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ABS TRACT

3 Hydrauhc model studies of 2 mtake channel transition de51gns for the Fore-
~ “bay Pumping Plant in San Luis Unit, CVP, showedthatthe hydraulic advan- -
~tages.of a symmetrical transition were not great enough to- outwe1gh the
economic advantages of an angled transition., Because the pumping plant -
.. locationandalinement were fixed by geologic conditions a straight-in approach
" could not.be used; therefore 2 alternative schemes for the Forebay Canal -
- alinemant and transition configuration were studied by comparing veloc-.
Aty d1str1but10ns, ‘head losses, and surface flow patterns on a 1:15-scale

B :model,  Velocity distribution comparison indicated that a symmetrical
. '..-_"tran31t10n with curved approach was preferable to an.angled transition with

“'straight canal alinement. Although the symmetrical transition showed
-,shghtly more desirable flow patterns,. the strength of eddy currents occur-
. ring along the transition sides appeared. to be the same for both types.
. " Head'loss difference between the 2 types was too small to Just1fy compar-
- ison-on:this basis. ‘The. symmetrlcal transition exhibited less tendency to

" form vortices between the intake piers.  Both types could possibly be

improved by modlfymg the de51gn—-that is, widening the canal bottom or
“including wertical sidewalls at the pumping plant. (’ i‘he symmetricaltransi- -

.. 'tion, although hydraulically preferable, would require add1t10na1 excavation I
N ”_and a longer approach canal, resultlng in hlgher costs

e DESCRIPTOR ——}-~pump1ng plant/f * tran51t10nsl structures// ='-‘c:a.nals/
.~ ‘velocity distribution/ head losses/ eddies/ angle of approach/ instru-

- rhentation/ model tests/ data’ reduction/ curve fitting/ computers/ research

.- and development/ economics/ hydraulics/ hydraulic models/ pumped stor-
- sage/{ hydraulic structures/ intake structures/ turbulent flow [ chgltal com-

i ‘puters/ computer . programming/ design/ velocity meters
L ‘_IDENTIFIERS-— Central Valley " ProJectI Callforma / San Luls Forebay .
’?-‘Pumpmg Plant/ hydrauhc des1gn ' : _ :
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HYDRAULIC MODEL STUDIES OF THE CANAL TRANSITION
© AT.THE FOREBAY PUMPING PLANT--SAN LUIS UNIT .
CENTRAL VALLEY PROJECT, CALIFORN'[A .

PURPOSE
. Model studies were conducted to compare the hydrauhc performance

of two configurations of the transition between the Forebay Canal and
the Forebay Pumping Plant intake. Effects of modifications to the

o E"-.",_:_ma]or design schemes were evaluated and the relative effects of
SE approach alinement were determlned for one conflguratlon

o CONCLUSIONS |

0 i 1, Comparlson of the tran51t10n des1gns on the ‘basis of veloc1ty
- distributionin the transition and pumping plant intakes indicated

B _that the symmetrical transition with a curved canal approach-is sorne—'

what preferred over the angled transition with straight canal aline-
" ment, Figures 7, 8, 9, 12, and.13. A symmetrlcal transition with

straight approach showed no 1mprovernent over the curved approach

';.._%fq_;f;Flguresg 14, and 15.

3 2 The d1fference in head losses. between the tran51t10n types was
- -"\-too srnall to ]ustlfy comparlson on: thls basis. _

. On the ba51s of flow appearance the symmetrlcal transulon is o
".'.somewhat more de51rab1e, Figure 10, .However, the strength of. eddy

_'.':_‘."icurrents which occurred along the: s1des of the tran31tlon appeared to . .‘
T f'jlbe the same. for both types ' S : ‘ SR

The effect of the curved canal allnement ‘was apparently small

..'~and the downstream tangent-and transition ‘were effectlve 1n recover-' IR

ng syrnmetrlcal veloc1ty dlstr1but1on Flgure 13.

S The symr_netrlcal tran51t10n exh1b1ted less tendency for forrnatlon:'
rtlces between the’ 1ntake p1ers than the angled tran51t10n




6. Installatlon of a trashrack with twice the bar depth of the previous
rack on one bay of the anglédtransition did not change the velocity dis-
tribution, - Operation of a bay with no trashrack indicated a higher aver-
: age veloclty. All bays were. operat1ng dur1ng these tests

Both transition types could poSS1b1y be 1mproved through modifi-

‘ f"'”cat1ons to the design, such-as W1den1ng the canal bottom or 1nc1ud1ng

- f,_-vert1ca1 -sidewalls at the pumpmg plant F1gures 11 and 12

Although the symmetrlcal tran:—utlon might be- preferred accord-
-‘1ng to hydraulic factors, ‘the angled transition was considered more
practicable when econorn1c factors were considered.  The:symmet-
rical transition would require additional ‘excavation and ‘a longer
- ‘approach canal, resultmg in additional costs wh1ch precluded the

S 513 ght advantage in hydrauhc perforrnance
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INTRODUCTION f' N

'::"‘-'::The San Lu1s Forebay Canal is a_feature of the San Lu1s Umt of the S

' _:;_..-Central Valley Project in'California, The: Forebay Canal, ‘which ~ -. i
- :supplies water totheForebay: Pump1 ng Plant and Forebay Dam’ Reservou‘,
vis located near' Los Banos approximately 75 miles northwest of Fresno,

‘. Figure L, The Forebay Pumping Plant is. an 1mportant feature in‘the’"
" planto store ‘surplus watcr for subsequentreleases. . Water will’be -
- :diverted from the existing Delta-Mendota Canal into the 80-foot-wide, * :
15= foot-deep, Forebay Canal, -where.a, maxlmum of ‘4,200 efs: (cubic

feet’ -per. second)will: be lifted by ‘the sn:—umt plant into the ‘Forebay Re‘sl-""..i' S
'ervo1r “The water is then pumped by pump=- generator units into San: - ¥

Lais Reserv01r for storage. -Later, the water may be released back .
into'the: Forebay Reservoir to: generate power and supply flows for .- .
downstream: 1rr1gat1on The features are shown in F1gure 2 o

.&‘

anal to the Forebay

ment of the pumpmg plant were L e

be: changed “Two alterna-
ition: conflguratlon were:

straight canal alme-‘- i

‘ngle, resu1t1ng 1n an. L




e angled transition. The second alternative included a curved canal a
alinernent_with a symmetrical transition leadlng straight into the
pumping plant. Because of high costs of pumping it was requested

', that head losses in the two transition designs be compared. Also,

- velocity measurements in‘the transition and pumping. plant intake. bays _
-were required to determine the velocu:y distribution at the pumpintakes.

© An asymmetrical- veloc1ty distribution, if-carried through the intake

“tubes, -could result in a velocity vector which would affect the rota- - -~

tional velocity of the impeller. ‘Also, -any difference in velocities

. entering the intake bays would result in unequal pump loads to main-
-tain the required rate of discharge. In either case, the affected pumps
‘would operate at less than optimum efficiency. The model data did not

' -"perrmt a quant1tat1ve evaluat1on of these effects

~ “The angle at. wh1ch the flow approaches the plant is also’ a factor in

~the formation of eddy currents in the intake bays which could result -

in deposition of sedlment and retentlon of srnall debrls that had Dassed =
"the trashracks -

THE MODEL

The l 15 scale model con51sted of approxlrnately 500 feet of canal '

:section, the transition, trashracks, and pumping. plant intake bays, -

" Figure 3, and a portion of the intake ‘elbows down to the downstream
"~ end of the" convergmg transition section, immediately upstream from
. the ‘vertical elbow. Slide gates at the ends of the trans1tlon sectlons
E .'-controlled the rate of flow- through each umt G

The cana.l sect1on and tran51t10n, excludlng the warped sectlons, were
fabr1cated w11:h plywood . Thegwi=rped transition sections were’ formed
‘in concrete _The trashracks and wide. flange beam supports were -

.. nearly. exact duphcates of the prototype structures and were fabrlcated
. from.sheet metal. = The piers which séparated the individual bays were -

_“made-of wood and the convergmg tran51t1on sectlons of ‘the 1ntake tubes '
_'i‘:*were formed in: sheet rnetal : o :

f'-_fWater entered the canal through a rock st1111ng baffle in'a headbox
"-The; rate of flow was.measured with:volum etrically ca11bra.ted Ventur1
_ meters wh1ch are permanently 1nsta11ed 1n the laboratory ;

""“Wa.ter surfacei<e1evat1ons were: measured w1th p01nt gages rnounted on’

1_,-:alum1nurn structural: channels. “Velocities: ‘were measured with a rn1n-
ature: propeller meter, Figure 4, connected to.an.electronic counting’
dev1ce whlch ylelded the ve1001ty 1n feet per second from a cahbratlon




canal alinement, Figure 5A, was tested first. After testing of the
~ -angled transition the model was modified to.include the curved canal
alinement and symmetrical transition, Figure 5B. The pumping plant
intake portion of the'model remained the same as before. Finally,
tests were made w1th a: stra1ght canal ahnement and symmetr1cal tran—
;S1t1on F1gure 5C.

THE INVESTIGATION o

I .The 1nvest1gat1on was concerned w1th comparmg ve10c1ty d1str1but1on
~and head loss characteristics of the two transition designs. During
the course of the study, surface flow patterns were ocbserved and effects
-of modifications to'the basic designs were determined. To facilitate
" evaluation of the two transitions, ‘intake velocity. d1str1but1ons and sur-
2> - . _face'flow. patterns for each. des1gn are presented s1mu1taneously in the
SRR .'.apprOprlate f1gures of this -report. . S

_.-'A digital computer program was: developed to calculate prototype : _
. velocities using data from the electronic counter and was later. expanded o
. to:inelude a numerical integration of the velocity distribution curves to

determme computed rate of d1scharge through each bay (see Appendix).

A d1scharge of 700 cfs through each bay was ma1nta1ned by: ad3ust1ng
... ‘the control gates to give equal pressure heads in the conduits. . This
~.method is acceptable if the difference in conduit head loss: between any A
- two of the six.conduiis is of negligible magnitude. “Measurements showed . =~ . [l
. that the conduit loss was approximately 0. 004 foot (model), indicating - Y
. .that’ the dlfference in head loss between condu1ts was negl1g1ble ' o

- “The day-to» day var1at1on in the cal1brat1on of the miniature propeller j
.- meter.used to'measure-velocities was an.important: problem Deposits
- of fine.waterborne materials on the apparatus resulted in recordmg '
~ velocities lower than the: correct:value., By computing the average.

' -_veloc1ty from the recorded.data and by presenting the velocity data in .
- ~dimensionless form: (recorded point:velocity divided by computed average o
e {.'":veloc1ty) the cal1barat1on errors are. conmderedl .

' Stra1ght Canal Almement Wl‘l'.h 30° Angled Trans1t10n

"'__i.ln1t1al tests were made w1th a’ prototype water depth of appr0x1rnate1y
.20 feet at:the intakes'based on'the depth of flow inithe Delta-Mendota
" ~Canal. " Datartaken to determine the variation in velocity distribution . -
:__through the:canal section indicated that the section was:sufficiently: long
to ensure’fullidevelopment of ‘turbulent flow at: the upstrearn end of the
_trans1t10n W1th no. 1nﬂuence frorn the model entrance :
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- -veloc1t1es on. the® eft 51de of the tran51tlon

ok

Reasonably symmetrical velocity distribution prevailed in the transi-
tion upstream from the intakes, Figure 6, except for large areas of
reverse flow along the diverging 51dewalls of the transition, especially
‘the right side., ‘These side eddies resulted.in retardation of the flow
entering the outside bays (1 and 6}and, to a lesser extent, Bay 5. As
described in the introduction, the true effect of ‘this asymmetrical flow

 distribiition’is unknown; however, the result would probably be opera-

tion of some pumps - at higher: speeds than others with some loss in.

. efficiency, The:eddy currents are also lrkely to result in'accumulation

of trash and dep051t10n of sediment along the banks of the transition.

Followmg the above-descrlbed tests, new 1nt‘ormat10n was recelved con- .

cerning the depth of flow in the Delta-Mendota Canal and all'subsequent
data were taken for a depth of approximately 17 feet at the intakes. ;
Visual observations indicated that surface flow:conditions were improved

- but velocity measurements in the transition, Figure 7, showed that veloc-

ities were less uniform than those observed with the 20~ foot depth prob—
‘ably: because of .the hlgher average veloc1ty :

.. ‘A _shift in the- veloc1ty distribution, w1th hlgher veloc1t1es toward the left
'side of the'transition; is apparent in Section C-C, Figure 6, with the
. *flowmeter axis.parallel to the intake centerline. . This velocity distribu-
" tion:indicates that the flow has. begun to turn toward the intakes in the

left. portlon of the tr ansition;, but is continuing. parallel to the canal center-
line in the. rlght portion. - The velocity distribution recorded -with the
flowmeter axis parallel to the canal centerline shows shghtly higher

‘ Veloc1t1es were. measured at: the three one- quarter vertical sectlons
-of each bay at6, 20,40, 60, and80percent depth measured from the water

surface, Symrnetrlcal operation of:the pumping plant-and several repre- -
~sentat1ve conditions of asymmetrical cperation were investigated. The

_ ) “data were processed by electronic digitalcomputer and plotted by machine,
-3,_'_F1gure 8. Followlng is7; )gua.de to the data presented in Figure 8:

- One- bay operatmn L '-Sheets 1 and 2 _
©.“Two-hay. operatlon - :Sheets 2,3, and 4 =
- _.Three-bay operatlon - Sheets 5,76, 7, and 8
- Four-bay .operation = © . -Sheets 9, 10, and 11
- .Five-bay operation = = . Sheets 11, 12, and-13
¢ 8ix~ bay operatlon R Sheets 13, 14, and 15

| .Sheets 13'to 15 of: Flgure 8" show that for six- bay Operat1on higher
..~ velocities:generally occurred in the:right: half of each'bay. This con-
*.dition:was due-to: the angle-of approach. Figure 9A. also demonstrates :

‘-f__;'_:_'f the asymmetrlcal veloc1ty dlstrlbutlon in the intake bays. .

_-;Head loss between the upstream- end of the transition. and the gate slots S
" -downstream from the trashracks was:measured:as 0..105 foot {proto- =~ = = il
wioitype) - withiadepth of 17 feet; .and all bays Operatmg.
‘ I:was apparently produced by the- trashrack ‘as 1nd1cated by a notlceable B

Most of this loss =



drop in the water surface as the flow passed through the rack. Head
loss between the bulkhead gate slots and model piezometers (near the
start of the vertical elbow) was 0._054 foot {prototype). -

'No attempt was made to evaluate the energy (Coriolis) coefficient due
to nonuniform velocity distribution because of inability to obtain accu-

' rate velocity data near the boundaries. This coefficient varies from

unity at sections of uniform velocity distributiontolarger values depen-

.dent on the degree of nonuniformity. It is expected that the coefficient
should be much higher at the intakes than at the upstréam end of the
;-transition.: Application of appropriate coefficients to the velocity head

in each of-the two sections would result in a head loss value lower than
that stated in the preceding paragraph ' :

"Velocity dlstrlbuthn data for'asyrnmetmcal operation of the pumping
plant -indicated a pronounced effect of the angled approach, as shown
onSheets 9and10of Figure §, Units 1, 2, 5, and 6 operating. Surface

-~ flow patterns were observed for:several operating conditions, Fig-

“ure 10, ‘Comparison of the surface flow patterns with Units 1, 2, 5,

_-and 6 operating in Figure 10D with the corresponding velocity distri-

butions illustrates the effect of the angled approach. Flow. entering
.Bays l-and 2 is fairly symmetrical, as evidenced by both the surface
‘patternandthe velocity distribution, The flow generally approaches
Unit 5 from the left, which results in higher velocities on the right side
~of the intake bay. The velocity distribution in Bay 6 is nearly symmet-
rical except for a high velocity on'the left side near the surface. :The .~
-surface flow pattern shows a slight. curvature to the left which may be
‘more pronounced downstream from the trashrack. Similar conclusions
can'be drawn for operation of Units 2, '3, 4, and 5 by comparing the
- wvelocity distributions on Sheets 10 and 11 of Figure 8 w1th .the corre-
spond1ng surface ﬂow pattern in Flgure 10E - : :

~ ‘Head loss data showed a w1de vama’non but 1ndlcated that the loss
~ between the upstream end of the.transitionand the'intakes varied from
--'.approxlmately 0. 05 foot {prototype} for s1ng1e -bay. operatlon to approx-—
._1mate1y 0, 10 foot for- f1ve bay operation,

iy :Several mod1f1catwns were made to the transition to determlne pos-.

" sible improvements in the flow conditions by relatively minor changes
. in'the basic.design. Surface flow patterns and intake velocity distri-
‘,but1ons are. shown in’ Flgures 11 and 12, respeatlvely :

_ J‘Modﬁ:‘lcatlon No 1 ---The rlght bank of the canal approach sectlon
 .Was extended downstream to a. point closer to the plant, thus reduc-
. ‘ing the length of onecide-of the transition, Figure 11A. Thischange
. ‘resultedina reductionof the size of thereverse current.on the right
iside:of the 'transition. ‘Velocity dlstrlbutlon 1nthe inmtakebays rema1ned
Lo vf;essent1a11y unchanged Compare Sheets 13 14, and 15 of Flgure 8
R "jw1th Sheet 1 of Flgure 12 o 5 :




‘Modification No. 2. ~-The transition was further modified by warp-
- Ing the 1-1/2:T side slopes to vertical walls at each side of the
pumping plant, Figure 11B.. This modification resulted in notice-
- able reduction'in the size of the reverse current on the left side of
the transition but little change in:the velocity distribution. Veloe- - -
ity distributionin Bay 6 was unchanged because of the abrupt off-
~ set in alinement of the right sidewall of the transition. Compare .
. ‘Sheets 13, 14, and 15 of Figure 8 with Sheet 2 of F1gure 12,

Mod1f1cat10n No. 3 '-—Wldenmg the bottom of the canal from 60'to °
80 feet was simulated by blocking off Bay 6 and reshaping the
‘warped transgition on the r1ght side so that it terminated inal:1 slope
.. atthe plant, F1gure 11C, ' The reverse current still prevalled but
-the distribution in the right outside bay (now Bay:5) and in Bay 4 _
: appeared to be improved. W1den1ng the prototype canal would. result .
in lowering the average velocity in the transition and consequently .~
reduce the strength of eddies formed along the sides.. The effect of - .
shifting the canal to the right was simulated by moving the left side -
of ‘the transition 8 feet (prototype) toward the centerline and warp-
ing the side slopes from 1-1/2:1 to vertical on the left side. The .
" reverse current was slightly increased in size, and the velocity dis-
- ..+ .tribution in Bay 1 showed only.slight 1mpriovement Compare Sheets '
' ﬁ13 14 and 15 of Flgure 8 with Sheet 3 of'Figure 12,

-1.Mod1flcat10n No. 4, -—The flnal and most effective modlﬁcatlon com-'“'
bined :simulation of widening the canal and transition and warping
both side slopesito vertical walls at the pumping plant,’ Flgure 11D.

' This tesst showed that vertical walls.and.a wider canal were: undoubt—_ e

_edly the most effective way of ensuring good, transition flow con-
“ditions and ‘symmetrical velocity distributioniin each of the pump -
. intakes., However even with the vertlcal walls; some effect of the o
- . .angle.of the plant was still-apparent in the veloelty distributions. ;
‘Sheet 3 of. Flgure 12 is very similar to Sheet-4." ' The most apparen.. :
_1mprovement was the reductlon of the edd1es on each 51de of the
: '-tran51t10n v : : S L

Curved Canal Ahnement Wlth Symmetrleal TranS1t10n

The model was rev1sed to 1nc1ude an. approach canal having a 30° hor1— L

,Zontal curve w1th a'radius of'970. 3.feet:and a 110-foot-long symmetrmal
“transition, Figure 3B, as:shown in the: prehrmnary alternatlve de51gn
/Data’identical to-those recorded forthe’ angled transition were. recorded
to fa0111tate easy comparlson between the two types ' - :

“The. studles 1ndlcated a somewhat 1mproved velomty d1str1but10n at the R
«pump-intakes; Flgures 8 and9B, ‘compared:to that- observed for the - e
' angled tran81t10n "Compare the 1left'half of each:sheet of Figure 8 with
the rlght half Very good dlstrlbutlon prevalled 1n the tran51tlon upstream

o




' from the intakes, Figure 13. Bays 1 and 6 continued to exhibit the
retarding effect of the eddies, Sheets 13 and 15, Figure §. The
symmetry of the transition alleviated the h1gher ve1001t1es on the rlght
side of the remauung intake bays.

The effect of the. curved canal ahnement on the veloc1ty dlstrlbutlon
. was apparently small, Figure 13, and the downstream tangent and
- transition-were effectlve in recovering symmetrical velocity distri-
. bution.” Slightly higher velocities on the outside of the curve were
'observed but the d1str1but1on was. nearly symmetrlcal in the transition.

The’ appearance of flow in the. symmetncal trans1tlon : 1gure 10A, was
- ‘improved over the angled transition and the intensity of the eddy cur-
. rents-appeared to be :somewhat less than thase observed in the angled
: - transition. The reduced eddy currents affected oonly Bays 1 and 6wh11e
o 'Bays 1,.5, and 6 were ‘affected in the angled tran51tlon

-’Head loss between the upstrearn end of the tran51t1on and the. gate slots
" : ‘downstream from:the trashracks was 0. 06 foot {prototype), Loss

' between the bulkhead gate slots and the start of the vertical elbow was.

- also 0.-06 foot, which is nearly the same as the angled transition, as |,

_ Aexpected ‘The slight difference of 0. 045 foot between transition losses
“in'the two types.does not-warrant preference of the symmetrical type

. on‘this basis.: Head loss: data were not taken durlng asymrnetrlcal opera-
" _-_t1on of the plant O R =

S .Surface flow patterns for asymrnetmcal 0perat1on of the plant were

<" observed, F1gure 10, asfor:the.angled transition, The patterns were
. very similar in .each of the two transitions, except that: curvature of -

- the flow lines was more prohounced in the: angled tran51t1on, partlc- L
L ularly W1th ﬂow through the- out51de bays .

] :'_ ;Stralght Canal Allnement w1th Symmetrlcal Trans1t10n

: ?'The prlmary purpose of the study was: to compare hydraullc charac- ‘
- “teristics of the two'transitionitypes previously described. Data were.
also obtained on operation of an ideal" configuration consisting of a .
'¢_‘stra1ght candl.alinement with'a.symmetrical transitigi; Figure 3C. .
Tt was: expected that this test:would provide add1t1ona1 information to RN
.more: adequately -evaluate the’ performance of the two transition types
- The'model was rev1sed by replacing’the curved canal approach witha =~ .
f.estra1ght section. . = The. trans1t10n sect1on remamed unchanged from the B
”f.lcurved approach tests o : S e o

:jData Were taken 1dent1ca1 to those recorded for the other two model o
;arrangements Ag in‘the: angled tran51tlon, the. veloc1ty distribution "
-'at-'the u stream end of the trans:.tlon was checked to ensure that the __'f""k
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‘model adequately I’epresented the prototype distribution, After some
modificationtothe model entrance, the measured velcmty distribution
was as shown in Section A-A, Figure 14 L

At a section apprommatel_,r 125 feet downstream from the beginmng of
‘the transition the distribution was reasonably symmetrical although
s11ght1y higher velocities occurred in the left half of the canal, Sec-

, tion B-B, Figure 14, No obvious explanatlon can be offered for this
‘result. The unstable eddy areas, observed in the other two transition
types, were also observed-in this transition. The influence of these

" eddies was apparent approximately 45 feet either side.of the. centerllne -
near-the 1ntersectlon of. the slopmg banks with the canal bottom :

Veloc1ty distribution in the intake: bays, Flgures 9C and 15, was very :
- ‘similar to that in the symmetrical transition with curved approach '
- .. except for asymmetrical operation with ‘three and four bays, Sheets 3,
- <4, and 5, Figure 15, Ex‘fremely low velocities were noted at 6 and
20 percent.depth, and in several cases, an-accompanying large dis-
tortion of the velocity distifibution was“observed toward one side of the
-~ ‘bay. Some difficulty was experienced with the. miniature propeller
meter, which accounts for the zero and negative velocities. However,
-the distribution indicates that the piers between the bays and the curving
surface flow induced a contraction on the leeward side of the pier which- .
- resulted'in the déscribed distortion. . The. ‘question remains as to why
‘a similar effect was not observed with the curved approach, Inspection -
of the velocity distributions for the two transitions, Figures 8 and 15,
shows that the only appreciable differences were at 6 and 20 :percent
depth; -thus, the: partlcular combination of transition: geometry and mode -
- of. operatlon has some effect on the flow pattern at or near- the surface.-,, ‘
. A careful measurement of secondary currents in the transition would
" be necessary to- properly evaluate these effects. '

_ ‘Tlme lapse photographs of- surface flow patterns were essentlally
- ~identical to‘those for the curved approach alinement, Figure 10, The "
' quality of the photographs was not su1tab1e for reproduct1on and are
' not included in th1s report : :

: Head loss between the upstream end of the trans:.tlon and a Lneasurlng
" section downsiream from the trashracks was measured as 0. 02 foot" .
(prototype)? - This loss is less than the losses observed for the other o
two transitions (0. 105 and 0.-060 foot, respectively)but as mentioned =
j:before,wdoes not warrant comparison of-the transitions onthis basis. =
'T_he tréndiis as. expected ‘with the largest loss be1ng measured 1n the :
' --.,angled tran51t1on.. : : W




"Miscellaneous Tests

Observations were made of the formation of vortices in the intakes
downstream from the trashracks resulting from contraction of the flow
due to the influence of the piers between the bays. The symmetrical’
_transitions, Figure 16, exhibited less tendency for ‘the formation of
these vortices; in no case did the vortices develop to.such an extent
.ds to tuke large’ quant1t1es ‘of air. Photographs 'of similar action in
“the angled transition are not avallable. ‘The piers included in the pro-
'“totype design have a 60° chamfer on the upstream end as compared with
. 45°on the ‘model piers. This. additional streamhmng should result in
-better ﬂow condltlons than those exhlblted in the model, '

4' Insta]latmn of a trashrack w1th tW1ce ‘the bar depth of the prevmus
- rack’in-one bay. of the angled transition showed no change ‘in the veloc-

ity d1str1but1°n Operation of a bay with no trashrack indicated a

_-_%hlgher average ve10c1ty All six bays were 0perat1ng durlng these tests._' N

A ]EZ foot longr extensmn of the center. dlwdlng pier (between Bays 3 and
) ) extending: .1bove the water surface and perpendlcular to the line of
L PK mps, 1mproyed the veloc1ty distribution in Bays 3 and 4, The pier -
" éxtension was'in the form of :a thin wall. A similar extensmn placed
- parallel to the’ entermg flow {or :30° to the line of pumpsj showed no
. . improvement in the: wvelocity dlStI‘J.buthn. . The influence of the piers
: on the ﬂow 11nes along the bottom is 1nd1cated by dye traces in Fig-
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APPENDIX

. ':_:"iNumemcal Analy51s and Electromc D1g1ta1 Computer Program to Com-
Joputerand.Analyze Velocltles from Data Ubtained- W1fh a Mimature Pro-

‘:'.'”-'-peller Meter T ey _ _ < : T “".

e Th1s computer program was- deve10ped to analyze data obtamed durmg

. .,-the course of the model study. of pumping-plant intake .canil transitions. for

"‘the San Luis ‘Forebay Canal, Central Valley Project, California. With
slight" revision, the program is generally apphcable to other problems -
' of su'mlar nature : '

The prograrn is coded.in the FORTRAN I (F(DRmula TRANslatmn) lan/ o
. 'guage,-and operates on data read: d1rect1y from the model instrumenta- '
... tion. 'The program can be used-on most digital computing equipment,

"No- Spec1a1 operating procedures are required, ' The first phase of the ' *
-.-program ‘was written to.compute. prototype velocities from data obtained -

,"':.;_.'.by an electronic counting device connected to a miniature propeller veloc-
: .ity'meter. Theprogram was later extended to include a numerical anal-"

o ysis of the resulting prototype velocities, -with punched card output so -
- ‘that‘the: large volume of. results could be- plotted on an X-Y plottlng
.gmachme SR . . _ S

o ‘The ve10c1ty computatlon port1on of the program reads the statmn sec- 7
-, ition, percent depth, ‘and number of .counts recorded-in 10 seconds as:. .-
. .-finput data-(flow ;diagram, program listing, " ‘definition of variables, and
S '-:?'sample input-data sheet 'are included.at the end of this ‘appendix), and

- -solves:the:equations.of ‘the calibration curves for the model velocity.
\_f:-;;add1t10n each set of datais- 1dent1f1ed by the date, the orientation of the
:velocity meter (normal or reverse), ‘and the veloclty scale ratio.. - The
“:model velocity is mult1p11ed by the veloc1ty scale ratio: (square root of
";the:length: ratio) to obtain the prototype velocxty 'The prototype. veloc= [
1t1es are stored in: a two d1mens1ona1 array for add1t1ona1 prooessmg. i -

Numermal methods are ut1hzed in’ the remalmng portmn of the program

“tofit-an. equation: to the:data’ pomts at a given depth, use this equation _
~ito 1nterp01ate for: add1t10na1 pomts, then solvefor.areas.and volumes - "
-"‘to .obtain the:rate; of discharge 'based.on’'the' measured- veloc1ty distribu- . -
B "'I‘he computed dlscharge 1is; dw1ded by the area to obtam ‘the aver-' o




smg forwa d dlfference notation
arles _set to ZEro) pomt -

In‘the followmg _
with s ‘magnitude‘of 1. 0 hetween each quarter sectmn,

“left boundary, 1. 0:at'the one- quarter ‘section, 2.0 .a
3.0 at "the three-quarter sectmn, at the nght !




. Ve
S

Solutlon for the coeff1c1ents a, b c, d and e usmg the d:.fferences
"shown above results 1n the equatmn e

Ty e, +-’£@£-lla?v +£€Ma}v +xx-1 x-2)(x3) |

0 _ 0 2' , 317 R Y R

e .ﬂi-as der1ved by Newton

:By solvmg thJ.s equatlon for 1ntermed1ate values of X, add1t10na1 pomts |
/can be determined, The computer program solves ‘the equation in in-
. erements_of x = ‘0, 2, resulting in a total of 21 velocity. values, includ-

' ’-'~-'1ng the 5 or1g1na1 ‘data points. 'The:process is repeated" for ‘other

depths,. fmahy producmg a horizontal- veloclty proflle for 6, 20, 40, 60' .
“‘and 80 percent depth (6 1s replacnd by zero in the output 11st1ng asa. ..
*matter of convemence) ‘ ‘ o _ _

.5\\"- ne

:";To more: closely approxnnate the true hor1zonta1 veloc1ty d15tr1but10n

o - -profile the velocities in the outside one-quarter: port1ons ‘of each bay -

.5;:__power law. RSN AT

| “lare replaced by n new values computed accordmg to the 'one seventh - -

'v KX1/'7

:, ;(.'

',"iwhere V is the velomty at the g1ven dlstance (X) from the boundary. 8 The '

_.computation proceeds: toward the: boundary with 'decreasing values of X, .
The constant.of proport1ona11ty K is evaluated from the known values of
L'and X at the startmg pomt . : :

To_ evaluate the accuracyof the numerlcal method a veloc1ty traverse
was'made-in one ‘bay-to obtain a larger number of data: points-than:was -
normally read durmg the ‘model | study In. Flgure 1 of thls append:.x the

ity profﬂe (at 6 20 40 60 and 80'per
urface) is. computed with the trapezmdal
1cluded .over: the ent:.re depth is computed




'V- volume, |
A20 etc = _area of veloc1ty dlstrlbutlon curve at- SpEleIEd depth

The 1mproved veloclty traverse ]U.S‘tlfled the use of. the average-end-
-_::area ‘method and the. assumptmns ‘made in its application.. Velomtles
‘close to-the bottom showed little reduction from those at 80 percent
. depth,. +The low:velocities at 6 and 20:percent depth’ made the use. of

o :more SOph1st1cated methods of 1ntergrat1on undes1rab1e

a5 Z-The 1ntegrat1on results in the d1scharge Qin- cub1c feet per second. -
“ =Suar:.phfyung the equat1on and 1nc1ud1ng the- total depth d l'? 08 feet

_025(A6)+1 196(A6+A20)+3 416(A20/2)+A40-|-A60+1 5(A80)

use ‘:i1n the computer program. The equatlon could have been qurther
.‘s1mp11f1ed _ L . L :

ave rage veloclt},:r (Qf A) and the dlmensmnless velocltj,:r -af each po1nt‘
verage V) are‘then computed. . The: dimensionless velocities are .~
output listing and punched on cards for use on the X-Y
xample of the output listing is: ‘inc¢luded in this appendlx
punched ards contain:the: dlmensmnless velocities and the percent "
: ter control'-'cards t'for pen 11fts and_ stops are: also genera‘ted‘.




rporated, 10

,ilnco

T



DEFINITION OF VAR__ABLES USED IN PROGRAM

. _-Z-;--area of horlzontal prof11e e ‘ T ‘L
- ==-total number .of counts in 10: seconds from veloclty meter '
‘ -calendar date of data recordmg ' ;
- -=-delta (A} in difference notation for. numer1ca1 ana1y51s
--péréent depth, measured from. surface’ .
" =<orientation of flowmeter, normal or reverse
. --plotter control term, ‘lift pen- - :
‘. ~-plotter control term, stop pen = "
.--compute rate of - d1scharge -
—=vertical. section-of- velocity . measurement
‘-—-canal station of velocity: measurement - : Lo
o --summmg term ih. trapez01da1 rule for" 1ntegrat10n of area o
g —-unnecessary ‘term,’ madvertently left in program after
S mod1f1cat10n
' '--average wvelocity- of ﬂow computed d1scharge d1v1ded by
' areaofﬂow_-" .
‘ --prototype or: dlmensmnless veloclty, stored in array
_.i=-velocityfor punched card:output - '
~-measured model point velocity.
'-—-computed prototype: pomt veloclty
-.-=velocity scale ratio
¢ .-«percent width, : punched card output
*"-"’_:_--W1dth term numer1ca1 analys1s '

iy
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. " body is that foroe with which & body 1s mtiracted to the ¢ -

mmuor.lng emwﬂinn factars adopted by tbe Bureau of Reclammtion lrethmepuhli.uhaﬂ l:ur the A.ner.lenn Soclety for
Teating and Materials (ASTM Metric Practice Culde, Jamuary 1964) excepi that additicne]l fectors () comrorly used in
" -the Buresv beve be¢n-added, Porther of defiritions of Qeartities and uzite iz glven on pages 10.11 of the

'ASTM Motric Practice Gulide. ’ : ] L i o

- The metric mnits and converajon factors adoptad by the ASTICare besed on the "Interpational System of Unite" {desdgmated
‘ST for Systeme Internetional d'Uoites); fixed by the Imternationsl .Cowmittes for Welghts apd Measures; thie gystem is

. -'ummﬂumwwm(m (mass)-second-smpere) ‘systen, Thia Eystem has been sdopted by the
- International Orgarisation for Stepdsrdization in ISO Reccomendation R-31.- : i} ‘ T :

.- The metric techoical unit of force is the logrem-farce; this is the ferge Which; ‘when applied to o body heving a
mana of 1 ky, glves it an accelmrwtien of 9.80665 w/eec/aec, the standard mecelermtion of fpee fall tozard the earth'a
cemter. for sea leval at 45 deg latitivle, -The petric undt of -foree in 5 umlto is the newton (¥}, which is defined as.
that foroe shich, ‘shen apflied to'a body having & maes of 1 kg, B It ap eoceleration of .1 m/sec/sec, . These unite .
" must be distipguished fram the (inconstant) local welght of a body baving a mass of 1 kg; that is, the weight of &
mass of A body multiplied by the

the
mﬂe.'l.mt:lm dye to gravity. However, because it is geperal ractics 10 use "pound" rather then the technically '
. carrect tem “pourd-farce,” the term "kdlogres® (or- derived mas undt) has been ussd in this guide instesd of "t ogram-
* 'forcs” in expressing the sonversiom. fastors for forces, 'The'mewton umt of force yill fimd ‘inoreseing use, and 4z . -

PR -6..1.516' (mntlar) .

o 929,07 {exactiy)w,

; - 0.092903 : {exactly) ”
OB L L

Fia1d omces (0.8.)
Liquld ptitte (0.8.)
e

*“Gallons (UK.}

- Cuble ‘et .. .
‘Cubic yards
dora-feet, ..
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~ABSTRAGT .

Hydrauli¢ mode! stidies of 2 intake chann
bay: Pumping Plant in San Luis Unit,. CVP,

therefore 2 alternative ach
transition configuration were ‘studied by comparing veloc-
{ ns, head losses, and surface flow patterns on a:1:15-geale
Yelogity distribution comparison indicated that a symmetrical

Wwith curved approach was preferable to an anjled transition with o

-Although :the Symmetrical transition showed -,

; _éhe"strjength of.eddy ciirrénts occup-

8 too amall to justify compar-

s, ;T mimetr tion exhibited less tendency to

een the intake piera,:: Both types could possibly be

oved 10difying the desigm=--that is, widening the canal botfom or

Including vertical sidewalls 5t the pumping plant. . The symmetrical transi- -
_f.ipn,,'although' hydraulically preferable, would require:additional excavation

and a longer approach canal, -resulting in higher costs, e e,

R S 'ABSTRACT .

odel studies of 2 intake channel transition designs for the Fore-
g Plant in San LuisUnit, CVP, showed that the hydraulic advan-
tages of a. sypj‘m@:tric‘al'_transitio'n_"were. not great enough to oittweigh the
‘conomic advantages of an ‘angled transition. Becailise the pumping plant
d alinement were fixed by geologic conditi -inapproach
‘be used; t ‘ el : i C 1 Forebay Canai
. guration were studied by comparing veloc-
ins,: head losges, and surface flow patterns on a 1:15-gcale
elocity distribution comparison indicated that a symmetrical - -

with.curved approach was preferable to an angled transition with .

2} alinement. -Although the symmetrical trangition showed . -

patterns, the strength of: eddy Gurrents oceur- -

800 on this basis.’ The symmetrical tranaition exhiblted leas tendency to

‘rtir_:e_‘a._b_e_tween"the intake piers.” Both typee could possibly be )
proved L modifying the design--that is, widening the canal bottom or

ing ver Lsidewalls at the Pumping plant. ” The symmetrical tranai-. -
draulically preferable, ‘would require additional excavation .

ach c_:ana_l, resulting in highgrlrc_osts_.. B

-ABSTRACT . -
. "

- Hydraulic model studies of 2 intake channel transition desipns for the Fore-

bay Pumping Plant in San LutaUnit, CYP, showedthat the hydraulic advan-

‘tages of a'symmietrical tranaltion viere not great enouph Lo outweligh the

economic advantages of an angled transition.. Because the pumping plant.
locationand alinement were lixed by geologic conditions a atraight-inapproach
could not be used; therefore 2 alternotive schemes for the Forebay Canal
alinement and transition configuration were studied by comparing veloc-

: . ity distributions, head losses, and surface flow patterns on a 1:15-acale

model, " Velocity digtribution comparison indlcated that a symmetrical
transition with curved approach was preferable 1o an angled transition with
straight canal alinement. ' Although the symmetrical transition showed
slightly more desirable flow patterns, the strength of addy currents occur-

"' 'ring along the transition sides appeared to be the same for both types.

Head loss difference between the 2 types was too small to justify compar-
ison on this basis,. The symmetrical tranaition exhibited less tendency to:
form vortices beiween the intake piera. .’ Both types could possibly be
{mproved by modifying the design-:that {s, widening the.canal bottom or

E including vertical sidewalis at the gumping plant. The symmetZicaitransi-

tion, although hydraulically preferable, would require addilional excavation

-and a longer approach canal, resulting in bigher copts,

ABSTRACT

Hydraulic model studies of 2 intake channeltransition designs for the Fore-
bay Pumping Plant in San Luis Unit, CVP, 'showed that the hydreulic advan-
tages of & symmetrical transition were not great envugh to ouiwelgh the
economic advantages of an angled transition. Becauge the pumping plant
lacation and alinement were fixed by geologic conditions a stralght-inapprooach
could not be used; therefore 2 alternative schemes for the Forebay Canal
alinement and transition configuration were studied by comparing veloc-
ity distributions, head losses, and surface flow patterns on a 1:15-gcale
model, " . Veloclty distribution comparison indicated that a symmetrical o
transition with curved approach was preferable to on angled transiiion with
straight canal alinement, ' Although the symmetrical transition showed
slightly more desirable flow patterns, the strength of eddy currents oceur-
ring elong the transition sides appeared to be the same for both types.
Head loss difference between the 2 types was too amatil to justify compar-
igon on this basis, - The symmetrical transition exhibited less tendency to
form vortices between the intake plers, - Both types could poasibly be
improved by modlfying the design--that {s, widening the canal bottom or

“including vertical sidewalls at the pumping plant, The symmetrical transi- .

tion; although hydraunlically preferable, would require additional excavation
and a longer approach canal, reeulting in higher costa, .
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