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ABS TRA.CT

Da.ta from a 1 :48 scale model supplled the magmtudes and velocities
~of surges developed in the canal system following rejection of flow. at
“the pumping plant, ‘SanLuis Forebay, California, and showed that a
-side weir wags effective in .reducing the surges. - Data were obtained -
‘with capacitance wave probes for partial and compléte rejection of
flow with and without backflow from-'the pump.discharge lines. Max- -
dimum surge peak heights were 5.4 ft for complete rejection of the
- ,/ ‘maximum discharge plus 200% backflow, 4.5 ft with 150% backflow,
-and 1.9 ft without backflow. Velocities of propagation were 20,7,
20.7, and 19. ! fps, respectively, for the 3 conditions. A 1,500 ft-
~long weir onthe canal sideslope reduced the maximum surge helght
" to 1.0 ft'without backflow and 1.3 ft with either 150 or 200% backflow.
- The reflecting. and attenuatmg characteristics of canal structures were -
observpd and steady-state conditions after flow rejection with the:
“entire: flow d.lschargmg over.the weir were measured. The undular
form:of the 'surge wave was analyzed and several comparisons were _
' 'made with theory. ‘A 1:10scale. sectlonal model was used to develop -
the ‘weir crest shape. S :
: _ =
DESCRIPTORS--'_ Fpumping plants/ *canals/ -*model tests/ “%gur es/
*trapezoidal channels/ *weirs/ hydraulic transients/ freeboard// .
- bore/wave// discharge coefficients/ viscosity/ Reynolds number/
~Froude number/ surface tension/ translatory waves/ unsteady flow/
“weir crests/ ‘calibrations/ instrumentation/ laboratory.equipment/
measunng instruments/ ‘recording systems/ capacitance/. dielectrics/
“electronic equipment/ oscillographs/ research and development .
IDENTIFIERS-- wave probes/ Weber number/ Central Valley Pro;|--
ect Cal:.forma/ San Luis, Forebay Pumpmg Pla.nt ' _
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) '"HYDRAULIC MODEL STUDIES OF SURGES DEVELOPED BY REJECTION
OF FLOW AT THE FOREBAY PUMPING PLANT, SAN LUIS UNIT
: CENTRAL VALLEY PROJ ECT CALIFORNIA -

PURPOSE
 These studies were conducted to determine the magnitudes and veloc- -
-~ ities of surges developed in the canal system following rejection of
flow at the pumping plant, and to investigate a proposed method of
_.a11ev1at1ng the surges. o

CONCLUS IONS

'1 Surges developed in the Forebay Canal were found to have a maxi-

" mum peak height of 5.4 feet for rejection of the maximum pumped

discharge (4,200 cfs {cubic feet per: second)) plus an assumed backflow -
- of 200 percent of the pumped digcharge, 4.5 feet with an.assumed back-
-flow of 150 percent, .and 1.9 feet for rejection of the pumped discharge’

-+ withno backflow, Figure 11. Corresponding average surge velocities

- were'20,7, 20,7, and 19. 1 fps {feet per second), respectively. The .~

--average height of the: bore followmg the maximum peaks was 1,5.feet in P

all: three cases. - : : :

Surface tension and. v1.sc031ty affected the ﬂow over the weir for

heads less than 0.016 foot, correspondmg to a prototype head of 0. 77 foot ’ .
. Clinging of ‘the nappe-to the: downstream face of the weir. resultedin-an = ¢
* vincreased discharge coefficient. A re51dua1 surge height- of 1.0 foot,

o :followmg attenuation by a2, 07'3 -foot- lon.q weir, was corrected to'1. 1 feet J




3. A 1,500-foot-long side weir located between Stations 3+50 and 18+50
. on the Forebay Canal was effective in reducing the maximum height of
' ‘the surge to approximately 1.0 foot without backflow and 1. 3 feet with
" backflow, Figure 11. Average surge velocities were 20.1, 20.4, and

o “-._18 3 fps, for the conditions of the precedmg paragraph

. 4, After atl:enuahon by the 8i de weir, the positive wave spht at the LT 4 -

L turnout; a positive wave with appro:umately 70 percent of the height

‘of ‘the resldual surge traveled upstream in the Delta-Mendota Canal, _ .
..and a- p051t1ve wave with a height of approximately 55 percent of the 9

E . residual surge height: traveled -downstream. With backflow, these
-values were approx:mately 60 and 35 percent ‘respectively. -A small

negatwe surge was reﬂected back down’ the Forebay Canal toward the

- ,pumpmg pla.nt - o o _

“ “. -:“5.: The mverl:ed s1phon at Statmn 3002+5D Delta-Mendota Canal elim-
“-inated the peaks:of the surge wave but had no effect on the average bore "

' height. .Check 13, at Station 3023, Delta-Mendota Canal, Figure 2,

' '.'reflected the wave at approxlmately double 1ts previous he1ght

. 'i-.-6 Friction. effects in the model could not be: accurately deternnned

It is recommended that equations. developed by other experimenters be o
" ..:used to estimate the: atl:enuatlon of the wave due to fr1ct10n. (See foot- "
notes. 17/ and 18/ > : ‘ A :

i '7-.*?‘ ‘The maximum water surface in the system (meaeured .at ‘the
upstream end of the siphon) was 1, 6 feet -above the no; 'mal pooled

" -~water :surface approximately 8- m.mutes (prototype) after m1t1at10n

-of the surge (mcludmg backﬂow)

"‘B. Steady state cond1t10ns occurred w1th the entlre dlscharge ﬂ.owmg
-over the side weir about 45 iminutes (prototype) after initiation of the
-surge. The steady-state water surface was 1,1 feet above the normal
. ~~water surface elevation near the downstream end of the. 1, 500-foot- long
“weir, 1.2 feet.above normal at the upstream end of the. Forebay Canal

y and 1. 3 feet above normel 1n the pooled Delta—Mendota Canal

9, A '1'-‘10 model was: used to develop a‘weir crest shape whlch W111 R
- provide, adequate discharge capacity and reflect wind- generated waves e
--dunng:normal canal operat1on,_ F‘.Lgures 19 through 22 S




DEFINITION OF TERMS
S "—-area of onﬁce m backﬂow ta.nk _
' 'j---rec1procal of Froude number of mltlal flow

;-—area of backﬂow tank

:.',-'--dlscharge coefﬂclent of backﬂow tank onf1ce"

ey i--wave celenty
1._-We1r dlscharge coefﬁc1ent :
s -""‘:—-dlmensmnless we1r dlscharge coefﬂc1ent (Cdf ‘22.'

'—ratlo of helght of sp:llway crest above canal bottom to 1n1t1a1
: depthofﬂow T

:;j--spemfic welght of' water




~3Reynolds mumber of flow over weir

~mass ‘density of water.

—_—véloq’ijtj : of1mt1a1ﬂow '.i :
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INTRODUC TION

The San Luis Unit of the Central Va]ley Pro;|ect in Cahforma, F1gure L,
- .includes a system to store surplus water for later release. The Forebay
‘Canal:and Forebay Pumping Plant, Figure 2, as parts of this system, o
will divert water’ from the existing Delta-Mendota Canal at the maximum
_rate:of 4,200 cfs-into the Forebay Reservoir. The water will then be"
lifted by pump-generator units into the San Luis Reservoir. Subse-
quent releases back into the Forebay Reservoir will generate power
-and provide ‘irrigation flows. This report is concerned with the inves-
. ‘tigation of ‘surges which would be developed in the Forebay Canal and -

' L -a port1on of the Delta-Mendota Canal if the flow tc the Forebay Pump- -
ying. ‘Plant was re]ected due to pump stoppage caused by malfunction or

‘ lrpower failure. ~ : | R /iy

Descrlptlon of Problem .

Although safeguards have been 1ncluded in the deslgn, the poss1b1].1.ty
“exists that-power failure might occur at the Forebay Pumping Plant, _
resultlng in-stoppage of the pumps. ‘Should:such.a 'power failure occur,
-a’surge would be propagated in the Forebay Canal.due to rejection of .
: the canal flow -and:backflow drainage of the pump ‘discharge lines. Th15 '
surge could not be allowed to t avel unreduced into- the Delta Mendota
When ﬂow ina cha.nnel is’ suddenly halted due %o closmg a gate or
vet0ppmg ‘a‘pump, a. surge wave. develops and. moves upstream in the
:channel. ‘The height and- velocrty of the :wave are. dependent upon the-
_-depth: a.nd velomty of-the ‘initial incoming flow and 'on‘the shape of the
‘channel cross section. Following complete rejection of the inflow, the
stream comes to rest dfter passage of the . wave and the discharge in'the
wave! is: equal:to: the . mseharge of the ‘initial mcormng flow. ‘Ifonlya ..
port:.on of :the ‘flow is’ ‘rejected, the velocity inithe channel followmg
passage of-the:wave is propomonal to the unrejected portlon of the dlS
charge:and ‘the wave: ‘discharge is-agdin equal to the reJected dlscharge .
By applymg the’ equatlons of .continuity ;and momentum (as m develop
it:of ;the: hy_drauhc jump formula) the theoretlcal ‘height and velocity
ofithe surge ave are.obtained, . The’ maxlmum he:.ght of oscillations :
whic occur: bove: the main body of the. surge wave can:also’be'esti-
1'theoretical ‘considerations.  All: ‘of sthe a.forementmned
1ave been 1nvest1gaged by many :e penmenters .




Alternatlve methods of reducmg the surge to an. aJlowable he1ght were

- considered, The first dlternative consisted of radial gates located in.

~the bifurcation from the.Delta-Mendota Canal to the Forebay Canal.
" "These: gates would open- automatlcally upon power failure at the. pump- -
-~ ing: pla.nt draw down the water surface to accommodate the initial- surge

- ~wave, ‘and remain open to divert the rejected canal discharge. 'The - -
“second-alternative, -which was the subject of this model investigation,

" :condisted of:a side weir along the Forebay Canal which would reduce =~
- the surge’ to an allowable value before reaching the bifurcation, The

o -gide 'weir has the advantages of essentially ma.tntenance-free operatlon

a.nd freedom. from reha.nce on mechamcal dev:tces

B ; Cltrmili developed a theoretma.l approach to the actton of a lateral

. :gpillway.in. reducing the height. of a positive surge. The development is"

‘:_""g_-i_:'beyond the scope of this report and will not be presented. The validity
-+ -and-limitations of the theory have been proven by other Italian exper- -
-_'imenters 2/ 3/ . : A , '

___.__-'f;Expenmental data from tms study are c0mpared with the theoretlcal
.;denvatlon m the Investlgatlon Sectlon of thls report '

- -j.EQIt should be noted that the theoretlcal equat:.ons for development and"

- ‘propagation of a surge are, in most cases, applied to prismatic
. “channels with symmetrical: alinement and involve. complete. re;jectlon

.o of, flow by rapid-‘cloging-of:a’ downstream control gate. In reality, as -

.in the'.case of the. Forebay Canal ‘and Pumpmg Plant, condltlons differ.
‘from the. usual case 'to such:an extent asto warrant hydrauhc model
rstudles to _nsure accurate predlctlon of prototype behavmr U

Means of a Lateral Splllway" by‘:
ol 26 _ No 10 _f;pp_589 599




THE MODEL

The 1 148 scule model Figures 3 and: 4 1nc1uded the Forebay Canal
-and the canal transition to the pumping plant intakes, the turnout from -
- _-the Delta-Mendota Canal to the Forebay Canal, -a section of the Delta- -
" Méndota Canal downstream from the turnout .to Station 3023 (Check 13)
 including the inverted ‘siphon‘at’ Station 3002+50, and a section of the =

~ Delta-Mendota Canal upstream to Station 2078+70. The Forebay Canal |

‘model” alinement was on the opposite side of the Delta-Mendota Canal ¢

from that of the prototype alinement, Figure 3, :because of laboratory.
‘gpace limitations. Most of the model was fabricated from ‘plywood with

“:the. except1on of warped transition sections formed in:concrete. -The’
- siphon barrels were made of sheet.metal and a slide gate was installed

-at'Check 13. ‘Backflow devices in the model were formed of sheet’ metal

: . The overflow side weir wag built:to elevation tolerances of plus or'minus"
0 002 foot and cons1sted of sheet metal formed over wood templates.‘

R ,Bas:tc model 1nstrumentat10n cons1sted of six capac1tance type wave '
" :probes with plasticized~enamel coated wire; .connected to a six~channel,
o ':fd1rect-wr1tmg osclllograph ‘Figure 5, - ‘Each wire was 6,25 inches long,
- mounted’in-a U-frame. The frames were attached to modified point: gage
. .staffs’in-rack and pinion devices with verniers reading to- 0.:001 foot. .
 ‘Calibration was accomplished by ra1s1ng and 1ower1ng the - probes known o

:dlstances 1n a: stable pool of- water

T Early in the model study some. d1ff1cu1ty ‘wag exper1enced in cahbratzng

‘the‘probes. Nonlinearity occurred because of: ‘wetting and drying char- o

" acteristics of-the plastic: d.lelectnc4/ -and a-carefil : calibration.routine - -

. was’ necessary to/obtain linearity. Separate calibrations were made for:
. 'each test run'to .ensureaccurate data. ~After estabhshlng the ZEro datum, e

thewire‘was immersed by lowering the probe a known distance. (By -

“‘lowering‘the: probe more than‘the required amount, -waiting for" several

- .seconds, ‘then raising the probe to the'correct: pos1t10n, the wettmg effect

L was part1a11y suppressed by prewettmg the w1re ) o

"F1fteen to thJ.rty mmutes were reqmred for the w1re to reach a: stable

.condition.

';__f'_‘g.pos1t10n to: check ‘the’ hneanty It was also necessary to carefully
~insulate the: impedance bridge: ClI‘C'lllt of: each ‘probe: because of:zero

datum’drift caused by room temperature variations. Accordmg to" other
expenmenters 5/ ‘meniscus:effects. result:in-an. error.of. approxlmately R

plus.or minus 0..015 1nch (plus’or minus 0. .06 foot - (prototype) for this~

model), which is not considered: 31g1uf1eant in'measurement of the crest

height. The errors:in:the cited study weré found:toibe . greatest at’ the

troughs, (minus 0,01 to: plus 0 702 mch) whlch were not of prlmary '
' thls study SRR e T R R T

Z "Dynarmc Cahbrat1on of: Wave;;Probes" by Mlchael D. Pearlman, '_ﬁ i
TVIIT ‘Department of Naval Architecture and Marine Engineering, July 1963".
/- Experiments on. ‘Surge’ Waves" by J A Sandover and O C S AN

z f-"—Water Power, = e S




.Water was: supphed to ‘the model by a centmfug ‘pump Wlth d1scharge
‘raté:measuredby-a volumetmca]ly calibrated/orifice meter,. The -
recirculated water:caused gome: dlfﬁculty b:,mallowmg waterborne
-matena.ls‘"to" be: depos:.ted on: the wave pr bes.. e :

3 Backﬂow dramage from the dleeharge ‘lines-was: s1mu1ated by ﬂow fromj e bt

: head:tanks’located above the pumping plant intake'bays, ‘Figure 6. A .
:f_pressure transducer was: used to record the head-time: charaetenstlcs
.-of‘orifices in: the bottoms of the tanks for determination.of: dlscharge o

‘---:coefﬁc:n.ents and rates.of-discharge. ‘Initial rates of backflow-were con- o

‘trollediby filling the. tanks:toa’ predetermmed level,- then allowmg them
to dram 1mmed.1ate1y after reJechon of the 'canal ﬂow. S

epth: of ﬂow in’ the canal was mamta.med by adJustmg the Sllde gates
downstream: from the intake bays, Figure 6, ‘Water gurface: elevatmns

uring:normal operahon of the: canal _were measured w1th a: pomt gage
‘a *Forebay Canal Statwn 23+23 RELT _ ‘ _




The surge was. 1n11:1ated by rap1d closure of the downstream control
gates. Fipure 7 shows a reduction from:an initial height of 1.8 feet to :
“a final'value of 1.0 foot at the upstream end of the 2, 073-foot weir. The
" curve is.based on the maximum peaks recorded on the weir side of the
" canal above the mtersectmn of the canal invert and the 1—1/ 2:1 side
. 'slope. 'The surge was. propagated ‘through thie candl at an.average véloc-
ity of 18.3 feet per second. Upon reaching the turnout, a positive
surge with a height of 0.7 foot was propagated upstream in the Delta-
'Mendota Canal, a positive surge of 0.6-foot height traveled downstream,
" and a small:negative surge was reflected back toward the pumping plant
- in the Forebay Canal. The surge heights in the Delta-Mendota Canal
'were measured at the canal centerline. _

e Effects of Surface Tensmn and Vlscosny

The effects of surface tens1on and v150031ty ‘on formatlon of the surge a.nd
" the efficiency of the side.weir in the relatively small model were inves-

. tigated. Experiments on ‘V-notch and sharp-crested weirs6/, 7/ indicate a. |

-marked increase in the discharge coefficient at very ‘low héads due to the-

. nappe clinging to the downstream face of the weir,: The clinging effect is’

“caused by surface tension and viscosity of the ﬂuld Similar tests on
~‘round-crested weirs8/ showed a decrease in the dlscharge coefficient for -
~ . ‘low heads. ‘Assuming that similar effects existed in the 1:48 model, tests
‘were:made to determine the heads: a.bove which the effects of surface ten-
. siom’ and viscosity were negligible. 'Figure 8, which. 111ustrates the var-
* ‘iation in a dimensionless coefficient of discharge for at ange of values of

‘the Weber and Reynolds numbers, indicates that. surface tension- and vis-

g .cosity cause an increased coefficient below a head of’ apprommately. B

.7 °0.016 foot (measured: upstream from ‘the crest where velocity head iis -
- negligible), . ~A model head 0f:0.016 foot corresponds ‘toa- prototypelhead S
o of 0,77 foot. 'In other:words, for prototype heads less.than 0.77 foot the = -~
" model will indicate a welr- efﬁc1ency greater than‘that which’ will, actua]ly '
“ exist'in the prototype. The'" weir profile‘in-the model was terminated

immediately: downstream from. the:crest; allowmg ‘the overflow to spill

down:a vertical: face. "The nrertlcal face. corresponded to the: downstream

face of a sharp-crested wei; ,__thus causmg the mcreased coefﬁc1ent at

: -;rrlow heads. s

B l "Prec1se We:.r Measu ements" bv E W Schoder and K B Turner
-;Transacnons, ‘ASCE, 1929, Vol.93. " g
Tl Engineering Hydraulics, edlted by Hunter Rouse John W11ey and Sons,
Tnc, "New York, 1958, p 214. G
8/'Gn the: ‘Influences of Curvature Surface Tensmn and Vlscosny on "
Flow: Over Round .Crested” Welrs,‘ by G. D Matthew, Proceedings: of
he Inst1tute of C1v11 Enameers (anland) Vol 25 May-_ L




; ‘per an' 1ower hngs.rrespectwely. As computed above, '

model)"”‘




i~

. Computauons showed t‘nat cap1lla.ry effects were' neghg1b1e in t.he for-
matl.on oi ‘the. surge wave The equatmn *i‘or the celerlty of a: surface

' 'where the ﬁrst term under the: radlcal 1s governed by grav1ty, ( )
a.nd the second term by caplllanty, ey

: P
chsta.nce between wave crests (wave length) feet

SPeCIﬁc welght pounds per cub1c foot
| mass dens:ty,.'slugs per cublc foot

sur:t'ace tenswn, pounds pe




' _'Backﬂow from the Pump D15charge Lmes

The volume of backﬂow from the pump discharge lines depends on the
. position of the pump impeller vanes at the time of power failure and the
. time required for the vanes to be feathered following the power failure.
- The exact backflow characteristics of the pumps were unknown at the .
. time of the model study; however, it was possible to describe the oper-
~ ation in general terms and to estimate the characteristics.

Immedlately after power fallure, a short period of time is requ.tred to
..overcome the forward inertia of the impellers and allow for acceleration
~of 'the backflow to the maximum rate. Upon power failure, it is assumed .
- that the impeller vanes will begin to move to a feathered position. Under
- a:head of 50 feet, the corresponding total backflow volume for six units

-was agsumed to be about 90, 000 cubic feet and the maximum backflow
: rate approximately 6, 300 cfs (150 percent of the maximum pumping dis-
. charge). If the va.ne's‘became stuck in the most adverse position due to
.a-control unit malfunction, the backflow rate could be as high as 8,400 :
" cfs (200 percﬂnt of the maximum pumping dlscharge) Although the latter
' condition was considered improbable; tests were conducted for both 150
:_and 200 percent backﬂow to span the range of poss1b1e conditions.

S Independent measurements showed that the velocrty of propagatlon of the-
.. "backflow surge was about 24 fps as compared to 19 fps for the rejection -
surge, 1ndlcat1ng that in:the 150-foot distance between the intakes and the
' end:of the weir, the backflow surge would overtake the rejection surge'if
. initiated-about.1.6 seconds (prototype) after rejection. It was, therefore,
-desirable to. determine the attenuating effect of the weir on the combined
r're;;ectlon and backflow. surges, the most adverse condition that could occur .
in: the prototype. ‘ : :

S The 51ze of. each backﬂow tank was determlned accordlng to the required®
‘volume:and head for:150 percent backflow. The requirel size of the . .
‘orifice in‘the'bottom of each tank was estimated’ by assuming a discharge =
. “coefficient and computmg the'required-area by using Q = Ca\] 2g ho
. The assumption was then: checked by recording the time-discharge rela-
- tionships for the tanks with'the calculated orifices-in place. . The equation:
-::for the dlscharge coeff1c1ent of an orlﬁce _discharging- under a falllng head -
e “.1s : -

_.(_hal/_.? - h1 ’.1'112). L




initial head in tank at t = o,
~=‘head i 1n tank at later time t,
area of ta.nk

area of onﬁce -and

g < _ acceleratlon of grav1ty.. -

"The var1ables, 1, ho, and h1 were recorded thus a.llowmg the.com- .
‘putation of C and the calculation of the discharge rate. It was found that .
the original assumption of the orifice size was too small. The head was .
increased to produce-the required initial rate of discharge, resulting in .
“-a:total simulated backflow -volume greater than that of the prototype ' _
- However, the backflow surge height is:affected only by the maximum rate - -
- .of backflow discharge. ' The total, volume . affects the length and shape of .
" .the.backflow surge wave: whlch were, for: purposes of this study, relat1vely
ummportant. P _ ‘

' ".'After completton of the model study, add1t10na1 mformatlon was recelved_- -

"};._:regardmg the .backflow characteristics of. the pumps. Manufacturer’s
i ‘model. tests indicated that at 50~foot :head and 24° vane angle (wide -
" -open),  the maximum backflow rate would be 3, 720 cfs for six units, or -
~ -about:89 percent of the maximum pumping discharge. At the feathered
" ‘position;(minus 5° vane ahgle) -the. maximum backflow rate would = - :
" .'be.630.cfs for six. umts, whlch 1s only about 15 percent of the max:tmum =
-.f‘”pumpmg dlscharge ‘ o :

SRy The. ong1na1 estlmates of 200 and 150 percent backﬂow for the descnbed o
" .conditions were therefore not supported by the manufacturer's-test data. . '
- - ‘However; -since the model studies described in-this report-included data - .
. for surge formation’ W1thout backﬂow 1t 1s posmble to 1nterpolate for the
__5.correct cond1t1ons ‘ L _ Y g

,_:Another cond:ltmn whlch Was: not 1nc1uded in the model 1nvest1gat10n wag .
L ‘_j.;that of sustained: backflow with the pumps: operatmg as-turbines. Occur-
-.rence:of:this type ‘of- ‘operation‘is relatively rare.: With‘the S1phon B
retammg its. prime,-the: sustamed backflow: would be about 3,700 cfe
:oriabout:88:percent of the pumping capacity.” 'The surge’ formed by
his: ‘sustained'backflow would be nearly identical in form to that ini-
1ated by reJectmn of an equal amount of mﬂow e e




If power mterruptlon occurred durmg turbine operation, the reverse
speed of the: pumps would be controlled by the siphon and the backflow
-rate of 3, 700:.cfs would continue to prevail. If the siphon breaker -
actuated and the diseharge lines were allowed to.drain, the maximum
rate of backflow would agam be-. about 3 700 cfs accordlng to the manu-
facturer's tests. : :

‘1 500 foot ' Weir between Statlons 3+50 and 18+50

'The initial tests had 1nd1cated that the weir could be reduced in length
~while still maintaining adequate attenuation. Since Figure 7 indicates
-that a 1, 500-foot-long weir will produce a residual surge height of about
1.2 feet ‘it was decided to determine the effect-of a 1, 500- foot long

weir between Statlons 3450 and 18+50 :

A -series of tests. determmed surge charactenstlcs a.nd weir attenuatlon
following:(1).complete rejection of:maximum discharge with and without
- -backflow, (2) complete rejection of‘partlal discharge with and without

" backflow, .and '(3) partial rejection of maximum discharge w1th and with-

o out backﬂow The': initial flow- conditions: at Station 23+23 were ma.mtamed

the same. .as.in the-tests on the 2, '073-foot weir; thus, the normal water -

" surface was about 7.2 inches: (prototype) below the crest at the.down-

- .gtream.end of the weir, Surge heights, peak he1ghts, and wave velocities

.- for the '1,500-foot-long weir are summarized in Tables 1 through'5,

-~ along with data. for no weir which will be described’ later. Comparlson
- of the residual surge. heights-at Station'2+85 for rejection: of 4,200 cfs-

. with:no backflow indicates that. the 1; -500-foot-long weir is nearly as
 .effective;as the 2, 073-foot weir for:this condition. The largest residual
" gurge at Station 2+85 was 1. 3 feet, with either 150 or 200 percent back- :

. flow; this surge: helght is considered to be within- allowable limits. The

. 1,500-foot~ long we1r ‘'was, therefore, recommended for: 1nc1u81on 1n the

R _;‘fmal de31gn., o

' ‘_;Flgure 10 111ustrates the weir attenuatton for various values of the Froude

. "'ﬁ:'f.uj’number of the.canal flow and :‘Figure 11 shows the:variation of maximum.
o peak! he1ght along the weir: followmg rejection of the maximum inflow,

~with:and without backflow. '‘Figures 10 and 11 actually show: ‘both: the com:
| bined.attenuating effect of:the side weir and the: decay of the maximum -
‘backflow: peak due to instability (illustrated:by the solid lines'in = ;
Figure 11). 'The unfortunate scatter of data points in- Figure 10 is. at
least; pa.rtlally ‘due to the inability to. dupllcate the backflow from the -
" imanually: operated head tanks for 'all test runs.-- The experimental: data_ o
- ‘ipoints are compared:to: correspondlng theoretlcal curves obtamed from R
'-"_the solutlon of Cltr1n1 810/ equat1on L : ‘







. -"..f‘"?Flgure 104 shows that: the exper1menta1 data points he below the theo-:

L ‘retical:curve. As mentioned above, ‘this was: partlally due-to the- decay

-of the:backflow peaks which would have occurred in the absence of the

. o ~weir. 'Also, ‘Citrini's. relatlonshlp was intended for use in determlmng o
- .. the attenuation-of the ‘average surge height, ‘which was not measurable

gt the upstream ‘end of the model weir because of reflections ‘from the
“eandl turnout. - The equation:was: therefore: apphed to: the maxlmum '
_ _;;peaks, whlch could be determmed in’the model :

: fFlg'lIreS 10B and C show that as. the 1n1t1a1 canal veloc1ty decreases.
... .the weir.becomes less efficient- than indicated by theory. ‘Several ...~ .
“:points, for. probe seetlons '1:and 2, lie:to'the left'of the limiting asymp-

‘tote.and: show -an: 1ncrease in the surge he1ght as the wave’ travels

S _'-.'.upstream

' "_£C1tr1n1 states that the accuracy of the equatlon deter1orates as % L

o ___fmcreases, w1th a maxlmum error. of:: about 15 percent for% 10 . In

{‘the present study 7 ‘11.84. (based on a: symmetrlcal sectlon) The
5l;‘compa.r150ns of Figure ;10 demonstrate’ that Citrini's: relatlonshlp

- vallows-an: est:unate ‘of the: attenuating effect of ‘the weir, *but that: the
- :':_gmodel studywas necessary to accurately evaluate the weir performance

-iAttenuatlon} and Reﬂectlon Characterlsucs of Canal Structures

Surge waves are parnally reﬂected by changes in. shape or.cross- -
ectional:area. 'Data and observations:are’ preaented with: reference
o;specific: structures in:the; Forebay Candl:and'in the: reach of the:

Delta-Mendota Canal;inéluded'in-the' model study. ‘Because of the cbm'-ff,

licated: conf:.guratlon of:the:system, reéflections were not:followed
eyond:the ‘initial:reflection. ‘Comibining of negative: {lower than’ the

‘r:.ga,na.l waterisurface) and:positive: (hlgher than:the original water: sur- "_ o

, vaves: of: small amplitude resulted:in'loss of .identification of .-
‘_pe01f1c ‘waves. ‘A:theoretical treatment (with; graphlcal solutlons) of
€T _'t’_lect:.on characterlstlcs of. c__hannel dls.contmultles can be found




‘oscillations, made this reflection indistinguishable. As the wave was
not fully developed upon reaching the upstream' end of the transition,
the reflection should have been of minor consequence. The angle of
-the .transition had no apparent effect on the an'gle-of ‘propagation of the
initial wave through the Forebay Canal. That is, the wave front was
perpendicular to the canal centerhne which is contrary to an ob11que :
- form which might be expected. The wave seemed to "follow' 'the = . .
‘centerline through the: transition. However, the transition influenced _
the form by causing a slightly higher wave on the side of‘the canal
-opposite the weir. This condition -became less pronounced as the
wave traveled away:from the pumpmg plant and-was barely notlceable :
by the t1me the wave reached the weir. .

,'Effect of the Turnout to the Delta-Mendota Canal

___As prewously descrlbed the initial wave, upon’ reachlng the turnout,
was split into:three: component waves. ‘Surges were propagated both -
‘upstream and-downstream in the Delta-Mendota Canal and a negative
wave was reflected back toward the pumping plant. A series of meas-

e urements indicated that for rejection of the inflow without backflow a

.- ‘poditive: surge with'a height of: approxlmately 70 percent of the initidl
.. peak surge height was propagated upstream in the ‘Delta~-Mendota Canal:
- -and a: positive surge with-a he1ght of about 55 percent of the:initial surge

" traveled ‘downstream; the size of the negative wave was indistinguishable

because of the undulations: fo]lowmg the ‘initial positive wave. With 150- 7'

| - .or'200-percent backflow, waves with heights of 60-to 65 percent and _
.35 t0-40 percent of the 1n1t1a1 surge helght traveled upstream -and down-

‘( -_lstream, respectwely

' -"'".‘Effect of the: Slphon

‘“The mverted 51phon at Delta.-Mendota Canal Statlon 3002-1—50 removed

.. the peaks of the undilatory wave -and flattened the ' wave front as the wa_ve '
i:passed through:the siphon: barrels ‘The -average ‘height .of ‘the wave

i-_.-j'i.remalned unchanged.: Reflections from ‘the transition ‘leading to -the .
'-_i__.js1phon and from the 51phon entra.nce headwall were 1nd15t1ngu1shab1e

'_-';-j’-‘-ssffect of the Dead End at Check 13

?",f“:As predlcted by theory (as in Favre g Work) the surge he1ght was "

;apprommately dotbled upon reflecting off the dead-end. This: cond1~ :

:tion‘is applicable- equally to;positive.and negative. surges and will: con-
f ,_tmue unt:l the waves are attenuated to ‘a neghglble size. by fr1ct10n




" Other Observations .

o

‘It 'was noted that although the 31phon removed the osc1]latlon peaks of ,

“the ‘wave, the peaks reformed as the wave continued along the canal
‘beyond the siphon. This observation was also true for small residual .=
“waves followmg splitting-at the bifurcation. Curves in the canal aline-

" ment had no apparent effect on the wave form ‘'The wave front. remained
perpendlcular to the canal- center].me. '

Surge Propagatlon in the Forebay Canal w1thout the S1de We1r

A ‘series of --.j;ests was made with no side weir to more effectl.vely evaluate
~ 'the effect of the weir. The characteristics of the surge wave as it
" .traveled through:the Forebay Canal unattenuated by artificial means .=
" were determined. The rejection surge wave height will be reduced by .

- friction; however, .in the length of channel under:consideration the max-
. “imum oscillation peak increased along the.channel. as ‘the surge. approached
oo all development, Figure 11. "The backflow. surge, superimposed upon the
“.:rejection.surge, was attenuated by energy loss due to friction and by a.

~tendency for the-initial peak of the wave to deteriorate due to’ 1nstab111ty,'

: :the latter’ influence was. predonunant The backflow surge initially dem-~

- -onstrated an increase in size during. development, which was followed by '.
-a falrly -rapid decrease in size, Figure 11, The wave tended to become

jmore stable as it traversed the: canal

':':‘In general test. cond1t1ons for the 1 500- foot long weir were dupllcated

The data-are summarized in Tables 1 through 5. Without the side weir, - |
'_____data for partial rejection were taken for only 150 percent backﬂow, which -
" is the assumed operating condition. ‘Data for conditions of:no’ backﬂow :

~ . .and 200 percent backflow can be: estimated from the available data. The
- .:tables should be: adequate to estlmate surge he1ghts and veloc1t1es fOI'

A :;.deS1gn purposes

'-j.'Observatlons on the Long1tud1na1 Form of the Su g Wave

i"The ‘general form of the: reJectlon surge w1thout backﬂow from the. d1s- =

:',"::'-_'.;-charge lines, ~was: undular, ‘as observed by many experlmenters Itis o
" often assumed that the surge.is always .of direct form-with.a level water =

-.:surface’behind: the:initial front. 'This'premise is, in general, incorrect =
- .except:for.values of h/H greater:than -approximately ‘0.28 12/, «for which
‘the ‘wave :front becomes unstable and eventually breaks (h is the" average
Elurgeihelght -H is:the initial channel.depth). - The undular form:of the-

: wave has been explamed by JoneslSI as an. osc111atory movement

12/ "Mathemat1ca1 Theory of Irrotatmnal Translatlon Waves" by G H

‘Keulegan : and:G. 'W. Patterson, Research ‘Paper RP 1272, ou.rnal of

Research; 'National:Bureau:of Standards, 'Vol: 24, January 1940, _
[":Some: Obs'ervat:.ons on:the: Undular Jump, " by L. E.J ones,




caused by the tran51t10n between the ‘maximum and average surge helghts. _ .‘
Relat'.onshlps among average surge height, peak height, wave length, o
. -and surge ve10c1ty are. presented in Flgures 12 through: 16 for the data

: in Table 1. . :

- '-‘-Flgure 12- ﬂlustrates the varlatlon of average surge he1ght followmg
" “complete flow rejection, with the Froude number of the canal flow.

o ‘The experimental data are supported by the accompanying theoretical

-eurve, which was derived from the equations of continuity and momen-
tum.  The scatter in the data is probably due to slight variations in‘the
‘initial inflow conditions, Since: the ‘wave helghts at. each sectlon were:

B -recorded at a d.tfferent tlme

'Flgure 13 shows the vanatlon of average wave veloclty through the canal
reach with'the Froude number of the canal flow. The accompanying = =

~ theoreticdl curve, also derived from continuity and momentum pr1nc1ples,

- shows theoretical velocities up to 10 ‘percent higher than the measured

_velocities without the weir, ‘and 'up to 14 percént higher velocities than
those ‘measured with the weir.  Measurements of the velocity chstrlbutlon

. showed that near the upstream end of the:canal trangition to the pumping -’
' ..plant, the surface ve10c1ty ‘was approximately 25 to. 30 percent highers "
- than the average velocity. The theoretical curve is based on the:average

velocity; ‘thereifore, the: hlgher surface velocity could explain the apparent I
- retardation of the surze wave. ‘Figure 13 also demonstrates the effect

. ~of‘the side weirin reducmg the velocity of the wave. The effect grows
©.."less-as the wave-velocity increases. The curves tend to.a value of

< Fy.=1.00, Whlch corresponds to. the celenty of a graw.ty wave 1n st111

L -".:water (Fo =-0).

: _LfFlgure 14 shows varlatlon in wave length (L in’ Flgure 12) with wave
~velocity and illustrates:the difference in wave length at two sections 1n
“~the.canal. For any. gwen wave velocity, 'the- ‘wave length apparently - i
“increases ag thé .waveis: ‘propagated upstream.  The difference’ becomes e

. “negligible bielow.a wave Froude number of approximately0.87. Sandover |

.and: Zlenluew1cz14/ observed a: decreasmg wave length with an‘increase.
-.in wave:velocity contrary to Figure 14, but they hinted that this relation-
“ship:wasa function of the distance from the point of. Anitiation:of: ‘the: surge ’
by.stating that, 'Along the length.of ‘the channel; however; for one.run

.- the wave lengthiincreases at first then steadily decreases. 2l _Gentilini's 15/

~data algo:.indicateithat the wave length-wave velocity: relatlonshlp is-
" dependent:upon’the location of:the ‘measuring section. “At-a.section more <
-:distant:from:the’ origin’ ‘of the’ surge therefore, -a plot: sumlar to’ F:Lgure 14
mlght also ‘show:a’ decreasmg wave: length for an 1ncrea51ng wave veloc:.ty ‘




- ‘Perhaps the most important relationship in.the study of‘surges in open
~-channels is-demonstrated in Figure 15. Knowledge of the height of ihe
- ‘peaks” which form above the average surge height is essential to the
proper design of canal freebroad requirements. - Technical literature .
- shows a wide variation in this relationship, ‘due to the effects of several .
" -variables such-as; (1) distance of the measuring station from the: pomt -
‘of initiation-of the surge, {2) methods of experimental measurement,

‘and {3) veloc1ty distribution in the channel before surge propagation. As ER

. shown:in Figure 15, this study indicated an essentially linear relation-
:ship with the.maximum oscillation peak being approximately 1.18 times .
the average surge he1ght. Other investigators have. found th1s ratioto .

: 'vary from 1 1 to 2 0, 1n rectangular channels. T S e

5 :Backflow from the d1scharge llnes resulted in: super1mpos1ng a wave of
"-a modified solitary form on the: average. height of the rejection surge.

* "The height of the backflow- surge is-a direct function-of the maximum
" rate of backflow. d1scharge The measured relationship between: back_-
- flow surge: helght and maximum backflow discharge rate is shown.in -

' ,__F1gure 16. . To,findthetotal: surge he1ght due to.rejection and backflow,:

_ '__'fthe ma:umum backﬂow ‘surge-height from F1gure 16 -should be addedto
- the: average reJectlon surge height, h, {exclusive of the. oscﬂlatory peaks)

E from: Flgure 12, "The theoretical curve forthe average backflow wave:
‘height;, developed by contlnulty and momentum’ principles, substantiates

_':""f}the experimental ‘data.:” The experimental maximum curve indicates that
*-.:the oscillation peaks: of the backflow:-wave are. approxunately 1.:6 times
Tg_:the average backﬂow Surge helght at this part1cu1ar measurmg stat1on.l o

' :Longrtudmal wave forms follow1ng reJectlon of the ma:umum dlscharge

_7-7,....._-"‘W1‘|'.h -and: -without backfiow' are:shown'in F1gure 17. ‘The records 111us-' 2

“trate .errors ‘encountéred in; relymg on.data ‘from:a: smgle measuring

section, ‘such.as the canal centerline, “Differences in surge heights. from'-f"__‘_.'
~.one:side .of the cha.nnel tothe. other were nearly 1nd1st1ngu1shable for: sma.ll‘_ Sl

..surges;" ‘either: with:or without ‘the weir. As. surge helghts 1ncreased
~particularly with the- superlmposed backflow:surge, the.initial . peaks

exhibited a concave form:{lower inithe center).. The model wave; _follovv- o

ing. re3ect1on of-the’ maximum dlscharge with- 150 percent ‘backflow, -is .
showniin Figure 18. . The:breaking edges of the wave:are: caused by 1nsta’-'
b111ty due to: the: lesser depth over: the cana.l S1de slopes - .

,‘-'The:data presented should be appllcable to other trapezmdal channels of
“this” relative size and shape. :It:should-be. noted however, -that’ factors
"suchas veloc:.ty dlstrlbutmn inthe, channel, fr1ct1on, :and. the ratio:of e
wave .elght 1o’ channel depth affect the formatlon and propagatmn of'-the S




'- Attenuatmn of the Regectmn Surge by Fr1ct1on

Fr1ct1on effects could not be- accurater evaluated in the model because -
nf:(1) the relatively small scale model which resulted in extremely small -
changes in ‘wave height, ‘and (2) the. uncerta.mty that'the wave had become
fully developed at the measurmg stations, ‘Sandover and Ziepkiewiczl§, I

-state that friction has little effect on the’ helght of the initial peak, affect-

ing primarily the troughs and distance between peaks (wave length). A

strzight pr1smat1c channel, longer than that available for this: study,

~ would be necessary to properly evaluate the attemating effects of friction.
'Sandover and Zienkiewicz present equations for the«change in the undular"

o profile and the attenuation of the oscillation peaks. After the oscillation

peaks have been dissipated, the viscous damping of the stable wave_form _
can be: descr1bed by re1at10nsh1ps presented by Keulegan17 /. 18 Iy '

,._.4-/ \

- .Summary of Operatlon of the System Fo]lownlg Re,]ectmn of the Maxunum
' -D:.scharge of 4, 200 cfs R ‘

"'I'he water: surface var1at1on at the upstream end of the S1phon was meaa- '
‘ured-to determine the maximum depth inthe pooled Delta- Mendota Cana.m
" downstream from -the ‘bifurcation following rejection of the maximum = 3
o dlscharge. ‘The maximum water surface was about 1.6 feet above the = %
'pochd ‘water surface approximately 8 ‘minutes. (prototype} after initiation:
-.-._of the surge.. The’ dﬁference between 130 and 200 percent backﬂow was
Lstmgl.ushanle ; Mo : :
.Steady condltlons, W1th the: ent1re dlscharge flowmg over: the weir, -

- occurred about 45 minutes (prototype) after initiation.of the surge." At
_ithis time, 1 the water .surfice rise above the normal water surface eleva-.
, " tion.was: approxunately 1. 1-feet near the downstream end-of the 1,500~ foot

. ‘weir, apprommately 1, 2-fect-at the upstream end of the Forebay Canal,.
- and about ‘1, 3 feet in the: pooled Delta—Mendota ‘Canal. .. The d1mens1ons

“ are referred tcr*he normal water surface daturn at elevatlon 173.2

. "jface tenslon and v1scos1tY- R

Development’of the S1de We1r Crest Shape . R,

. --';,;(Forebay Canal datum), and have been corrected for, the effects of sur4 '

7w

BecauSe of the relat1ve1y small scale model the true dlscharge charac— e

-.j -,terlstlcs of ‘the prototype weir were uncertain, i.e.’, the/inodel weir

e _- "iennght ‘be -either -more or: less eff1c1ent than:the: prototype weir (excludmg‘
- the range in which viscosity:and surtace tensmn are known to be ‘impor-

5 Jﬁé-tant) .Also, 1t was desu‘ed to deve10p a we1r shape that would 1nh1b1t

‘T870p. e & - P
17/ %haracterntzcs qf:the Sohtary Wave" by J W Dally and S C
Stephan, Jr. Proceedm 5, Amerlcan Soc1ety of C1v11 Eng}neers 1’77
!Separate No. 107, December T951. B -
"18/"Gradual’ Dampmg of Solitary: Waves" by G Keulegan, Journal
of : Research Natlcnal Bureau of Standards, Vol 40 1948. R




, ‘spﬂlmg due to waves formed by wmd durmg normal operation of the
‘canal and still maintain a satlsfactory dlscharge capacn:y durmg emer-
gency operation. ,‘ J,
Al 10 scale model of a 25-foot- long sectlon of the weir was. mstalled in -
-a-glass-sided flume. Observations of wave reflecting characteristics
- and measurements. of the. d1scha.rge coefficient were made for various
* conflguratmns,- Tests were first made on the original profile as installed
in the 1:48 model. This profile and its approximate discharge coefficient
...are shownin Figure 19A. The.- original .shape was modified by extending
‘the crest horizontally upstream to provide a 6-inch vertical wall for
‘reflection of wind waves, Figure 19B. This change resulted in a lower -
; d1scharge coeff1c1ent and madequate discharge capac1ty. -

. The proflle was further mochfled in an attempt to increase the chscharge
.coefficient by mcludmg a 12~inch-wide notich at the normal canal water,

 surface, which is 6 inches below the weir crest. This modification pro-
.vided a vertical face for- reflection of waves.but did not significantly alter

. ‘the orlgmal crest shape. The proﬁle and its coeff1c1ents are shown in.
. . Figure 20. Impmgement of the flow oi:the upper portion of the vertical
. face was observed which could result in increased eddy losses and a
.+ reduced coefficient. The notch was therefore widened to 15 inches in an
. effort to aleviate this condition. The corresponding coeff:p1ents, Fig- -

‘ure 20, :ahow an 1mprovement for heads below: about 2 feet. Flow over

‘ “the weir is-shown in Figure 21 and the wave reflecting capabilities are

: --demonstrated in Figure 22. This profile was recommended for inclusion
“in thefinal design. -It. must be noted that the discharge coefficiente /were

e measured under steady-state conditions, with stable heads. ‘Whenthe ' -

.. to a dimensionless.coefficient (Cw =Cg/

- weir operates during .passage of a surge wave, the vertical component;
‘-..of velomty should result in hlgher coefficients than those presented

"The coeff1c1ent of 3.2 fore,thé’;rehnunar}grofﬂe of- Flgure 18 corresponds ..

2g) of approximately 0.4. ‘The

"";_,;head -of 1 foot (prototype) represenis a Reynolds number of about 1;420.

“and-a Weber -number-of about 5.4. From Figure 8, these values corre-
. - gpond toa dimensionless- coefficient .of approximately 0. 38.  These cal-
culations show that for:a head:of 1 foot (prototype€), the 1:48 weir -and :
the 1:10 weéir exhibit essent1a11y the same discharge coefficient, suggest-
- ring:that. data ‘from the 1:48: we1r are rehable above: the cr1t1cal head of '
';jabout 0. 77 foot (prototype) o g

s" of the Recommended Deslgn

he constructmn deta1ls of the recommended deslgn are shown in F1g-'

-ures 23 ;through 26. Figure 23 exhibits the general configuration of the S

.overflow weir;and accompanying structures. : The weir. shape .is. shown
n Figure: 24, “The elevation of the weir crest was raised 0.1 foot : (pro- ;
type) above the crest elevatlon used in the model tests. 'I‘hls d1fference







L Y S g .m:osomn mnonm .Ho mcoﬁmooH .Ho.« 5 m.:_wﬁ.m 228
el R Lo legre "*B1S 18 199180 "GT. SBA ‘ydap, TeNTuY
_ : T o _ _ _ -+ “rguoToarial Aq mouw.ummhwvﬁ X0,
“apnyrdure [rewWS .ﬁo wm:mumn_ umEEnwam_u hﬁmﬂmn:uum mn 10U 3:00 Emﬁon afang ey} 9)eITPUT’ (=) 8390 ;
o : : _ _ _ v:oomm nwn pmm.ﬁ adfj0j0ad.uy age mwﬁﬁooﬂmb owaﬁm.
‘ awm.ﬁ om.ﬁo«onm ur-: mnm mEmdm: mwnsm_..

61°0
61°0
62 °0
$£°0
7€°0
veE'D

61°0
PE'0
8g°0
6170
8e°0
61°0

L9°0
18970
e
S 1i29°0
SR )

96°0
ST'T-

960
011
lo80
10°1

— M em
4 oe N 0T e

1 S et
tes+e | - fES'T
Ty - - S a6t
L8 T )eS T S R SRR Y0 &
L8°1 |¥S°1 legBr)| - 1 EST
: o JBLTT ST R B LR
- TRo0TeA|BTon|udToY {UoTI0a §{UOTIEIS rﬁsm_.; Emsn nozoom nosﬁm
- oBame {}eod |efans Eonm.wnﬁm_. ~@Bang xmmm o8an 1o m
.. eAy. | peay 4 ,_...;_m_><. T
_“_H .SmBmEmu_ \

B T
o pgro
80°1

— 030N = M
4-_-'1'-;N*:~5;_-'-c.m o

y ._.k,_.‘?oq.mxodwm ON "ANNd ENO az.< TSINNd TRUHL
- 'SNNJ XIS OL MOIE 2O NOLLOWCAY ALATINO




- 1670
a0

98°0
98'0
L9°'0

1170

iy
Y

o N

boooofesion

£9°0-
2L°0
LLTO

w0

€970

Era

¥ 1

08T
ov e

-~ |ezz

92’z

0N ¢ O D

0z | 20°2

261
8L'T
11°z

26° 1.
g

T

R L1

e'T:
19°%
eo'y

.; H waw4¢

BT
ST
ME 1

Tl Y O OO

ww+nﬂ

mm+nqﬂ

06°%-
OT'€.
o1 ¢
R{
69" ¢
06°€.

ETRY
G T
€91

G848

.m_~f._uom+wﬁ:

AFfo0TeA
~adans

‘m@.wumo>4f

WBey

Head

WY
adans

© 9Ay

TR
wﬁonm

vonels
mnoum

h:ooﬁws,
‘9dans
:m><

WATeY
Aead

Emﬁmn
mmnsm
Ay

noﬁ.omm
mnoum

T E

_._Eo.ﬁ.

mmo _
Boﬁxumm

namg,ﬂz

T19M 3PYS 3j- Sm T R .
| . Boq.mmoﬁ INGOHTd 061 ‘dWNd ENO NV mmspm

HH.MEE_. wnaED.nﬁ uﬁm O.H BOJh hO ZOH,HUE.H.HM HEHA&EOU .




10T
et
g'0z {980

T

. |9s’0

o

A
ST°T
PE'T
862
V6
£8'2

R N R C N

o |es+z | . .lo08g

oo LT0g 1 80T
les+sr |- i toz'g Sﬂ
1 | qesvlegir

B 5w e
| 02:1°|: -
e T [ -

1578 | ¥S°T-
06°% {¥5°T
DANECHS

43100734 Emaa Eman uorjoagluotielgiAjroaraaljudray Emaa n,osomm nosﬁm
- 9dans | 3edy. adans| aqoad .ﬁo_.ﬁ . 98ans. ._,xmum. adans|’ mn_o.ﬁ, BEm
IR AAY e o4 m>< _.. m>< _
o ,.H._..mg mﬁﬂm u.«r.ocm ._” TR I e ITam OZ
T R _soqmmo<m .Hzmommm SN JNNd mzo E,E mmzbm
- mmmmy mmspm Xis 09 y\Yolg€:¢ g0 zoﬂ_omnmm LA TINOD

e m,.snmﬂ___.







:..L

5 ST _.__,,u.ﬂ,m.”mn_u_ﬂm?___soﬁ_a_mn.m mxmman.m_uﬁm,_n8.3., ﬂ_moo.m”_‘.‘ﬁaﬁ EJEP 01 TBOTIUODT 2 Esosm**

e 000 00 | e o Ol -

DAy

oSS ©oovos| ¢

e
A4
11

|z

I

B A= = N e e e B




82 meters per gec
meters




2 FIGUREN
'REPORT HYD-546

F"ut‘tersun: -

T FOREBAY . CANAL oA w e ARl c T E T 1
""‘”"‘ AND WASTEWAY-- I[6%, |DELTA-MENDOTA CANAL
N | Nt VO“G MiLE: 63, 25 e MlLE 70, Gld_/
LS - BUBOSﬂ_l N CALIE
3=}

o Jﬁﬂ:
: Palo

L

B

45 W

; cir.r

Sd.N LIS AM
FURES-:Y AN

= cavtr 22,3 Hollister.-. -

-

N

CALIE JAG—]
T

R B o R I
-cair? &l o el Caatin

San' Licas

Ketleman
City".

SCALE.OF MILES" " "¢




FRITANG NOLLSBEIERTT
'Tirg G OPEIAI ik
TAUNGAENHOIL VLR DEsaTIS

Ssdswiier

87 sk g

g
2 TN Y MOT
T

Hg v.\n.\mgnﬂv._, 5

a3 Thienrese |

IR ar—

: - a3pgins:panass.
PRYTIUY 4 MBIBT, 0% 84 Dlsaryy

P0G w1
e N T A

L 6

. on..n:.».n__m.:.-u-:_n._n.“.
25 T diwo,m g

bk P
—SAVM ILE TN MO T}

T A G006 X

SRV TINE B

A /
E:Gac.huf . ol

1 v
.q.nnuzu.aﬁ._ua,.w\

| noraoss morsesAo




FIGURE D
REPORT. HYD-546

rofotype”
af g -

vlotype u\'wnemén'v :
‘Forebey tamel -

RN
Top 07 pratatype
s SNy




FOREBAY PUMPING PLANT

FOREBAY CANAL

= I A : =i cuercra

SAN LUIS 5IPHON

PB05-D-50665 IR !
& BRyEErTAA i

<

P805-D-50666

SAN LUIS FOREBAY CANAL
SURGE STUDIES

1:48 Seale Model
Model Configuration

p aandi g

9pg~-pAH 1J0dey




Figure 5
Report Hyd-546

F805-D-50668 RESENIES

B. Capacitance wave probe

C. Oscillograph recording of
wave forms

SAN LUIS FOREBAY CANAL
SURGE STUDIES

1:48 Scale Model

Model Instrumentation



Figure 6
Report Hyd-546

-
PB05-D=50670 [

SAN LUIS FOREBAY CANAL
SURGE STUDIES

1:48 Scale Model

Backflow Device







EFFECT OF ‘VISCOSITY *

Gw Dtmansmnless coeff
ot dtschurge 5

Q ' Total ‘digcharge’

-‘p - Mass ‘density |

Jp-=:Dynamic: wscosny
W= Weber number/. -

G- Surtace rension







ves are derwed frcm'Cifr:ms ‘equ hun'
“1a.this report)

N a4
Heigh! of . makimtm,
oboyve_initiol coral.deplh:
Froude fumiber of; initia flnw

B iNFLOW OF. 2100 G.F.5.

‘Fg @ 0,062

48 SCALE MDDEL

._15_00_ FOOT__LO'NG_ SIDE. w_l-:m




CuiEm 3ais So_.__:; ANV HLIM
RED NVHO ONOTY V3d. WNWIXVW 40 No! E_zs,

q F L e o Hiacow 3795 B
| _ oo -s310nlS 3A9MNS -
...qzqo ‘Emmmou_m_:._ zqm

| ._.,__.______,__.._,.mzo:qpm .__<_z<u ><mumo.._

. Tl_._.l_lL,T,wm_‘lx.mz 3018
0642 - 00FG . L 0040} BN

v uo_n.zo_kuwﬁum_, :

.ll.ll.'l.l

EOEE R & ___,__”;o.r_xoqm £49 00S9 MM | "~
it e e840 0020 40 NOLLOFMIMC
——; ﬂ.

S ao._.._xoqmm..aoo%:pimn_ooomt

_.,__tm; apis ,_Sof._‘s




GH =~

ON'SKET

DEFINITI

Lo
by

it




m p_m.w.4¢z<o

| ><mwm.o_n_ m..:._ m_z_qm




~ FIGURE ;
- REPORTYT . HYD~-546

See definition sketch -
viin-Figured2: . ‘




REPOR a1 HYD ._546

See def:nmon skefch_f
in Flgure I2 -




‘546

16

 FIGURE
REPORT ‘HYD

Eoo.:m_._;o_u _u_.:xoo__ 8pis

ITCTRIL 99 + 8l ‘04§ _u‘_uo._amuo_z ‘
MO)ju) $42'0QIZ 0 Uoljo8(ad HFRAS
o s.o:v.m m,._o oom¢ $0 cozooqo._ jInd eo

omham

.‘_._.ozum..o.__ j0 Em_o: ‘ebpJenp anoqD
peinsoow mEo_o__ ebans ;o_t_oum_

mm._.oz

vy momqroeo ;Omeoqm;

z.:a LHOI3H 29uNS ;o._..._xoqm 40 z_o__.,.E_m§

n_mn_os_ w.._<0m m.v

mm_o:._.w wom:w o
IYNVO >dmm_m0n_ w_:n_ z<m

.‘,mh_u 40 wDde:OIk wkdm wwdeUm_D EOr_h_,dem .s_:s:xdz :




_:Figure ir
, .Report Hyd 546

¢ 8
N

Prototyps Faat

9@%@

SECTION |

G aaani

SECTION 2

2
]
0
?
]

" Prototype Metirs

‘r. SECTION 3.

L

SEbTION,-,I '

f

]

. ﬁ‘&ﬁi‘ypi Mitary

Xoa W,

B

h-n:di-iij,ci—na:iu_ Oy b kA
- fd - . :

T
' 'Tum in Protutyps: Seconds

SEGTION 3

4200 crs INFLOW

=

%516 2 36 4656 66 1580
.. Time in Prototype Seconds

4300 CFS INFLOW

1620340 50 60 T 80"

— B400- CFS BACKFLW

SECTION 1 -
SECTION 2

 MEASURING - SECTIDNS

'LOOKING DOWNSTREAM :

Eususn UNITS - }
. SECTION .

| [—,H—H—l—-i—H

" SECTION -2

<4200 £F5 REJECTED 3
ND BACIFLO!I

" %5090 100 11D 120 130 4D %0 60

.SECTION '3

B b 2
MM
o=

:SECTION i1 -

4200 .CFS REJECTED
6300 CFS DACKFLOW.

" SECTION 2

g I G O

B
99030 00 NG 120 1

Time in Prototype, Saconds

aEﬂhT UNITS
2
HBQ CHS IHFLU"

18,9 CIIS REJECTED ,

lIO ACKILOW

.f!!\!nk‘,J.'\J.rL.‘ -
"89G 100 10 120 BOMOBO 160

b B [
% 140 50 160

‘Time in Prototype Seconds

SECTION .3

4200 cFs INFLOW ©
4200 €FS . REJECTED

ol

8.9 CMS NFLOW
1188 CMS REJECTED.
. ITB3/CHS BACKFLOW

g
O8596 106 |

W%H’*‘Hal

SECTION -

SECTION 2

Time in Prototype Seconds
"SECTION 3

a[“

SECTION 2

i

™ .

AN
3 120 130 40150 160 .

Time In Prototyps Seconds

8.5 cus wriow O
! ‘yag WS REJECTED
.. 2¥TF, CNS " BACKFLOW

"SEGTIO_H g T §

in Prototype. s-eond )
SECTION

358 90+ 105,110 120 30 40 150
I

. SEGTION 3.




SAN LUIS FOREBAY CANAL
SURGE STUDIES

1:48 Scale Model

Surge Wave for Rejection of 4,200 cfs
Plus Backflow of 6, 300 cfs

Note breaking leading edges

Figure 18
Report Hyd-546




PRELIMINAHY WEIR CREST A _. -PRELIMINAR‘( CHEST WITH 6~ INCH

cnmszatu Jlof o o  WAVE SCUPPER .
R GanQmH-lOﬂ

_"ﬁ*.-.lfbw
) =

SAN LUIS FOREBAY CANAL
SURGE STUDIES '

lo SCALE MODEL

DEVELOPMENT OF SIDE WE]R PROFILE SHAPEV'
I ' PRELIMINARY DESIGNS o

—

~SPE-OAN 180J3T
34n9id

61 -




S ze,mmm mmnzmzzoomm _ :
L mn_s._m.m.__.._omn_ H13M m_em 40 _.zm__..._n_o._u>mn

._moo! m._dom o:

- s31ONLS uom:m S
J<z<o ><muzon_ w_:n_ z<m,

546

RE 20

. FIGUR
REPORT_HYD

ﬂ wn;.ro.rom_n: kwmu_ - kmwm_c m_u..: zo n<u_._

| 45340 ¥IIM QIANINNODIY

N310]33309

- Lq:...mvT.:.m_ 10 us w_ _

i

“ubjsep Jouy 2up E vu_uua_u,‘:___ B :u_o‘:.. youl-gl __w_ﬂo_z_.,




URE 20

- FIG
REPORT HYD

546

—

. zo_muo_ounzmzzoomzy._
3dVHS 3408d HIIM 30IS 40, _.zmzn_o._m.).mo,...
) ._mno: 308 01 T

- s3lanls -398ns
JdZdO.*dmmem m:.-.._ Zﬁm .

nun;._.o._bmn: ._.uuu = ._.muv._o w__u; zo....

_.”.F_m_.u._.mo NTET .auozuz,_‘oomm

= _,ﬂ mx_lgm_..lo..:._m_ |

..._m_,won_._”u..__:._w.:_ ur vo__m_..__on_ §) yajou ._._._o..__-n_ _,,“.o__*oz_p

N3I2144300




Figure 21
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APPEND]'X

.ri"x\. s

Electromc Dlgltal COmputer Program to Solve Cltrlm's Equatlon for
o Attenuatlon of a ‘Re Jectlon Surge a Lateral Splllway - -

PROGRAM DESCRIPTIOI\!

:The progfam ‘was developed 10-sclve- an equatlon derlved by C1tr1m19!
..+ "for the attenuation:of an open-channel surge by a lateral spillway.  The -
' -"-{g:j__“'lengthy equation'is presented in the Investlgatmn Sect1on of th1s report"'- I

' ;and w111 ot be repeated-here.- o L L : . o

b The program was written’ in the FORTRAN IV (FORmula TRANSlauon)
.- ’language and can be:used on most €lectronic dlgual computers No g
_:spec1al operatlng procedures are requ1red - S '

'-:__"ESolutmn of: the equat1on was: accomphshed by the b1sect10n method The
irequirediresult was the. Burge.height. following attenuation by the: lateral
_:..sp111way (or side weir).: ‘Dimensionless :Eorms, ¥1and YF,. were used.
~:in the computations: . YI:was the ratio.of ‘the surge. depth (Y2)tothe .
nOrmal water: depth:(¥Y1) before: attenuat1on by the weir, .and YF ‘was. the B
'orrespondmg ratio after attenuation by the weir, - <In the bisection o i
method, ‘upperand’ lower dimits-are! chosen which areexpected to: bracket
the .correct solution. "In‘this.case; the upper limit (YF1) was the rat1o
of the': surge depth before; attenuatiol to-the. normal: canal water depth - L
T,,,Y I):and:the lower limit (YF2) was assigned the value 1.0, which corre-. o :
=sponds 0. complete destructmn of: the\surge wave: by the. side weir. . The“j-\:{' :
trial: value of YF.is taken:at the ‘roidpoint; between’the limits ‘and:substi- "
tuted in. the'ﬁ'equatlon-'»fiwhlch appears in'the form- of a function statement '
-- : olution is. reached when the value of ‘the function ' -
or.is: within‘an. arbitrarily. chosen limit on ‘either’ Slde of
/‘the: absolute value of:the :fanction’ requlred for a:
: ) _Inthe'bisection method; the limits are:
..contmue unt]l the solutlon 1s obtamed. For: each




the : cha.nnel ﬂoor (SPWYD), the Sptllwa.y length (XL), a.nd the Froude -
number of the initial flow (¥). = Each input-variable was allotted an elght-
character field, with: the"dec:.mal ‘point. placed'?as requ:.red A sa.mple
mput data Bheet is. mcludeo m thJ.B appenchx- ’ L

The output data’ mcluded the mput va.na.bles llsted above and the ra.tlo of L
the“surge’ depth-to the- initial depth before (Y1) and after (YF(2)) attenuatlon e
- by-the spillway.  Ten eight-character fields were: requlred for the output
' Three characters to the right of‘the decimal point' were specified for all
varlables _except the spillway length, which required. only two decimal ©
: 8. A representatlve output hstmg 1s a.'lso mcluded m thls appench_x v
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*The computer program was prepa.red by Paul W Merkens from Regmn 2 e
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‘neer inthe: Hydrauhcs Branch dunng the summer of 1964 :




DEF]NITION OF VARIABLES USED ]N THE PROGRAM

YF and. YF ( )--ratlo of surge depih to initisl denfh fo]lowmg
iy o attenuatlon by the spﬂlway (Yf) _

DIFF ( 'f_‘:_),; - -va.lue of equa.tlon for trla.l value of YF.

| RFS S ID :---statemeut functlon name.

s Yio.oooo ."---ratlo of Burge depth to 1_n.1tla.1 depth before attenuatlon"- : _f i

by the splllwa.y (Yl)

"_f‘_m_---da.mensmnless 5p111way d].scharge coeff1c1ent (u)

._r--:spﬂlway leng'th (L) | k R
-ﬁ1dth of channel at elevatlon of Spﬂlway creBt ( s )
| o j-—rec1proca.1 of Froude number of 1mt1al ﬂow (A)
o _f_l;'-‘-rauo of SPWYD to 1 (c*)
'--channel bottom w1dth

: "cha.rmel Eude slopes..k ,




PRINT HEADINGS

A

>Y

<_"READ B;'Sy COEF,YI
Y2, SPWYD, XL, F "

' ':COMPUTE XMU,. AF‘{_ .
CSTAR "Wy XW, YI

e

"DEFINE:YF:(1}

AN DYF(S)

B ]

_"COMPUTE DIFF (l)
AND; DIFF (3’




_' menum:Lnﬂunu
 FORTRAN IV ‘SOURCE STATEMENTS FOR ELECTRONIC DIeIm,_

: GOMPUI'ER PROGRAM TO SOLVE CTITRINI'S ‘BQUATION FOR
A’I“I'EHUATIOH OF A PJ!"JECTION SURGE B'I A LATERAI. SPILIHAY

PPDGRAH" HRATTN. Jos: oaslHKATTN o

CDETERMINATION OF SURGE ATTENUATIDN BUE TO CAKAL san SPILLWAY

~T DIMENSION YF(3)aDIFFt3) . .
;10010 RESIDUYF 4 YT .9XMU 4 XL 4 W .Ar.cSTpax- -:@~-
i ;lItYF*tYI-l 0)Ye (1 0+¥0. 750 (YI=1.0))) .
:;ggt:z+ ttYI**Z)-tYF**Z!}ﬂlSQRTtD-IPS“tYF+YI)))
L L A=Y TeUYFRe2) =14 0) 6 (SQRT (041250 (YF+1, 011)))= .
o OXMUZ22, o)oth/w)uAFattvr+v1)»*2)»tVF+vx-z.oc51An)
B0 SARTU 01254 (YF#YT) #{YF+Y =2, 0#CSTARY) )Y -/
GYPHYTSAF e (YFe#2)=140)0 (SQRT (0 125*!YF+1 0))) _-"
»*.jf?+Aratv1-1.o)ut1 040, 750, (YI=140)) : '
“R*AF“tYF+YI)thGRTt0 5n:vr+vz):))) SRR ;-; SN
: 9H.. g . COEF - = ¥l .

.30§’FORMATllx-ﬁFB-SgF8o2a1X13FB.3) L
laqo_roannrtara o)

READ. (5913300 a.s.co:r.vl.vz.SPwvn.xL.r

fxnu = cozrzs 0499




R

-q... T,

L

. -

T o TR

‘-..-dlﬂ

AW T

o T

ﬁ, . . .,
_nc..'.-—uw_u.w"ﬂG

i)

ze{isot)

“3ANOHG *

awvo

HONNd

T ivo







‘probes for partial and omplete rejectmn of
ckflow from’ the pur ip discharge lines|. Max-
ights wers 5.4 fi compléte rejertion of the
% ‘plus 200% b ft withf150% backﬂow,

A1,500ft- L

aur e heipght

bacl-:ﬂow. L
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ABSTRACT

Data Irom ml 48 scale model supplied ‘the magnitudes and velucities
- of aurges developed in the canal system following rejection of flow a
- the pumping plant, _SanLuis Forebay, California; and showed that a .
- “aide weir was effective in reducing the surges, 'Data were obtained - i
" with capacitance wave probes for partial and complete rejectlon of - .
- flow with and without backflow from the pump discharge Unes.. Max-
v imum gubge peak heights were 5.4 ft for complete rejection of the "=.",
- maximiim discharge plus 200% backilow; 4.5 ft with 150% backflow; -
- ‘and-1. 5 ft without backflow. - Velocitieg of propagation were 20,7,7 "«
720.7; and 191 fps; respectively, for the 3 conditions: <A 1; 500 1t-.
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to 1.0 ft withoiit backflow and 1.3 ft with either 150 or 200 backﬂow.
The reflecting and attenuating characteristice of canal strictures Wwere:
‘observed and steady-state conditions after flow rejecton with the :

“entire flow discharging over the weir were measured.” The unddlar .=

.. form of the 'surge ‘wave was analyzed and several comparisona were .
" made with theory, A 1:10 gcale secuonal model was used to develop
) the welr crest shape. SR L .

ABSTRACT

' Data from A l 48 sr:ale model supplled the magnitudee ahd velnclﬂesl

of ‘surges developed in the canal system following rejection of flow nt

-the pumping plant; SanLuis Forebay, California, and showed that a.

side welr was effective 1n reducing the surges, Data.were obtained
with capacitance wave probes for partial and complete rejectitn of

© flow with and without backflow from the pump-discharge lines. Max- - )
" imum surge peak heights were 5.4 it for complete rejection of the -
#raximum dgcharge plug 200% backflow; 4.5 ft with:150% backflow,

and 1.9 ft without backflow. Velocities of propagation were 20,7, -
20,7, and 19.1 fps;. respectively, for the 3 conditions, A 1,500 ft--
long. 'welr on the canal sideslope reduced the maximum su 'Fe height

(]

backllow, “ .



OW AT THE FOREBAY PUMPING PLANT, SAN LUIS
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