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Subject: Frogress report on model studles of the Sacremento-San Joaquin
Delte, Central Velley, Californis.

1. Introduction. The Central Valley project is a vest undartaking
to resclve the numerous interrelated water problems of this large valley.
The two principal rivere of the valley are the Sscremento and the Sen
Joequin, One of the problems mrises from the fact that while two-thirda
of the water used in the valley is used in the San Joaquin portion, only
one-third of the totml annual river flow into the valley is contributed
by the San Joaquin River. The problem is further complicated by the fact
that flow of both rivers drops so low -during the summer months of soume
years that ocean pelinily is propegated upstresm fer enough to aeriously
affect the arricultursl dovelopment of the Secramento-San Joequin Delta.
Cne phuaet of the project dealr with this doubls problen of water dofiel~
ency and disiribution, end it iz this phase which constitutes the sub jsot
of the modcl study beinp reported herewith.

By mesns ¢! Shuste Dem on the Sacramento Piver, enourh storapge is
provided to insure s adirndmum flow sufficient to provide for wuter use in
the Sen Joequin Vulley, for use in the Delte eres, and for keeping the
salinity encrowchnent below s toleruble value in the Delta, To accom-
piish this threslfold purpose some mesuns must be provided for distribut-
ing this Smeramento Eiver water, It is proposed to divert the required
emount froz the Semeremento River by a pumping plent end convey it meross
the Delta to enother pumping plent, called Delta-Mendota, which will pro-
vide the first stage for its delivery to the uppor San Joaguin Velley.
Duriry the trensfer, some of ihe water will be diverted to supply the
requirements of the Delta. ‘

Two plens for trensfesrring weter acrcse the Delta have teen pro-
posed, The first plen, the so-called Delts Cross Chunnel, involves the
transfer of wster ecross the Delta to Delta-Mendots punping plant by a
cuninl constructed solely for this purpose, At various points eloang the
cenel, turncuts would be provided to release water to the river chunnele
for use in the Delts and for sulinity control. The second plan, the so-
called State Flan, proposes to convey water across the Delte by using
present river channels with some enlergements Ly dredging, With no direct
delivery to the Delta-Mendota pumping plent, the required flow (net) must
ce irduced by the dreft head of pumping.




3y reason of certein contracts between some of the water users and
the Burcau of Heclamation, the watar pumped at Delta-Mendota must meet
certain stendards as to quality which are certain to be met by the Delta
Cross Criuannal plan but at a greatly inocreased cost over that of the State
Plan. In the State ?lan, however, the transfler water is exposed %to pos-
sible contamination by the wuters of the Delte channels which would male -
it unsatisfactory under the terms of the ¢ontracts. Before this latter
plan cen La considered, it mist be determined whether or not harmful
mixing will oceur. The hydraulic problem invelved in mny such deter-
rination represents u very complex example of unsteady flow, and, since
thecretical solutions for even the simplest ctases of thils type are none
too rigorous, it was decided that only by means of an hydraulic model
could such a determinaticn be made. More detaila of the background of
the decision to bulld an hydraulic model are given in the two memoranda
which sre included in this report as appendix 1 and appendix 2.

Z. Model scales. The geometrlc scales of the model were set at

1 to 4,800 horizontal and 1 to 100 vertical, as expleined in the memo-
rendum %o Chief Engineer from J. E. Warnock, appsndix 2. The horizontal
scule was ocontrolled principally by the limitations of available labora-
tory space, once the problem arsa had besn determined. The problem ares
ineludes the entire tida)l basin because the tidal variation st any sta-
ticn is influenced oy reflections which are controlled by the conditioms
upstreen. Thne limity were extended to Mossdale Bridge and Sacramento by
distorting u lew sections es shown in figure 1. The vertical scale was
establishad by balancing the allowable distortion aa indicated by prece-~
dont with limitatic-s of laboratory equipment and instrumentation.

It has been [irmly established by other experimenters that progres-
sive wnve travels with a velocity equal to A/ gé& where d = depth
and g = gravity acoeleretion component. From %his relationship the wave-
velocity scale is determined as the square root of the depth ratio, since
£ can be assumed constant. Since the wave velocity is directly relsted
to flow veloeity in all inowr: wave theories, it can be assumed thet the
sume scale holds for ell velocities. With the geometric and the velocity
scnles set, mll other periinent scales cen e computed as shown by the
follewir,, tabulation. All scanles are expressed as the ratio of the pre-
totyne guuntity te the corresponding model guantity. : '
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i
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Reynolds' number Rr Vrrr (v)

The last two scales were used only in a more or less qualitative
Wef. . the roughness scule it 1s evident that the nodel nuat be
rougher tman the prototjpe or thet the velue of N in Hanning's formula
for open channels nust be higher for the model than for the prototype.
The Reynclds' nurmber scale was used only to show that laminsr or near
leminer flow could te expected in the model. The time scale can be ex=
pressed in more convenient form as [ollowsy :

1 month prototype = 90 minutes model
1 dey = 3 minutes model
"1 hour " = 7% seconds model

5. jiodel construction. As a first step in building the model the
entire area was circumscribed by a concrete wall 12 inches high and 4
inches thick. A wood strip and & steel angle were cast into the top of
this wull. The steel angle provided a convenient level datum for any
pert of the model. Small btrass pins were driven into the wood strips
until the heads were flush to outline a coordinate system corresponding
to a 4,000-foot interval in the prorotyps. By stringing lines between
the bruss pins, any sectior of the model could be guickly aligned.

In the usual fixed~bed model the river channels are molded in con=-
crete with templates, elther inside or outside, for guides., The large
distortion of the comparstively narrow prototype channels in the present
case rasulted in such narrow model channels that it was necessary to de-
vise a new method of model construotion. The method which proved to be
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both fust und accurate consisted principally of casting the river channels
by pouring concrete uround cores wnich accurately represented the water
mass of the channels as indlceted by sounding maps. The varlious steps of
the method are illustreted in figure 2. A plece of wallboard wes cut to
the plan of & particular section of river and the locations of the sound-
ing sections were merked upon its under slde in addition to & peir of in-
tersecting coordinate limes. Insids templates of the river cross sections
woere cut from cerdboard and fastened to the wellbosrd. The spaces betwaen
templs tes were filled with modeling clay shapad to the templates. After
this core was stiffened by attaching it to a wooden frame, it was shel-
lucked snd suspended bestween two flexible vertical forms,. leveled, aligned,
and secured by weights to prevert movement during the pouring and setting
of the concrete. A3 scon as the conorete in sach section hed hardened,
the next ssctlon was set up aund a new pour made mgainst the precedinp sec-
tion to eliminste troublesome joints. The islands formed by thete river
chennel castings were [illed with pea gravel and topped with w thin. coat-
ing of concrete to approximately +10.C feet U. S, Geological Survey datum,
muking & continuous surface where it joined the sildes of the river channel
blocl:s.

4. Model epparatus. Bocuuse of the large time scale it was neces=-
sarvy to heve some type of tide gage which would give a continuous indi-
cetion of river stage rather than the usial type of point gage which must
be set to the water surfece before being resd. At the gsame time, this
gege must have sensitivity to 0.CO01 root, which corresponds to 0.10 foot
prototype. These reguirements were met with inclined manometers having
e slope of 1 to 10 end greduations on the sloping scale of (.0) foot.
Errors due to surface tension were held to s minimum by adding colored
merosol, & webtting egent which reduces the surface tension approximately
€Y percent, to the manometer {luld. The coloring additive served to ax-
pedite observations. The pgeges were edjusted for zero and slope by
meuns of level water surfaces in the model. Detells of the gages shewing
the manner ol conmecting them irto the model are shown in figure 3.

Thne water used in the Delta by crops, weeds, and water surfaces, and
deslgneted as consumptive use, was assumed to be concentrated first at
nine points and later at fourteen points, and was assimilated by adjust-
able drains. The drains were of two types; either a l/4~inch plastio
tubs grouted into the charnel wall or a 1/@~inch plastic siphon as shown
in figure 3. Iu both cases the discharge end was placed es low as pos-
sible to minimize the effect of varlations in head due to tidal fluctua=-
tion, end a rubber hose clamp served {or edjusting the discharge. The
methods used to ellocate the total consumptive use to the various drains
will be discussed subsequently.

The river inflow controls were more elaborste and consisted of a
smpll constent-head tank with e needle-valve control that had a very fine
adjustment. The tank wes suppnlied from the city water mains, Model dis-
charges were so small, 1,000 second-feet prototype belng only 5.92 cubie
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centimeters per second, that they wers measured wvolumetrically, using q -
metric units becauss standard beakers calibreted in these units were !
available. The model tides were created by a plunger-type mechanism
which duplicated a complete lunar cycle of tides rather than a mean -
tide. This trps was sslected becmuse it hed the small inertis required
by the lerfe time scule and the complexity of the tide. The month of
hugust 1941 was selected as & representetive lumar month because proto-
tvpe rocords for this period wer. available an¢ the season of 1941
represented a fevorauhle salinity condition. The tide-generating machine IR
wes loceted in a basin at the downstream end of the model. The princi- .
pal features ol this mmchine, as shown in fizure 4, are the tide-
producing mechanism which consists of a plunger, a counterbalance, ang
operating piston, and the control mechenism which consists of a fMoat,
e cam, two pendulums, and a control valve, Tides were created by dis—
plac¢n5 water with the counterbelenced plunger whose size was determined
from the tidal prism volumnz riven in Bulletin 27.% Since the buoyancy

- ) A
Puolication of the Division of Viater Rescurces, Stute of California,
"Varietion and Centrol of Selinity in Sacremento-San Joaguin® Delta and
Upper San Preancisco Bay - 1931."

of the water caused the weifht of the plunger %o change as it submerged,
ine counterbalencing pulley was made cam-sheped so that the unbalanced
'erce was never prester than 20 pounds.

The plunger was raised or lowersd by e two-wey piston attached to

thie freme {orming the housing of the plunger. A ocompensating type of

control was used, that is, o control which mmnde the tide plung-r move
in such 4 nunner thet the water surface followed a given pattern, or
cems “hile the plunger moverent rmst beer some relation to the tides,
it need not be evalusted, since the plunger merely acts &s a compensator
to raise or lower the water surface in the plurrar basin &8s reguired.
The centrol float indiceted the actuel water surface at any time, whil
the control ceam indiosted the reduired water surface at.any time. The
movement of the {los*t was mernified and set in a horizontal direction
vy & pulley~string mechanism. A point on %the horizontal string was
attached to the bottom of the counterbalanced float pendulum. Parallel
with the floet pendulum, the cex pendulum followed the movement of the
cem. Attached to the cam pendulum was a delicate four-way control
vilve having a highepressure inlet, a pressure line to each side of the
plunger piston, and sn exhaust. This valve was operated by the float
pendulum. #hen the floet pendulum was in line with the cem pendulum,
the control valve was shut off, for the water surfece wes the same as
thet indicated by the tide cem., When the Sloat pendulum was not in
lire with the cam pendulum, the zontrol valve was opened, permitting
water under pressure to {low into one side of the plunger piston and
exhaust from the other side. The piston would then move the plunger up
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or down until the correct weter level was ottained and the wvalve was
srut off sutometically. Some of ihe difficulties encountered in the
development o this machine will be discusssd under the heading of
tide verificetion studies.

In selecting u method for measuring model salinities, it was
necessary o0 consider three different types of water; saline ocsan
weter, accantable water from the Sacramento River, and polluted water

roxm the San Josmcuin River. The difficulties involved in tracing and
separating the thres types become insurmountable with the usual methods
of measuring concentrations by titration or electrolytic conductivity.
The method finally edopisd for measuring the salinity involves the use
of the spectrophotomater. This instrument permits e Tast snd mccurate
determination of the component concsnirations contained in & mixture of
twy solutions of different colors and, with lesser .scouracy, of three
solutions of different colors by direct instrument readings of the
color density at different wave lengths. A more complete description
o ingtrument, ss well as the details of the oolor~salinity technigque,
vill be found in appendix 3. From salinity studies in the prototype
as reported in Bulletin 27, the wvaristion of selinity in the various
river sections was sufficiently smell to justily the elimination of
salt in the model, since the evidence is clear that no salt-water wedpe
exists., The effect of density on velocities was assumed tc be negli-.
iivle compared tc the tidal action. Degree of salinity was represented
by the concentration of a color wnich, from tests of stability, stain-
ing qualities, and ease of visusl observation, was selected as Petent
Blue, & biological stain. With ths exception of one test to wverify
that the influence of censity is negligible, it will be urderstcod that
in the followinp pages the concentration of Patent Blue in the model
will be culiled salinity.

5. Tide verification studies. Refore attempting %o ocurry out the
grineipe) onjertive of the model study, which is to investizute various
plerns for trensporting water scross the Delia, it was first necessary
tc establish the validiiy of the model as & means of predictirg the be-
hevier of the protctype. To do this, a series of verification studies
were rmade in which various festures of the model were adjusted until
known cccurrences in the prototvpe could be cduplicated in the model.

One of the larpest factors controlling hydreulic conditions in the N
Delte is the {low created by the action of the tides. This tidal flow, - Ty
which extends through the entire Deltsa, involves discharges many times o
larrer than normal streum {"lows and is s large fector in the propagation
of salinity. The first step in the veriricetion studies was that of
neking the tidal flow of the model duplicate that of the prototype which
is 2 matter of record. In general, this process consistaed of forcing
the corrsct tidel height varistion at Antioch by means of the tide
generator and adjusting the roughness of the model channels untll varise . S
tions at other selected points were also correct. It was accepted thet R
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duplication of tide-sasze verietion estieblished the correct tidel flows
ir the model, since & volumetric meemsursment of the model chamnels

between slevations +3 and +5, prototype, indicated a discrepancy of
less than 5 psrcent from those computed in Bulletin 27.

211 the-tidal~-Tlow studies were made on the basis of the tide-gare
records for the month of August, 194l. The gapge record at Antloch was
used to construct the tidal cam whisch i1s a part of .the tide machine.
The locagtions of the prototype tide gages which were duplicated in the
model are listed below, and their locations arse shown in figure 1.

Secramento River Sen Joaguin River ¥okelurme River
Threa Mile Slough . Antioch Georgiane Slough
helnut Grove Three Nile Slough New Hope Bridgze
Snodgrass Slough Burns Cutoff
Secremento Brandt's Bridge

Mossdale Bridpge

01d River (Mansion House)
Middle River (Borden)
Grunt Line Canal

To conserve time, comparisons wero made for three periods of three
davs each. The periods chosen, August 7 to 9 inﬁlusrve, Luzust 18 to
1% Inclusive, and August 25 to 27 inelusive, réprasent the different
tides which oceur during a lumer cycle.. The prototype tide~page records
nt ench stetion for the test psriods were reduced to a ocommon datum,
U, 8. Geological Survey mean tide, corrected for cumulative time errors
resulting from the driving clocks running tco fust or teco slow, and
plotted to convenlent scales on transparent paper. HReproductions of
these plots were used for recording the readings of nodel tide gages to
facilitate modsl-prototype compurisons. Tec obtain the model tidal veria-
tion, an observer re¢ad and recorded the reading on.tne prepared plots,
et the signel of a bell which was controlled by the tide cam to ring at
7-1/2~second intervels, or 1 hour prbtotype. The speed of the tide cam
thus controlled model time, and it was adjusted to meke one revolu*ion
representing 27 deys 22 hours in 83 minutes and 45 seconds, or & acele
of 1 to 480. The adjustable feature of the tide cam was used later ta :
study the effect of chenping the time scale. ' :

The first attempts to oporate the model with the initial design of
tide machine were disappointing. This first design utilized the jet
end the receiver plate principle, with alr es the motive power. Dus %o
the compressibllity of the air, the plunger would move in jerks which
sst up local waves thet made the control float oscilliate. This oseil-
lation was transmitted through the velve %o the plunger, which aggra- -
vated the original jerking, and the mechanism was soon wibrating out of
control. The basic arrangement of the tide machine was changed to
gliminate this auto-oscillation, The float was eliminated and the




plunger linked te the float pendulum so thet the movenent of the plunger
wes directly proporticnal to the movement of the cam follower. By using
é¢nmping springs oo the control wvalve, a fairly smeooth plunger movement
wes obteired.

Observations of model tides, for the model as constructed, indi-
ceted that they were neerly in proper phase but far too great in ampli-
tude, particularly at Sacremento where the ranre was even greeter than
thet at insioch (6 feet compared with 5 feet). The significance of this

Test was that the demping ection of channel friction affects tidal ampli-
tude far more than tidel phese.

#while there appears to be no definite procedure for adjusting rough-
ness in tidal models except by trinl and error, some conception of the
required amount of the type of roughness selected was obtuined in the
followiny manner. The reach of the Sacramento from Secramento to Snod-
grass Slough was selected for this purpose since it represented a
sin;le, rewsonably uniform channel. The slope of the prototype hydraulioc

radient for this reach was computed for several discharges by Manning's
formula, using the value of N recommended for prototype channel condi-
tions. Equivelen® discharges were sddsd to the model, with the stage -
controlled by an obstruction below Snodgrees Slough. The hydraulic slope /
was measured by reeding the tide gares et emch end of the reach. Artie-
ficiul reughness in the form of zigrap strips of hardware wire cloth
wes added until the proper slope, as computed for the prototype, was ob-f
tained. While this test pives only an aprroximation of the amount of
artificiel rourhness required for adjustment of the particular resch A
used, 1t served us a starting point for the Trﬂsl—and—error'procesa whidgh
followed, The approximvte rou&hness for other reaches of the Sacramentu
River was obltainsd by verying the amouni of screen in accordunce. with ﬁ
the distortion of n)draulic radius., From similitude relations, as shown
previously, the rouhness reguired to counter the distorted slope of the
model depends upon ihe distortion of the hydraulic radius which is a f
function of channel shape. For the smaller chennels, such as Georgiana
Slourh, the distortion is so large thut nc artificiel roughness shoulﬂ
be required,

tudies of the Secramento River revesled several things which wurn
useful in later tests. Rougrhness in the large channel downstream from
Junction Point had such a slight effect that it could be neglected., This
seexs logical when ths very low velocities in this reach of the prototype
are considered. The river discharge had little effect on the tidesiin
this reach or on the amplitude at Walnut Grove and Snodgrass blough, but
it did reise the mesn tide at these latter stations. At Sacramentoithe
river dlscharge decreased the amplitude of the tide and reised the mean
height. Improvement in smplitude was accompenied by improvement 1n
phase, although the latter was not very sensitive. |

In the study of the San Joaquin system an attempt was made to install
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roughness in s logicul manner by ccmputing the roughness scalses of cer-

tain channels and using the experience geined in the Sacramento tests.
W The roughness patterns did not follow any apparent logical pattern, as
. wes leter discovered. The following general resulis were found:

. (1) Thres Mile Slough was fairly good in emplitude and B
phasa. o _ . : .

(2) In some cases tides at Burns Cutoff were out of phase.
(3) The emplitude et Cld and Middle Rivers was too low.
{4) Tides at Mosscale Bridge were fairly good.

The most serious defect was the low asmplitude of tides at Cld and Middle
Rivers. Removing roughness from these rivers did not improve the ampli-
tude. C{bviously some other [uotor then roughness was prevailing in 014
and Middle Rivers. 1 was suspected that the small islands in the middle
of the rivers might bs the csuse. In bullding the model the general
elevation of these islends was assumed to be 0.00, U.5.G.5., because the
rue elevation could not be mscerteined from the available maps. Con-
secuently they were Ilooded except for very low tides. If, actually,
they were submerged in the model and not in the prototype, it would follow
- that the amplitude of tides would be low in the model because the tidal
prism would be too larre. Therefore these izlands were built up with
clav, and the amplitude of tides in 0ld and L;ddle Rivers was increasad
favorably.

Tides in the Mokelumne River were somewhst low in amplitude but were
considered satisfactory since further refinements were anticipated in
later verification studies &fter revision of the tide machine. During
these tests the problem of nwintsining the correct tide at Antioch becams
increasingly difficult because each adjustment chenged the tidal prism
end required an adjustment of the plunger movement. Ths tide-generating
machinery was revised to elininate this defect. The Jet-receiver-plate
type control valve was replaced by the four-way valve shown in figure 4,
end water was substituted as the operating fluid. These chenges smoothed
out the action of the plunger to such an extent that it was possible to
use the original scheme where the plunger acts to compensate any differ-

. ence in water levels as indicated by the float end the cam. 4After
several adjustments, a good tide at Antioch was obtained which was inde-
pendent of chenges in tidal prism. To demonstrate this independsnce a
compsrisorn wes mede with all roughness removed from the model (meximum : 5
tidel prism) and with the channels blocked above Antioch {minimum tidel B
prism). The tide al antioch was identicel for both conditions. -

"

Farther adjustment of model roughness was made by starting at Threse
Mile Slough and working upstream. Taking the Secramento River first,
the emplitude at Three HMile Slouyh was » little low and more so at
Walnut Grove. £ decreese in resistence below Walnut Grove inoreased the
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emplitude but lewered the msan tide elevalion. Conditions at Snodcrass
Slough and Sacramento paralleled those at Walnut Grove. The smplitude
at Three Ulle Slough was raised by oliminsting most of the roupghness
downsiream. This improved conditions to a satisfactory degree at the
three uvvstream stations, pending the inal over-all adjustments.

In the San Joeguin system the Lide was out of phase at Three Mile
Siough and was corrected by removing some roughness downstream. The
tide at Burns Cutoff was still out of phmse by about one and one-half
hours althourh the emplitude and the general cherectaristics were right.
Conditions at Brandt's Bridre end Mossdele Bridge were fair in both
phese and amplitude; in 0ld and lMiddle Rivers, good in phese but low in
amplitude; and ir the Mokelumne River, good in both phase and amplitude.
Thess GDﬂdltiOﬂa were compurable o those in the Sacramento River and
were likewise considered satis’ actory pending the final adjustment.
Before attempting the final over-all adjustment, the following miscel-
laneous tests were rmade;

(a) To verify thet surfuce tension wes & negligible factor,
a wetting egent, feroscl, wss added to the model in sufficient
quantity to reduce the surfece tension aspproximately €65 percent.
No erpreciable change in tidal flow could be detected.

(v} Roughness placed in Grant Line Canal imprbved the tides
at Uld arnd Middle Rivers.

{c) The %time sosle of the tides was arbitrarily varled by
cshenping the speed of the tide cam, For the first change, the time
of one hour prototype was made equivalent to {ive seconds model
or & time scale of 1 to 720. Since the depth scale was unchaﬂged
this change of time scale is equivalent to distorting the length
in the directien of meking it *co long and increasing the tidal
volume. The efect of both changes was evident in the tide at.
Widdle Kiver. The tide wes behind in phase by about one and one=
half hours prototype, and the emplitude was decreasaed.

In the second change, one hour prototype was made equ;valent
to ten seconds or a time scale of 1 to 360. The effects of this
change are the inverse of the first change; the length and the
tidel volume are both decreased. The tide at Middle River was
shead in phase by about one and ome-half hours, and the amplitude
was increased. Channel friction was probably affected very little
by this distortion of time scale; so mny chenges are attributeble
.to the relative changes in length and %idel volume. IL is clear
from these two tests that the time scale as computsd. 4s very
close to the best valuse,

The final adjusument of the model c¢onsisted in minor refinements
a* various spots in the model to improve tidee at nearby stations. In
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these finel adjustnents & naturel balence of the tides in each system
became apparent because whenever tides at one station were improved by
some adjustment, the tides et nearby stations were also improved. A
final verification test was made, reading all stations simultaneously,
and the results are shown in figures 5 to 18, TFew oi the stetions were
in perfect agreement, but none of the tides was in error mors than C.20
foot prototype, which is only 0.002 foot model. ' Considerinp the inter=
minglinr channels, type of tides, and large model scaele, it is believed
t%}u this 15 & pood Tidael verification test.

Since blocking Three Kils Slough or Georgiana Slough did not affect
tides either in the Sacramento or the San Jomquin Rivsrs, it bocame ap-
parent thet ne index of flow through these seotions could be obtained
tnrewsh tidal verification. Likewise, blocking Dutch Slough end False
River did not affect tides at 0ld Wiver. Therefore, while tidal verifi-
cetior tests give & reliable index of tidel flow in the model, in general
the Tlow characteristics through these smaller sloughs and rivers are not
necesserily corract. :

8. Salinity verification studies. Ancther 1nportant l'eature of
the UaCramento-San Joequin Delth requiring verification is the 1ntrus1on
cf ocean salinity which has occurred in the past ag the result of tidal
potion and stresm flow. The control of this salinity has bsen the sub-
Jeet of investigations, many of whlch are reported in Bulletin 27.

finareas the tidal~{low studies were known tc be reasonably straight—
forward, as indicuied by the results cf a number of similar model axper-
ments, studies orf selinity intrusion of the type experienced in the
Sacramento-Sun Joaguin Delta have little precedent. iny theoretical
basis for the similarity between model and prototype as regards the move-
ment o salinivy depends upon e knowledge of the mechanics of the phe-
nomena .  From the datu reported in Bulletin 27, which show very definitely
thiat the salini<y is prectically uniform across any section, it is clear
that turbulence plays an important role. If this were not true, the _
salinity distribution would take the form of a sclt-water wedpge tapering
upstream. The turbulence engendsred by tidal flow was apparently suffi-
ciently inzense o overcoms the tendenCJ for the saline water to sink by
reason of its pgreater specific weight. The type, socale, and intensity of
the turbulence are factors which are generally accepted as being not
susceptible of coatrol in hydraulic models because of the conflicting re-
strictions imposed by the geometric scalss and vhe physical properties of
the model fluid. It was expected, therefore, that the model would not
necessarily duplicate the prototype iu this regard without adjusting em- 3
pirieally such quasntities as discharge and time to of'fset the noncon-
formity of turbulence snd its effects.

The salinity verificetion studies were of two distinct types, his-

torical and equilibriuvm. In the historical tests the advance of salinity
in the model was compared to that in the prototype for the same conditions
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6" strasm Clow, consumptive use, etec. In the equilibrium tests the river
discnargas were held constant over s psriod of time of suf ficient length
to allow the salinity conditions %o reach equilibrium.

7. Preliminery historical tests - season of 183l. The sgeson of
1731 was seleatad for the firs. historical test becsuse it represents an
extreme condition, where the salinity reached Snodprass Blough on the
Saerumento River and Stockton mnd Jrant Line Canal on the San Joaguin
Liver, wnlch permits a study of salinity movement in the entire Delta.
The tesi consisted of duplicating the historicel conditions as given in
"Report of Smeramento-Gan Joaguin Water Supervision" for 1331 and ob-
serving the advance of salinity by analyzing the color of samples taken
vt various Delte stutlions.

The river discharges were cb%ain . by sceling down the velues listed
in the 1831 raport in eccordunoe with the model discharge scale of 1 to
4.8 x 10°. Due to the larre time gcule it was expedisnt to level the
discharre over periods ol ten days or more. The model discherges for
euch river are [iven in table 1.

Vaelues of total consumptive use for the different months were taken
from table 68, oolumn 15, in the 1931 report. The wvalues in this table
are computed and not messured quansities. The Delta was classifled
according to crops of wvurious tvpes, bare lands, marsh lends, open weter
surfnces, etc., and, by applying unit retss f{or each cless obtained by
terk exneriments, the total water use is obtained. In the model the
total consumptive use was represented by nine drains.. The discharce
gorcriioned 40 eash drain was assumsd to be proportional to the ratio of
the mree repressnisd by the drain to the total area. A list of the
tracts represented by each drain is shown in teble 2, and the model val-
ues of consumptive use are shown in table 3.

Net flow from the Delts, wnich may be elther positive or negative,
is the alpebraic difference bewiween the total inflew and the total con-
sumptive use. hodel velues of this fector are shown in teble 1. A
drein in the plunrer bhasin provided positive net flow, sand s reservoir
discharging into the basin previded nsgative net flow.

Since the model did not extend downstresm to the point where con=
stant salinity prevailed for the test period, wiich would be in the
vicinity of Point Crient, it was necessary to force the salinity at
Collinsville to follow the nistoricsl record. The prototvpe selinity
measured at slack tide after high-high tide st Collinsville is plotted
in fipure 19. The erratic nature of the date is to & large degree
caused by sampling after low~high tide instead of highehigh tids, end
no attempt was mzde to adjust for this Teature.. . mean curve was drawn
throurh the points, as shown, and this curve wes used to represaent the
vuriation of malinity st Collinsville for slack alter high-high tide.
For the model a color wes selected to give the best accuracy over the
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Tuwage o eoncentrations to be expectad, with speciml emphasis on the
lower concentrations. This coler, or rather the concentration of
Tatent Ilve which rave this color, was designated as 100 parts per
104,000 of rnloride, and all other values were obtained by proportion,
The s~%ual technique by which & color reading on the spectrophotoneter
vas converied to concentration is axplained in appendix 3.

The srvance o salinity was observed at 36 stations in the model,
oorresponding in nll buv three cases to prototype salinity obssrvetion
slutions. Samples were taken every 15 dmys, prototype (45 minutes
wdel), during slack after hifh-high tide. The variation of modal
salinity witl res.eot to time 1s compared with the prototype st rapre=
sentative stations in figures 18 to 30. For m more renernl aver-sll
ploture, a comparison bhetwesn model and prototyps wus made by drawing
iines of equul salinity on a plan of the Deltn mt the beginning of each
menth, see Tirures 31 to 33.° '

Sincy this test was dupliceted later with more careful ad justment
i’ the various fantors, only u fow general obsarvations will be discussed.
It nes heen pointed out rreviously that the propagation of salinity in
the model was not expected to follow the prototvpe becsuse the scale re-
letionships involving turbulence e¢ould not be predetermimed. Referring
to fivares 31 to 35, it is indicnted that for two months, iay and June,
the model and the prototype compare fairly well. During this period the
net flow was positive most of the time; sc the advance of salinity re=-
presents an actual diffusion upsiream in oppesition to the stream flow.
During the months of July and Aupust, however, the modsel salinity moved
too far in the 3an Joaquin portion snd not far enocuzh in the Sacramento
portion. 3ince the net flow was nezative in this perlod, there wus an
gctusl flow f'rom the ocean into the Delta. Finally, the retreat of
Ssiinlity wnich ocourred in the prototype did not tske place in the model.
It would sppear that the model diffusion rate was too high in- the San
Joequin and the Lower Sacramento Rivers and too low in the Sacramento
River enrove Junction Point. Before a decision could be remched on this
point, theru were seversl cther factors Lo be considered.

(1) The model consumptive use was too hiph because no
corrgction wes mude o= curtailment of irrigation dus to the
salinity pollution. :

(2) The osonsumplive-use drnins were not located to the
best advantage, and the method of allocating the total accord-
ing to screage did not give a trus distribution.

3) The varismtion of salinity from high to low tide was
mich less thun the prototype.

(4) & dlscharge of approximetely 300 second-Iset down .
the Mokelumns River in the period from July 26 to September
1 was inadvertently omitted iz the model test,
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(5) Reck 3louph Dam was missing from the model, £1lowe
ing « shorter route for the passage of salinity through
Dutoh sloush,

(6) The transfer flows through Three Mile and Georgiana
Sloughs might be in error.

8. Season of 194l. 5in historical test of the 1941 season from
July 1 %¢ Yovembsr 10 was made with the same procedure as that used in
the preceding test. The schedule of discharges is shown in table 4.
Values and distribution of consumptive use were the same as for the 1931
test. The ocontrolled variation of selinity at Collinsville is shown in
figure 36. Salinity messurements were limited to the lower end of the
Delta below Rio Viste on the Sacramento River and below Central Landing
and Hollund pump on the San Joaquin River because the salinity did not
advance beyond these pcinte. Meesurements st a few model stations are
shown in figure 36.

Mansurements of salinity in the prototype were discontinued, except
for miscellanseous samples, on July 15; 8o no detailed comparison could
be made. The value of the test lies in the fact that the prototype
salinity at antioch reached e meximum of approximetely 10C, which is the
condition used for estimating control flows in Bulletin 27. It was in-

dicated that the model salinity advanced too far on che San Joaquin
River, especially st Rack Slough. The condition at nock Slough 1s in
lurge measure due to the absence in the mcdal of Rock Slough Weir,

9. Hevised historical tests. The preliminary historical tests
indicated thut several factors may be incorracily represented in the
model, and soms of the possibilities have been listed. In order to re-
solve these possibilities and perhaps uncover additional ones, & con-
ference was held in Denver, Colorado, from Junusry 25 to February 2,
1944, attended by engineers Raymond Metthew and M, H. Blote from the
office of %Lhe State Engineer of Californis, eagineers 0. G, Boden and
I. &« Imrie from the Bureau's Delts Division, members of the laboratory
8tall nnd ovher Denver Office repressntutives. The discussions which
took place during the conrersnce brought ahout a better understending
by all psrties concerned of the various problems connected with the
Delta and the model study. Several changes were made in the model,
some before and some durins the conference.

(1) The variation of salinity during a tidal cycle was
improved by relocating the tide machine ms shown in figure 1.

{2) The dam across Rock Slough was installed in the
model. Actually, Rock Slough Dam was not built until after
1931 but Sand Mound Slougn Dam was in place at that time, and,
since 1t has the same effact, it was nssumed that Rock
Slough Dam was in operation for the 1931 test,
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(3) The model was corracted for the fact that the
Stockton Ship Crnal was only partially completed in 193l.
Tiie corrections were made by blocking the unfinished por-
tions with olay which cauld be removed for tests of later
years. -

(4) The discharge down Ehe ¥okelumne Rifer was in-
zluded in the model schedule.

(5) Consumptive use in the Delta was revised. Under
the direction of the state enginsers who had gathered in-
formmtion relative to curtailment of irrigation in 1931,
+.3 eotuel ancun® of water available and distribution for
covsinptive uss were revised. Instead of using & simple
rrepordionelity for distriuvuting “he total use, tha 1931
crop survey wus used.

Tho number of model draine was increased from 9 to 14. A& list of the
tracts represented by each drain is piven in %able 5. The iocationz
of the new 2rains in the model are shown in figure 1. The consumptive
use for each group cf tracis was computed by applying the unit rates
rpiver in table 29 for different crops te tie acreage of each crop
within the group as listed in table 68 of the Water Supervisors' Report,
19Z1. acreares of exterior weter surface and aquatic growth for each
rroup were e8timated from maps, and the results are shown in table 5.
his computailon rave consurptive use for a year when there was no cure
teilment. To obtain the use with the curtailment of 1331, the unit
rete was chunped on the deate of curtailrent to the seepape rate for peat
or sadimentery land, whichever applied. The modif'ied use for the re-
vised 1831 test is tabulated by totels for comparison with that of the
first test in table 3. :

1931 test.-~The general procedure for the revised 1931 test was
simiier to the preliminary test except for the fact that salinity
samples were taken at shorter intervels snd & more careful control of
the discharge was maintained. The results of this test ere shown on
the plots used for the preliminary tests, figures 19 to 30 and 31 to 35.
The compurison between the two model tests indicates « definite improve-
ment, but some discrepanciss between model and prototype etill exist.
Until August 1 the two rodel tests are practicelly the same except for
en improvement near Rock Slough which was no doubt ceused by the welr
in the secon? test. Up tc this point the consumptive use was practically
the seme; 80 no change would be expected. Beginning in August the our-
tailment of irrigetion hepen to manifest itself, end the use dropped
from 237 to 169 cc¢ per second in the model, a8 shown in table 1. The
effects of curteilment are evident in the Nld end the Middle Rivers
secticns, although ever the reviesd model test showed too much saelinity
on this date. The same effects carry forward through September when the
revised test showsed & definite retreat which was missing in the first
test,
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The disparity hetwesn the Sacramento end the San Joaquin sections
was not changed by the revisions. If it is mssumed that any error in
modal éiffusion is the same in both sections, this digparity must be
due ‘o some error in modsl discharge in the Sacramento River section.

t is possitle that the trensfer flow throuyh Georgiana Slough was too
low in the model end that the flow of the Sacramento River below the
Sunetion was therefore too high and kept the salinity out. A% the
seme time, the model trunsfer throupgh Three Mile Slourh might heve beaen
too hirh. This would decrease the flow downstroem and permit the greater
encroechment whicn did occcur. These possibilities were studled further
by equilibrium tests and will be discussed subsequently.

1541 test.,--The second 1941 test was made with all the revisions dis-
The consumptive use, shosn in table 4, was of
course unmodified becemuse there was no curtailment in 1841. The results
shown in figure 36 are similar to those of the first test except for an
improvement at Rock Slourh.

1¢. The equilibrium tests. To follow a strict course, the model
should heve been verified by historical tests before sny further studies
were made. However, there was a lapse of time betwsen the {irst and the
second 1831 and 1941 historical tests, during which six equilibrium tests
were ruwil. Following the second 1931 and 1941 historicsl tests, four
mere eguilibrium tests were run. The general procedure was to maintain a
constent river discharge and e constant salinity iz the plunpger besin,
while the salinity was allowed to advanoe upstream to equilibrium. In
ihe prototype such a condition hes never occurred becnuse river flows do
not remain constant. Nevertheless, when the Centrel Valley project is
in operetion, it is possible *hat the net flow from the Delta will re-
nein et 3,300 second-feet {or an entire season. According to the con-
cluslons given in Bulletin 27 thls discharge will be sufficient to hold:
the meen tidal cycle surface-zons salinity at Antioch to 100 parts per
100,000 and prevent the sdvence of salinity in the DNelts beyond Ermaton
and Jersey.

In the first equilibrium test, figure 37, the flow down the Sacra-
mento River wes 2,00C second-fent and the flow down the Ssn Joaquin
Fiver 1,300 second-feet. No consumptive use was inoluded. With the
selinity in the plunger basin constant, the salinity advanced upstream
end finally reached equilibrium in four snd one~half hours (3 months
prototype). Wodel selinities were expressed relative to the concentra-
tion at Anticch which was arbitrarily set at 100 at bigh tide. Mo
attempt was mede vo obtain the mesn selinity as tests indicated thet
the varlation of salinity with tidel oycle was incorrect in the model.
Reletive to a salinity at Antioch of 100, the salinity was 60 at
Emmeton, 50 at Jersey, and 10 at Webb Pointe Although the salinity
edvanced too far inte the Delta, the test was useful in that a aross-
channel flow following the recommendetion of the State Plan could be
guperimposed upon the control flow of 3,30C second-feet. The chanpge of
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salinity would then be indlc~‘ive of the effectiveness of the State
Flan. The revised flows were 7,500 second-feset down the Sacramento
River with 5,900 sacond~fest diverted at Snodgrass Slough, no flow
dowr. the Sen Joaguin River, 4,600 second-feet from the Delta-lendota
intake, and 3,300 second-feet for salinity control. No consumptive
use in the Delta wes included. To put these f"lows in the model by
actually diverting weter would be difficult; so a discharge of 5,900
second-feet was put dirsctly into Snodgrass Slough and only 2,000
second-f'eet in the Sacramento River by the method shown ins figure 1.
The results of this test indicated that il the salinityv does advance
properly in the model, the sulinity at the Delta-Xendote pump will be °
10 parts per 100,000, which would not meet requirements. .8 the sali-
nity advanced too far in the model, a more reliable conclusion of this
test is thet the salinity at the Delta-Mendota pumps will be the sane
as the salinity in the 3an Jomguin River at the mouth of the Mckelume
River. The selinity ut this point was not effectsd by transfer and
Delta~Mendota pumping.

To finish the first equilibrium tesT, & quantity of fluorescein
wWes put into Snodgrass Slough to permit observation of the Tlow of the.
diverted wuter., The principal direction of flow was observed to he
down the north fork of the Mokelurme River, into the San Joaquin at
the mouth of the Mokelumne, and thencoe up 0ld Hiver to the punmping
plant. Some color, however, was observed to o down the south fork of
the Mokelumne and some up Middle River. Ocean salinity wes picked up
ir the Sen Jozquin =t the mouth of the Lokelumne, at the bifurcations
of 0ld River and False River, 0ld River amd Sand Mound Slough, =aud Qld
River aund Rock Slough. (The dam at Rock Slouph wes not instal led in
this test.) : S

Lquilibrium test 2 wus essentimlly the same us test 1, with con-
sumptive use added. The weir a4 Rock Slousn was included for this test
and all subsequent tests, The discimrpges were 2,40C second-feet down
the Sacramento niver and 3,900 second-feet dovm the Sen Joaquin River
to provide 4,000 second-f'est for consumptive use emd 3,300 second-feet
for salinity oontrol. The eguilibrium pattern shown in figure 38 was
not greatly <ifferent from test 1, except that the dam at Rock Slough
wes effective in reducing salinity at Rock Slough. '

After reachinp equilibrium, the 'lows were changed to show the
effect of transporiing water across the Delia. The revised discharges
were 12,500 secondelget down the Sscramento River, 9,200 second-feet
diverted at Snodgrass Slough, 4,000 second-feet for consunptive use,
3,300 second-feet for control flow, 4,600 sscond-feet from the Delta=-
ifendota pumping plant, and no flow in the San Joaguin River. Agein
the patlern of the audvance of salinity did not differ greatly from
thet of test 1, the salinity st the Delte«lMendota pumping plant being
only slichtly less than thet in the San Joaquin at the mouth of the
Mokelumne River, which was the same with or without diversion and pump-
ing.
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Cquilibrium test 3 involved relocating the tide plunger basin. In
preceding vests there was practically no change of salinity with respect
to tidal cycle at Collinsville and Antioch, end a variation reasonabdly
similar to the prototvpe was obtmined only at stations upstream from
Three Xile Slough on the Sacramento River and Jersey on the San Joaquin
River. It follows that when the selinity 1s too high et Antioch and
Collinsville for low tide, it will be too high at the upstream stationms,
since it is the same water moving back and forth. Such a ocordition
would prevent correlation between the model and the prototype. The appar-
ent cause for this lack of variation lay in the closeness of the tide
plunger basin to the mnouth of the Deltm., . The water at high tide at sta-
tions @8 far upstreum as NMayberry and Curtis Landing would be drawn into
the plunger basin and mixed with water of the high tides at Collinsville,
and would be increased in salinity. Vhile the desirable method for cor=
recting *nis condition would be to extend the model to include Suisun
Bay, such a revision wes not considered practical because it would in-
volve & major overhaul to the tide-generating rmchinery. Therefore, the
tide plunger basin wus reloceated and separated from the mouth of the
Delte by e narrow channel heving sufficient length to prevent water in
the model at high-high tide from reaching the tide plunger basin at low-
low tide. Being narrow, the additional channel did not greatly lincrease
the tidal prism volume. Tests were made to verify the tides, after which
an equilibrium teet was made, using the same diecharges as in test 2
with ne Leansfer. A definite improvement was obsorved in that the ad-
vance of selinity was not es great as formerly, see figure 39.

AS this improvement was not sufficient to be completely setisfac-
tory, it was suggested that the length of the epproach channel separat-
ing the model and the plunger vasin be increased. However, the salinity
gradient, thut is the change of selinity with respect to di stance, was
found to be greater in the approach channel than in the model channels,
indicating that no great improvement could be obtained by increasing the
length of the approach channel.

In the model the salinity et Collinsville at high tide was about
three times as great es the salinity at low tide, This variation was
considered sufficient to make a comparison of the mean tidal cyole
selinity with the selinity at high-high tide. This comparison was neces-.
sary becsuse the model equilibrium tests, based on 100 parts at Antiooh,
were compered with s prototype criterion based on a mean tidal cyole
aurface-zone salinity of 100 parts per 100,000 parts of chloride.

Equilibrium test 4 was s comparison of the readings at high~high
tide end mean Lide based on 100 parts at Antioch. The method of esti-
mating the salinity at mean tide was to take the average of the readings
&t high-high tide and the following low-low tide. The salinities at
meen tide based on 100 parts at Antloch did not differ greatly {rom the
salinities at high-high tide also based on 100 parts at Antiach (figure
40).
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In equilibrium test 5 the effect of changing the concentration of
the buse color was studied. In all preceding tests it had been assumed
that the distribution of color when expresgsd reletive to the color at
intioch was independent of the actual concentration. To verify this
agsumption, equilibrium tests ware made with two different concentrations N
of Patent Blue. In one test the concentration was 0.1 percent of a _ .
given base solution and in the other it was 0,9 percent. A comparison ;
of the results, as shown in figure 41, shows that the difference is
small and probebly not much more than the experimental accuracy for this
type of measurement. ‘ Rk

The reasons for not using salt in the model have already been fully
discussed., To eliminete any uncertainty on this point, a test wes made
comparing colored fresh water end colored saline water. Although this
test ran in%c unforesesn complications which resulted in incomplete data,
sufficient obsarvations were mde to show that there was nc appreciable
change in salinity pattern with the addition of enough sodium chloride
4o give a density et Antioch of approximately 1.036 grams per cubic
centimeter, which is eguivalent to 180 parts per 100,000 ef chloride,

The test resulis are shown in fipure 42. ¥o indication of density flow -
wes observed in the model exczpi in the Sacramento River near Rio Vista
wihere the salt concentration on the surface was 18 and at the bottem 37,
besed on 1C0 at Antioch. The nonexistence of am salt wedge in the model bt
is edditionel evidence that none exists in the prototype where the den- : A
gity is no higher than in the model but the atrenrth of turbulence -
opposing it much greunter.

Following eguilibrium test 6, a few more preliminary tests of the
State Plan were made, primarily to study problsms of technique and pro-
cedure for the finel tests which will be made after completion of the
salinity verification adjustments. In eny test of the State Plan there
are three distinctly different types of water and possibly a fourth
which can become mixed before the Delta-lendota pumping plent is reached.
In the selinity verification s*udies, since the principal objective was
to trace ocean salinity, one color was sufficient. To determine the
quality of water delivered to Lelte-Mendota under operaution of the Stete
Plan of diverslon and delivery, 1t is necessary %to trace ocean water,
Sacramento River water, Sen Joaquin River water, and water stored in
the chenxnels of the Delta. This can be acoomplished by using three dif-
ferent colors, with clear wuter representing the fourth or Delta water.
The technigue developed to handle the three coloras is described in
appendix 3. The gquality and the gquantity of water from each source must
be known before the test results can Le expressed in terms of total dig-
solved solids. The necossary date are evailable for all sources exoept
the Sean Josquin River with Friant Dam in operation. Studies to estimate
the future quality uad guantity of this source are now belng made by the
Branch of Project Planning. These tests ware suspended during the con-
ference from January 25 to February 2.
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Bgquilibrium test 7 was a study of the effect of the flows through
Three ¥ile and Geor;iana Sloughs. It was pounted out during the con=-
Perence thet in apportioning the lows between the Sacramento and the
San Joequin Rivers allowance had not besn made for the net flow through
Treo Mile Slough. ¥oreover, it was doubtful that the flows through
the two slouzhs wera correct in the rmodel. A test was made with 5,300
gecond-Teet in the Sacramento River, transfers to the San Joaquin
assumed as 1,300 second-feet through Georgiena Slough and 900 second-
feet throu:n Three Mile Slough, and no flow from the San Joaguin. These
revised flows did not chanpe the salinity pattern from that of previous
tests so both Georgiane Slough end Three Xkile Slough were blocked and
the flows chunged to 1,100 second-feet in the Secramento River and 2,200
gecond-feet ir the San Joaquin River. The effegt of blocking the
sloughs, as shown in figure 43, was to jncreass salinity in the Saora-
mento EZiver nbove Three Lile Slough end %o decrease it below Three Mile
Slouzh. Salinity in the San Joaguin River was increased both above and
below Three Mile Slough. The increase in salinity in the Sacremento
above Three Mile Slough indicated that the flow ip this section exceeded
1,100 second-feet before the sloughs were blocked, probably becuuse the
trensfer through Georglana Slough was smaller than assumed. The increase
in selinity below Three lile Slough indicated that the net flow in this
section was less than 1,100 second-feet before blooking the sloughs,
which meens thet the transfer of water through Three Mile Slough was
greater than assumed, The increase in salinity in the Sen Joaquin River
below Three Mile Slouph substantiated the conclusion ‘thet the transfer
throuch the slough was too high. The increase ebove Three Mile Slough
is rmch more complex, for it is certain that in the test before block=
iny the sloughs the flow was less then 2,200 second-fest in this section.
It is possible that the increase in selinity below Three Lile Slough was
reflected upstream despite the preeter flow, The action of Three Mile
Slouzh in equaelizing salinitie s botween the two rivers was elimipated by
blockin: the slough, and this may have been a contributing factor.

Tn none of the tests was the distribution predicted for the proto-
type with the recommended control flows even epproxirmted. It was
apparent then that some of the factors which contribute to salinity in-
curgion will have to be adjusted before a-verification can be achleved.
Ons of the possible edjustients is a change in discharge scule. To
evaluate the nature and the magnitude of such a change & test was made
comparing salinity conditions for net flowe of 3,300 end 6,600 secand-
feet, respectively. Since the test with 3,300 second-feet had been made
with the trensfer sloughs blocked, the same condition was held for the
test with 5,600 second-feet. For both discharges the proportion was one-
third in the Secramento River and two-thirds in the San Joaquin River.
The comparigon shawn as equilibrium tegt 8, figure 44, indicetes that the
salinities were reduced with the higher discharge, but not to values pre-
dicted for 3,320 second-feet in the prototypa. As 1% saemed unlikely,
in view of the ugresment in the earlier portions of the 1931 tests,-that
an edjustment of 100 percent in the di scharges would be required, an
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attempt was made to evaluate %he required adjustment from prototype
deta. The only perlod shown in available records during which the f{low
into the Delta remained constant was from September 20 to December 10,
1929. For this period the salinity dropped during October but remained
more or less constant during November. Assuming that a state of equi-
libriun had been reached during November, the net flow for this period
should be significant. The net flow for the period was about 6,100
gsecond-feet, and it was estimeted that the division was 2,270 down the .
Sacramento River and 3,830 dovn the San Joaguin River, ' The salinity
gradient for this apparent equilibrium condition ocan be compared with
that of the model for discharges of 2,200 and 4,400 second=feet in the -
Sacramento and the 3an Joaquin Rivers, respectively. When the salini-
ties are expressed relative to that at Collinsville there is fairly close .
agreement, indicating a correction in discharge scale of only a few per-
cent. These conflieting indications can be resolved only by more hister-
ical tests, which are planned,

11. Proposed testing program. Tests are planned in which various
model quantities will bs adjusted or modified in an effort to make the
model duplicate an historicel intrusion, The proposed adjustments are
of two different tyvpes.

First, the mechenism by wnich saiinity is diffused into

the Delta will ue altered with the same discharge and time
scales. Tests ure now being made along this line, and it has
been shown that much improverent can be accomplished by this
alteration. In these tests the tidal diffusion of the model
was altered by chunging the model channels below Jersay, par=-
ticularly in the San Joaquin, from the rourh, tortuous channels
which duplicate thes prototype to smooth, regular chennele with
eusy curves. The -effect of these changes was the slimination
of many of the vortices which are too larye in the model be-
cause of the distortior in scales. Most of the diffusion in
the model probsbly is ceused by these vortices, whereas in the
prototype the action 1s more of an eddy diffusion. The term
eddy is used here to designate that concept of modern wurbulence
theory which predicutes the existence of periodic fluctuations,
distributed in & rendom fashion throughout the fluid body, which
affect an exchange of momentum, heat, salinity, or any other
feature subject to trensfer. In the case of momentum exchange,
the net effect is one of shearing stresses and the mechanism is
called eddy viscosity. For conservative concentrstions such as
heat and salinity, the net effect is s diffusion from higher to
lower values and the action is called eddy dirfusion. . Eddy
diffusion of the type described is no doubt a very smell factor
in the model because it follows from the Reynolds' number scals
that the model turbulence is too small. The fact that the vor-
ticee in the model ars too large does not in itselfl mean that
the diffusion will be too hirh, becmuse there must be some die-
tortlon te offset the lack of eddy diffusion.




Secondly, it is plenned to accomplish some of the model ad-
Jjustrent of salinity incursion by altering the discharge and the
time secalas. ©Diffusion and stream [low are opposing factors, and
the rate of advance of salinity cen be controlled by changing
either factor or a combinstion of both., Adjustments of the dis-
charre or the time scules are nlternute ways of accomplishing the
Bare purpose. In the fomer case the scale will be changed so
thet a greeter guantity of water will be discherged in a given
period. In the later case the same affect is achievod by allow-
ing u piven flow to operate for & shorter period of time. In
either cese the time scale of the tidal period, or, more simplwv,
the speed of the tide cum, would be held constant. This is equive
ulent to thinking of the tidel fluctuation as merely e ‘device to
propagete salinity upstream. Ainy adjustment of tha model must be
Judged by compering model and prototype on the besis of historieal
tests which are complicated and slow to make. It is to be ex-
pected, therefore, that it will takes considerable time to corplote
adiustment of the model. '

18 it stould bevome necessary io expedite the model tests so that
e Csclsion can Ue reached reparding the cross channal, the Tollowing
procecurs could be used; PFirst, it would be assumed thet the tide
verification studies have esteblished that in the main the distribution

of [low smorg the various Dslta chennels is correct. Secondly, it
wouild ve accepted, from the recommendations of Bulletin 27, that with

8 sallinity-contrel flow of 3,300 second feet no ccean salinity is en-
countered upstrewn I'rom Jersey. Relative o this point it is pointed
out thut even though salinity intrusion upstream from Antioch is veri-
fied by historical tests, the value of saliniity st Antioch must be ac-
cepted as 10C purts per 120,000 for 3,30C second-feet net flow. Equi-
livrium test Z indicated that with water diverted and transferred
according to the State rlan, the Deltu-Mendota water contsined only es
mich color as the water in the Sun Joeaquin River at the mouth of the
Mokelumne River. Therefore, if thers is no ocean salinity above Jersey,
there will be none in the Delta-'endota water. On this premise tests
can e nede without walting for salinity verification, considering only
Secramento &nd Sun Jeaguin river {lows and the water in the Delta chan-
nels at the start of diversion. Seasocnal tests with various flows in
the Sun Joequin would indicete thne changing proportions of water from
the diverss sources, with tims for each river flow., Tests mde before
end after altering the model %o duplicate the proposed dredging would
show 1ts effect in reducing the percenluge of San Joaquin river water,
The percentape of San Joaguin water in the Delta-Mendota water can be
neasured, but the dissolved solids represented cannot be determined
until the quality of this source is predicted.

D. J. lHebert




CAPPENDIX 1

COPY EWF

Denver, Colorade, January 16, 1943.

MEMCRANDUN TO CHILF ENGINEER
(4. R. lc3irney)

Subjecty Hydraulic model « Salinity control studies - Delta Division
- Central Valley Froject.

1. At o conference in your office January 11, 1943, on matters
pertaining primarily to water supply end salinity control in the Delta
rerion, the sugrestion wes made thet s comprehensive . study, utlilizing
a hydraulic model, be initiamted, in en effort to detarmine wnich of
the several construction plans now under investipetion, for water diss-
tritution in that resion, would produce the best results. The plans
being investipated ure irn part as follows:

(a) Tne original State plen utilizing Snodgrass Slough and the
Kolelumne River, '

(L) & "Deita Cross Cut"™ route, utilizing river or presently cone
structed ohannels almost exclusively, in conjunction with the Delta-
tiendota Canal, : :

(e) A "Delta Cross Cut® route entirelv outside of existing chun-
nels and 1o the enst, in conjunction with the Delte-Mendota Canal.

(¢) Any combination of (b) and (¢).
(o) american River storage and diversion plan.
{f) Possibly or ultimately the Salt Xuier Barrier.

2. The magnitude and complexity of this underteking is such as
to cause some misgivings as regards the benei’icial or conclusive re~
sults Lhat are probable. Theo prospscts sesm encouraging enough, how-
ever, to justify a thorough evaluation of the problem. iruthorization
for the {ollowing procedure is requested.

(&) Viith the deta availuble in this office, give consideration
to (1) scope of the urdertaking, (2) procedures involved, (3) diffi-
culties innerent, (4) location of model, (5) scale and area involved,
(8) man~-power reguired, (7) time required for completion, (8) estimate
of cost, (9) assurance as to success of urderiaking.




(b) The hydreulioc 1aboratorv section to head-up this study,
assisted by the Hydrology-Investigation Section, the Cansl Section,
and any other group or individuel invelved.

R 3. The study should be followed promptly by & report to‘voﬁ,
B so that you will be in possession of the facts necessary for judging
L the merits of the undertak¢ng and for 1asuing 1nstructions as to fur-

ther procedure.

 H. R. McBirney.




APPENDIX 2

JEW:EWF

Denver, Colorado, February 15, 1943,

MENORANDUM TO CHIEY ENGINEER
\J. E. Wernock)

Subjects; Hydreulic model - Sulinity control studies - Delta Division
-~ Central Valley Project. :

1. In e memorandum on January 15, 1943, Mr., McBirney reguested
consideration of a hydraulic model of the Sacramento-San Joagquin Delta
region to make & comprehensive study in an effor: to determine which
of the several construction plans now under investigation, for water
distrilbution in the Delte region, would produce the best results.

2. In paragraph 2 of his memorandum, he requeated thet, based on
data available in this office, consideration be given to .

Scope of the undertaking,

Procedures involved,

Difficulties irherent,

Location of the model,

3cule and ares involved,

Manpowrer required,

Time required for completion,

Estiru te of cost,

hssurance as t0 suocess of undertaking.

8. Based on a stuCy of the introductory chapter of bulletin 27
(Department of Public Works, State of California) "Variation and Control
of Salinity in Sacramento-San Joaquin Delta and Upper San Francisaoo Bay"
19313 & study of a topographic mep of the Delta region assembled from
1:31,680 U.S.G.8, quadrangles; a review of literature on the subject of
hydreulie models involving geometrical distortion and tidel phenomenon;
and discussion of the problem with engineers in the Hydrology Investi-
gation and Cunel Sections, certain conclusions have bLeen reached.

4. BScope of the undertaking. The problem in this cape is the
study of an estuary as distinpuished from a river involving fluctuation
of flow due to hydrologiocal concitions and from harbors or bays in which
tidal action is the predomineting factor. The movement of flow through
the Sucramernto-35an Joaguin Delte is influenced by the hydrology of the
-eontributing rivers and by the oceanography of Suisun Bey direoctly and
the Pacific Ocean irdirectly. To make & study of the flow conditions of
the Delta all of those factors must be present in the rodel, which mesans




that there ia no approach to the solution through use of a model of a
portion of the region. It appeurs therefore that a2 model must include
all of the Sacrsmento River below Hood (figure 1), one of the proposed
points of diversion; all of the San Joaquin River below Mossdale
8ridze, the site of the pumping intake for the Delta-Mendota Canal; and
sul'ficient length of Suisun Bay in which to install e$uipment for de-
vzloping the tidal eyecle. /4 line meross Suisun Bay 4% miles Lelow
ittisbure has Leen selected ms the downstream end of the model. In ele-
vation, the d~ioot conmtour was {ollowed roughly in establisning the
necessury limits of the model.

The great expense of the rerion makes w reasonsble geometrically
uncistorted scele sconomically and technically infossible so no con-
siferution has Leen piven to such eppreach, The model must be distorted

"

by using different norizonisl and verticel sceles.

5. Procedures invelved. In the use of & distorted model it is.
necessury o look upon it as a mechorical means of solving the equations
of fluid motion for conditions which are too complex for mathematical
reprosentation rather than a pictorisl or topographic representation.
any hydraulie system which can be used to predict the behavior of a pro-
type snould be clasced as e model whether or not there is any similarity
of outline. Then a method must be discovered for trensferring the data
from ‘ne model to <he prototype. It is appurent that a distorted model
ic dissimilur to the prototype in seversl important aspects which modify
the model's conformsnce to the theoretical laws of similitude. The
trustworthiness and uselulness of the model are based not on theoretical
considerution, but on a pructical operaticn known as model verification.
The principle underlying the process of model verification is simply
thet 17 u model can reproduce accurately events which ara known to have
occurred, it cun be depended upon to predict mecurstely events which
will occur as the result of certuin pgiven operations. The soundness of
this princirle reets on inductive ressoning rather thun a mathematical
procf. There ure necessary gualirfications to this principle, the most
important belinp (1) the pest event must not be radicelly different from
the future event - g distorted model constructed to study a low-water
condition cunnot Le used for a flood condition, (2) the event rust be
definite and must have occurred over an epprecieble period of time, and
{3) the event rust not bo u frewk, for if the model is adjusted to re-
produce & freskish occurrsnce, it will not reproduce normal events.

In the cese of a modsl of the Delta region, it would Le constructed
tased on topographic surveys available or obtaingble; the model would
be operated and adjusted until it would duplicute a past condition such
ag the salinity encroachment of 1824 or 1331. Then, with the model ad-
justed or verified for e pust event, the water from the Sacramento
Fiver would be diverted throwh <the propesed channel via Snodgrass
Slough, end the effects of returdation of salinlity encroachment from
Suisun Dey, and consumption of water vy purping at the Delta-Mendota
Canal and Contra Costa Canal intukes would be observed.




6. Difflculties inherent. There are o number of difficulties to
e overcome, the outsiandini one being the element of time sllowable for
the studv,. It ig difficult to judge the time needed, as we have little
or no precedent excepi ocur experience in 1935-40 with the model of the
Little Dalles on ihe Columbias River. Another difficulty is space in
whizh to build the model. The water supply is not as simple as in pre-
vious studies in thet three itypes of water must be introduced into the
model - saline water through Suisun Bay, water o ecceptable guality
through the uacramento River, and polluted water through the San Joaquin
Hiver. Once these are mixed in the model they will have to be dumped
into the sewer, as it will net bve possible to recirculate as had been
the practice in other studies. Laboratory eguipment will hove to be de-
veloped cepatle of measuring the extremely small discharges in the model.

7. Lozution of the model. Consideration has been given to in-
stalling ihne model vither in the hydraulic laboratory or in a garage
trpe building neer the Customhouse. Since garape spuce does nol appear
to be uvalinble within a reascnable distance of the Customhouse, e model
with & horizontul scale of 114800 has been adopted. That scule is the
largest vorkevle scale wnich will fit into the hydreulie laboratory.

The model “o that scele is shown in place on [ligure 2,

8. Scale und ares involved. The area of prototyvpe involved has
bee: discussed under (4), and the area involved in the model insofear as
laborutor; [loor space is concerned is shown on {igure 2. The scale of
1:4800 for the horizontal dimensions at first thought appears outlend-
ishly small, particularly efter years of <hinking in terms of undis-
torted models in which, because of hydreullc factors, a scale of less
than 1:100 was seldom ccnsidered. For the present, the vertical scale
18 left unestmublished, s it must be based on hydraulic considerutions
whlch may not be determined until the model is under cconstruction or
even in cperation. In uny cease those faotors are cspable of manipula=-
tion withir the limits of our laboratory facilities. There is prece-
dent [or these c¢ouclusions rs followsy

Prototype Seine Rangoon Severn " Columbia Mississippi
rrunce Burma England U.8.4, U.5.4

Experimeater Vernon- Gibbs Givsoen G'Brien Waterways
Harcourt Exp. Station

Purpose Channel Charnel Effect of  Estucry Flood
Improve- through dem on snd control
ment outer 3ilting - ber- '
ber and channels
currents

Horizontal 40,000 §,068 8,500 3,600
scale 7,050

Vertical 400 192 z90 128
scale

Dapth 14100 1142 1:42.5 128
distortion




In his peper in Trans. .+.5.C.E., Vol. 104, 1839, "Geometric Distortion
in Hydreulic Models,™ Kenneth . Nichols says "... In the foregoing
models, the ranpe in dopth scales was only 1:560 €o 1:;200, compared to

& runge in length sceles of 1:50 to 1:2000. (He was discussing a

group of models with horizontal scales of 11207 or less and did not
include any of the above except the Mississippi River model). The range
in depth distorticn was irom 1 to 20, an’ the renge in slope distortion
wus from 1 to 28. Modela of the larger protc*ypes were built with the
greeter depree of pgeomstric distortion." O'Brien, in his study of the
Columbia estuery, used & horizontal scals of 1;3600 with a vertical
scale of 1:;54 in his emrly experiments, He found this distortion too
greet and chenped to 1:125 for the vertical soasle in leter experiments.
Assuming a dopth distortion of 1:48 for the present, a verticul socale
of' 11100 appears reasonuble for a model of the Delta region. Even
thouph the model were built to & vertical scale of 13100 and subsegquent
operation showed the desirability of another vertical scele, 1t would
be a simple mutier to convert, since it would entail only a chunge of
the templeis. The horizontal control would remairn Iixed.

9, anpower racuired. To determine only the merits of the State's
plan to diver: Secrzmento water through Snodgrass Slough down to the
Mokelurme Hiver, it is estimabted that the lollowing time will be required:

sesign of moZel (incl. ecquisition of necessary

information from outside sources) months
Construction of model months
Verification of model : monthe
Testing effectiveness of diversion schems months

Total 10 months

Thet time mey Le reduced since part of the construction can be completed
wnile the design and scquisition of data is in progress. Cn the basis
of 10 menths for the oripinal tesis, it is estimated thet the following
manpower will be required; :

engineer 5 man-months at 3402.30 3 2,011.680
sssociete enpineer 10 " " 315.02 3,190.,20
asslistant " 1C 23%.19 2,331.90

carpenters 2 56.83 413.66
tinner 1 206.83 206.83
plumbsrs 1 206.83 206,83
model -maker 8 212.91 1,703.28
mechanics 10 206 .83 2,068.30

212,132.80"

(ORI COPiry RN

* s
Includes present overiime salary.




By completion of work in progress the engineering personnel can te made
available within two weeks and the laboratory personnel is now aveil-
Bblﬁ‘o ' -

10. Time required for completion. This item has been estimated
under (9).

11, Estiaste of cost.

Engineering (from item 9) ¢ 7,500.00
Laboratory and shop personnel (from item 9) 4,500.00

Travel - 300400
Materials, equipment, etc. (not estimated
in detail) - 1,000.00
$13,800.00
Contingencies, 10% 1,330.00
$14,630.00

$15,000.00

12, issurance as to success of uncertaking. In the opinion of
the rersonnel of the hydraulic laboratory, the use of a distorted model
~o study the leesibility of the State Plan for diversion of Sacremento
river water into the Sen Joaquin River is entirely practical, Assuming
sulTicient topographic and hydrographic dete availeble on which to
construct a model and adjust or verify 1t to some past event such as
the salinity encroachment of 1524 or 1931, there is little resson to _
coutt but that the feasibility of the State Plan can be determined. It
rwst be remembered, - however, thai the success of the undertaking will
oe qualitative rather than quantitative. It would be unreesonsable to
expect to determine guantities with anything but average success because
of the very minuteness of the quantities involvsed in the model.

The assurance as to the success of %his proposed model can best be
meesured by the success of other experimenters in the same type of under-
taking. Several models of rivers, estuaries, and hervors have been suc-
cessiul in the soluvion of problems involving silt transportation and
ceposition which is considered to be ome of Lhe most difficult to solve
with models. In u study of the Delte region by model, the silt ir not
considered as a faclor which is & factor of simplification.

13. If the decision is made to proceed with this model study on
the basis herein outlined, it is considered advisable for associute
Engineer D. J. Helert to be sent to the U. §. Waterweys Experiment
Stetion, Vieksburg, Mississippi, for a week or ten days to becoms thore
oughly famillar with the technique of distorted and tidal models and
the instrumentation of sach. It is also considered advisable for +the
writer to be sent to Sucramento to obtain firstehand information as to
field dats anc to discuss the problem with field men who are thorougnly
acquainted with the rerion.

J. E. Warncck




APFPENDIX &

Use of Spectrophotometer in Model Studies of
Seoramento-san Joaquin Delte

A1l determinations of concentration in the model testing were made
with a spectrophotometer. The theory and the spplication of this in=-
strument are fully discussed in many texttooks on chemical analysis,
und it will suffice here to describe the instrument only very briefly.

The spectrophotometer is g combination of a photometer - &n insiru-
ment {or measuring light intensities, and a monochromator - & device for
isolating light of any desired wuve length. For a given wave length the
light sbsorbed by & mediun, such o5 & oolaored solution, decreases in
intensity in accordance with an exponential function known as the Beer-
Lambert Law which is

I
Logy, (_I‘-’--) w KQL

where K is & constant for eay wave lenpth, € is the concentration, L
ig the “hickness of the absorbing medium, apd I  and I refer to the
originel and the transnitted intensities, respeé%ively. By reason of
the variation in light trunsmission with wave lenpth, it is possible %o
determine the ooncentration of two or mere golutions of different calors
when mixec. To date most of the tests have involved only one color,
patent Blue, which was used to represent ocean salinity, as expleined in
the text. 1In the following date it will be understood that all concen-
trations are expressed in terms of milliliters of %he tase solution per
100 milliliters of water. The base golution wes 0.5 grams of Patent
Blue per liter oi waler. '

Preliminary tests of Patent Blue so lutions indicated small devia-
tions from the Beer-Lambert Law; so it was necessury to calibrate trans-
mission spainst sencentration at the selected wave length. The optimum
wave length at whicn absorption is & maximum was determined as 630
pillimicrons. When the tests required heavier concentrations, e wave
length of 530 millimicrons was used and another ocalibration of truns-
mission apeinst concentration wes made. The two celilLrations were pre-
pared as tables. '

with these culibration tebles aveilable, e typical determination
would proceed as [ollows: A& sample of colored water trom the model
was traneferred to a rectangular glass cuvette, 40 millimeters in
depth, which was placed'in a holder containing enother cuvette filled
with clear water from the model. Tne holder wes inserted in the spsec-
trophotometer with the clear sample in front of the light beam, and
the palvanometer ecale was adjusted to e reading of 100. The holder




then was slid inward until the colored sample wes in front of the lizht
beam. The reading on the galvanometer is the percentups trensmission
which 18 used with the culibration tables to i'ind concentration.

Threo-color tests. In later tests on the Delta model it will be
necescary Lo Cetermine the component parts of & mixture ol waters lrom
as many as four sources. Water from three sources will be colored
solutions of & glven concentration of red, yellow, and blue, while the
Pourth source will be clear water. In the mixture, each color will be
diluted by the presence ol water from the other sources. The resultant
concentration of each color, expressed in percent of the concentration
st its source, will represent the parcentage of water from thuat source.
T+ follows thet the percentage of clear water from the fourth source
will be 100 minus the total from the other three sources.

In developins the technique for this procedure, the major diffi-
culty has been in the selection of suitable chemiocals for coloring the
water. The oriteris for their selection were (1) that the spectral-
trensmission curves must be simple with single absorption bands so
located that the mbsorption of two colors would be a minimum when the
gbsorption of the third waes a maximum; (2) that the chemicals must be
stable in tap weter containing ce™* ions and CO.”7 ioms, that is, they
must he stable in themselves and no% fade or coéfulate when exposed to
lirht or time; (%) thet they must not stein concrete or paint; and (4)
that they must be available. Patent Blue, & biological stain, was
used in the selinity measurements and was selected as the blue. Pleric
scid was selected us the yellow. No red could be found which would not
fede, coagulate in tap water, or stain badly. Certified D, & C. Red
No. 8 (Past Red), & cosmetic dye, was sslected whsn it wus shown that
the addition of Celgon would prevent it from couguleting in tap water.

The spectral-transmittence curves for these colors indicated that
suitable wave lenpths would be 400 millimicrons {(mu) for the yellow,
500 for the red, and G30 for the blue. Actually, the tast wave length
for the yellow was 350 millimicrons, but this involved changing filters
on the instrusient.: Zach color was calibrated at the selected wave
lengths and transimittance-concentration ourves were drawn. The yellow
color was ideal, having an intense absorption at 400 millimicrons and
pructically none at 500 and 630 millimiorons. The fest red had e high
sbsorption at 500 millimicrons, slight absorptlon et 830, and an ab~
sorption at 400 of about one-third that at 500. The Patent Blue had
a high absorption at &30 millimicrons and low absorption at 400 and
500. The relatively high absorption of fast red at 400 millimicrons
was undesirable, but was not considered especially significant because
correction factors would be applied to each reading.

To find the concentration of yellow, red, and blue in a given
semple of the mixture, the first step is to measure the percentage
transmission at wave lengths of 400, 500, and 630 miliimicrons, respec-
tively. An approximate concentration for eaci color ot its special

e




wave length is obteained by assuming that tharajis no interference from
the other two colors. Uslng these mpproximate values to make correc- .

tions for interference, a more accurate determination can be made.
Repetition of the process will give concentrations to:mny desired accu-
racy. The interference curves are not shown because they are incomplete.
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FIGURE 41
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FIGURE 43
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FIGURE 45

EXPLANATION
EFEECT OF CHANGING DIVIGION OF FLOW
WITH CONSUMPTIVE USE

— MNET FLOW = GGOOCFS

LIMES OF EQUAL CONUEMNTRATION IN PERCE NT = ANTIGCH -

100% AT HIGH HlGH TIDE
e S B runanty Rivu‘, 3 Son Joaguin River

Teeeeertereceeee S Gacraments River, Y3 SanJoaquin River
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'DISCHARGE SCHEDULE FOR RIVER PLOW

FRELININARY 1931 TRST

©

i

De te

i.n‘ Calu8,

DISCHARGR

Hbdoi in'ac.

por 10" s00, .

B Probotype

Baarsmento R,

San JBaquin Re

Mokelumne R.

-Coangumptive use

Net flow(

» .
» R

From

To

Prote{l)

1 Model

Progo

Model

Proto

Model

Prote |.

Model

Proto

“Model |

b= 1
5=11
8= ]
B-17
6=26
7= 1
T« 9
B- 1!
B-22 |
9"1!
9-11 |
|
t
]

10~ 1
10-24

5~10
5-31
6-16
o~26
680
7- 8
T-31
B=-21
8-31
5=-10
9=30

1023
10~31

6410

3630 -,

1,890
5,85
1,380
500
7
300
850
1,670

. 39840

5,850
€,250

- 880
214
98
197
80
85
0
17
80
99
216
218
570

444
+44
592
592
392
233
233
228
228
520

320
478
478 |

28
26
25
. 28
23
14
14
14
1
19
13
28
28

168. -
L1 N
) iﬁ. ' i :
1587 1 .
183 |
] :

221

182
.98

A
291
162"

51) Average Prototype diseharge for period. s
2) BHet flow - River flow leéss oonsumptive uass -

REVISED 1931 TEST

. 98§

Jate

'Prﬁtdtypo in o.f.80

. DISCRARGE

Model in 00s.

?H?flofl,

Bacras

nto R,

San Joaguin He .

_Mokelumne R,

Congumpti

From

To

Prete

Model(l)

Proto(3)

Model(3)

Proto

Model

‘ 9notoﬁ

v9 usq’
- Modey

Be 1
5-11
f~21 !
6= 1:
6= 5|
8-17 !
g+25
7- 1
7~ 8
7-11
7-17 |
728
8- 1|
8~ 4
8-22
g- 1|
9-12 |
10- 1
10~24

5-10
5-20
5=-31

6- 4

5-16
6-24
6-50
7= 5
710
7~16

7=26 |
7=31]

8- &
8=-21
8=-21
g-11

3-30 |
: 10~28
P 10=351

§,408
3.898
2,030
¥.080
1,887
T 5404
1,475
709
840
M7
=30
*55
+58
541
850
1,780
3,700
5855
6,281

582
59
18y
181
33
209
8g
“
22
+5
-3
5
B
22
¥
108
221
218
273

g
|
1

521
521
521
497
497
497
497
349
549
348
346
A8
328
328
326
407
407
BES
665

57
37
87
85
35
85
36
27
27
27 -
27
27.
25
25
26
50
50
89

39

Less thap'I

. 228
- 228

167

187

1g7
i71

AN

171
171

228

- 228

846

189

189
lg9
119
119
79
79

(1) 2 c6./10 sec. added for leakags of modale
(2) Includes return flow between Vernelis and Mossdale Br.
(3) € c¢./10 sec., acded for leaiage of modsl.
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AFFORT IONMENT OF CONSUMPTIVE USE TO DEKALNS

TKELIMINAKY THST

The total consumptive use, as piven in Water Supervisors Heporﬁ. 1831, is

apportioned to eech drain sccording to the irrigated area represented

e

Table 2

: « Lrain :
* designation A B c D E F Re H J
- Irrigated 1/2 R0.939 1/2 R.D.501 |  1/2 R.D.399 R.D«1002 " Molonald Bouldin Island | Lowsr Loberts Byron. Celif Irr.Farms
: tracts Little Hnlland | Grend Island | Merritt lsland | MoCormacsk Medford Terminous Island | Middle Roberts Baird ' Moreing
represented Liberty 1/2 RJD.551 Ra11e755 ~ K.D.348 |[Bredford Island | Venice Island Rough & ready | .Clifton Fabian
Bastings R.D.556 1/2P.0 551 Canal Rench Webb Tract  Empirs Tract Boggs-Statton | Orwood Fink & Winkler
. Fol o536 T..D.407 R.D.549 Ste“en island |Mendeville Is. King Island . Pocket Woodward ~1/2 Union
o 1/2 F.T.501 R.T.317 F.0.113 T¥lér-Taland Quimby Rindge ° Honker lake Victories Is. | Upper Roberts
o R.D L1687 "R .2057 . F.I.2033 .| Frenks Tract |Bipfgar & Inmn Drexler 1/2 Union | o
B . ‘ Bethel Tract Bishop ~Jonea . Coney
- Jersey Shime lower Jones
E Fotehliss Yright
3 Fiolland ~ Bmith
. Vezlas Tract £lmacod
D Falm Sargesnt-Barnhart
v Fay ' Fox
e Bacon '
S ¥ildred
i Henning
i Irrigated _ _ . : .
Rl - acreage 38,500 37,500 24,500 34,100 39,200 38,500 38,900 30,300 28, 800
- Fercent : _
totel 12 .4 12.1 7.9 11.0 12.6 12.4 12.5 9.8 9.3

» .
See fipgure

for drain locstinn.




DISCHARGF SCHEDULE FOR CCNSUMPTIVE USE DRAINS

PRELIKINARY 1931 TEST

§

Table 3

Prototypa in c.f.s.

D1SCHARGE

Mode)l in ce. per 10 sec.

June

July

Aurust

" September

vctoter

Hodsel

Proto Model

Proto Model

Proto ; Model

Proto ¥odel

Proto Mocdal

LT REE DO

19
1z
18
17
19
19
13
18
14

19
12
13
17
19
18
12

1)

Co1a

17
26
25
27

Tl
ot

!

% £8
; 22
21

i

A

i 29

‘ 13
29
26
29
30

23

22

30

20
13
20
18
20
20
20
1€
15

12
7

11
10
12
12
12
9

8

s S E

.2,580% 163

3,730 221

4,000 | 237

2,790 | 162

53

RZVISED 1931 TFRST

with allowance for curtailment of irrigetion

- DISCHARGE

Prototype in acre-feet per month

dodel in cc. per 10 sec.

Moy

June

July

Aﬁgust

Septamber

October

Model

_Proto_[ lodel

Proto | Yodel

1c
11
12
13
14

"
3

i * 6,160

Proto

9,140
11,500
15,600 ;

* 2,030

8,210
L+ $,070 |
© 15,700

12,000 |
14,300 |
10,600
7,060
8,750 .
8,870 |
7,868
7,830
11,000

"Hodel

sopoe e

G
12
16

1¢

2b

17

14
i1
7
10
g
8
8
11

Proto

Protc [ Jedol

Proto | Model

10,100
12,000
16,800 |
7,180
13,200 .
8,320
g, 220
5,940 |
12,000 |
11,0001 11
11,800 12
8,280 8
7,860 . 8
10,800 | 11
8,302 9
g,8l0 1 10
14,800 ¢ 1§

10
12
17

1¢

19

15

10,8001 11
15,700 14
2,800 ; 22
7,940 20
13,200
15,160
16, 500
12,000
13,300
15,300 i6
15,200 16
13,300 g
10,440 1 10
11,700 ¢ 12
9,870 10
11,400 11
16,000 . 18

33

23

10,400 10 .
11,700, 12
14,500 . 14
5,710
6,140 n
11,790 |
9,620 !
8,740 |
14,600 |
11,700
12,500 : 13
10,500 ¢ 11
12,000 ¢ 12
£,350 8
4,100 | 4
4,910 1 5
13,600 - 14

23
22
12

_ 4,480

8,490 1 8
9,550 | 9
11,400 | 11
2,930 T
6,920
4,720 |
4,380 |
11,200 |
7,820 |
10,100
6,290 .
7,800 |
5,740 |
3,850 i
3,850
$,780

-
[+1]

[ o

f

ot
1\

OB HONRO W

6

!
0|
|

o W~y

-3

MLtttk O

o omemm e

TOTAL

-

167

171

226

*85 percent upland diversiuns

tn allow for return flow.




DISCHARGE SCHEDUL: FOL 1941 TEST

PRELIMINARY TEST

DISCHARGE

Prototype in.c.f.8.{1) . Model in cc.‘per‘lo,éecondé
Sacramento K. [ San Joaguin L, | lokelumne R. | Consumptive use (2) |  Net flow(3)
Proto ] ifodel | Proto Model | Proto | lodel Proto ! dodal Proto Hodel

pofEr IO S ~;..,.-ﬂ s et B

7-15 | 11,040 | 652 | 13,600 | 802 | 316 | 19 221 | 1254
7T-31 | 6,900 | 408 | 4,920 | 291 | 816 | 19 o221 P 497
. 8-31| 4,830 ! 268 | 2,095 | 124 | 210 | 12 o237 ‘ 167
y=1 . 3=30 | 5,170 | 306 | 1,686 | 100 | 264 | 15 . 185 1 286
10=1 : 10-31 7,010 418 2,159 . 130 347 - 20 - &1 s 472
11-1  11-30| 9,580 ! 566 | 2,329 | 138 | 358 . 32 o ' 48 - 687

(1) Aversge discherge for period.
{2) The consuaptive use same ag in prelimirsry 1931 test table 3.
{3) Net flow = River flow - consunptive use. -

REVISED TEST

DISCHALG: -

Sscramento R. | Sen Joaquir K. | Mokeluwune R. | Consumptive use (4) - flow

Proto | Model]| Proto ' liodel | Proto | lodel | Proto B Nodel

Y B S R S S

7-16  7-31 408 291 C19 | | 472
g-1  8-31 . 268 124 N ¥ ; 149
g-1 - 9-30 306 L 100 I 1 | _ 247
10-1  10-31 415 ; 130. 20 - * | 468
11-1  11-30 | 566 SR ¥ B2 48 | 688

652 @ 804 L1 R R | 1229

CONSUMPTIVL US: FCR 1941 REVISuD- TasT (4)

DiL5CHARGE

July August September October November Deceamber

"“?éoto Hodel | Prote | Kodel Proto Tlodel [Proto Model PEbfb”W"wodol PFBEE”““E"“&&H&L”“

AT QUSSR NESEENPY G ._..-m SRR J— 4 cor i s wf P E— b
2,974 2,033 !

4,009 2,561
5,035 3,345
2,639 1,736
3,515 2,463
€,634 | 1,958
3,452; 2,350
4,276 2,662
3,115 2,248
2,987 2,086
3,477 2,589
3,514 2,667
2,989 2,075
3,302 2,362

13,830 14 15,927 | 16 | 12,36y, 12 7,823

18,225 ; 18 18,1820 18 | 12,433 12 7,218
22,882 ' 2¢ 20,6481 21 13,562 14 | 7,928 i
13,743 . 20(5) | 13,941 1 18 6,262 ° 12 3,581

15,504 | 32(5} | 19,140 31 | 12,465 20 6,339
' 13,340 | 23(5) | 14,657 . 22 | 11,251, 16 | 4,935

15,743 1 16 15,2681 15 | 10,438: 10 | 5,703
. 16,48¢ 16 16,685 i 17 | 11,466 11 7,602

123,691 ' 14 16,051 ' 16 | 11,617 12 7,632
10,906 = 11 13,3331 13 ©,837 1¢
14,945 : 15 17,958 0 18 | 12,816 13
14,472 1 14 17,682 18 |12,388 . 12
13,692 | 14 15,260 | 15 | 10,430 10
15,685 1€ 16,462 16 | 11,434 11

SOOI QMEO-am
OICA WP YL PSR
[SURR VIR RSB R LR U NP N U

B A G

{4) Consumptive use based on 1981 crop survey without any restrictions «f flow.
(5} Consunytive use st dreins ¢, 5, and € includes upland diversicns.
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APPORTIONMENT OF CONSUMPTIVE USE TO DRAINS = REVIS®D - ' o
The total oonsumptifp use for any yoear was oomputed for
each tract ecgording to orop survey of 18931 -

Irain - _ . : L . " R el L et ’ R
desipgnation 1 : 2 é 4 ©B .6 7 ! 8 9 _ - 10 1l - e - ER "
Wator Shervan ls. RaD 42059 K.D.2065 “Byron Tr. Coney 1. Middle Roberts | Lower Roberta | Vemios Isw | Staten.Iss'| R.D.348 | % Branman | Prospeot Is.:| Suffer Is. | RWDiGSE

consuning. | Twitchell I1s. "R 630 Kol 2036 Viotoria 1s. " Union Uppar koberts - | FRough & Ready Empire Tr. Tyler I1s. | Canal Renoh | - Grand la. Liberty = '| Randell-Is. | RD.744 |
tracts ‘R.L B0 K.0.JE1% Fel.2028 Baird Hanel Fabian Tr. . Boggs Tr. Stookton Aorea . King Ia. Brack Is. |[Deadhoree Ia. " 1/2 Ryer - Little LY Merriil Ise - [ R.D.S00
Dootan Iss: ¢ Franks Tr. | Henn'ing Drexler Tr. '|{C}ifton Ct. Tr.| . The Fockst ~ Smith Tr. Bishop Tr. 1/2 Andrus MoCormack ~ | 1/2 Andrus: | ‘JL/thyph' 1/2 R.D4909 | Content . |’
West Is. . | Hotohkise +)! Quimby Is. Upper Jones Widdow Is. - | Calif. Irr. Parms | Sergeant - ) | Bishop ) ‘ “RaD 1002 e Tt Hastings 1/2 R.U.B13 Bdinger~. )|
i FoDa798) | ' ' o .. Barnhart) " Bighlands) . _ SRR L " Jomson)|
: Kimball Is. 2 R.0.2025  Mandeville ls. | Fink & Winkler .State Farm ~ |° Rio Blanso ' B.D.554 "Rel.536 - I/B‘Piegson Ida Ime T
Horseshoe Is: | Tebb Tr. ¥edford Ia. Moreing Fanch Fox‘Fanch ~Bouldin Is. - 1/?‘R3U5813‘. o ' s '%% Grand Is. R.D.673
-#lack Point | Porter Fst.: MoDoneld Is. i March Gard. &) | Termivous Is. T RaDW36% - Lo R.D.7460
i : ] Brookeide Tr.)" _ . L ‘ _ e . . S
| Collinaville) | Orwood Tr. | ‘Elmwood Tr: |Bigger & Inman Shardt Club . | R.D,82
- Manor) | : 1 S . . _ Lol ‘ S
1 fioodward Is. "~ Shims Tr. Tulie 1s.” _fZ/SVPienson - | - Relia66 -]
g iHeadreach Is. 3 Wright Tr, - Spud Is. L ‘ 1 B30T
, Hog Is. [ & Rindge Tr. Fern Is. 1/2 R.D.998.
i i Mildred Is. ' - H.D.1614 Fay ls. o :
! Orwood j Honker L. Tr. : ’
; ! Bighlunds]
f : Fhode Is.
: ; . Lower Jonea .
! i w . L
i | e
: [ .
L ol Hter b 1,8 8,961 4,520 G2 1,393 974 1,851 2,636 1,973 598 2,875 1,018 gee 1,880
b8 i : e bt R e e A — - - = el e
T §|Tultes 70 : 679 L 40s 174 13 778 706 180 823 45 154 o 0 .
gk et i A o - ! - . ST : o _ - ‘ - _ :
% %1120ws o 0 i 10 706 769 16 10 9. 0. 19 55 | 0 0
Uplend i Eagt Byron San Joaguin - ' R ‘ -
divergions ! Contra Costa uplands

. *See fipure

1 for dfuin location.
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Showing spectrophotometer used in color analysis.
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N DELTA.

MODEL OF SACRAMENTO-SAN JOAQUI
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