and to abandomment of crops or plans therefor be-

gause of high salinity.

Detail Check of Reported losses

In the review of the losses reported for each of the indivi-
dual subdivisions all estimates were carefully checked by comparison
with average figures Tor production snd unit Hrices throughoul the
‘Delta, and if it appeared that the estiimated loss in production had
besn based upon a total production expectancy out of proportion to the
average or normal figures, the estimates of loss were correspondinzly

reduced., In addition, the degreec of salinity corresponding to the reperted
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TABLE 92

SUMMARY, BY CROPS, OF 1931 CROP LCSS IN THE SACRAMENTO-SAN JOAQUIN DELTA
1.0SS EXPRESSED IN PRODUCTION AND DOLLARS

202

DUE TO SaLINITY.

Ce 0P BN S0P P 00 v AF $0 SE O 20 28 VE NI CP HE S0 $0 P8 2 00 eI PN N DR CL I PP S IF VO USRS SH PP 2 AP UT NS L AN sx S5 9¢ ae

+LOS5 EXPRESSED: ESTIMATED LOSS DUE TO T
: iN 'TCURTAILMENT °* USE OF WATER ° DESTRUCTION * TOTAL LOss
oRoP $PRODUCTION — P! oF : U°C0F 100 - foR ABANDOMMNT: 1N DOLLARS
IMARKET VALUE &3 IRRIGATION @ HIGH SALINITY: OF PLANTINGS!
ALEALFA : ? "1 o135 TONS § 400 TONS i 347 ACRES 1
: : 004 60 : 4000 : 5400 : 90B60
ASPARAGUS ¢ P : 275 ToNs ! 140 ACRES @
: H $ : 16515 : : 3100 : 19615
BEANS : P T 53377 SACKS & 620 SACKS? :
: $ : 171078 : 1508 : : 172586
BEETS : P Y 20057 TONS ¢ 820 TONS ¢ :
: $ : 150020 : 6150 : : 157070
CELERY : P i 325 CARS : 618 C4RS ¢ :
3 $ : 80945 : 255626 : ‘ : 336571
CORN : 3 P 4503 TONS ¢ 886 TONS ! 318 ACRES }
H $ : 95330 : 18175 : 4660 : 118165
FRUIT : P i 315 ToNs 8 TON: 3 2 ACRES ¢ .
: $ : ©300 : 400 @ 500 : 10200
GRAIN HAY @ P T 356 ToNs & : :
: $ : 3560 : : : 3560
ONTONS : P T 20720 SACKS i : :
: $ : 29710 : : : 29710
PASTURE : P P 1116 ACRES ¢ 205 ACRES ! 280 ACRES ¢
: $ : 2380 : 100 : 660 ! 3140
POTATOES : P ! 306200 SACKS : 70800 SACKS } :
: $ : 220500 ¢ 54821 : ! 275321
SEED t P $ 181 ACRES : *13700 SACKs & :
: $ 3 3530 : 10200 : : 13730
TRUCK ; P :' b ; 252 TONS 5 34 ACRES
: $ : 16678 : 6660 : 850 : 24188
TOTAL LCSS IN DOLLARS {  ooosos  : 357640 i 15170t 1263716

* POTATOES.

*» USE OF BOTH TON AND ACREAGE UNITS PRECLUDES TOTAL,
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irrigation period was checked to determine whether or not the reported
loss might reasonably be assumed to have resulted from salinity or
from other causes, and to define where possible, the degree of sali~-
nity causing damage tc varioug crops under different conditions. The
check of the salinity at the various Delta tracts for different times
and periods of the season was accomplished by using maps similar to
those shown on Plate 7 (Chapter VII) but to a larger scaie. As 8
result of the detailed check of all figures as outlined, it is con-
sidered that the total of the tangible crop losses as shown by Table

92 represents a couservative estimate.

Comparison of Crop Losses and Total Production Value

Table 93 shows the estimated value of the actual 1931
irrigated crop production, segregated by crops, and indicates &
total for the Delta of $22,657,663, In the compilation of the ac-
tual production and its value, the data on the field forms were not
always complete and it was necessary in frequent instances to par-
tially estimate either production, or the unit price to apply to the
given production. This was done by comparison with known data for
similar crops in adjoining tracts, due comnsideration being given to
any modifying factors noted in the reports or known to exist,

For reasons explained later if was desirable in this com-
pilation to make a segregation with respect to the Delta area within

the limits of the meximum encroachment during the season of salinity

of 100 parts of chlorine per 100,000 parts of water, and this segre-

203
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TABLE 93

SUMMARY, BY CROPS, OF IRRIGATED ACREAGE, VALUE OF ACTUAL PRODUCTION,
AND CROP LOSS DUE TO SALINITY, FOR TOTAL SACRAMENTO-SAN JOAQUIN
DELTA AREA AND AREA WITHIN 100 PART SALIN!TY ENCROACHMENT, 1931

LOSS EXPRESSED %N DOLLARS AND IN FER'CEN{ oF VA%UE oF
TOTAL PRODUCT}ON INCLUD ING LOST PRODUCTION]) IN (1) TOTAL
DELTA AREA AND (2) AREA WITHIN 100 PART SALINITY ENCROACHMENY

[LET L

ENT IRE DELTA

] v CROP LOSS N
AREA WITHIN 100 PARTS PER CENT OF

SALINITY ENCROACHMENTPVALUE OF TOTAL
$1RRIGATED CROP

3 PRODUCT JON**

VALUE TWITHIN S

$0 ma ss BEAN BE AS U U0 ES BF SN ST KO P SR G vl oF SHUS BOCL NS OB AT SE S ve *F 2P SHGE VL S5 FT SR 24 a0 20 ad

CROP g T VALUE . * g H
H H OF ¢ CROP LOSS! : OF tAREA OF3
*IRRIGATED ¢ ACTUAL ¢ DUE TO CIRRIGATED ! ACTUAL 3100 PRT. ENTIRE
t ACREAGE tPRODUCTION? SALINITY § AGCREAGE :PRODUGT!ON:SAL]N!TY DELTA
H H IN : IN H H N :EMPOACHE
S S il Tt ) N T © W it o) Wl & M W ©)
ALFALFA § 26882 § 1352621 i Q9860 ; 12651 g 542711 ; 15.54 ; 6.83
ASPARAGUS ; 70580 | 7254800 i 19615 ¢ 55540 i 5605349 i 0.34 : 0.27
BEANS ! 2e002 i 775704 1 172586 ; 14296 § 1404286 1 29.92 fys.2r
BEETS P 30015 ; 3128314 ¢ 157070 § 17362 é 1820555 § 7.94 g 4.78
CELERY : 6303 i 1640043 § 336571 § 6125 g 1564193 § 17.71 § 17.03
CORN g s5708 § 1360021 3 118165 § 50081 g 1224840 g 8,80 ; 7.99
FRUIT g 10775 + 1364724 | 10200 g 7075 i 1011006 § 1.00 § 0.74
GRAIN & HAY T 65086 i ooo0a4 360 ¢ 46126 | 616333 ? 0.57 ¢ 0.39
ON I ONS § 3760 +  o@e2da i 29710 : 2068 ¢ 512778 g 5,48 § 2,94
PASTURE § 12748 ; 66284 ? 3140 ; 10254 ; 50614 ¢ 5.84 % 4.52
POTATOES f 18042 g 2802585 1 275321 i 17747 § 2788710 ; B.00 § 8.54
SEED § 8067 i 499183 | 13730 ; 3547 ¢ 150666 g 8.35 § 2.68
TRUGK § 6498 ; 530012 ; 24188 g 2110 ; 199316 § 10.82 3 4.36
TOTALS T 343355 ; 20657003 | 1263716 | 244991 ; 16581402 { 7.03 | 5.28
* PRACTICALLY ALL WITHIN AREA OF 100 PART SALINITY ENCROAGHMENT (SEE PLATE |3).

** INCLUDING VALUE OF LOST PRODUCTION,

204
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gation is shown in Table 93, ¥For each crop, this table shows for the
total Delta area and for the area within the 100 part salinity en-
croachmant, the acreage irrigated and the estimated value of the
actual production. It shows.also, for each crop, the estimated total
loss due to salinity, in dollars and in per cent of the total value
of production (1) in the area within the 100 part salinity encroach-
ment, and (2) in the total Delta area, It should be noted that the
total value or production used in deriving these percentages is the
value of the actual production plus the value of the production esti-
mated to have been lost. 1In the case of the percentage of total pro-
duction value for the area within the 100 part salinity encroachment,
the assumption was made that the total Delta loss in production, as
given, occurrcd entirely within this area, and as shown by Plate 13
and later consideration, this assumption ié cssentially correct. From
Table 93, then, it is seen that the tangible crop losses in 1831
amounted to 5.28 per cent of the total value of the Deltg's irrigated
crops or 7.08 per cent of the value of the irrigated crops within the

area of 100 part salinity encroachrient,

Intangible Crop Lossesg

As to the crop losses termed herein as intangible, it is
only possible to outline their character. These are losses which the
field evidence and snalysis would indicate must surely have becn sus-
tained or may yet be suffcred but for which the data are insufficient
to form any definite estimatce. Probably the most important loss of
this character is that to be expected duc to the effects of 1931 sali-

nity on the crops of 1932 and even subsequent years. Because of high
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salinity considerable acreages supporting permanent crops such as fruit,
asparagus, etc., were not irrigated Wﬁen they should have been. &s &
result it is claimed that buds were not properly formed for next year's
crop in the case of fruit and the proper development to produce the
desired quantity and quality of necxt season's spears was retarded in
the case of asparagus, etc, Normelly, oonsidérable grain land is
floo&ed in the Fall preparatory to planting, This was prevented by
high salinity ih the Fall of 1931 and may effect the yiélds of 1932,
Perhaps as serious as the effects of non-irrigation in 1931 may be the
reduction in future yields of all crops‘due to impregnation of the soil
with water of high salinity and the deposits of galt. Where flooding and
drainage facilities are at hand to flush the soil after Winter étream
flow has caused the salinity to recede, this may be overcome., In the
case of early season crops in the lower Delta, however, and where the
flushing cannot readily be accomplished the accumulated salt will remain
as a gource of considerable damage to future yields. 4As a minor loss,
perhaps, the probable reduction in 1932 yields becnuse eertain peat
lands could not be burned over in the F211 of 1931, has beén noted. It
is the practice on some peat sreas to burn off_two inches or so of the
surface to kill nematodes and other pests and this has resulted in
greatly increased yields in the following seasons To extinguish the
fires the island or tract is flooded through the irrigation gystem or
by opening flood gates in the levees. Because of the high salinity

of the water in the Fall of 1931 it was not advisable to use the water
for this purpose, entailing the danger of depositing salt on the land,
and the burning operations were accordingly forocgone.

In somc of the asparagus and other areas whore interplenting

R |
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is generally practiced, it was claimed as a‘loss due to salinity,

that it was necessary to refrain from interplanting in 1931. Although
the asparagus or the permanent crop might survive successfully the
non-irrigation because of high salinity, the grower feared to risk

the planting and necessary irrigation of the intercrops.

Other Than Crop Loases

Of the items of 1931 damage from salinity, other than to
erops, noted but not defined, may be mentioned: The killing ia some
arcas of the willows which form bank protection aloag the levecs. With
this protection gone the banks are subject to damegze from wave action,
etc. Damage in the nature of extra expenditures required to obtain
fresh water suppiies by drilling wells, buying water, ete. A great
many instances were noted Wﬂere the growers put down new wells and
utilized this source of water for irrigation during the period of
high salinitys. In some cases the well water was used to dilute the
chennel supply. Expenditures for new or supplemental domestic and
municipal water Supplies were required. Dairymen were obliged to
obtain - fresher water for their stock to driuk. In a casc noted
where the cows had been drinking water from the channel, the dairyman
was notified that his percentage of milk solids had dropped below
the permissible amount, He was advised by a chemist that the drinking
of saline water would cause the milk solids to decrease, and immediate-
1y put down wells to supply the dairy with water, Within a weck ‘bthe
reports indicated that the milk had returned to standard specifications.
Numerous instances were reported of sickness of all kinds of svock due

to the drinking of water of too high salinity and in most casos 1%
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was necessary to resort to the use of well water to remedy the conditions.

ESTIMATE OF PAST CROP LOSSES DUE TO SALINITY
It has beon sﬁated that no comprehensive investigation of
‘Delta losses due to salinity in years previous to 1931 was ever made.
However, with the data of 1931 and the complete salinity and crop data
for all years beginning with 1924 avajilable, it appeared that reason-
ably correct estimates of the losses in these past years might be pos-
sible, ard the remainaer of this chapter gives the results of a study

which was made to derive these estimates for the years 1924 to 1930.

Method and Assumptions in Estimating Paost Losses

Briefly stated, the method followed to estimate the crop
losses due to salinity in past years, wos to apply the 1931 relation
between losses and total production ﬁalue within the area of 100 part
salinity encroachment to the corresponding total production value in
past years, This application involved the assumptions, first, that
the area, crop acreago and corrcsponding production value within the
area of 100 part salinity encroachment can be taken as proportiondte
to, or as close indices of the losses due to salinity, second, that
in each past yecar the loss for e¢ach crop in per cent of the total
value of its produetion within the area of 100 part salinity encroach-
ment would have been the same as in 1¢31l ond, third, that the value
of production per acre for each crop weuld have been uniform through-

out the Delta had there been no loss due to salinity.

irea Within 100 Part Salinity Encroachment as Crop Loss Index

The facts in suppert of the first assumption were dbrought
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aut when, in comparing the 1931 position of various degrees of salinity
at different periods of the seasen with the Delta ares in which sali-
nity losses were reported, it was found that as far as areas are conh-
cerned, prabably the best index of crop losses due to salinity is the
area or irrigated acreage within the maximum seasonal encroachment of
100 parts of salinity. This is well shown by the close approach tp
coineidence of the two limits shown on Plate 13, The heavy dotted
line is the limit of the 100 part salinity encroschment into the Delta
in 1931 and the heavy solid line is the limit or boundary of the area
in which crop lossesidue to salinity were reported in 1931, As indi-
cated by this plate, the Delta area within 100 part salinity encroach-
ment may practically be taken»as the area within which crop.losses due

to salinity are confined.

Rguation for Deriving Past Losses

Under the second assum@tion of the method outlined for the
estimate of losses in past years; the percentages of Coluwm 7, Table
93 were to be applied to the production vilue within the area of 100
part salinity encroachment for each past year to derive the loss for
that year by each crop. It Waé required -therefore to obtain for past
years the best possible cstimates of the vnlue’of the nctuwal crop pro-

duction within the area of 100 part salinity encroachment. Investi-

gation proved that it woulid be very difficult to obtain these data but, -

as later outlined, it was found that satisfactory estimates of the
value cof the actual production in the entire Deltn could be derived
for the years 1$24 to 1930, inclusive., It then became essentizl to

establish the relation between these data nnd the production vilues
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within the ares of 100 part salinity encrocchment in order that”the
percentages of Colwmn 7, Table 293 might gtill ke applied to derive
the lossos; The ratio, for ench crop, of the acreage within the

arca of 100 part salinity encrogchment to the acreage in the entire
Deltn, was neéeded. The acreage data for the entire Delta were avail-
able from the Water Supervisor roports and it was possible from large
seale maps showing, similar to Plate 6 {Chapter VII), the position

of the 100 part. salinity cncroachment cach year 1924 to 1931, and from
the detail crop data in the Water Supervisor rcports for the sxme
period, to tabulate for cach irfiguted crop and for cach year, the
acrenge within the 100 part line. These data are shown in Table 94.
With the ratios thus established and using the third assumption that
production value per acrc for each crop would be the some throughout
the Delta if there were no loss duc to salinity, it can be shown that
the value of the actual production within the arca of 100 part sali-

nity is derived from the following equation:

i\

Ag gy
Vo = Vo= = L+ L (1)
wherc VS = Value of actual production within area of 100 part salinity
V = Value of actucl production in entire Delte
A = Acrcage of crop in entire Delta
As = dcrepngo of crop within arco of 100 part salinity
L = Crop loss dug to salinity - Assumed to be 21l in area AS

But according to the loss computation method adopted and the

second assumption:
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TABLE 94

DETAIL, BY CROPS, OF IRRIGATED ACRFAGE, ESTIMATED VALUE OF
ACTUAL PRODUCTION AND ESTIMATED LOSS DUE TO SALINITY,
SACRAMENT 0-SAN JOAQUIN DELTA, 1924-1931

TRRTCATED AGREAGE  SLSTIMATED JEST IMATED
TTWITHTN ¢ VALUE OF iCROP LOSS

H 3 :
H H ¢ 100 PART : ~ ACTUAL 3 DUE TO:@ @
: CROP b GETIRE L SALINITY :PRODUCTION SALINITY &
! : ¢ ENCROACH-!IN ENTIRE ¢ N $
H : ' MENT ! DELTA ' DOLLARS !
3 . .
: 1924 :
VTACFALFAR : 1034 ¢ 3TOS T 2917200 ¢+ 46000 ¢
! ASPARAGUS : 54129 ¢ 32219 3 3783800 7700 %
! BEANS H 36459 - 14162 ¢ 2296000 3 301200
! BEETS H 21375 4665 4 1974200 &. 34800 ¢
' GELERY : 4065 1 2901 t 1336300 3 193500 ¢
$ GORN 1 27392 1 18627 - ¢+ 1023400 ¥ 65300 &
! FRUIT H 16180 ¢ 1574 ¢ 5346000 ¢ 5200 &
t GRAJN AND HAY 3 Q2362 ¢ 54480 ¢ 4271300 ¢ 14400 §
t ONIONS H 38856 & 2568 835800 : 31400 ¢
¢t PASTURE H 1035 - ¢ 572 ¢ 5200 200
¢ POTATOES : 27872 % 21335 ¢ S058700 ¢ 373300 &
} SEED H 930 3 40 0 129300 500 %
¢ TRUCK : 4021 4 560 % BO4200 13 12300 ¢
s [ (3 ) ] .
} TOTALS T 320740 |} 156817 , 2978f600 ; 1085800 .
L] »
' 1925 :
‘TALFALFA H 26011 3 3807t 1927900 @ 2500 ¢
! ASPARAGUS : 51974 % 3560 ' 3544900 ¢ 500 ¢
! BEANS H 37590 3 0 ¢ 2892400 : 0
1 BEEYS H 16685 '} 690 ¢ 883100 3 2000 3
t CELERY H 5330 ¢ 40 3 1879200 % 2500 ¢
t CORN T 24029 ¢ 200 3 944000 700 %
t FRUIT : 12772 ! 0O ¢ 3652800 0o
! GRAIN AND HAY ¢ 84307 3400 t 2185500 ¢ 500
t ONIONS : 5089 0 : 2050000 : o ¢
? PASTURE : 5273 ¢ 660 ¢ 26400 200
? POTATGES : 22071 0 8475000 c
! SEED : 3459 ¢ 0 418500 ¢ o
! TRUCK H 4737 0 826000 3 o ¢
. () v ) 6 »
: TOTALS ¢ 300227 - 8940 | 30108700 : 12200
[] Y [
: ‘1026 ) :
! ALFALFA ' 26108 1910 ¢ 1631800 ¢ 18800 @
! ASPARAGUS H 55601 3 163%8 ¢ 4016100 ¢ 4000 @
1 BEANS : 51802 5136 1 2921500 ¢ 89100 ¢
! BEETS H 7936 % 1100 ¢ 8541800 3 0400
! CELERY : 7392 ¢ iS85 ¢ 2835000 ¢ 112300 ¢
t CORN s 23955 3 4581 t 766500 3 13100 ¢
O FRUIT H V7771 685 3 3731900 ¢ {400
Y GRAIN AND HAY 3§ 77319 ¢ 14052 ¢ 1567400 3 1600 ¢
t ONIONS ! 5810 ¢ 310 1 1142900 ¢ 3300 @
! PASTURE H 4161 3 1650 % 20800 3 500 ¢}
1 POTATOES H 21503 29048 ¢+ 54£3900 ! 68300 ¢
¢ SEED } 2883 203 ¢ 320000 2700 ¢
! TRUCK : 647) 3 1252 3 1035400 3 22200
» TOTALS ‘308712 7 51860 ] 26295000 . 346700 |
4 v v . . »
: 1027 :
! ALFALFA : 26348 160 : 1678400 : 1800
! ASPARAGUS : 47807 ¢ 2100 @ 5182400 800 3
¢ BEANS T 47678 @ 60 ¢+ 1931000 700
! BEETS : 14527 144 ¢ 1289%00 1 1000 3
! CELERY : 7888 0 ¢ 3443000 o
! CORN : 26044 ¢ 300 ¢ 972000 3 1000 3
T FRUIT H 17261 % 1 4660500 ¢ o ¢
! GRAIN AND HAY 75774 % 1594 ¢ 1926300 200 @
T ONIONS : 4340 0 + 1367100 ¢ 0
¢ PASTURE H 2736 o ! 13700:: o
! POTATOES H 28422 0 1 6476000 : 0
! SEED : 3526 o 416000 0
! TRUCK H 3590 ¢ 0 610300 o
[ (3 () ¥ [ (3
! TOTALS T 306931 ! 4378 ¢ 29967200 | 5500 ¢
* L) L] . + .

o o o
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TABLE 94 (CONTINUED)

DETAIL, BY CROPS, OF IRRIGATED ACREAGE, ESTIMATED VALUE OF
ACTUAL PRODUCTION AND ESTIMATED LOSS DUE T9 SALINITY,
SACRAMENTO-SAN JDAQUIN DELTA, 1924-1931

iRR IGATED ACREAGE

<ESTIMATED +£STIMATED

22657663

4 : t
H : v WITHIN 5 VALUE OF ;QROP LOss g
+ : P 100 PART ' ACTUAL DUE TO 3
4 CROP : E"[}EE § SALINITY $PRODUCTION SALINITY §
: 1 DEl t ENCROAGH-IIN ENTIRE} N ;
: : 3 MENT ! DELTA ! DOLLARS 3
i 1928 :
t ALFALFA 1T 26783 A58 17 JO6B500 ¢ 5300 ¢
¢ ASPARAGUS P 539871 % 7618 ¢ 6773100 3300 3
: BEANS : 38429 332 @ 2550100 & 6600
s BEETS H 14722 ¢ 2808 : 1882400 3 28900 :
% CELERY : 7813 % O 3 1148700 ¢ :
t CORN ' 40268 @ 2100 3 1452700 ¢ 6700 H
! FRUIT H 15763 3 150 &+ 3546700 300 @
: GRAIN AND HAY H 72038 ¢ 1670 1 1744800 3 200
: ON]ONS H 3668 ¢ 0 ¢+ 1371100 o @
: PASTURE : 6284 ¢ 575 ¢ 31400 3 200 ¢
? POTATOES I 24914 ¢ 316§ 3014600 % 3400 ¢
t SEED H 6453. ¢ 7 1 671100 @ 100 3
$ TRUGCK : 85900 3 475 % 886400 ¢ 7800 %
. TATALS s 317015 ;16509 ;27041500 . 62800
: 1929 ;
! ALFALFA H 27158 o117 )y 2216100t 11600 3

! ASPARAGUS H 62044 & 10086 @ 6456600 3600
! BEANS T 32315 ¢ 250 3 1978600 ¢ 4600 3
t BEETS H 21553 1619 ¢ 2109500 ; 12700 ¢
! CELERY : B721 190 ¢ 2043300 ¢ 7900
! CORN H 40855 & 2345 + 1473800 3 7500 %

FRUIT : 14935 75 ¢ 4122100 3 200 t

} GRAIN AND HAY ! 76100 3014 ¢ 1777600 400 3

! ONIONS H 4159 1 Q0 ! 998200 ! o 3

! PASTURE H 2746 ¢ 2050 13700 1 600 ¢
} POTATOES H 18046 ¢ 170 ¢ 5887500 : 5000 ¢

! SEED H 8518 'y 5 &+ 1056200 o

! TRUCK H 7678 60 i 1228500 1000 ¢

. 0] LB ) (3 1]

 TOTALS . 325825 . 20775 | 3j361700 ; L5100

: 1230 P

! ALFALFA K 26930 480 ¢ 19504300 3 4200 ¢

! ASPARAGUS : 70269 3 9302 3 7173700 3200 %

{ BEANS H 29166 ¢ 270 3 12448600 3500 &
3 BEETS : 24058 1 468 ¢ 2259000 3500
3 CELERY : 5069 30 ¢ Q75800 o00 ¢
! CORN 2 54533 ¢ 1500 ¢ 1715000 4200
Y OFRUIT H 14504 3 70 ¢ 2101800 @ 100 3
t GRAIN AND HAY ' 72932 @ 1872 1 1789700 200 3
! ONIONS : 4341 % O 873800 ¢ 0
! PASTURES : 7686 ¢ 0 38400 ¢ 0
! POTATOES H 18839 ¢ 75 s+ 4700400 1700 3
! SEED H 5352 0 ¢ 545000 o
! _TRUCK H 15334 ¢ 0 3 2223400 O 3
; TOTALS T 349613 13557 | 27230600 ; 21500 |
: 1931 :
§ ALFALFA T 26882 12651 1 . ¥352621 3 99860 3
¢ ASPARAGUS : 70580 3 55549 1 7254809 19615 ¢
! BEANS : 26922 14296 § 775794 3 172586
+ BEETS H 30915 3 17362 ¢ 3128314 ¢+ 157070 1
! CELERY : 6303 ¢ 6125 1 1640043 @ 33657 ¢
¢ CORN vt 55798 0 S008B1 ¢ 1360921 1 11BI6Z
P OFRUIT P77 7075 ¢ 1364724 3 10200
! GRAIN AND HAY H 65086 3 46126 3 Q00034 “3560
! ON)ONS : 3769 2068 % 982244 ¢+ 29710 @
! PASTURE H 12748 10254 3 66284 3140 ¢
! POTATOES PO1B042 Y 17747 ¢ 2802885 ¢ 27%32) ¢
! SEED H BOG7 & 3547 ¢ 499188 3 13730 %
! TRUCK ' 6498 2110 % 530012 4 24188 ¢
* [ £] (] L)

i roTaLs : T zaa001 | 1263716 |

343355

213



SACRAMENTO-SAN JOAQUIN WATER SUPIRVISCR'S REPOKT 1931 214

L=1p (Vg + L) (11) .
where p = the 1931 loss in per cent of the vaelue of the actual 1931
production within the area of 100 part salinity plus the

loss. ({Column 7, Table 93),

The value of Vs from (I) can therefore be substituted in

(II1) giving:

ke

—_—h

(III)
1. Phg
A

s

_fbag
)
)

and the loss for each crop, each year, can be derived directly from
(ITI) without making an intermediate computation of the value. of the prc-
duction within the area of 100 part salinity encroachment. Following
this procedure it remained only to obtain the estimates.éf_the actual

crop production in the Delta in past years.

Crop Production and Value 1824-1930

It was manifestly impossible to obtain complete data of this
character for the entire Delta but the endeavor was mede to obtain the
records for as many years as possikle, beginning with 1824, for a number
of the larger and representative tracts. Tabulations of statewide
pricé aﬁd production figures for all crops in the period 1924 to
1931 were obtained from the office of the Federal-State Cooperative
Crop Reporting Service. The data secured by interviews with and guest-
ionnaires sent to various Dglta organizations and individuals were not
entirely complete but were sufficient to account for a considerable Delta

acreage and to establish satisfactorily.the relation, in the various
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years, between Delta production and price figures and the statewide

figures obtained from the Federal—State office. A previous refefence

has stated that the Water Supervisor Reports supplied the necegsary data

on the acreage of each Delta crop irrigated, 1924 to 183l. As derived,
the seasonal totals for the irrigated acreages are greater than those
ziven in the Water,Supervisof Reports by the amount of grain, hay and
pasture acreages which, although below Elevation 5.0, U.S,G.5., were
not classed as irrigated in the Water Supervisor Reports. Later, as
explained in Ghaptef VI, it was determined that, nomally, practically
all areas below Elevation 5.0 are, benefitted from sub~sirrigation and
shoula be classified as irrigated.

From all of these assembled ddta the figures and estimates
were derived to show for each year, 1924 to 1230, and for each crop,
the acreage irrigated, the total actual production, and the total value
of that production. The acreage and value of production figures are

shown in Table 94,

Estimated Crop Losseg 1924-1931

Having derived the estimates of the value of production as
outlined, the crop loss due to salinity each year, 1924 to 1930,
inclusive, was computed hy solving equation (III) for each crop. The
results of these computations are shown in detail in Table 94 and
gsunmarized in Table 95. .The 1931 data shown in. these tables are,
of course, the results previously given of the actual survey in that
year rather than estimetes as derived for the years 1924 to 1930,
inclusive. Table 95 gives the estimated losses in per cent of the

total value of the Delta's irrigated crep production (including the
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TABLE 95

ACREAGE IRRIGATED, ESTIMATED VALUE OF ACTUAL PRODUCTION
AND ESTIMATED LOSS DUE TO SALINITY,
SACRAMENTO~SAN JOAQUIN DELTA CROPS, §924—1931

H H H TTEETTRATED CROP LOSER
H H ! ESTHMATED 3 DUE TO SALINITY 3
H H H VALUE H 1PER CENTS
H : AGCREAGE i OF ACTUAL 3 $OF TOTALS
1 YEAR 1 {RRIGATED! PRODUCTION: oo\ amg ¢ VALUE @
H H M IN " ' OF CROP?
H H H DOLLARS | t PRODUC~?
H 4 ' H o TION® 3
! 1024 i 320740 i 29781600 i 1085800 i 3.52 &
L3 . » L] Ll L)
{1925 i 300227 t 30108700 !  .12200 & 0,04 %
' jo6 i 308712 ¢ 26295000 P 346700 1,30 &
: : : : : :
{1927 i 306931 3 29967200 i 5500 § 0.02 ¢
' 1028 i 317015 : 27041500 : 62800 i 0,23 i
[ L] . . * .
: 1029 1 325825 ! 31361700 i 55100 i 0.18
1] . 1] . » v
} 1030t 339913 i 27230600 i 21500 : 0.08 i
s 03] i 343355 1 22657663 § 1263716 & 5,28
ITOTAL | 2572718 | 224443963 | 2853316 | :
IAVERAGE | 321500 | 28055500 ; 356700 | 1.25 |

*

INCLUD ING VALUE OF LOST PRODUGCTION.
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value-of the loshproduction).

As shown by these figures, thé,estimated tangible crop logses
due Lo salinity in the period 1924 to 1931 varied from a‘minimum in 192%
of #5500 or O.QZ per cent of the total value of the Delta's irrigated
erop in that year to a maximum in 1931 of $1,263,716 or 5.28 per cent of
the total crop value., The average annual loss for the period was

$356,700 or l.25 per cent of the average total irrigated crop value,

T T P ELT Y SR A e

Future Losses = Conclusionh

It is to be noted that the magnitude of the loas in the Delta
due to salinity is -dependent upén meny variables such-as stream flow,
the period of low flow, ppoduatiqn, unit prices, efc., and that the
correctness of estiinates of the tangible crop loss in past years is
only comménsurate with the degree to which the variables involved have
been correctly evaluated and with the verity of the assumptions required
in the computations. If, for example, the Delta's average unit prices
of 1924 had prevailed in 1831, the value of the actual production in

the latter year would hawve been forty seven per cent greater, increasing

1924 to, 1931 would then have been $431,000, Similarly, if the maximum
of the average unitlprices 1924 to 1931 had prevailed in 1931 the value
of the éctual production would have been about seventy per cent greater,
the losses $2,136,000 and the average annual loss 1924 to 1931, $466,000
or close to one-~half millipn dollars. The difficulties attendant upen
-predicting with accuracy what the future losses may be, are, therefore,
apparent, However, considering all data as pregpented, it is believed to

|

1

|

|

|

1

the losses correspondingly to $1,888,000 so that the-awverage annual loss.
l

l

be a fair cgnclusion)thap'if’the fu;ureuﬁﬂmm@r-stream»ﬁlQeraachkng the
|

|
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Delta is similar in amount and distribution to that of the last'decade,
a future average annual tangible crop loss due to salinity varyiné

from $350,000 to as much as one-half million dollars is to be antici-
pated; that if allowance were made for further increasé in development
and use of water upstream from the Delta, some increase in this estimate
would be necessary; and that if; in addition, the crop and other losses
preﬁiously outlined as intangible were taken into consideration, the

estimate would necessarily be further increased.

2
1
|
|
l
1
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|
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|
|
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