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CHAPTER ! -~ INTRODUCTION

Purpoee of studies. Comster gates will be used for emergency clo-

sure of the intakes of the penstocks for ‘the mein pover ﬁnitp at Grand _
Coulee Dam; the penstocks at Shasta Dam; the 102- inch diametef outletsin
the spillwey section at Shnnta Dam. the llo-inch diameter river outlots

2t Friant Dam; the 110-inch diameter Friant Kern Canal outletas; the 91-
inch diemeter Friant-Msdera Canel outlets; and the power penstqqka at-
Davis Dam, These coesster gates operate on metel tfacki'and'guideé ‘embed-
ded in concrete on the upstream face of the dama and vill be raised or
lowered by mechanical or hydreulic hoiste at. hhe top of the dam. Although
designed as emergency closure gates, they_w;ll ngrmally be u;ed for un-
watering the penstocks and outlets to‘perﬁit‘inﬁpeétion'and‘méinténéhéﬁ
of the conduits, and the turbines and valves 1nsta11ed in’ them, ‘For auch
use they will be opened and closed under conditiona of balanced hydromf
static pressure on both sides of the gate end with -no flow through the
penstocks or ountlete. Under emsrgency conditiona. however the getes may.
have to be closed with large, unbelanced hydroststic heads on their up—
stream side and with maximum flow through the penstock or outlet.

The design of & coaster gate and 1ts holst 18 based largely upon '
forces acting on the gate due to the unbalanced pressures "which will '
occur during an emergency cloeure, - When the gete is closed sufficiently
to become & definite control, the hydrostatic head on the upstream side
of the gate will be supplemented by substmospheric pressures on its
downstream side., The frame of the gate must bte sufficiently strong to
resist tne resultant force which pushes it against the face of the dan,
and the rollers upon which the gate is mounted must have & low frictional
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resintance or the gate cannot be lowered into position, In addition to
this force another termed the hydraulic downdraw force -oscurs. Thid |
downward pull on the gate is caused by the increase in velocity as -the
flow peases under the gate and into the penstock thereby rsducing the
preseures on the gate bottom., Consideration of -the downdraw in the
design of the gate hoiatlii iﬁpoftant. for this force incréaaes the. load
on the hoiet and may be equal to or greater than the iéight:ofnthé'gage.

Unfortunately, calculations of the hydrauiic‘doundraw fbrce only'
approximate its magnitude., Since the pressure raduction at any point on
the geate bottom is equal to the valocity head at that point. calcula—
tions of downdraw must be. based upon the velocity. distrihution undarneaﬂx
the gate, But the flow pattern under & gate describing the velocity diu-
tribution muut be assumod end will vary with the gate opening and the
shape of the gate bottom, Nevertheless, an gpprox;mation of the dovnd;aw
was considered satiefactory in the design of thé]hdiuts'tor the panstock'
coaster gates at Grand Coulee Dam, the first 1afge-coaster gates built .
by the Buresu of Reclamation, At Shasta Dem, however, the estimated
downdraw on the ocutlet coaster gates was g0 large that the. total 1oad on
the hoist was about 30 tons in excess of the permiﬁsible load, The hoist
was to be & 150-ton gantry crane Operating on- the bxidge acrose the #pill-
way section of the dam. The capacity of this cranc was dotermlned. not- -
by the forces on the gaie dbut by the ‘strength of the bridge ~upon which it
operated, Therefore, it beceme necessary to reduce the downdraw. for
other forces on the holst, such ms the weight of the gnte, could not be
materially reduced, The accuracy of the estimated. downdraw under such _
restrictions was queetionable. S : ‘ o I

Hydraulic model studies were inszigated to check the computed down-
draw end to study the effect of the ahape‘of the gute bottom on_its _
magnitude. These tests showed the downdrew to be underestimated. By
replacing the sloping bottom of the original design with 6 fldthot;om'
with an extended lip below 1ts. downstrean edge and placing a recess in
the face of the dam above the outlet entrance, it was possible to reduce
the downdraw to about 35 tons,




Since this revised bottom ehape was structuralky better than the
sloping bottoms originmlly designed for. the penstock coaster gates ut‘
Shesta and Davie Dames and the outlet coaster gatan at. Priant Dam. ths
model studies vers continued., 4 flntbottom &gate with an" exeon&ed 1lip
below ite downstream edge was used in all danigns In‘additlpn,‘thale
studies were used to check the downdraw on the penstock doaater gutoi-
at Grand Coulee Dem to mecertain if temparary holats of limited Capﬁcé
i1ty could be used. The results of these modol ntudiel can be applied
to future designs of similar coaster gates.

Description of coaster gates, Basically. a coanter gate in a bulk-

head mounted on wheels or rollers sec 1¢ can dbe lower@d into polition
under unbalanced pressures. The term was firat ueed to bettor describe
the emergency gates for the main unit penstocks at Grand Coulass Dam and
subgeguently to describe  the simtlar eme:gencj-gates'at'Shauta. ?riant.
and Davis Dams, 411 of these gates are lowered down the upetream'fSCQ
of the dams to close the entrances of the outletl and penatocku A
speciel designation was necesnary vecause similar gates, lowered down ﬂu
fece of a dam, are used at many installations, However, few of these
gates were designed to close under large unbalunced heads 88 were the
coAaster gates. Inatead. the entrancus of many penstocks and some outa‘"
lets were purposely placed close to the watar wurfaca of the dam 80 thﬁ‘
head would he low; at outlets vhgre this was not po:aiblo. emorgoncy ‘
slide grtes wsre often placed in the conduit immodiately upstruam from

the regulating valves, In either case, 1f a gate was lowerad down the

face of the dsm to close the entrance of the cutlet or penstock it
would be more simples in design than a coaitor gate.

Since the coastar gates at Grand Coulee. Shaota._!riant. and Dnvit
Dams are used at both power penstocks and at outlets, they were callad
penstock coastnr gates and outlet coaster gates. This segragltion of
types was made because the form of the penntock entrances was differant
froa thet of the outlet entrances., The penstock entrances weroe rectan-
golar, with a transition section ;mmediatoly downstream to the circular
penstock, The top and the bottom were belimouth shaped, but the sides
were square-edged, Massive concrete columns wers placed st aach side of

3




the entrence in such a manner that they placed the gate in a slot. .To
reduce entranca losses, these columns formed streamlined lips in front of
the gate in line with the square sides of the entrence (Pigure 1). _
The ocutlet entrances ware eimple in eompariedn, being'eirculer bell-
mouths flush to the face of the dam. No maeeive columne vere placed at
the alde of the gate, and, on the vhole._there were comparatively few
restriciions to the flow into the outlets., The difference An the entrance
designs of the outlats end penstocke vas based largely upoa their ‘size and
function. The penstock entrances vere rectanguler. with square- eldee s0
that the openings which the gmtes had to span would be as narrow as possi-
ble., This waee necessary, since the penntocke are large. If the 18—foot
dismeter penstocke at Grand Coulee Dam had a bellmouth entrance similar
to the entrance of the 102—inch (S-I/E—foet) diameter autlete at Shnita
Dam, the coaster gates would have to span a Eh—root opening. By ueing.e-
rectangular opening, the epan was reduced to 15 feet._ A rectangular o
opening was satiafactory at the penetock entrances lince the flow into: thee
penstocke was normally at low velocitiel eo that preeeure drOpe and. lOIB '
in head through the penstocks would be alight ' On ‘the othe: hand, a'rec-
tangunlar entrence at the ontlats would not be setisfactOry'beceule the
flow through them is at high velocity. and the circuler bellmouth entrence
wvas neceueary to prevent negative preeeuree from developing at the: outlet

entrance.

Although celled penstock coaster gates and outlet ceaeter getee, the -

gates are similar, The frame of a gete consists of'%everal horizontal
beame placed between two vertical beams. 4 lkinplete ia attached to the
downstrean side of the frame, This frame 1- ‘mounted on rollere linked
togathar to forn roller trains. These. rellere lie betveen the trucke on’
the face of the dam and the skinplate of the gate; 20 the gate seals have
to be projected to contact the seal-seats on the face of the dem, The
coaster gates were originell& designed with sloping bottoms, |

Bcope of tests, Inibielly, the investigations were concerned with

the outlet cosster gates at Shasta Dam, Tects on & 1:17 scale model of
the original design revealed ths downdraw to be excessiva, It wes shown.

that 1f the sloping bottom of the gate wers extended pest the-lkinplato'
I
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to the face of the dam, the force could be reduced to & reasonable figure.,
However, this revision’ made the gata nnsatiufactory utructurally: 80 8
flatbottom gate with s lip axtending below the downstream edge ‘was pro-
porsd, Tests showing the variation of downdrav with lip extenuionrevsaled
thie type to be practical, a satilfactory ltructural design which uould
not develop an exceasive downdraw. Accordingly. in the final deaign for
the ocutlet coaster gate at Shaets Dem this type of gate bottom was u:ad.

Ths scope of the investizations was extended to 1ncluds sufficient
testn to catimate the downdraw on :imilar coaster gatoa at the outlste of
Friant Dam and in the penztockn of Shalta and Davis Dams. A study of
outlet coaster gates was made firlt using the 1: 17 Shasta modal thon LY
study of penetock coaster gates was made, using & 1:30 modelata~5hasta
penstock and its coaster gate. ‘ _ ‘ | | '

The teste on the outlet cbaster gate at Shasta Dam included: (1)
the desvelopment of the. final deeign of the gate using. a flat bottom with 

an extended 1ip; (2) e correlation of the downdraw obtained by both |

pressure ard force measuremsnts; (3) the effect upon downdraw of the
gueset plates which support the extended 1ip; a;d (4) the effact of d‘ .
recess in the face'of‘the dan above the ontlet entrance, The effects of
(1) the outlet exit, (2) restriction of flow through the outlet, (3) the
thicknees of the gate, (L) the pronmit.y of the trashrack base, {5) the
length of the 1ip extension, and (6) the radius of the upstraam ‘sdge of .
the bottom were studied in additional teuta upon the downdraw ‘on outlet
coaster gates., Through these ltudiel it 18 believed that thc downdraw ;3_
force can be estimmted on any coaster gate with a flat botbom dnd extended
1ip which closes an ouzlet having a circular bellmouth entrnnce.‘

The penstock coaater-gate tests 1nc1uded. (1) the original deuign
of the Shaste Dam instellations; (2) a study of flatbottom. axtanded-lip
typs of gates; (3) the effect upon downdraw of holes in the gate bottom'

and {4) the final design of the Shasta Dam coester gate. The ¢owndraw on

the wenetock coaster gates at Davis Dam and &t Grand Couiée Dam was
estimated from the model tests of the Shasta penstock coaster gate.

By compering the behavior of a gate with & 45-degree sloping bottom
used ag 8 penstock gete with 2 similar installation as an outlet gate,

it was shown that the two cases required separate treatment.
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Summary of tests. The hydraulic downdraw force, acting on the gate.
holst, 1s an important factor in the delign.of a coaater'ggée because it

is large, scmetimes exceeding the welight of theggate,'-rhié force, a
pressure reduction on the gate bpttdm, 18 caused by flow 6a§s1ng‘under'
the gate and into the penstock or outlst, Although the pressure reduc-
tion st any point is equal to the’ velocity head at that point. estimatee
of downdraw canmot be precite beceuse. of the uncertnin%ies of the velocﬁw
distribution under the gate. Therefore._when estimates 1nd1cated & down-
draw of 160, 000 pounds on the coaster gatc for the outlet! at ‘Shasta Dam

which wee excessive, hydraulic model utudies were used to check the
estimate mnd to revise the gate dasign to rednca fhe downdrav. ‘

Pressure messurements on & 1: 17 mode; 1ndicated -] ﬁowndraw of 260 000
pounds. BHowever, the estimate of 160,000 pounda assumed a recess 1n the »
face of the dam to balance precsures on projected seals. Aa it was appar-
ent that a recess alone was 1nadenuate. the effect of ‘the ahape of the
gate bottom on downdraw was first. studied and the effectiveness of B
recess determined after a finel design was obtained

In this $est on tha originel design, the maximum downdrav was observed'
to nccur at about the same opening where the gate became ‘& definite coa~
trol, that is, when pressures 1mmediately downstream frOm the zate changed
from positive to negative by a slight cloeing of the gate. ' . ‘

The mpring polnt of the jet was &t the dovnetrsam edge of the slap- :
ing portion of the gate bottom. On thies uloping portion presaures were -
high, while pressures on an B~3/8-inch apace between the spring point and
the face of the dam were low. To eliminate these low preasures the
sloping bottom was extended to place the epring point close to the face
of the dam, The downdraw was reduced to 103,000 Dounda. although the '
design wes not structurally desiradle, - Thia revisgion demonatrated the
importancs of placing the spring pblnt close to the face: of the - dem,

A flatbottom gate having an extended lip below its downstream edga
vae situdied, The lip was supported Dby gusset plates. The upstraam_edge
of the flatbottom wae curved on & 9-inch radiue to increase preseﬁrgs;on
it, and the bottom of the 1ip was beveled at Y45 degrees to place the
spring point at ite downstream edge. Later, this bewsl was chahged'to
’67 degrees 20 minuten., To have & maximum downdraw of'100,000‘pbunds. a
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lip extension of 17 lnches iould be nacesmsary. This;axtgnsion would be
too great for the Shasta gate. - Wf o

Neverthelesa, the flatbottom, extendod—lip type. was so desirabla
structurally that other designe were tastad Dasign 3,‘having a lip o
extenslon of 10-3/Y% inches and & radius of 7-1/2 inches at the upstrean
edge of the bottom, developed a dowsdraw of 130,000 pounds. Design i,
having @ 12-inch extension end & 2-inch radius, developed a downdrsw of
150,000 pounds. Design 5, the final design, having a lu-1/2 inch exten~”
sion and a 9-inch radius, developed & downdraw of 113, 000 ponnds._‘

This force. obtained by pressure measurements. WAaS closely checked  :"

by force meaaurementa. however, on & second gate. dasigned for force .
measuraments, the maximum was 139 000 pounds. This differance was. due
largely to lip clearance, for on the firet gate tke clearance wap zero,'
while on the second gate the clearance vas 0.85 inch. When a clearance
of 0.50 inch was eetablished for the prototype, the maximum dOwndraw was‘
revised to 123,000 pounds for the_first.gata and 130.000 pounds for the
second. Tests showed thet & réaibnable nﬁmber.of'gnaaeﬁ platepﬁCOuld'be :
used to support the extended lip without affecting downdraw. - |

The sffectiveness of & recess in the face of the d&m abova the out—
let entrance wae shgdied. The purpose of the recess was to balanpe
pressures on the upper7projected‘séal.because uﬁbalgncéd,bréBSuré;‘qn )
this seel exerted & large downward force., It vas found ﬁhaﬂ'a fece:a
could be completely effective except when the gate wagp nearly vide openw‘
It is regommended that the fepth be at- least three times the seal pro-
jection. A shallow recess, 1-1/3 timea the- seal projection, was made. ..
effective by using & curved edge above the seal, The use of & racess _f
will reduce the downdraw on the outlet comstar gate for Shastae Dam to _
70,000 pounds. However, it should be constructed o es not 1o be effec-~
tive st small operings, to avoid an uplift force which would prevent the
gate from closing. The effectiveness of using & recess suggests the.
poselbility of desiguing & coaster gate which would heve ne downdr&v.

fo use the data from Shasta teats ‘to0 estimate the downdraw on the
coaster gates for Frieant Dam, and for gcneral study, edditional fea-

tures effecting downdraw were studled, The sffective hesd on the gate
g




should include any drop in elevatior between the entrance and the exit
cf the conduit, ' Y
The meximum downdrau is roughly proportional to the coefficient of
discharge of the outlet. If the downdraw gate- openinv cnrve ig knovn o
for & constant velocity head, the’ maximum doundraw for an-outlat having
a given coefficient may be computed in 8 more precise’ manner by obtein-
ing the velocity head under the gate for given gatve openingl. This 18
possitble, since the velocity head 18 directly nroportional to- tho downdrav.
It is importent that the maximum possible discharge which may occur
while the gate 1is closing Ye considerod carafully The maximum doundraw  
of 67,700 pounde on the coamster gate aerving the . river outlets at Iriant-
Dem would be incressed to 125, 000 “pounds if the needle’ valve at the exit
ware destroysd, permitting a la.rge 1ncrease of dischsarge through the outlak,
The rolationship of downdraw to gate thickneas, other factors being
unchanged, was roughly linear. 3By uhowing this relationship ag. a down-
drew factor § to thickness, it was shown that the effect of” thicknasa was
nearly the same for gate openings from Lo to 75 parcont

Placing the trashrack base close {0 the outlet entrance 1ncreaael

c.
the doundraw. Thin 1ncralue ‘4m negligible, unlees the distanco i) 1|

legs then 1 and D mst be 1esu than 0.05 to 1ncroaae the dawndraw 10
percent, _ o : I '

Tests were mede by varying the 1ip. extension oD & gata having S
sharp corner at the upstream edge of the bottom. The reeults, and‘the'
data from the previous tests, to‘obtaio a.donign'forﬁﬁho‘outlpt coooto; =
gate gt Shasta Dam, wora‘presente& as‘dimeosionlees cufves, with'the
absclesg as the ratio of lip extension to gate thickness and the ordinata
as the retic of meximam to theoretical dovndrav. the theoretical dovndraw
being the force that would occur if preasure on the gate bottom wore zero.‘ '

and the head on the gate including any drop in the conduit._ '

Various curves for constent ratios of radiusoover Phicxnesﬂ and
thickness over dimmeter may be drawn to apply to eay flétbottoﬁ. extendod—
lip type of gate. However, fhe tests‘wero_liﬁited.. ) '

By ueing the curves deieloped from these testa, the maximum.hydiaulio
downdrew force on the comster gates for Frient Dem was estimeted. The |
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force on the 11.92- by 11.92-foot gate ‘was 67,700 puundu and the force
on the 9.86- by 9,.86-foot gate was 25.600 poundn.

Penstock comster-gete tests were ‘made on & 1:30 model of the: Shalta )
Dam penstock and gate, The maximum downdraw on the originel §gqign was
630,000 pounds by pressure measurements and 660;000 ppunds_bfifofcp. |
measuremente, . J ‘_. .‘ o ." _

Since the original deaign of recess was effective for openings up
to 50 percent, it hed to be extended. for. the maximnm downdraw occurred :
at a gatu opening of 75 percent. If thia vere not done the downdrav B
would be increamsed 117,000 pounds. : ' : ‘

A flatbottom, extended—lip tyfe of gate having & sharp corner at
the upstrean edge of the bottom. wau testad. With a lS—inch lip exten—
sion the downdraw was 660,000 poundl. '

An attempt was made to reducs thia force by cntting holes in the
gate bottom, but to be effective tha holps would cut anay to0 much of the
beam forming the bottom. : . . " '

By curving the npstream adga on an 11-1 /h—inch radius, the downdray
was reduced to 465,000 pounds. The final design was similar. excapt ‘the
radius was §-1/4 inches, 4 design velue of 500, 000 poundn for : the down‘
draw wes belisved to be conservativa to account for the different radius.

Fressures were meaaured on & penatock coaster gate having a bottom
gimilar to the outlet comster gate at Shasta Dam.; Pressure gradients on
both gates were similar but those on the penstock gate relatively much .
lege, indicating a larger downdraw. other conditione'bcing equal. Ro

relation between the two gates was found chanse 1t was believed to ve.

more expedlient to cqnsidér outlet and‘penétock coaster gatés ae aoparate

problems, :

The maximum hydraulic downdraw force on the penstock coaater gate
at Davig Dan was estimated to be 110,000 pounds if the penstock were to
discherge 5,000 second-Teet under e 110-foot head. The maximum dovndraw
on the penstock conster gate at Grand Coulee Dam was estimatsd to be
125,000 pounds for a discharge of 3 500 gecond-feet under 8 250~foot hald.
or 170,000 pounds if the discharge were increaeed to 5,000 uecond—feet.
These estimetes wers made from the Shaata tests by using the proper bottom
shapes, correcting for velocity head, and other factors which were not

similer, =
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The penstock cosster gates at Grand Coulea Dam. Tbe first coaster
gates designed by the Bureau of Reclemation were for the main unit power
penstocks at OGrand Coulee'Dam (Figure 1). The coagter gates are neces-
sary because the penstock entrances are near the bottom of the dam, ae
the demsnds for irrigation weter will_cénstantly change thq‘iafer ievel in |
the ressrvoir. Righteen 1E-foot diameter penstocks are embedded in the
concrete of the dam, nine for the right powerhouse and nine forzthe left,
The entrances of these penstocks, rectangular, 15 feet wide‘hY_29.5ijet
high, are 249 feet below the meximum water surface elevation; so the
conpter gates mey have to close ﬁnder heads as large as'ESO'fééf.

The criterion for the design of these gates and'théir hoist was an
emergency closure with & flow ofJ19;000 seconA—feet'whiéh_vould occur if
the cover plates of the turbine were to burst when the reservoir was full,
After & gete wae closed sufficiently to become & definiie control, sub-
atmospheri¢ pressures would act on its downstreem faca._ To prevent these
pressures from becoming too severe, a 30-inch vent was installed in the
penstock near its entrance. Nevertheless, ‘the gete wes designed to resist
an unbalanced head of mbout 280 feet on the aseumption that the head of

250 feet on its upstresm face would be Buppleménted.by e vacuum df-}O

feet on ite downetream face,

To design the gate holst, the weight of the gate, its frictional
resistance, and the hydraulic downdraw force were required The welght
of the gate was computed from material liste; the frictional resistance
was ohbtained by tests and coefficients; and the downdrhw uas.eStimnted.
To determine the frictional resistance of the roilér traina. ‘several
rollers wsre moved bétween 1odded parallel plates, Other frictional
forcea, such ss the friction of the seals -against their. seato. were alti-
mated from coefficients. The estimate of the hydraulic downdraw torce -
wasg not 80 simply acquired. The flow under the gate does not follow any
simple pattern so the prewsure reduction on the bottom of.the gate-could'
not be gccurately expreesed by a formula, A careful approximation of
this force in the cmse of the Grand Coulee perstock cdaater gates wasg
considered setisfactory, and model atudieé were not made until the qugs-
tion of the use of & temporsary hoist was raised. The analytical design
of the gates was made on the baeis of minimizing the downdraw, The gate
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bottom wes sloped et rn angle of 30 degrees sc that the flow pettern under
it would converge es much as nosnitle et the dovnstream edge of the ﬁottom,
which was to be the control. High velocities and . low pressures vere to
exist at this control, but upstream from it the velocities would be less so
thet preesures on the gate bottom would be greater, tending to.balance the
static pressures cn top of the gate, thus reducing the downdraw, _This pres—
sure incresse on the bottom depended uron the‘degfaé of convergencé of the
flow pattern., An-angle lteeper then 30 degrees would result in even less
downdraw, since the degree of convergence would be increased However. the

s%eeper angle was not structurally desiradle. To eid in minimizing the

pressure reduction on the bottom of the'gate,'the.upstream edge of the

bottom was curved. . _ _ _

To further reduce the downdrav. a recess wee cut-into the facé of the
dam sbove the penstock to eliminete the severe pressure differential between
the top and the bottom of the upper projected seal (Figure l) Tha’ result-
ing downward force on thie seal without the recess would be es large as
100,000 pounds and must be consider=d as part of thé doﬁndraw force to be
handled by the hoist With & recess, hovever, thia force was substantially
reduced., &= the gate is closlng, water will flow ‘through the recess, past
the space between the skinplate and the upper_seal—agat. igto the penstock.
The water in the recess is then under pbesuﬁre, es. the control‘is at the
space between the skinplate and the upper seal—seat on the face of the dam,
48 shown in Figure 1, this recess was restricted in height end depth so that
it was effective only when the gate was more than halfuay close¢.‘as.1t.was-
anticivated that the maximum downdiraw would occur when gate was neaflj_two—
thirds closed. B . S we o

The coaster gates at Shasta Dam, Coasier gatés were désigned‘for both

the outlets and penstocks at Shasta Dam, ~ The original deaign of tha coaster
gates at Shasta Dam wae based lergely upon ‘the design of the penatock
coaster gates at Grand Coulee Dam. Eydrsulic model studies 1ed to the
change of the shapa of the gate bottom in the final designs

Five 1h-foot diemeter penatocks are embedded in the concrete of Shasta
Dem., These penstocks pass through the dam and to the powerhouse approxi—
mately 500 feet downatream, with several hundred feet of the penstocks
erposed, The entrances are 250 feet belowv the mazimum_vater surface at
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elevation 1065.00. The gates were therefore designed to close under the
same head as those at Grand Coulee Dah; The entrances were 15 feet wide
and 19,05 feet high. Although not ae high as those st Grand Coulee Dam,
the penstock entrances were othérvise idéhtical.' Thg cdéstér gétés, giﬁ;
ilar to those at Giand Coulea Dam; wvere desigﬁed to closa Qﬁilé the”pen;
stock wae discherging abproximately 22, 000 second-feeh._ This dischergé
would occur 1f an exposed portion of the nenqtocka were to hurst while the
ressrvolr wes full, o : ‘

A single 11.05- by 11.05-foot outlet‘coaater gate was deaigned to be
used to close any of the eighteen 102-inch diameter outlets located in
the spillway section of the Shasta Denm. ‘qur of these outlets were at
elevation 742,00, eight et elei&tibn Bua. OO,‘.and. six_lat élevafion 9’42, 00.
The maximum hemd on the lower outlets will be 323 feet. Originaily.7two
ring-follower gates were to be'piabed in tandem in each ottiét downstream
from its entrance. The downstream gate was for regular service and the
up#tream gate for emergency use. 4 aimple bulkheed was to be uaed to cloae
the entrence of these outleté. Sinca a ring-follower gate is not satisfac-
tory for purposes of regulation. especially under high heads, the downstream
gate was replaced by a tudbe valve_developed during a series of extensive
tests in the hydraulic laﬁoratory.' thalaaced'forCES'on‘this tube valve
would be slight in comperison with the unbalanced forces on ring-follnwer
gates; so the expactancy of breakdovnl and failure of the valves wae
reduced, Therefore, a single coaster gate was designed to replace the
eighteen emergency ring—follover gates in the original plans. _

This coaster gate was designed to be lowered over. one of the 1ouer :
ocutlets under an unbalanced head of 323 feet to stop a discharge of approx-
imately 5,600 second-feet which would. occur if. the regulnting tube valve
had feiled in an opsn position, To resist . ‘the’ resulting forces, the frame

of the coaster gate consisted of 36—inch beams to which weTe. atteched a

1-1/l-inch skinvlete. This gate was mounted on 5-inch rollers forming -

roller trains sround the vertical beams of ths frame.:_

To move the gmte from one outlet to snother end meneuver it into
place, a 150-ton gentry crane was pro#ided on the brideze above the spill-
way section, Ae stated, the model studles weres begun because the
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permissible loed on this holst was 1ess:than the estimated load, It there-

fore beceme necessary to reduce the downdraw,

The ocutlet coaster gmtes st Friant Dem. The outlet;cdaster‘gateg at

Frient end Shasta Dams were quite similer, the gates clbsinggover circular 
bellmouth entrances geométrically similer at ﬁoth'instgliafions. At first
thought, it eppeared that the downdrew forces on the Friant gatea'could bé
estimated from the resulte of the Shaste tests. . However, the Friaﬂf.out-_
lets were sufficiently different from the Shasta outlets to require addin
tional coaster gate studies. BV : IR

The outlets at Friant Dam inelude four 110—inch river outlets, two -
Ol-inch outlete into the Frient-Madera Canal ~and four llO-inch out;ats
into the Priant-Kern Canal. The four 110-ineh river outlets. approximately
200 feet long, were nlaced to the left of the spillway neer the center of
the dam with their -ntrances at elevation 380 510] and their exits at eleva— R
tion 330,00. To control the flow through these uutlets, two 110- by 105~inch
needle valves and two 110— by 102-inch tube velves will be ‘placed at their_ |
exits, The maximm head et the entrance will ‘be 198 feet -

The two 9l-inch Friant-Madera Canal outlets, approximately 103 feet
long, ere near the right abutment of the dam. These outlets were placed
horizontally at elevation uU46.00. Two 91- by B7-inmch needle valves will
control the flow through these outlets withn a maximum head‘of 132 feet.

The four Friant-Kern Canal outlets, spproximately 89 fegt'léng, are
near the left sbutment of the dam. TheseLoutiets'Qere;placéd horizoﬂtally_ -

elevation 461,00, Two 110~ by 105-inch needle #alves'ahd twd 1104'by '
102-inch tube valves will be placed gt their exits to control the flou.
The maximum head will bve llh feet. o ‘

4 gingle 11.92- by 11, 92—foot coaster gate will close any of ‘the river
outlets cr the Friant-Kern Canal outlets; while a 9,86~ by 9. 86-foot coaster
gete will close the Friant-Madera Ganal outlets, These gatea will be oper— ,
ated by gentry cranes at the top of the‘da@. The lerger gate was-de;igned
to close one of the river outlets under an unhalanced head of 198 feet
while the regulating needle or tube valve was wide open, Itawas'aléo '
designed to close one of the Frient-Kern Canal outlets under similér con-
ditions, The smaller gate was designed to close one of the Frient-Madera
Canal ocutlets under an unbalanced heed of 132 feet while the regulsting
needle valvs was widas open,
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The penstock coaster gates at Davis Dam. Both the penstock entrances

and the coaster gates at Davis Dam were originally designed sim11af to
those at Grand Coulee Dam, although 1argef; -Fffa”ez-foat dlameter pen-
stocks will furnish power water to the main unit turbines ec ‘Davis Dam,
The penstock entrances will ba rectangular, 17.5 feet wide ‘and 34.66 feet
high. The meximum hemd et the center line of the penstocks_vill_bg approx—
imately 110 feet. - | | | S
A 17.5- by 34, 66—foot coaster gate will be 1nstalled in each of these
. penstocke., The gates - “to be operated by hydreulic hoists attached to'the
fece of the dam - ere designed to close the penstocks under & head pf~110
feet with & discharge of 5,000 second-feet through the turbines. Theﬁe
gates will be mounted on wheele inetesd of rollere, since the unbalanced
head of 110 feet will not be sufficient to require a roller train as in-
the cese of Orand Coulee and Shasta Dems, In addition. it 1s not expected
that the hydreulic downdraw force would be large, for the diecharge of
5,000 second-feet was relatively small and the gate would be‘almoat-ciqsed
before the gate became a control, ' L '.b' G
The model. A 1:17 scale model of the original design of the outlet
comster gate for Shmsta Dam wes first constructed (Figure 2).  Sheet
metel of several gages was used in its construction to represent the
y thickness of prototype pletes, and a roller chain was used for: the roller
?ﬂ\] trains, Thie gate was placed in a 36-inch diameter head tank of an exist-
: ing 1:17 model of a Shasta Dan outlet which was 1deally suited to accommodabe
the gate, since the outlet entrance was mttached to a diephragm plate o
representing the face of the dam. Roller trecks and seal—seatu were. placad
on this disphregm plete. The heed tank was lengthaned to permit installa—
tion of two 12— Yy Eh—inch windows for obuervation of the gate in operatian
and to provide & flanged opening through which the gate could be lowered.
A manupl gete lift was first used consisting of a 3/8-inch 1ift rod gtiached
to the top of the gate and passed through the head tenk by a packing glend,
The rod was raised or lowered by turning e wheel thresded to the rod and
attached to & yoke above the packing gland, Later this manual gate 1ift
was replaced by a mechenized gate lift designed primérily to measure the
forces on the gsate, ln place of the rod, the gate lift consisted of a
15
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length of pisno wire, sceles, and a l-inch bronze ridbon. The dbronze.

ridbon wound on the slow-speed shaft of & motor reducer which raised or
lowered the gete at a uniform ;peed of about 1-1/2 inches per'hinufe.: 

The trashrack and trashrack base were 6mitted in the model, since
previous tests on the outlets at Grand=Cqulae Dam indicated that theﬁeg
features ams situsted at Shaste Dam were gufficientiy far fron:the out-
let entrance to not affect the pressures. Some minor features, such as
the roller-trein shields, were omitted because 1t wae considered that
their presence or mbsence would not have an effect upon the dbwnﬂrav.
The recess in the face of the dam wes not 1n§téiled originaily |

Addltional tests to study the Frient outlets were made on the same a
model by changing the outlet conduit downstream from the. bellmouth
entrance and raeplecing the Sbagta tube valve with a model of one of_thé
Frient needle velves. This'l'IT mndal of the Shasta tubé §a1vé had B
conduit diemeter of 6 inches; so & scale ratio of 1: 18.33 was establiahed
for the Friant River and Frient-Kern Canel outlets and a acale ratio of -
1:15,17 for the Frlant—ﬂadera Canal outlets. The model waa quite flex—
ible in that the necessary revielons: to suit 8 particular test upon the
outlets were made easeily, ' '

Eowever. the model had to be completely’revised for the penstock
coaster-gate tests, A 1:30 model of the upstream section of a Shasta _
penstock wes deslgned for the existing head. ténk’(Figure 3), It wes not
necessary t0 consider the lower portion of the’ panstockn in this model
B8 it was assumed that the punstocks had burst ' '

A new diaphregn plate vas required to fit the rectangular bcllmouth
entrance (Figure %), The columns at the sldes of the gate and trashrack
structure were made of redwood, 1acquered and vaxed \1-3 avo1d varping nnd}
swelling., The penstock entrance included & recass in the face of the dan
ae shown in the original design, btut the,modol rqceua wes wider than the .
prototype recess. In the prototype this recess lies between the vertical
seal-ssat dars which extend above the penstock entranco. yhile in the
model the recess lies between the roller tracks, and the vertical leal—
goat bara sbova the entrance were omitted. This omission‘qaa to facilitate
the model conetruction and wes at first not considered important in the

tests,

17




FIGURE 3
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The modal gato was simplified, duplicating ‘only the basic fentures
wkich would affect the hydraulic downdraw force. for the autlet coaster- _
zate tests indicated that & simple gata would be satiaructory. A 12-gaga )
skinplate, reinforced by angles, formed the frame. Projec;gd seals were-
attached to the downatream side. The gate was méved‘6n¥ba11 besring
wheels instead of a roller train, The gate bottom was made from a bab—
bitt casting which formed a true, smooth profna. T

The testing procadurs, The nature of tho hydraulic &owndraw force
was such that it could be found aither. by presaure meaauramants on the

gate or Yy force meaeurementa on the hoist, Pressure measurementl were'
used to compere differont types of gata bottomn.‘vhile force measuroments
ware used to atudy the downdraw of a- givcn gate dosign under vnrious ‘con-
ditions. 1In additidn, a correlation ef both methods 1nsured reasonnbly
accurate results for the final deaignl.‘- .

To obtain the downdraw rorce by pressure moauuraments. three rows of
piezometers wers installed on the bottom of the gate; ‘one row at tho '
center, one at the quarter—point._and one near the adga. Additional
plezometers were installed at othcr poinbn on the gate and in the outlet.
The downdraw on the gates was measured at various neads and gate open*ngs.
depending upon the raquiremant: of the. 1ndivldual test. '

A measurement consisted of placing the ‘gate at LE given opening and

recording the pressures on the piezomoterl while the pressure head 1n
the head tank remained constant. The diffurence between the head and the
pressure gradients on the: gété 5ottom vas: then 1ntegrated over en ares.
represented by a vertical projection of tha glte upon a horizontul plnna.‘
As the recorded pressures uere refarred to [ common datun and tho 1nte—
gration measured only tho prassure reduction on- tha botton ‘of the gate.
the effect of buayancy of the gata wag not 1nc1uded in these measurenento.

The downdrew of the model waa ‘converted to prototype by mnltiplying
by the cube of the scale ratio, The downdravw is esnuntially the weight of
a column of water above the gata becauao of the pranture ruiuction undor—
neath it. The laws of similitude require that the volume of this hypo-
theticel water column of the prototype be related to that of the model by
the cube of the scals ratio. The specific weilght of the yatér baing the
same in both cases, the weight of the water column, or doindxaw. of the
prototype must also te related to that of the model by the cube of the
scale ratio,
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The pressure measurements were especielly useful in the tests to
improve the design of the outlet coester gate at Shaata Dam, for the
pressure gradients on the varioue typea of ‘gate bottoms ‘could be ana-
lyzed and compered. However, in leter tests where the same type of gaba
bYottom was used, the downdraw was obtained by measuring the force on the
gate hoist by the mechanized gate lift The nature of the later teatl
was such thet pressuro measuremente wouln become tedious, while force
measurements could be made qpickly and easily. The forcea acting ‘on'the
gate were the weight of the gate and ite buoyancy. ‘the friction of the
gate againet the facc of the dam; and the hydraulic downdrar. Only the
sum of these forces could be meesured directly, but the first two could‘_
be determined aaparately and hydreulic dovndrav force cbtained, for it _f_

was equal to the measured force on the hoist minue the weight of the

gete in weter and the friction.
The model gate wes weighed while submﬂrged to eliminate the effect

of buoyency. I{ was not practical to meaaure the etatic friction of the
gate; but the kinetic friction was determined by raining and 1overing

the gete pest the deuired gate opening. Since the direction of thc
frictional forece was the opposite of the gate movement the diffarence‘
between the forces on the gate lift while 1t was moving up and then down
wes equal to twice the kinetic friction. while the average of the tvo
forcesn rapresented the force that vould,exiat if the friction were zero.

For e given gate opening, the force: mea-urementa were made at
several heade and the deta wee: plotted Aa the downdrav wes propo*tional
to the load, the dete formed a straight line which made possible the
detection of errstic readings. : ' S

The first tests that were made using- force measuremzntl ‘were nane i_
too setisfactory beceuse difficulties were encountered in measuring the
friction, The friztion of the roller cheins was so large that they had o
to be replaced with wheels. Flanged ball bearings thet: resenbled mini-
ature railroad wheels were used: first.' Under low heada they vere'
setisfactory, but under heads larger than 10 feet the forces could not-
be messured essily for the wheels would stick in position and then releasa
suddenly, obviously beceuse they were-éverloaded;
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Finally it was necessary to rebuild the gate, using wheels with
diemeter equal to the thickness of the gates. The dlameter was aéllarge
ae possible to minimize rolling and bearing friction. These wheels
turned on ball bearinge which were strong enough to withstaﬁd thleofces
lmposet upon them. Nevertheleas. the movements of the gate were 8111l
Jerky, making the forces difficult to record. and it was found finally
that the roller tracks on the face of the dam had to he glassy smooth
before the Jerking could ba eliminated completely.

CHAPTER II - TESTS ON THE DUTLET COASTER GATE AT SHASTA DAH

The original desigg Tests on tho 1:17- modul of the original
design of the outlet coseter gate et Shasta Dam were bagun with pres-

sure measurements on the gats and in the cutlet entrance (I&gure SA)
The pressures were measured at several heads and gate openinga. _Since“
pressures were found to be néarly proportidnal to the head.‘the feéultS‘
of the tedts are glven for a maximum design heed of 323 feet, prototype.
The relation of the hydreulic downdrew force to gate opening s
shown in Figure 5F. With the gete in the full_qpen poaition. the down—
drew wag appr. metely 75,000 pounds. prototype;' Ag’ the gate cloaed |
the force firet increaaed to & maximam of 260, 000 pounds at an . opening
of about B feet 6 inches and then decreesed becoming zerc with the gate
closed. The meximum downdrsw of 250 000 pounde apparently occurred as
the gate became a definite control for, ae the gate.clo;ed, prgspurea_: 
on ite downstream face and in the_bnthf entfaﬁce'dhaﬁged frOm ﬁpﬁi:ivg,“ _
to negative when the gate wes appruxim;tély"s‘feet 6'1hchen'o§en; Tﬁ§ '”'“'
downdraw was legg at larger gdte openings[bééeuseuthe‘pontrbl downeﬁrpam_'
from the gete maintained lerge poéiﬁ;vq pfaéiureé”on'the gate‘bpttoﬁ;'
At gate openings less then 8- feet‘G 1nchés.ﬂthé contrdl was at fhérdOHn-

stream edge of the gete bottom where. the preseures were a minimum. being S

zero or lees. Elsewhere on the gate bottom, pressures vera ponitive. A.
the gate was lowered, the. pressnres at the downstream edge of theybottom X
remeined the seme but the pressures on the gete bot tom increasad, reduc-
ing the downdraw. Thils was & logical reeult. 88 8 closur- of the gate
decremnsed the dlschargs and hence decreased the velocities upstrean rrau

the contrel,
22




A ~LOCATION OF PIEZOMETERS ON GATE
AND BELL MOUTH ENTRANCGE
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The pressures on the downstream face of the gate and in the oﬁtlet
entrance at grte openings less than B feet 6 inches spproached absolute
zere in the prototype, In this respect, however, rigorous eimilitude
betwesn the model and prototype cannot exist, as. the air entering the
prototyps vent would expand and afford'nlight'rolief. ‘The vent was .

included to relieve the negative-presgures sufficlently tc prevent the

severe vibration eccoopanying cavi;atidn;,‘ﬂoveter; when the gaie wase
lowered in the renge of gate opening Betyaen 2‘§nd'}—1/2 feeﬁ. the jet‘ :
under the gate impinged on top of the conduit and closed the vent. It
wes enticipated that this undesireble condition would be aliminated 1n
later tests by changing the location of . the vent. if nacessary. _ _
Reduction of downdraw in original design, The hydraulic downdraw L

force of 260,000 pounds, ae determined by the”pressure tests, did not
egree with the original enalytical estimats of 160 000 pounds.. A review
of the original calculations indicated that the figure of 1160, 000 pounds
considered only the pressure reduction on the eloping portion of the ‘
gate bottom end apparently assumed that recess in the face of the dam
above the outlet entrance would halancé-the’preséurea_o# ihe'pfojected"
seals, The model test was made without a recess, and the unbelanced
pressures on the top proJectéd seal contributed at 1eaat'100 OOO'poundé
to the total downdraw of 260,000 pounde, A recess in the model would
tend to balence the pressures on the top seal, reducing the downdrau,"
and it was vossible that a closer correlation might be obtained. qu—ﬁ'
ever, the downdraw would still be excessive. so it was‘decided thdt_thq
force should first be reduced by revision of. the ahapa_df_the‘gatétnﬂbn‘ )
end then, when a‘final gate design waa'obtéined. tb_find the éffecthn»,;lf
ness of the recess in the face of the dem, . ' L ..

A study of the flow under the gate and of the pressure on- its . ‘
bottom demonstrated that it would be possible to obtain B large reduc-
tion of downdraw by en apparently sinple revision of the bottom (Figure -
6, Deslgne 1 end 2). The flow under the gate and into the outlet was
studied by observing the movemente of paper confetti in the head tank,
The confetti epproached the ocutlet from all directions, moving slowly
until the peper particlee were within a few inches of the outlet, where
they appemred to te 1nstanténeoualy drawn into i%, indicating a rapid
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increase in velocity clase to the outlet entrance. This rapid increase
in velocity was also shown by the prealure gradient across the hS-degree
sloping portion of the bottom of the gate (Figuro 6, Design 1) At the
upstreanm edge the pressures were high. On approaching ‘the outlet the
pressure drop wese at first gradual, but 1t becans rapid close to tha
downstream edge. At the point where the hs-degree 8lope ended, the pres-
sures bacame a minimum. This point was observed to be tho lpring point
of the gate, that is, the point where the water normally uprang free of '
the zate bottom to form & Jet in the conduit.

Between the spring point and the face of the dan was a space 8-3/8

inches wide, formed by the Qkinplate and reinforcing plate 2 incheu thick
apd the projected seal 6-3/8 inches wide. The presau;eg on theanttom ‘
of the skinplate, the reinforcing plate, and the projected seal, being
very low, did not balence the high pressures which were mbove these mem-
bers at the top of the gete, Aws a result, this space between the apring
point and the face of ths dam coutributed a lerge pnrt of the downdraw,
In contrast, the larger area of the h5 degroe claping portlon of the
vottom, upstream from the spring point did not cauae as much. downdrav
because pressures on most of this area were high. being low only near

the spring point. Therefore, the original ies;gn wan_revgug@_by‘qxtqnding -

the sloping portion of the gate bottom below thé bottom of the skinplate
and the projected seal, Thie revision placed the spring point close o
the face of the dam, eliminating the effect of low pressurel on thone ,
members (Figure 6, Design 2)., The preesurea on thie revised gate bottom
wera similar to the originsl test; high near the upstream edge, dropping
gradually at firet, but more rapidly near the dovnstream edge with zero
pressures occurring at the spring point. The maximum dowudrav force wac'
reduced from 260,000 to 103,000 pounds. | ‘ DRREI |

ln contrast to the original design where the maximum dovndrav occwn%d
when the conduit was not complately £1l1led with water, the meximum down- i
draw on the revised gate apparently occurred while the. conduit was fillod e
with vater, Jjust before & alight additional clasura would lower the prn--
surea so that the conduit would take esome air through the vent,

Although the flow inside the condult adjacent to the gate could not
be observed, in similar models 1t had been noted that when the gate was _

26




partielly closed end the conduit downstream from it was filled, a roller
formed over the jet issuing from under the gate. This rcller hes q:dcqu-
ward movement zlong the dcwnstreem fece of the gate,  Such & rollaf musbe‘
have existed in the Shasta model fcr‘the'nresauren~on top of the lower .
horizontel projected seal of the gate were greater than the pressures on
the bottom of the upper projected seal indicating that weter mast be '
impinging on the top of the lower seal, Thia condition caused & down-
ward force estimated to be 5,000 pounds. However. this force waa not of
sufficient magnitude to be consldersd important.- In addit'on to reduchu
the downdraw, this revised desigh changed the uhape of the Jet flowing
into the outlet so that the Jet gt no time impinged on tov of the conduit
to cloee the eir-vent, as was the case in the original design when the
gate wes open between 2 and 3-1/2 feet, _ :

Effect of extended lip below downstream edge ‘of flatbottchgate
The revised sloping-bottom gate reduced the downdraw from 260 000 to
103,000 pounds, which wes desirable because: the gate holst would not be .
overloaded, However, the gate was not etructurally desirable, for tha

sloping bottom was difficult to fabricate and heavy Plates were required
to withstand the loade on 1ts downetream edge.‘ Accordingly. further
teste were mede to develop some other type‘of‘éate_uhich_HOuld nave even
less downdraw or at leest a more eccepteble etructdral_design3et‘the_
bot tom, S o B .
The indications fr0q>the original teste were that e gete having a ‘
minimum downdraw would be one with e lip vplaced at the. downatream edge
of the bottom and extended vertically belou the gate. " This would plece
the spring voint ot a distance from the bottcm, and the rapid drcp in .
pressure which occurs near the spring point would e upon the vertical
plane of the extended 1ip. To verify theee indicetions & test wae made
to determine the effect of an extended lip by reducing ‘the lip. in
successive steps, from an extension nearly equal to the thickness of the X
gete to zero {Figure 7).

4 flatbotiom gete was selected for these tests, since it appeared
most practical. The upstresm edee of the bottom was curved on & 9-inch
redius, prototype, to reduce the effect of the pressure on the bottom
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EXPLANATION
‘Generol test
Design. 3
Design 4
‘Design ;5

(PROTOTYPE}

. - --Hydraulic drowdown va
for Design |

N

N

S

-

{Hydroulic drawdown
volue. far Design 2

MAXIMUM HYDRAULIC DRAWDOWN FORCE IN KIPS

10 - - 20 . B ‘ 30
LIP.EXTENSION "Y' IN INCHES (PROTOTYPE)

INCHES - MODEL
o 3

T v E—
2 3

f .
'FEET - PROTOTYPE

SHASTA DAM OUTLET COASTER GATE
EFFECT OF LiP EXTENSION ON HYDRAULIC CRAWDOWN

Spring paint ~*

FEG.L. N-15-4l




when the flow down the upstream face of the gate changes direction below
the gate. The thickmess of the extended lip was 3/U inch (prbtotjpe).
and its bottom wes beveled at U5 degrees to place the spring point at
the downstream edge of the 1ip and reduce the . effect of 1ts thickness
upon the downdraw., The extended lip was supported by gusset platee
attached to the bottom of the gate, These’ plates were in the. nlane of
flow 80 that their effeet upon the downdraw ‘would be small and could be
neglected. _

The tests were msde in the same manner ae for the originai deeign,
that is, by measuring the‘pressures‘ecrossethe bottom ef;ﬁhefgabe:td
determine the downdraw, The pressure-gradients vere siﬁiler tb those
of Design 5, Flgure 6, except thet negative pressures occurred on the
bottom of the lip. There was a reduction of pressure near the upstream
edge, &8s was anticipated, since the flow down the: upstream face of the
gote had to chenge its direction, However._the preasure increeeed ‘
revidly, becoming 8 maximum et the downstream corner where the 1ip Joinr{‘
the gste bottom, This conmdition indicated thet not only does the axten-
ded lip keep the rapid reduction in preseure near the snring point on :
the verticel pleane of the lip where it cannot cause d0wndrav but that ‘
it also tends to form a stegnetion point in the downstream corner, noced"
by en increase of pressure at that point. The original gate tested had
a laerge fillet in this corner; later tests 1ndicated that 1tu effect
upon the downdraw was negligible. '

Although the bottom of the iip was beveled at k5 degrees to plece
the spring point on its downstream-edge, the contour of the Jet was so
steep that 1t flowed free from the‘beyel.‘and“the epring point waeeoﬁ
the upstream edge of the lip. The resulting negetivé preeeufea 6ﬁ'tHe'

bottom of the lip would cause s downdraw of approx1mstely 15 000 poundl
when the 1lip was 3L inch thick, es indicated on Figure 7.
This curve of Figures 7 wae plotted by finding the maximums doundraw

force for different lip extensions. The meximum extensian considered ;“
was epproximately equel to the thickness of the gate, as a greater
extension wouid be lmprectical structurelly, This curve shows thet an
extension of LQO inches would reduce the downdrew to appraximately 6%, 000
pounds. As the extension wae decreased, the downdraw increased grad-
ually until at & lip extension of 14 inches the downdrew was 110,000 pounds.
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4 further decrease 1ln the extension cauéed 8 more re&pld increase in dbvn—

draw which finally became 360,000 pounds when there was no extension,
Structurel designs of fletbottom gate with extended lip;_‘To hﬁild

& flatbottom gate with an extended lip below itse doiﬁstream edge which ‘- 

would develop a downdrsw of 110,000 pounds._equalling thet of the sloplng-

bottom gate of Design 2 (Figure 6), a 1lip extension of 17 inches would

be necessary. But thie wes not practical. gince the horizontal forcea
on it would be excessive, Hevertheless. ;S flatbottom gate having an
extended lip wes & simple design conpared with the 310p1ng bottom of
Design 2; so further studies were prOposed to see ife design 1nvolv1ng
a flet bottom and extended 1ip could be used, even. though a slightly
larger downdraw would result,

Design 3, Figure 6, was conservative from a- atructural vievpoint.

having & 1lip extension of 10—3/k inches which, from the curve of Figure
7, indicated e downdraw of appromimately 130,000 pounda. The radius at
the upatream edge of the bottom was T-1/2 1nches instead of 9 'inches,
prototype, as in the general test, and the thickness of the lip was
1-1/4 inchee insteed of 3/U inch, It was anticipated that the ‘smaller
radius would increaée the downdrau a snell amount. The bottom of the
lip was beveled at & steeper angle. 61 degrees 20 minutss, to place the
epring point at its downstreanm sdge to reduca the downdraw on the lip
{(Figure 6). The tests showed thet ‘the downdraw would be epproxizately
138,000 pounde., The steeper bevel on the lip plaCed the spring point
at ite downstreem edge. Piezometers placed on the 1ip to determine p“an-?n
suree indicated that the downdraw on the 1—1/h-1nch lip wae nearly equal
4o thet on the 3/h—inch 11p of the generel test in which the upring point
wge et its upetream edge, &ccordingly. the curve of Figu:e 7 could te
used to predict the downdraw of a gate having a lellhfipch.lip with a
67-degree bevel at its bottom, ‘ o ‘ R

In design 4, Flgure 6, a slmnlification of the structural detalls
was made by using flat plates and anglqs to eliminate the curved section .
at the upstream edge of the gate bottom.. The end of the plate at the.
upstream edge wea rounded to avold & éhnrp corner &t that point; A léﬂM—
inch lip having a steep bevel, similar to Design 3, wes extended 12 inches
below the upstream edge, The downdrew wes 150.000 pounds, which repre-
sented a 25 percent increase over the downdraw that wes obtained when
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using a 9-inch radius at the upstresm edge of the gate bottom and a 12~ -

inch 1ip extension, as on the gate in gensral test (Figure 7). _
The final Shaste design. Neither Design 3 nor U was satiefactory

for the Shasts Dam outlet ccaster gates, for their doundraw of 135 000

end 150,000 pounds, respectively, was excessive. A careful analyaiu

of the stresses on the bottom of a gate similar to the modal used in the
general test revealed that this gate vould be practical if the lip exten—
sion d1d not exceed 14-1/2 inches; end the curve of Figure h indicated
that the gate would develop e downdraw of 110, 000 pounds, Since thil
downdraw was not excessive, Design 5 was constructed and teated (Figura
6). Design 5 differed from the gate of the general test in that & 1-1/”-
inch lip having & 67-degree bevel &t its bottom was used instead of &
3/4-inch 1ip having & Y5-degree bevel. It was found previously that the.
downdraw on the 1-1/4-inch lip was nearly equal to that on the 3/B—inch
1ip with & 45-degree bevel, This downdraw of 112, 000 poundt on: Donign 5 .
checked the downdraw predicted of 110, 000 pounds. - The gats of the finel
design wes made an ‘inch thicker then the gate tested; therefore’ the value
of 112,000 pounds was rechecked and the estimte 1ncreaned to. 113.000 '
pounds,

It was apparent that any chango of the gate to reduca the dovndraw,
such as extending the 1lip further, das not desireble, 80 this gate was :
selected as the finml design, Three additional tests were made on it
to conclude the studies of the. outlet coaster gatee at Shaeta Dam (1)»;he
meximun downdraw of 113,000 paunde. obtatned by preusure measurementn. o
wae checked by rorce mealurenent!. (2) the effact of the gusset plates
which supported the extended lip was checked; and (3) the effect upon
downdraw of a recees in the face of the dam above the outlot entrance waa
studied to give the final deuign estimate of & maximum dovndraw of
70,000 pounds, ' ' ‘

Correlation of dovndrew by force measurements. Al*hougﬁ the down-..
draw was estimated to be 113,000 pounds, & conservative allowance was
necesssry because the pressure meaaurements might be slightly in error

due to unbaslanced pressures existing on,some portion of the gete not
covered by piegometers during the tests, Tharefore, the doundray was
checked by messuring the forces on the gate. The manual gate 1ift was

3




replaced by & mechanized gate lift'designed to measure the forces on the

hoist while the gate wee in mctlon, re described in Section 9.

Two gates were used for these correlation teste. Gate 1 was the same
as used in the pressure tests, overhsuled for theiforcc measurements. Gnte .
2 was ostensibly the same as Gate 1. except it wes designed specifically
for force meagurements, .

To reduce the friction of Gate 1 the roller chains were replaced uith
flenged bemrings, and the seals were reduced until they were: flush wlth the |
downetresm edge of the lip so thev would not rubd against the seal seats.
The resulting gep between the seals and thcir seate was between O. 0& and
0,04 inch (model). At that time it was believed that the leakage through
this gap would not affect the downdraw, The downdrew on Gate l‘was recorded
over a range of gate openings (Figure B), whereess the-ﬁreasurefmcasuremente :
had been recorded omly at maximam downdraw. The gaﬁé openings wcrE‘based
on the distance from the bottom of the lip to the lower edge of the bell-‘
mouth (Figure 8). : ‘ '

The meximum downdrew of 113 000 pcunds on Gate 1 recorded by forca
messurements checked closely the downdrau by nressure meesuremente of
112,000 pounds, indicating that the pressure meesurements vere reliable. .
The gate opening at which these maximum values oceurred wes . 50 percent “for
the pressure measurements and 55 percent for tbe force meesurements

Gate 2, upon which che final measurements were msde, was constructed
more cerefully than Gate 1 in that the gap between the seals and tbc aEal_
seats was 8t all points les=s then 0.17 1ncb (0.0Y inch, mcdel) while the
gap on Gate 1 wes mbout 0.50 inch (between 0.02 end 0,04 inch, model). The
extended lip wes set upstream from the face of the seals, fcfmihg'q ip
clearsnce of 0.85 inch (0,05 inch, model)‘ while'thdfcruas no iip‘clcérAHCE

on Gate 1, Otherwise, the gate bottoma were 1dentical. The. mex imm doun—
drev of Gate 2, occurring at a gate opening of 55 percent, wes - 139,000
pounde, Some discrepancy wes expected betveen Gates 1l and 2, but not 24’
percent. However, a study of the gates revealed that & 1arge pert of thiu
difference was ceused by the 0.05-inch lip cleerence of Gate 2 end that
some of the discrepancy might be caused by the 1a;~er gep between the seal-
and their seats on Gate 1.
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NOTES

The principal ¢ifferences befween,gares | and 2 and final design,
,lf'fecﬁ‘r)r‘(’; the drowdawn, we'r(o'r ‘lip'clearance ond size of qagz

between seal and seats.
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The importence of tha lip cleerance was demonstrated in the tests to,ﬁ
reduce the downdrew in the original design uhen-it was necesssry to place.
the spring point s close to the face of the dem as poesible 80 that the
lip clearence would be & minimum,  4An ideal gate would have the downstream
edge of the extended lip touching the eeel-seats., ‘Thie is not possible' 8o ..
a lip clearence is necessgary, Since it was recommended that this lip clear-
ance be ns small as poseihle. it was felt that the unbalanced pressures on
the portion of the seals over this lip clearance ‘would not cause an-
aprrecisable increese in the downdrew. However. the tests on Gate 2 further
emphasized ite importence. and when the lip clearance of the final design
was esteblished as 1/2 inch, 1t was neceaaary to reviee the ‘maximum down-
draw obtained from pressure mezsurements from 113 000 pounds to 123, 000
pounds {Figure 8). In a eimilar manner the. downdraw curve of Gate ‘1 was
revised with a maximum downdraw of 122,000 .pounds. The lip clearance of
Gete 2 being 0,85 inch, prototype. the downdraw curve for Gate 2 wes revised
to & maximum downdraw of 131, ODO pcunds : : N

These revised curves of Gates 1 and 2 sre.in good agreement at all
pointe except at their peak where a diecrepancy of 7—1/2 percent existe..
This discrepancy is probably due to the larger gep of 0.02 to O, Oh inch
(model) between the seale and the seal-seats of Oate 1,‘wh1ch ‘tended to -
reduce the downdraw. 4 test was made, by removing the eeal—seats.‘tc

increase this gap to approxisately 0.08 inch, end the downdrev was furtherl. :
reduced about 25 percent. Evidently weter flcuing thr ough this gap’ formed

pressures On the under side of the upper seal frame. producing en upward _
force. This test demonstrated the poeeibility of reducing the downdrav by
increasing the clearance between the eeale and eeate. The eame action was
accomplished by placing a recess in the face of the dem. above the outlet
Effect of the gusset p;etes surporting the extended 1ip. . Before

tests upon the effect of & recees in the fece of ‘the dem were Yegun, the
influence of the gusset plates sunporting the extended lip was studied,
Theese plates were pleced verticelly in the plane of £low 80 they would not
csuse downdraw, Fiezometers on. the bottom of the gusset platee 1nd1cated
a pressure reduction on those members grester than on the gate bottom, but

their contribution to the downdraw was not appreciable beceuse: the ares on
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the hottom of the gueset pletes was small compared with the totel ares of
the gate bottom, To confirm these finaings force tests were made on Gate 1
with the gusnet vplates removed. but no difference in downdraw could be
observed. B o '

Tt wes concluded that a reesonable number of gusset plates could be
used to support the extended 1ip without increasing the downdrew, Theee
gusset pletes should end at the point where ‘the bavel of the extended lip
begins, apnromimately 3 inches above the spring point. -1t 1s suggested
thaet eny sharp curvee on the bottom of these gueset platee be ronuded by
grinding,

Effect of & rensss in the face of the dam. The maximum downdraw

obtained from force measuremenis on Gate 2. wes 131 000 pounds.‘ It occurred
at a gate opening of 55 percent. There were 1ndicetione that this force .
could be sudbstantielly reduced by a recess in the face of the dam above tﬁe
outlet entrance, When the gate wus partially open, water would fill the
receee and pressures on the under eide of the ﬁpper. horizontel, projected
aeal would tend to bslsnce the statlic pressure on top. Without a'reces;,
pressures on the under side of the upper projected seal ioulé ba low, the
same as pressures in the outlet. entrance; sc the static preeaure on top of
the upper projected seal would exert & dovnward ’orce which becomes pert of
the downdraw. g R

The actual effectiveness of ‘the raceee UJ-E ] queetioned The water
would flow continually from the portion of the recese above the gate. paat
the opening between the upper projected eeal and the face of the recese into
the portion of the recess below the top of the gate, thence past the opening
between the skinplate and the upper‘seel—seataon the. dem and intq the outlet.
If the jet of water flowlng into the outlet were te impinge upon the top of
the lower projected eeal, the 1mpact would create a downward force ‘which
would nullify the adventege gained by increasing pressures on. the bottom
of the upper seal frame. Whers the depbh of the recess is 1imited. the
opening between the upper projected sepl and the face of the’ recess mav
become & control, resulting in reduced pressures on the under side of the
upper projected seal the same as if no recess existed. To be effective,
the control has to be at the opening between the skinplate and the ‘upper
sesl-seat; therefore the pressurcs in the lower portion of the recees. below
the top of the gate, are nearly the same a8 the static pressures above the
top of the gete,
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Model studies were made to find the actuel effectiveness of the recess,
to observe whether the Jet from the recess wculd iﬁpinge on the top of the
lower projected seal, and to. determine the minimum depth of Tecess which
would he practical, To make the 1:17 model correspond with the prototypc.
the proposed recess, as determined analytically. would have to be' at least
1 inch deep. Such & recess could not be used without major revision of the '
model, A recess llh inch deep was possible anc would ‘be satisfactory it “
the tests were of & general nature rather than a. specific ‘study of. the raxss'
et Shecte Dam. Therefore, the results are shown conly in model dimencions .
(Figure 9). The downdrew of the finel design of the Shasts Dam outlet”
coaster gate with the recess was calculated from these findings.

The model of the final Shesta Design. Gate 2, was used for the teste.
and the relatiouehip of the downdraw to the gate opening for this model,
without a recess, was used as a ‘basis for comparison (Figure 9) The seal .
projection of the model about 3/8 inch to cerrespond’ with the final Shacte
Denlgn, wes reduced to 3/16 inch when preliminary tests demonstrated thet
the projection must be less than the. depth of the recess. | :

Two preliminary teets were made. one with a aeal projection of 3/8 inch
and one with = projection of 1/4 inch, With a sesl proJection of 3/8 inch
the ovening hetween the upper seal and the face of the receas vns definitely
a control and no reduction of downdreV‘vas observed. With the projection of
1/% 4inch the opening between the upper seal end the feace of the recess was
the same as the opening between the skinplate and the top eeel—eeat on tho
dam, So two controls might exist. ‘Some reduction of downdrew wae obacrvad,
but pressures on the under gide of the upper proJected eeal were considerablyf
less than the static pressure on top. ' :

However, with the 3/16-inch seal proJection. the control wes at the
space between skinplete and top se&l—eeat and e cubctantial reduction of
downdrew was observed (Figure 9, curve with eharp edge at top of gate) The
pressures on the under slde of the upper. horizontel seal freme were about
half the stetic pressure on top.‘which indiceted that a further reduction
of downdraw could be obtained by a deeper recess, ¥or the velocities past
the upper seel would be less and the pressures on its under side greater.

48 8 deeper recess wes difficult to install in the model, the seme
result was accomplished'by placing & curved section om top of the upper
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serl. The square edges of the upper projected seal formed a contrnét\ ﬁ‘

which increesed the velocities around the projected seal and decremsad the -
pressures under it, With a curved section on top Qf‘the;projectad”aeal. .
the flow wes similar to the flow thrbugh'a'bellmouth orifice without con-
trection, This revision was effective, for the obsurved downdraw reascnably
checked a celculated curve based ‘upon the rednntion of downdraw due to the
recess, which asumed pressures on the top and the under side of the upper
geal to be belanced, These curves checkaddloeely between -gata openings of
20 to 50 percent, Between openings of 0 to 20 percent the observed curve
had larger values; but this was ant*cipated for when the. gate was nearly
closed the recess wouli not be’ effective. Betwean gate Openings of 55 to
70 percent the calculated values were 1arger than the observed values, In
thie region the flow conditions’ became coqplex and “the values of the cal-
culated curvee were based upon conservative assumptions.‘ When the gate was
about 80 percent open, the recess vas.ineffective, for the bottom seal con-
tacted the top seal freme, Under this condition no flow presed through the
recess and static pressures on top of the 1ower projected sepl exerted a "
downwerd force with the seme effect as if no recess existed. | '
The agreement bstween the cbserved and the calculated curves betwsen
gate openings of 20 to 50 percent, where the calculations were reliable.
wny at first disconcerting becauae the preassures on the bottom of the uppar;
projected s:al were about 75 percsnt of the static head,- and if pressurea -
on top of the seal were static, as firet anaumed then the: reduct*on of '
downdraw should be only 75 percent of the reduction obtained by aseuming
balanced pressures on ‘the top and the bottom of the seal However pre:a
sures on the curved aection on the top of the upper seel must be lesa than :
the static end would tend to balance the presaure en the bottcm. Yo pressur-e‘w
measuremente were made on the curved section above the unper seal; but other
gtudiee have 1nd1cated thet a rednction in pressure will occur on any curved
entrance similser to the arrangement of the model,: Should it be necesaary to,
use a shallow recess in a future nrototype structure, & curved section '
similar to the section used in the model might be. placed at the top of the
upver sesl, The radius should be Bt least equal to the projectior of the
azal and should be mlmost fiueh with the contact line of the seal, to be

effective,
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No such curved section was considered necessary on the Shaste outlet .
coaster gate because the recess was pade 18 inches deép. approkim&tely
three times the depth of the seal projection. From the findings of the
general test thls was coneidered to be a reasonnble depth sufficient to
balence the pressures on the top and the. hottom of the upper seel. Fig~'
ure 8 shows & curve of the prodable downdrav on the Shaeta gate with
recess, calcnlated in the same mannar es the calculated curve of Figure 9.
These calculetions were dased upon ‘the assumption that tha nressures on
the upper seal were balenced. The reduction in downdraw from the unbal-
anced condition (shown by the final deaign curve without recess in face
of dam), will be equal to the product of the head dif‘erential between
the top of the gate and the ocutlet entrance and the exposed erea of the:
projected eseal. Assuming a differential heed of 323 feet, a seal projec-
tion of 5-7/16 inches, and s seal width of 11.05 feat, this reductipn -
would be 101,000 pounds, This reduction vouid-pccur at-gaté qpenings'
from O to 50 percent when the préssuree in the outlet-entrance'ara
atmoapheric or negatlve. | 7 o

Negative downdraw or‘uplift forcee vould occur. at gate Openings less

than U0 percent. As shown by the curves of Figure 9, an uplift force wae

cbserved on the model, During the tests it wes demonstrated that this '
force could prevent the model gate from closing.- To mvoid this condition

the prctotype recees was tapered so that ae the gate closed the recese.

would begin to lose its effectiveness at m gate upaning of 45 percent and

become completely ineffective when the gate was 20 percent open. The
actual downdraw on the gate while it was being lowered from h5-percént
to 20-percent openings would be uncertein, as shown by the dashed portion :
of the curve, At gate openings larger then 50 percent the huad of 323
feet would be reduced by the pressure in the conduit: then flowing full,-
Also, the reduction of downdraw would be 1essened. aince the . top of ‘the
lower projected seal would be near the top of the circular bellmouth and
only a portion of the seal width of 11.05 feet would be effective. It
wes sssumed thet only the portion of the top of .the lower projected seal
spanning the opening of the circular bellmouth was effective. From these
calculations the maximum downdraw of 70,000 pounds wes estimated to occur
when the gets was BO percent open.
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CHAPTER III - ADDITIONAL OUTLET COASTER-GATE STUDIES

Comperison of outlist coaeter_ggtes. The outlet coaeter—gate ltudiee

were contimued to obtain sufficient data for entimating the downdraw on
the gates at Friant Dam (Seetion ?5) and on .other eimiler outlet coasster
gates, The various cutlete and theif coeetef“getee.wefo etudied and com-
pared to determine the additional teete neeeeaery 13 thet the results of
the tests on the outlet coaster gate at Shasta’ Dam could ve applicable to
pther installationa. Although the outlet entrances and gates weras similer |

(Fieure 10A), the outlets were of several types (Figures 10B, C, and D)

and the dimensioms of certain features which would affect the downdraw were
not similar (Figure 10E), _ ' ' t{ ' e

Since the outlets varied in eize, the diameter was ueed as a baeis of
comparison, If two ocutlets of different‘eizes_vere geometricelly‘eipilar.
such as a model and & prntotype. the dimeneiene.of thair varioue7feetures;
euch as the length of the condult, would be the same when based upon the
diameters; so their. performance could be compared by princivlee of simil-‘
itude. EHowever, if two ocutlets were similar except for some dimension,- '
ag the condult length, thatvdimeneion based upon their diameters would not
be the same. Nevertheless, thelr performance could be compared if the
effect of feature, such as & difference in length, were known. Moreo#er;
the performance of two gates could be compared if they were ‘different in
several respects, providing the effect of all of the differences were
known. Thus the effect on downdraw of the featuree |hovn in Figure lOE hed
to be determined before the results of the model studies on. the Shasta Dam
outlet coester getes could be applied tc the Frient Dam coester gates,

The effect on downdraw of the following feeturee wae etﬁdied'in the.
Shasta Dam outlet cosster-gate tests: (1) the reeervoir head, H: (2) the
gate 1ip ertension, Y; (3) the bottom radius, r; {4) the gete 11p clear--_
ance, n; {(5) the gate seal projection, S; and (6) the recees depth, K,
Additional outlet cozster-gate studles were neceeeary to find the effect'-
on downdraw of: (1) the drop through'the.conduit.'HE (2) the resistence
to flow through the conduit ceused by the conduit length, L, and the regu-
lating valves; (3) the thickness of the gete, T; and (4) the distence of
the trashracke base from the edge of the bellmouth, C. Alao.‘teste were

39




MAaX, WATER SURFACE EL." -‘7&

TUBE VALVE
CONTRGLS: |

FACL OF Dhn- ==~

N

GATE ROIST--n

. I e e eneme et . R A eam A .

. B. SHASTA DAM RIVER OUTLETS
' Lo NEEDLE VALVE
GONTROL -

PR 1

A et J

G. FRIANT-KERN CANAL GUTLETS AND -
FRIANT—MADERA CANAL OUTLETS

DUTLET
COASTER GATE:
[

- THASHRAGK
. STRUCTURE

NEEDLE VALVE .
CONTROL:, -,

D. FRIANT DAM
RIVER OUTLETS.

.- BOTTOM
|/ SEAL SUPPORT
T j
e ‘ :
ﬂ;‘_..sx'r:ﬂo:u IRLI
1

e e m o = e A e e

Il
ORUET o .- QUTLET SECTIONS -

s

~~SEAL SEAT

.,u:‘
E. TABLE OF DIMENSIONS

FEATURE

- SHASTA DAM
RIVER OUTLETS

FRIANT - KERN
(CANAL OUTLETS

FRIANT-MADERA
CANAL QUTLETS

FRIANT DAM
RIVER OUTLETS

1155 K 11,08 GATE

W9 X 1L92" GATE

026 X 9.48 CATE

ST NP GaTE

NOMIASL GATE SIZE-I0TH W & HEIGNT

RATIO TO

RATIO 10
.71

RATIO 10
DAMETER)

RATH) TO

TRASHRACK BASE-""

L. TYPIGAL OUTLET ENTRANCE

CONDUIT D1&. D (inchas)

102

DIAMETER
e

t

DAMETER]
(1] |

CONDUIT LENGTH L.{Ft.}

*230 27

8.7

+200 218

RESEAVOIR WEAD H (Ft)

323 38

17.4

198 . gle

OADP. THAOUGH CONDUIT. H'(FY

8.8 185

-0

0. |

50 545

GATE THIGRNESS T (in) " -

44t 048

0321

0.584

BATE LIP EXT ¥ {in}

14% | Da4t

€120

0.138

BOTTOM RADIUS ¢ (in]

§'/a

0.091"

o084

GATE LIF CLEARANGCE n lin)

I,'

- 008!

GATE SEAL PROJ S lin)

s'i8 | 0060

RECESS DEPTH K (In}

8 0.176

TRASHROCK TO BELLMOUTH C (Ft)

16,47 | L94

OVERALL DISGHARGE COER G

* 069 -

* LPPROXIMATE

OUTLET COASTER GATE STUDIES
DIMENSIONS AND NOMENGLATURE FOR
OUTLETS OF SHASTA AND FRIANT DAMS




made to study Ttrther the gate lip extension and the radius at the upstream

edge of the gate bottom., From these tests the downdraw on the outlet
conster gates at Friant Dam was estimated, as explalnaﬁ in Section 25.
Effect of drop in conduit. The downstream sections of the Shasta .

Dam outlcte were curved downward to direct their jets along the face of
the dem, making the centerlines of the exits approximately 16.6 feet
below that of the entrances (Figure 108). This drcp ‘through the conduit
was normally part of the.effeétive'head_acting on the outlet, Heverthe—
less, in the tests on the Shaste Dam outlet coaster gate the head was
measured from the centarliné..of the outlet entrance and the drop, EH',
was not considered as part of the heed. The effect upon downdraw of the
drop, B', was not established clearly in those. tests bacause the drop
represented only 5 percant of the total head. However, the drop,’ H'; was
50 feet at the Friant Dam River cutlets, which wes 25 percent of the head,
H, above the gate. Therefcre, it wag necessary.to determine:the affect of
the drop through the condult,. | o

The model was revised to represent & Priant Dam River outlet hy
changing the scale ratio to 1:18,33, fil;ing the recess ‘in the face. of
the dam, removing the regulating Shasta tube valve, installing an elbov
in the conduit to produce a 2.73-foot drop (50 feet prototype). and plac-
ing & 1:18.33 scele model of & Friaﬁt'needlé valve at the exit. The -
model cosster gate, the final Shauta deaign. was not- revised for this
test. The hydreulic downdraw wes measured at several heads and gate
ovenings and commared with. similar measurements on the ssme model uith
no drop in the conduit. o ' ‘

The tests were not comuletelv Batiafactory becauea the effect of the, ‘
drop of the conduit was uncertain at gate ovenings betuegn hs_and.ﬁs per-
cent where the downdraw was a_maximum..'Nevértheléss, the cfféct'of the
drop was shown clearly for other ga*eIOpeninga. Until the gate was closed
to & voint where the pressares in the cutlet entrance ‘decrease rapidly
with further closure, at about 58-percent opening, the drop H' 1ncreasesf:
the effective head on the gate, increaqihg the doﬁndraw. When'the'ggte
became & definits control, openinge less than U5 porcént,'the drop im the
conduit had no effect upcon the downdraw, With the gate as g contrcl the
preseures in the outlet entrance were negative, being relieved by meration
to the extent that the heed on the gate wes independent of the drop in the
conduit, 4l '




From the tests it was concluded that the drop in the conduit would
increase the downdraw only when the conduit was full of water with posi-
tive pressures in the outlet entrance, Since the maximum downdrav vas
observed to occur when the conduit wes filled and ' with slight positive
pressures at the entrance, it may be further concluded thab the maximum
downdraw would be increased by a drop in the condult. It was conservative
to bese the downdrew on & hemd K 4 H'. _ : :

Effect of restricting ocutlet flow. - The designjof the outlet coaster

gate at Shesta Dam was based upon the assumption that the regulatzng tube
velve in en outlet might fell in an open position and that the gate would
then have to close the outlet. Therefore, the tests to measure downdraw
ware made with the tube velve wide open, for it ubs apparent thaﬁ‘clﬁﬂng
the tube valve would restrict the flow and reduce. the dovndraw. The'luiav
premises were used in the design of the cutlet coaater gatan at Friant 5
Dam elthough the downdrav was to be estimated from the results of the
Shasta tests, EHowever, the relative discharge of the Triant outlets was
legrn than that of the 3hasta outlets, So the flow through those autleta
might be compared with the flow. through a Shesta cutlet when ite valve ‘
was partly closed. No tests on the Sheeta cutlet were made with the valve

partly closed; eo it wee necessery to study the effect of rentricting the

flow through the ocutlets.
The restriction of rlow through cntlets was exprease& s an overall
coefficient of discherge C_ cbtained from the exp:esslon

-cowzr

where . )
Q= diachargo.
A= urea of - the outlet condnit, and
'E = totel head on the outlet '

Co included all loeses in the conduit and was related to %Ee more common
expression for the total head H = (14 Ky 4 Ky 4 K3 ...) 2g in the follou~

ing menner:

v2
Q=C,a V2gH=C_ 4 \/25(1+K 4 Ey 4 Ky )E"f

L
2

or Q2=c02 A2.25(1+K1+12+K3...
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2 | 2
& - 2 (1 4 K, + E,+ K ) o= I

from which

C., = 1
\/1+K1+12;x5...‘

The downdrew on the Shasta outlet model-with Co = 0.69 was compared to
the downdrew on & Friant-Kern Canal model with Co = 0.56 and with twc other
srrangements mede by removing the exit cone and elbow from the Shauta model
with C = 0,79, mnd by removing all conduit dovnatream from the bellmauthtb
produce fres discharge C, = 0.97. The same’ model gate, the final Shasta
design, was used for all tests. The results were corrected to a model head . N
of 20 feet s shown on the géte opening versus head curves of.Figure 11,

These curves show the maximum downdraw for the several outlets to be
roughly proportional to the overell coefficient of. discharga Go. This
relatiopnship appears feasibdle to compare quickly the effect on downdrav of
eimiler coaster gates used at outlete where the overall coefficient Co 1e
not the same,  However, s more raliable method for computing an cutlet harh
ing 8 given C, 1e possible since downdraw is proportional o the velacity
head under the gate, Such a procednre mey be used to advantage if the down-
drav curve for unrestricted discharge is known and the effect of B given
restriction desired, The computed curves for the Shasta tube valve. riguré e
11, and for the Friant needle valve were'obtained-trom'the curve for free c
discharge, C, = 0.97. The method of obtaining these curves will be denadbam"
for the same procedure was used later to estimate the hydraulic downdraw
forces on the penstock cosster getes 2t Davis end Grend Coulee Dams from

besic date obtained on a model of & Shaeta Dam penstock coaater gate tested

for free discharge, - L
The free diacharge'curve Gy = O.9T'waa selected'dl thé:balic 6ﬁrva‘

beceuse the velocity head for this curve was nearly constant. "Wigh a con~
stant head of 20 feet on the gate, the velocity head was 20 feet at a
75-percent gete opening which 1ncreased to approximately 22 fest for gate
openings betwesen 30 and 60 percent, for negative pressures existed in *he
short bellmouth entrance, The curve C, = 0,97 demonstrates that the down-
drew wees a maximum at & gate opening of 75 percent-if the valocity head were
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not reduced. With restricted flow, shown by the_other'curvee. the dewndrav,- =
was the seme as for free discharge es long as the gate was a control. The
pressures in the outlet entrance were then negative.. However, ef wider
gate apenings. when the control was not- at the gete. the downdraw was redncad
The maximum downdraw with the restrictions was coneiderably less than the
downdraw for unrestricted flqw and appeareq‘to‘occur at a gate opening (
slightly larger then the opening where the gate becane - a'definite”cenirol.
The nature of these curvew euggeeted thet the downdraw for any given._
restriction mey be found from tha curve Df downdraw for free dilcharge by
obteining the velociiy head under_the gate over a_range of gete_openinge.
With the restrictions in the outlet, the‘#elocity-headﬂwill bé‘rednced at
wide gete openings when the gate is not a control. The dbwndrav wili be
reducsad pr0portionataly. The velocity head B, may be expreeeed as H, -

2
8% where Q equals the discharge and A, the ares of the Jot floving
2g 4y ‘

under the gata et ite point of contraction, 1The'disCherge nay'be estimated

from the expresszion

[ ‘-'El‘Ag
Q= V S CRD WY |
Vogap G, 2ehy ea 28 A7

L = head on the gate (20 feet),

4y = area of the canduit._and o N

C, = the overall coefficient of discharge.

This formula for discharge was developed by ueing the principle of. the con-
servation of momentur to determine: the losses as the water paeeed under
partly closed gate and expanded into the eutlet A discharge curve based
on this formule checked test data closely, It was found that the value of
l‘ the srea of the jet, at its contraction point was difficult to determine,
If the area &; wae expreseed as 0,63 of the erea of the outlet entrance
beneath the gate, the computed curves for C,= 0,56 and C,= 0.69 agree closely
with the test date, However, the contraction of & Jet flowing under a partly F
closed gate was uncertain, and, with no other informstion available, it is
often considered to be 0,60, If the value of 0,60 were used, the comﬁuted
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curves would be sbout 1-1/2 pounde largsr than the test data shown for curves
for C, = 0.56 and Cy = 0,69, demonstrating that 1t 1s_¢on§ervat1ve to use &
contraction factor of 0.60. : :

Effsct of gate thickness, Ferhaps no other basic dimension or factor . .
which affects the downdraw will vary as much as the gate thickness, for the ‘
slze of the heamu which form the freme of the gate will depend upon  the '
static head ovaer the outlet, To_compgrq the gate.thickness T for different
gates, m convenlent ratio was the gate thiqknéssvtb‘ontlet dlameter, % .
The Shasts Dam outlet coaster gate, Opcrafing undéf a'itatic'head of 323
feet, has & g ratio of 0,427, while the Fria;t-uadera ‘Canal outlst coaster
gate operating under head of 132 feet has & ﬁ-ratio of ‘only O. 321 _‘W

The effect of gate thickness on downdraw was_etudied by revising the
final design of the Sheste Dam outlet éoaster4gate model #0 the thickness
was changed from 2.57 to 2.81 1nches. 2.18,.1,78, and 1.L43 1nchee, respec-
tively; thus the range of 3 z extended from 0. U6E to 0.239. The data ia
presented in dinaneidnleee form on Pigure 12,  The abacissa is the ratio
of gete thickmess to autlet diameter = D ‘while the. ordinateTiB e downdraw
factor N, which is the ratio of dcvndraw for any value. of 3 to the downdrau

for % = 0,50 ;or the same gate opening. The downdrav factor N wan taeed on |
the ratio of § = Q, 50 since that ratio was ccnvanient to use. but the form '
of the curve would not te changed if the factor were basad on some_qther-_ ;?;
retio of g. As the deta was’ not eufficient to show any consietent tfend; . '
it can be used only to estimate the effect on. downdraw by changing the gate .
thicknese and itse use should be restricted to gates similar tn the final:
design of the Shaste Dam outlet coaster gate. - .

Effect of trashrack base. - To protect the outlett from debris. trash»f:; 

rack structures are placed in front of the entrances (Figure 104). - The
freme of emch trashrack coneisted of five or six concrets columns surronnd—'
ing the cutlet entrence and extending to the top of the dam, These columng
were supported on a trashreck bass, either at the bottom of the dam or
attached to the face of the dam as & bracket. | E

To avoid aignificant pressure ‘disturbances at the outlct entrance, the
concrete columns are streamlined and the floor of the trashrack base ls

placed at 2 reasonable distance below the outlet entrance, The effect of
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the trashrack and the trashrack bﬁée on downdrav was not coﬁuidered in the
design of the Shasta Dan outlot coalte: rate becauua nreviaun modol atudhu
indicated that theee structures. Bs situated at Shants Dam. were 00 far.
from the autlet entrance to affect the preasurea._ At Fri.nt Dam howavor,
the antrance ‘of the Friant—Hadera Gannl outlets and the !fiant-Kern Canal
outlets were close to the bottom af the dﬂm; so thalr trashrack baaen voulé

have scme effect upon preasure- at the outlet entrance and tend to 1ncrea|o ‘

the downdrew on the gatp. since the passage to flow. under the gate wonld bc
reestricted enough to lncrease velocitien nnd rednce pressurea on the gate
tottom, o '

The locatione of the trnshrack baseq at the different oc*lets were

compered by using the ratio of he distance of ‘the trashrack base belov
the outlet entrance C to the Diameter of the outlet D. This ratio g vos..
1.9% at the Shasta Dam outlets but on?y O.MBb and 0O, Tho et the !?.ant Kern
and Friant-Madera Canal outlets, respuctively (Figure IOEJ To find Siis
effect of the trashrack base, modal studiea were made by placing & trash-
rack baee in several positions: h—}/s inches; C = 2—5/8 1nchec, ¢ =
1-1/8 inchee; and C = C, Thug-% varied from 0.73 to O, as the ‘cutlet
dlameter of the model wae 6 inchee. The downdraw on the gete was measured
at several heads and gate opanings for eaech position of the trashrack base
and compered with the downdraw on the gate when the trashrack base wll
removed, The finsi design of the: Shasta Daﬁ cutlet Moaster gate wa: unod
for these tests, but the putlet uns ‘changed to simulate & Friant—xcrn Canal
outlet, Thie intermixing of modell was not. 1mportant for the gate would bn
similar &t all outlets, and the type of outlet tested was immaterial sinco
the downdrew was compared &% different gato Oponings 40 that the relnltn
would ve applicable to any outlet (Meure 13;. E ‘

These results were plotted ae & dimensionless curve with the ratio g
ee the abscimsa and the percent increaue in downdraw as the ordinnte., The
curves were shown for different overall dischaxge coefficientu of the out-
lets Go. These curves are not exact, since they were chteined by comparing
the incresnse of downdraw et the approximaste gate opening where tho downe
drav becomes s maximum for the given values of C,, If a recess in the face
of the dam 1s used to reduce the downdraw, 1t is suggested that the curve
Co = 1.00 be uned to estimate the increase in downdraw, for the meximum
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downdraw 1s then likely to occur with the gate nearly wide open (Figure 11)
The curves of rigure 13 will be eetiefactery to estimate the effect of

the location of the trashrack dase on. ‘the doundraw._ These curves show the

increases of downdraw to be negligible where g ie largar than 1. The value

of % has to be less than 0,5 before the downdrew will be increaeed 10 percent

Effect of lip extension and rediue at upetream e@ge of gete bottom.

The gate lip extension T and the radiue at the upstream edge of the gete
Yottom r were studied in tests to develop a deeign for the outlet coaeter
gats 2t Shasta Dam (Sectian 9). The reuultu (Figure 7) were ‘shown- in’ pro— -
totype since the studies at thnt time were conCerned only with the gate for X

Shasta Dam. For a general. etudy. however, the reeulte are presented in f
dimensionless terms (Figure 1L). The abecieea is the’ ratio of the lip
sxtension T to the gate thickness T, end the ordinate i the retio of tﬁe
meximum hydraulic downdraw to a theoreticel hydreulic downdrev. Thil
theoretical downdraw is a force equal to the product of the gate thickneee, B

T, the nominal gate width, W, and ‘the heed H + H' above . the outlet exit.
The nominal gate width, ¥, the spen across ‘the eutlet entrence. ‘was used
rather then the total gate width beceuee this dimension wee also ueed to
designate the size of the gate (Section 6). \

In Figure 14 the teste to develop the gate: for the Shem&annm antlete
are shown by the heevy curves lebeled. T = 0 20 (Delisn 5, Flgure 6). !
0,167 (Design 3), end = 0.05 (Design 4). Ia edditional tests a gete wag
studied which hed & eherp corner &t the upetream edge of ‘the bottom..

T = (g, These curves uhowed that increeeing Y or the radiue B reduced thn
downdraw, However, their scope was. limited, the tests heving been mede on
an outlet with a constant overall coefficient of diecherge G = 0,69 and a
constant thicknese % = 0,43, Ap the maximum downdraw was rcughly propor-
tional to the coefficient C,, the ratio of downdraw to theo'etical downdraw
would increase with an increase of the overall coefficlent Cy or decreeee :
with a decrease of C,. The effect of changing the coefficient C, cen be
computed as descrived in Section 2i. The ratio of dovndrav to theoretical
downdraw will incresse as the gete thickne-e decreaeee. al shown by the
11ght curves of Fugure lb for ? = O, 276. D & 0.321. end ﬁ =0, 177. 3 = 0,50,
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These curves wsre obtained by selecting values f:omjthp curve of studies on
the effect of gate thickness (Section 22), The ctepc'to be taken'to;obtain '
these points are cutlined in Section 25. RS |

To have complete, accursate data. it would be neceslary to deveIOp &

geries o{ curves eimilar to those of Figure *h which would show the varia-
tion of 7§ for different combinations of T' s end Coo - A large ‘pumber of
tests would be required to obtain guch curves, . 187 being possible to make a
reasonable estimate of downdraw of the. ‘gates, at Friant Dam from the exiating
data, mdditional testa were not made, The basic design of - gates at future
installations may e changed,: requiring further studiea at that timc.‘_
Hydraulic downdraw on outlet comster gatea at Friant Dam, The ‘maxd mum
hydraulic downdraw force on the 1l1. 92~ by 11, Qz—fOot coaster gata for the -
river outlets at Frisnt Dam was estimated to. be 67, 700 pcunds. Uhen thil
gete was used for the Frimnt-Kern: Ganal outlets the force wa s estimated to
de 34,700 pounds. The maximum downdraw on the 9.86- by 9, 86-foot gate for
the Friant-Medera Cenel outlets was estimated to be 25,600 pounds. These
estimatee were obtained from the results of the general tests, Sectiona 20

through 24, The ectual steps to estimate ‘these forces were similar in each
case, Briefly, they consisted of finding the. rctio of naximpunm to theoret—
ical downdraw by curves of Figurec 12 and 1k, This ratio was corrected for
C, and the effect of the trashrack base, To the resulting cowndraw. obtahmd
by ueing the corrected ratio, thc dovndraw caused by lip clearance was: added
If a recess in the face of the dam were uaed at the Friant outleta, anothsr
step would be to estimate the reduction of downdrav caused by the raceaa.
Section 18. . . _ ' ' _
The procedure for calculating the downdraw on . the ccaster gate for the
rivar cutlets at Frimnt Dam ie outlined 1n detall in the following naragraph .
to euggest & method of using the data. preacnted in Sectionc 20 ‘through 2k, o
The curves of Figure 1L, expressing the retio of maximum: to- theorcticnl
downdraw for given velues of 7., were based on a j Tatioc of O.hJO and T ratioe
of 0, 0.05, 0.167, and 0,206. A curve for the Friant gate mist be based on
a % ratio of 0.36l4 and ln-%-ratlc of 0,231. ' Such e curve may be_apprcximatcd':
by using the results of tests on gate thickness (Section 22). Point 4 of
Figure 12 represents a gate of thickness = C. h}O the same &s the curves
of Figure 14, while Point B represents a thickmess g = 0.36u the same as
the Priant gate, To further describs these gates, the gate represented by
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Point 4 has an i-ratio of 0.206 and a ; ratio of 0.322. Since the only
chenge from Point A to Point B was 1n thiclkness, the gate represanted by '
Point B has an % retio of 0. 243 and g g ratio of 0. 381, . . _
T™e ratios of the Friant gate, § = 0.361, - =0, P}l. and 7 = 0-375 aro
nearly the same as those of Point B- so Point B ney be usad to estimato the
downdraw on the Friant gate. Thﬁe was possible aince the dOUndrav of the
gate represented by Polnt B was N— of the downdraw of the gato represented
by Point A, which cen be fournd from Figure lh Howevar, if the deaign of
the Frient gste were changed #0 that va;ues of T and g were no longer the
same as those for Point B, s more complicated procedure would be nacessary.
Point 3 would have to be located on thure 1L ‘and ‘& curva could be draun
through Point B to the desired value of % by assuming that the uurve is

similar to other curves of conntant T' The effect . of changing T cen be -
estimated from the test curves !-- 0, 0,05, O. 167, and 0.206 Such a pro-.
cedure ehould be reliable for estipating the effect of § and-y on. gates which
do not differ greatly from those uasted. : '

The location of Point B on Figure lh may be confusing because the
ordinate is the retio of maﬁ%mnm to theoretical downdraw.‘ From Figure 12
the downdraw of Point B ie ¥, ° of the downdraw of Point A. The theoratical

downdraw of Point B ig related to the theoretical downdraw of Point A by

T

TE , Bince only thickness of the’ gate changes.; Therefore, the ratio af

A . ¥ T

maximum to theoretical downdraw for Point B 1: 51‘5% of the ratio of maxi— 

mam to theoreticsl downdraw for Point A' Since this ratio for Point A was
"W T o
B %A _ 0.81 x 0,430 -
0.130, the ratio for Point B will be 0. 130 H Ty 0.130 5_§5_;"6_3&E O.l}SJT

For the estimate of maximum downdrav on the Friant gate thia ratio wasg
corrected to account for the difference of dovndraw due to the different
coefficients Co = 0.69 end Cy = 0.56 (Figure 11). From the theorutic&l

downdraw (E + H*)» W .T = (198 + 50) x 40 x 11,92 x —3'-5 _ 616 000 poundl

(Figure 10), the resulting downdraw of 61,600 pounds was obtained. To this
force the effect of lip clearance was added, ¥ * W * H, of 6,100 pounds to
make a totel eetimated downdraw of 67.700 pounde on tho coaater gate for

the river outh® 2 "X Friant Dam,
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CHAPTER IV - PENSTOCK COASTER-GATE TESTS .

The original design of the Shesta Dam<panatock'coaator‘gacckq Although

1t was necessary to find the downdraw on:ﬁcnstock;coauter gates:ngShasta.
Davis, and Grand Coulee Dems, the testing was done on the lijocncdel of a
Shaeta Dam penstock (Figure 3) and, as the. entrances at7g11 threo dams )
deme wsre similar, the downdraw on the coaster gatcs for Davia and Grand
Coulee Dems could be estimated rrom the reaults of - the Shasta teots.

The originel design’ of the coaster gate for the Shanta Dam penstockll
hed & sloping bottom (Tyve 1, T gure 15) patterned af*er the penstOck
coaster gates at Grand Coulee Dam.1 It wan anticipated that the sloning
bottom of the original Shasta design would be revised to a flatbottom with
an extended 1ip similar to the Shalta Dam outlet coaster gato. Neverthe--ﬂ‘
lees, the originel design wes tested to check the accuracy of the orlginﬂl
estimate of downdraw and to provida dete to find the downdraw on the slopmg
bottom getes ‘&t Grand Coulea Dam, ' ‘

Only & short length of condult was placed dovnstream from the rectan—
gular bellmouth entrance of the model; so the diecharge ‘was completely ‘
unrestricted. This wes to assimilate the prototype uhould a portion of
the exposed penstock below the daw buret in which case the penstock would
have to be cloeed by the coaster gate. Ohviously thia wap the worst:
condition under which the gates wculd,cparate. as anv Tlow through the
powerhouse would be restricted et the turbinel. Tha dovndraw on the model
was Dobtained for both pressure and force measurementl. for ceveral hesds -
end over a complete range of gete openings.. The reculta, in’ prototype. were
for a maximum design head of 250 feet and vere chovn as a downdraw versus‘”
gate opening curve (Figure 15, original design) "he maximum hydraulic
downdraw force was 630,000 pounds by pressure measurements ané. 660 000
pounde by force measuremente. This maximum occurred with the gato 75 per—
cent open. The downdraw. based on estimates dy the decign department of
570,000 pounds, wase reasonably close to the resulte of ths model scudies,
slthough elightly low. B | N

Revisions to recess at Shaste Dem penstocks. ‘Sipce the meximam down-

draw occurred with the gete 75 percent open, it wes apparent that the
recsss in the face of the dem wes improperly designed, for it was restricted
in height and not effective efter the gate wes 50 percent open. Hecommendations’
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were made to extend the recessss at Shaste Dan penetocke in height 30 |
that they would become effective an ®moon. ae the gate, began to close,
However, extending the recesees in the model to conform vith the recom-‘
mendatione did not change the downdraw curves originally obtained._
Investigation disclosed that the recess. of . the model was wider than the.
recess at the prototype. To facilitate eonetruction in the: .model,’ the
recess extended to ths tracks and the frame fcr the vertical seal eeate
extending above the outlet entrance was omitted Omiesion of theee
frames permitted uetervto flow into the. recess. from the eidee of the
gate at any gate openlng, 80 the recess on the model was effective et all
gate openings. , ‘ L ‘ N

This condition was corrected later and a teet wae made to demonstrate
the effect of eliminating the recess which wasg to increase the downdrav
curve about 117,000 pounds. Action of receee in redncing downdrew on the’
conster gate wes discuesed in- Section 18. Thraughout the remaining pen- -
stock comster-gate tests on the model, the recess was ueed,eo that its
effect would be included in the measurement of downdrew, -

Use of flathottom gate with extended lipJ Type 2. 4 maximum downdraw _
of 660,000 pounds was larger then deeired Therefore a flatbottom gate '
with an extended lip was suggested (Figure 15, Tv-pe 2). To simplify ite
construction, the upe‘reem edge of the bottom wae made with e sherp corner
although it was realized that the downdraw would be lees if the upstream
edge of the gate bottom were curved, R Coy

Two tests were made with this gete by changing the lip exteneion.nwith

a lip extension of 22- 1/2 inchee (B/M—inch model), the meximum downdraw vas"“”

600,000 pounde; but with a lip extension of 15 inches (1/2—inch model).
downdravw wes increased to 660,000 pounds, It was . determined that e 1lip
extension of 15 inches wae the largest that was practical ltructurally.
Therefore, this gate with the sharp corner at the upetream edge of its
bottom was not satisfactory because the downdraw wee too large.

Uee of holes in gate bottom to reduce downdraw, It wes euggeeted thatf
holee in the bottom of the gate might materially reduce the dewndrav by
permitting flow to pass through the bottow, thus reducing the . velocitiee
under the gate and consequently the downdraw. Eowever, no tesis were made
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with holes in the gate bottom in the cooster-gafe ﬁtuﬁiﬁﬂ.[:AS the beame

forming the gate bottom woulé be fﬁily stressed whon the gate was cloning
under a maximum head, sufficient holes to be of any use uare out of the ‘
question. Holes in the bottom of the pemstock’ coaster gatl were. ‘also con-
sidered 1mprpctical if = flatbottom. extended—lip type of . gato were to bs
used, Hevertheless. tests were made to- determine their effect, . -

Four. 3/8-inch dimmeter. (11 1/& inches prototype) holos ‘were drilled
between the gusset plates olong the. centerlino of the bean rorming the
gate hottom. These holes repreeanted 5 percent ‘of the area of ‘the. gnto '
bottom. The downdraw was measured with a 1ip extenaion of 1/2 1nch and -
3/4 ineh to compare with the previous teats (Section 2B), - With the. 1/2-
inch lip oxtonaion. the reduction of downdraw wus approximately 7—1 ‘o por-
cent. With the 3/h-inch lip extoneion, tho reduction wes. aphroximately 9
percent, ' : '. SR

These testes were rnot carried rnrther because it wae apparent that a
large portion of the gate hottom would have to be: removed to obtain e ‘
substantial reduction of downdraw, - Even the 3/6-inch holes (ll—llh inches. o
prototypa) were large compared with the thiokneo: of the gate bottom.

The final design. When the flatbottom gate, Typo 2, was. pxopOIQd
it was realirzed that the downdraw would be lese. if the. upstream edge of .
the bottom were curved. Neverthelass. the oharp corner .at the upstroam

edge wae simpler to build and would have - been recommended if. uny substan-
tial reduction of downdraw had been obtained by thet revision. ' Since the
downdraw was etill excessive, another gate. Type 3. wae proposed vhichuns"
gimilar to Type 2 exCept the upstresm odge of the Eate bottom vas curved |
on & 3/8-inch radiue {11-1/4 inches prototypo) A lip extonaion of 1/2
inch {15 inches prototype) was used nince this was a practiral structural f
limit, ¥Force messurements 1ndicated the naximum downdrnw on this gats to
be 465,000 pounds (Pigure 15). o o .

The final deeign of the penatock coaster gatea at Shesta Dam was
petterned after this model except that the radiuo at the npatream edge
of the gate bott m wae 9—1/h inches insteed of 11-1fu inches. This
amaller radius will incresse the downdraw somewhat. Aluo. the extended
1ip of the flnal design wes 14-7/8 inches instead of 15 inches, The
increase of downdraw by these two factors would not be 1arge but tho tinal
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estimate of downdraw was placed at 500 CCO pounds, which included & conser-
vative allowance for the differences between the model, Type 3, end the
final design.

Comparison of outiet and_penatock coaaterﬁggtel. The similar deaign

of the outlet eand the penstock coaater gates suggestad that reeults of the
outlet comster-gate tests could be used 1) estimate the doundfaw on. the
venstock ceoaster gateu. This was not done. for the maaliva cancreta col-‘
umne at the sides of the penstock coauter gatea would restrict the passage
of flow under the gater and the pressnre reduction. and conseqpent davndrew
force would be relatively larger than for the- outlet coacter gstel.‘

These facts were verified hy pressure measurements made on a penatock
coanter gate which had a U5 degree’ aIOping bottom: eimilar to. the original
deelgn of the cutlet comster gate for Shasta Dam, Nevertheless,rthe form
of the pressure gradiente was similar, and a correction factor was suggeeted ,”
an a methed of comparing the downdraw. 48 tests to find nuch 8 factor would
heve to be extensive to 1nc¢ude several - types of gatel, 1t was more ozped&nw
to consider the outlet and the pemstock ;pasterfgate n;udies ae separate -
problems, slthough closely related. o | i o R E

T™he hydraulic downdraw force on penstock coaster gates et Davis and

Grand Coulee Dams. The maximum hydraulic downdraw force on the penstock

coaster gates at Davis Dam. eatimated to be 110 000 pounds, would oceur if
the gete were lowered under a m&ximum head of 108 feet to make closure: witk :
a discharge of 5,000 second-feet. This force acted with. the gete approxi—;_;:““
mately & feet open, The maximum downdraw on the. penstock coaster gatel at’
Grand Coulee Dam, estimated to be. 125, OOO pounds, would occur AT the gatui
were lowered under e maximum head of 250 feet to neke e closu:e with a dis—“
charge of 3,500 second-feet, If the discharge were 5 000 aecond—feet the
meaxizom downdraw would be 170 000 pounds. Such forces would oceur with the
gata open approximately 3 and 4 feet, respectively. These estimates were
pade by modifying the results of the Shasta tests to account for different
conditions of closure. In the estimate ‘of dovndraw on the coaster gate for
Davie Dam, corrections were necessary to account for the differences in
the s%ze of the gates,

The steps reguired to estimete the downdraw on the gates st Davie Dan
are explained in the following paragraphs“ the procedure to estimate downdraw
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on the penstock coaster gates being different from that used on the out—
let coaster gates (Sectior 25), g
The bottom shape of final design of the Davie gate waq basically

similar to gate (Type 2) veed in the Shaeta teets, for the upstream edge
of the gate was a sharp corner and the ratio of lip exteneion below this
corner to gate thickness % was ne&rly ‘the same as for gate Type 2. Figure
15. Therefore the downdraw curve, Tyve 2. wal mod*fied to aoplv to the .
Devis gate by making corrections to account for differences in’ lip clear-

ence and seal extension, VﬁlOCitV head, gate thickness. gate width, and P

trashrack base. ‘ :

The use of & recese at the Shasta Dam penstocks rednced the 60undraw
on the gates 117,000 pounde by balancing pressures on the top and the
bottom of the upper seal which projected 5—7/16 1nchee. ' On the Davis gate
the seals projected only 2~l/16 inches, 80 thé reduction of downdraw would
not be so large. Purthermore, a 1arge lip clearance on the Davia gate.
2-1/16 inches, would tend to increase the. downdrav the same amount that

the seal projection would reduce it. The resulting effect would be the
same as if no recess were used at Davis Dam. To compute the downdraw from

the Shaste test, Type 2, the curve was therefore increased 117.000 pounds. h
Since the downdraw was proportionsl tc the velocity head under -the
gate, this curve was further corrected to correspond with the velocity head

under the Davis gste, The curve, Type 2, represented a relationshin of .
downdraw to gate opening for a constant ‘velocity head of apnroximately 250
feet with pressures on the downetream side of the gate and 1n the penstock
entrance being atmospheric or slightly negative. ‘This: condition wae
obtained on the Shasta teets by permitting the water to diccharge freely,
representing a buret penqtock The velocity heed under the Devis gete was
obtsined for various gate openings by using discharges based on the formula

1 PRI SERSR: CARUE.. -
2g 45 (C0)? 284 @4 2642

'@ = dlschergsa,
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difference between the reservolr gurface at
ailvater at elevation 517. 00.

B = total heamd, the
elevation 625.00 and tha

the. turbinel

{C0)2 = an overall discharge cosfficient based on
unan,and includes

aischarging 5,000 uecondpfeet with gate
loeczc in the penstock,

4y = the cbntracted area of the jet under the'gaﬁé;

penatock sactlonl.

con-

Ao = aTEB of the

for discharge was daveloped b
1osues as.

y using tha principle of the
the. uatar paﬂned upder a partly
The: velocity head vas obtained
ecked in the outlet

This formula
ion of mnmentum to determine
o the ccnduit.h

Thia proce&ure was. ch

servatl
closed gate and ezpanded %nt

from the formala By = .
°8 31
end found to he qpito reliable. 1f the corract value of

t under the gate, can ba obtained (Section
it wae ppsumed thet Ay wee
beliaved that the factor

thn une of the

coanter-gate tepte
Ais the contracted area of the Jot
51), Since no othsr information wae available.

0.6 of the area 5i concuit under the gate. It was
wag actually larger then 0.6, but 4t thia were the case,
fector 0.6 was conﬁervativa. o ‘ L
The corraction for veloclty head was made for correaponding gate apan—
ings bassd on ¢he relation of gate thickneus to gate opening. This wase ,7'
logical since the rectangi ocks uith the columns at
strict the flow tended to ma ‘

{ional so thet the flov unﬂur

lar opening of tha penat
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dimensional flow pat
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effect of the differences in gate
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